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EXECUTIVE SUMMARY

SHINGRIX is GSK’s candidate Herpes Zoster subunit (HZ/su) vaccine. The proposed
indication for HZ/su is: “HZ/su is a non-live, recombinant vaccine indicated for prevention
of herpes zoster (shingles) in adults aged 50 years and older. By preventing herpes zoster,
HZ/su reduces the overall incidence of postherpetic neuralgia.”

Rationale for Vaccine Development

Herpes Zoster (HZ, otherwise known as shingles) is a typically painful and debilitating
disease that is caused by the reactivation of latent varicella zoster virus (VZV). Primary
VZV infection results in varicella (chickenpox), after which VZV becomes latent in
neurons of the dorsal root and cranial nerve ganglia. With increasing age or when the
immune system is deficient, VZV-specific immunity wanes and the risk for developing
HZ and its most common complication, postherpetic neuralgia (PHN), increases [Cohen,
2013]. Approximately 99% of adults >40 years of age (YOA) in the United States (US)
are seropositive for VZV and therefore at risk of developing HZ [Kilgore, 2003; Lebo,
2015]. The available management options for HZ include treatment with antivirals that
have a limited impact even with timely initiation. While there are existing drug therapies
for the treatment of PHN these have common medication-related adverse effects.
Prevention by vaccination therefore offers a health benefit to individuals at risk.

Currently, the only licensed vaccine for the prevention of HZ is Zostavax, a live-
attenuated vaccine. As demonstrated in phase III studies, Zostavax has a vaccine efficacy
(VE) against HZ of 69.8% (95% Confidence Interval (CI): 54.1, 80.6) in those 50-59
years of age (YOA), 51% (95% CI: 44, 58) in those >60 YOA, 41% (95% CI: 28, 52) in
those 70-79 YOA, and 18% (95% CI: <0, 48) in those >80 YOA [Zostavax Prescribing
Information, 2017]. The longer term efficacy and effectiveness, up to 11 years, has been
assessed in several studies, and consistently showed a decrease over time [Schmader,
2012b; Morrison, 2015; Tseng, 2016; Baxter, 2017]. While Zostavax offers the
opportunity for prevention of HZ, its efficacy is not consistent across all age ranges, and
effectiveness wanes to non-significant levels 8 to 11 years after vaccination (refer to
Section 1.1.2.2 for details). In addition, Zostavax is contraindicated in individuals who
are immunosuppressed or immunodeficient because it is a live attenuated vaccine.

Prevention of HZ by a non-live vaccine that would offer high and long-term protection
that is consistent across all age groups could further help to limit the burden of illness
(Bol) caused by HZ and its complications. Therefore, the HZ/su vaccine has been
developed to address this significant remaining unmet medical need in the prevention of
HZ.

HZ/su, a recombinant subunit vaccine, has been designed to restore VZV immunity in
individuals who are at increased risk of developing HZ due to age or immunodeficiency.
The age-related decline in VZV-specific cell-mediated immunity (CMI) is correlated to
an increase risk of HZ [Cohen, 2013; Weinberg, 2009]. Therefore, VZV-specific CMI is
s likely to be a prerequisite to prevention of acquiring HZ. Although the precise
mechanism that prevents reactivation of VZV remains unknown, it is plausible that
antibodies are also required for the efficient elimination of infected cells, through a
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mechanism referred to as to antibody-dependent cell-mediated cytotoxicity [Kamiya,

1982; Tilden, 1986; Arnold, 2017]. In order to prevent re-activation of VZV, an effective
vaccine should therefore enhance both the CMI and humoral immune responses in the
target population. HZ/su was specifically designed to address these challenges through
the unique combination of the VZV surface glycoprotein E antigen (gE) and the Adjuvant
System (AS)01g. gE provides specificity to the immune response against VZV while
ASO01p enhances gE-specific immune response, which is pre-existing in VZV-exposed
individuals. Additionally, the use of an adjuvant system in combination with the antigen
is intended to induce a durable response and long-lasting protection. HZ/su is therefore
expected to provide an important benefit to older adults at risk for developing HZ due to
their weakened immune systems, regardless of their age.

Finally, as HZ/su is a non-live vaccine, it is not anticipated to be contraindicated in
immunocompromised (IC) individuals. A clinical development program evaluating
HZ/su in subjects with a variety of immunocompromising conditions is currently
ongoing. This program is not complete and is not meant to support the current proposed
indication.

Vaccine Design and Composition

HZ/su consists of the recombinant subunit varicella zoster virus (VZV) glycoprotein E
(gE) and ASO1p.

The gE antigen is produced by recombinant DNA technology in Chinese Hamster
Ovarian cells (CHO) and is provided in a lyophilized form in monodose vials

(50 pg/dose). VZV gE was selected as the vaccine antigen for HZ/su due to its essential
role in VZV replication and cell-to-cell spread [Zerboni, 2014]. Importantly, it is
expressed in neural ganglia and skin lesions during viral reactivation and HZ episodes
[Cohen, 2013]. gE is also a natural target for the immune system and individuals who
have been previously exposed to VZV have a cell-mediated and humoral immunological
response to gE [Arvin, 2008].

The ASO1 Adjuvant System is a liposome-based adjuvant containing 50 pg of each of
the immuno-enhancers Quillaja saponaria Molina, fraction 21 (QS-21) and 3-O-desacyl-
4’-monophosphoryl lipid A (MPL). ASO1p is provided in a liquid form in separate
monodose vials (0.5 ml/dose). The content of the ASO1g vial is used to reconstitute the
content of the gE vial prior to intramuscular injection of HZ/su.

The selection of ASO1 was based on its ability to induce antigen-specific CMI responses
when combined with various antigens. ASO1 has been clinically tested in several
candidate vaccines and increased CMI has been consistently observed, regardless of the
antigen used [Didierlaurent, 2017]. Non-clinical studies conducted in mice confirmed that
ASO1 was superior at inducing gE-specific CMI as compared to other GSK Adjuvant
Systems or to Aluminum salts [Fochesato, 2016].

The mechanism of action of ASO1 has been studied in several animal models. It is the
specific combination of MPL and QS-21 that induces effective cellular immunity. gE-
specific T-cell responses are significantly higher when MPL and QS-21 were combined
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in the liposome as compared to liposome with individual components [Dendouga, 2012].
ASO1 induces a transient activation of the innate immune system via signalling pathways
specific to MPL (toll-like receptor 4, TLR4) and QS-21 (caspase-1) in draining lymph
node resident cells, in particular, macrophages [Didierlaurent, 2009; Detienne, 2016].

. This specific combination creates a local environment that favors the activation of
antigen-presenting cells that can specifically stimulate antigen-specific T-cells
[Didierlaurent, 2014]. Antigen-specific activated T cells in turn can support the
differentiation of cognate B cells and consequently increase antigen-specific antibody
responses. Use of specific depletion models demonstrated that the transient activation of
the innate immune system by ASO1, in particular of specific cytokines and antigen
presenting cells, is critical to achieve a significant level of CMI and antibody response to
gE. The mechanism of action of ASO1 is further detailed in Section 2.3.2.

Overview of the Clinical Development Program (CDP)

The studies included in the Biological Licence Application (BLA) submitted to the US
Food and Drug Administration (FDA), were designed to support the indication of HZ/su
as a prophylactic vaccine for the prevention of HZ in individuals >50 YOA. The BLA
included data from 19 clinical studies completed at the time of submission. Seventeen of
these studies were conducted in individuals >50 YOA and included >17,000 subjects who
received HZ/su. The other 2 studies (Phase I/IT) submitted were conducted in IC
populations >18 YOA.

In this document, data are presented from: (i) Phase II studies to inform the decisions for
the selection of the vaccine formulation and schedule, (ii) 2 pivotal Phase III efficacy and
safety studies which form the primary basis of the BLA submission package, and (iii)
studies supporting other specific claims in the adult population >50 YOA such as
co-administration with flu vaccine and schedule flexibility.

Vaccine Formulation and Schedule (Phase II)

Two phase II studies have been conducted in the older adult population for the
determination of the antigen dosage, the adjuvant dosage and the number of doses
required to ensure both robust CMI and humoral immune responses while maintaining an
acceptable safety profile. These studies are briefly described below:

e ZOSTER-003 evaluated the safety and immunogenicity of three treatment groups
that received two doses of vaccine administered two months apart with varying
amounts of gE antigen (25 pg, 50 pg, and 100 pg) combined with ASO1g, a fourth
treatment group receiving a single dose of 100 pg gE combined with ASO1g and a
fifth treatment group receiving two doses of 100 pg of gE without adjuvant. The
study was conducted in subjects >60 YOA.

e ZOSTER-010 evaluated the safety and immunogenicity of three treatment groups
that received two doses of vaccine administered two months apart with varying
amounts of adjuvant. 50 pg of the gE antigen was combined with either (i) the full
dosage of adjuvant included in HZ/su (ASO15: 50pug MPL, 50pug QS-21), (ii) a half
dosage of the adjuvant in HZ/su (ASO1g: 25ug MPL, 25 pg QS-21), or (iii) saline.
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There was a fourth treatment group receiving only saline. The study was conducted
in subjects >50 YOA.

In these studies, CMI responses were assessed using an Intracellular Cytokine Staining
(ICS) assay, which measured the frequency of gE-specific CD4+ or CD8+ T cells.
Humoral immune responses were evaluated through a classical anti-gE Enzyme-Linked
Immunosorbent Assay (ELISA). Additional information about the assays used in this and
other HZ/su clinical studies are presented in Section 3.3. All the assays used were
qualified at the time of study conduct and the validation was subsequently agreed with
the Center for Biologics Evaluation and Research (CBER).

Confirmation of the added value of the adjuvant

In ZOSTER-003, CMI and humoral immune responses after 2 vaccinations with any
dosage of gE adjuvanted with ASO1g were significantly higher than those induced by

2 vaccinations with 100 pg gE/Saline. In terms of CMI responses, the median frequencies
of gE-specific CD4[2+] T-cells were similar in all 2-dose gE/ASO1g groups (11.2- to
14.4-fold increase versus pre-vaccination), which were higher compared to the 2-dose
100 ng gE/Saline group (4.2-fold increase). For humoral immune responses, the median
anti-gE antibody concentrations were higher in all 2-dose gE/AS01g groups (29.1- to
41.8-fold increase versus pre-vaccination) compared to the 2-dose 100 nug gE/Saline
group (16.1-fold increase). The study therefore confirmed that use of ASO1g led to a
statistically significant improvement in the CMI and humoral immunogenicity of gE
compared to non-adjuvanted formulations. As anticipated, the inclusion of the adjuvant
was associated with an increased frequency in the reporting of local and general solicited
symptoms. These were mostly local and self-limiting in duration. There were no safety
concerns and all vaccine formulations had an acceptable overall safety profile.

Based on these results and in view of the remaining unmet medical need in the prevention
of HZ, it was decided to include the ASO1 adjuvant in the formulation for further
development in order to obtain optimal efficacy of the vaccine.

Selection of the antigen dose (50 ug gE)

The primary objective of study ZOSTER-003 was to compare the gE-specific CMI
response between different dosages of the gE antigen combined with AS0O1g, in subjects
>70 YOA. No significant differences in the CMI responses measured one month after the
second dose were observed in subjects >70 YOA receiving either 25 pg gE/ASO1,

50 ng gE/ASO01 (HZ/su), or 100 pg gE/ASO1p. Similar results were observed in subjects
60-69 YOA. A post hoc sensitivity analyses in which geometric means were adjusted for
the CMI pre-vaccination level showed a consistently lower response to 25 ug g/ASO1g
than to 100 ug gE/ASO1 whereas, 50 ug gE/AS01g (HZ/su) was not inferior to

100 pg gE/ASO1g [Chlibek, 2014]. Hence, 50 pg gE was the lowest dosage of antigen
that provided a statistically significantly higher CMI response than the immediately
inferior dosage. HZ/su (50 png gE/AS01g) and the 100 png gE/ASO1p formulation yielded,
a ~30% higher anti-gE antibody concentration than the 25 ng gE/AS01p formulation,
confirming the dosage choice of the 50 pg. There was no apparent relationship between
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the dosage of gE and the frequency of solicited AEs. As mentioned above, there were no
safety concerns and all vaccine formulations had an acceptable overall safety profile.

The dosage of 50 pg of gE antigen in combination with ASO1 (the dose of ASO1 was
confirmed in a subsequent study) was selected for further development.

Selection of the adjuvant dose (AS01p)

The data from study ZOSTER-010 showed that CMI and humoral immune responses in
subjects >50 YOA were statistically significantly higher with 50ug gE formulated with
ASO01g in comparison to ASO1g. The fold increases for the ASO1g formulation over the
ASO1g formulations were 1.3- and 1.4-fold for the CMI and humoral immune responses,
respectively.

In addition, CMI and humoral immune responses were statistically significantly higher
with ASO1g or ASO1g versus no adjuvant. In terms of CMI responses, the median
frequencies of gE-specific CD4[2+] T-cells for 50 pg gE/AS01g (HZ/su) and the

50 ng gE/ASO1g formulation were respectively 5.2- and 4.0-fold higher when compared
to 50pg gE/Saline. For humoral immune responses, the median anti-gE antibody
concentrations for HZ/su (50 ng gE/AS01g) and the 50 ng gE/ASO01g formulation were
respectively 4.7- and 3.4-fold higher when compared to 50 pg gE/Saline. These data
confirmed that inclusion of an adjuvant in the HZ candidate vaccine, regardless of the
dosage, greatly enhanced the vaccine-induced CMI and humoral immunogenicity.

As expected, a higher rate of solicited symptoms (particularly local solicited symptoms)
was observed with the ASO1p adjuvanted vaccine. These were mostly local and self-
limiting in duration. There were no safety concerns and all vaccine formulations had an
acceptable overall safety profile.

Selection of the two-dose schedule

In ZOSTER-003, subjects in all gE/AS015 2-dose groups developed significantly higher
gE-specific CMI and humoral immune responses than those who received a single dose
of 100 png gE/ASO1g. In terms of CMI responses, the median frequencies of gE-specific
CD4[2+] T-cells were similar in all 2-dose gE/AS01g groups (11.2- to 14.4-fold increase
versus pre-vaccination), which was higher compared to the 1-dose 100 pg gE/ASO1p
group (3.8-fold increase). For humoral immune responses, the median anti-gE antibody
concentrations were higher in all 2-dose gE/ASO01p groups (29.1 to 41.8-fold increase
versus pre-vaccination) compared to the 1-dose 100 ng gE/AS01g group (20.3-fold
increase). Descriptive data of persistence over 3 years further supports this observation,
as the median gE-specific CD4[2+] T-cell frequencies and anti-gE antibody
concentrations remained higher in the 2-dose group as compared to the 1-dose group
(refer to Section 4.5). These data demonstrate that two doses of HZ/su are required in
order to elicit optimal CMI and humoral immune responses in subjects >50 YOA.

Conclusion on formulation and schedule
When considering the immunogenicity and safety data from the Phase II studies, in

aggregate, the 50 pg gE/ASO1 formulation (HZ/su) in a 2 dose-schedule was selected
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for subsequent development. This decision was based on: (i) the demonstration that an
adjuvanted subunit approach can induce a high and durable antibody and cellular
response against VZV in the target population, (ii) the validation of the antigen (50 pg)
and adjuvant (AS01g) dosages and (iii) the observation that HZ/su (50 pg gE/AS015)
formulation had an acceptable safety profile that was comparable to the other adjuvanted
formulations tested.

The decision to progress the formulation with the highest dosage of adjuvant was
supported by the objective to allow the best probability of success for optimal vaccine
efficacy and therefore HZ/su was selected for use in the phase III clinical studies.

Vaccine Efficacy (Phase III)

Efficacy Studies - Design

Two pivotal Phase III efficacy studies, ZOSTER-006 and ZOSTER-022, were
conducted in adults >50 YOA. Both were randomized, observer-blind, placebo-
controlled, multicenter studies to assess the prophylactic efficacy, safety, and
immunogenicity of HZ/su when administered according to a 0, 2-month schedule. These
studies were conducted concurrently in the same study centers in 18 countries, including
the US.

ZOSTER-006 was conducted in subjects >50 YOA. Subjects were randomized 1:1 to
receive either HZ/su (N=7,698) or saline control (N=7,713). ZOSTER-006 was
specifically designed to provide an estimate of VE against HZ in subjects >50 YOA
(primary objective). Subjects were stratified by age into the 50-59 YOA, 60-69 YOA,
70-79 YOA or 280 YOA strata in approximately an 8:5:3:1 ratio to achieve comparable
numbers of HZ cases in the 3 main age strata (50-59 YOA, 60-69 YOA, >70 YOA). The
Final Analysis for VE against HZ was triggered when the pre-specified number of HZ
cases needed for analysis had been accumulated, and represents the primary analysis for
VE against HZ. The median follow-up period was 3.1 years (range: 0 to 3.7 years) at the
time of the Final Analysis. An End of Study (EOS) analysis was performed at the time of
the final data lock point of the study and included all cases of HZ and PHN accumulated
during the study. The median follow-up period was 4.1 years (range: 0 to 4.5 years) at the
EOS analysis.

ZOSTER-022 was conducted in subjects >70 YOA. Subjects were randomized 1:1 to
receive either HZ/su or saline control (N=6,950 in each group). ZOSTER-022 was
specifically designed to provide an estimate of VE against HZ in subjects 270 YOA
(primary objective). In addition, this study provided substantial additional safety data in
subjects >70 YOA. The median follow-up period was 3.9 years (range: 0 to 4.5 years) at
the time of the ZOSTER-022 analysis (same data lock point as the ZOSTER-006 EOS
analysis).

In addition to the individual study endpoints, a series of pooled analyses from the

2 studies were also pre-specified, and agreed upon by CBER. These pooled analyses are
further referred to as the ZOSTER-006/022 pooled analyses. The pooling of
ZOSTER-006 and ZOSTER-022 efficacy data was justified based upon similar study
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design between the 2 studies and the random assignment of subjects >70 YOA between
the studies (i.e., eligible subjects 70-79 YOA and > 80 YOA were randomly assigned to
either ZOSTER-006 or ZOSTER-022). The co-primary objectives of the ZOSTER-
006/022 pooled analysis were to evaluate the VE against PHN and HZ in subjects

>70 YOA, across both studies.

The primary cohort for the efficacy analyses was the modified Total Vaccinated Cohort
(mTVC). This cohort includes all vaccinated subjects who received two doses of the
allocated vaccine in accordance with procedures outlined in the study protocol, and did
not develop a case of HZ prior to one month after the second dose. The primary cohort
for the safety analyses was the Total Vaccinated Cohort (TVC). This cohort includes all
subjects who received at least one dose of HZ/su or saline placebo.

Efficacy Studies — Population

Age is the most common risk factor for developing HZ, this risk further increases with
age from 50 YOA onwards. Therefore, the study population included males and females
>50 YOA in ZOSTER-006 and >70 YOA in ZOSTER-022 at the time of the first
vaccination. Approximately 20% to 25% of subjects 270 YOA in both studies were to be
persons >80 YOA in order to ensure that this population was adequately represented in
the efficacy and safety analyses.

All subjects provided informed consent. Subjects were to be excluded if they had any
confirmed or suspected immunosuppressive or immunodeficient conditions or underlying
illness that in the opinion of the investigator would be expected to prevent completion of
the study (e.g. life-threatening disease likely to limit survival to less than 4 years).
Furthermore, subjects had to be without a prior history of HZ or previous vaccination
against HZ or varicella.

In the TVC for the ZOSTER-006/022 pooled analysis in subjects >50 YOA, similar
demographic characteristics were observed in the HZ/su and Placebo groups. The mean
age of participants at first vaccination was 68.6 years in both the HZ/su and the Placebo
group. There were slightly more female (58.0% and 58.3%) than male (42.0% and
41.7%) participants in the HZ/su and Placebo groups, respectively. In terms of race, the
majority of subjects were white (74.3% in the HZ/su group and 74.2% in the Placebo
group, respectively), followed by Asian heritage (18.3% in both groups), subjects of other
heritage (5.9% and 6.1%, respectively) and subjects of African heritage (1.5% and 1.3%,
respectively). In terms of ethnicity, 9.7% and 9.8% of subjects in the HZ/su and Placebo
groups, respectively, were of American Hispanic or Latino ethnicity.

In the TVC for North America (US and Canada) in the ZOSTER-006/022 pooled analysis
in subjects >50 YOA, similar demographic characteristics were observed in the HZ/su
and Placebo groups. The mean age of participants at first vaccination was 69.3 years in
the HZ/su group and 69.4 years in the Placebo group. There were more female (57.2%
and 59.1%) than male (42.8% and 40.9%) participants in both groups. In terms of race,
the majority of subjects were white (93.1% in the HZ/su group and 93.0% in the Placebo
group, respectively), followed by African heritage (5.8% and 5.2%, respectively),
subjects of other heritage (0.5% and 0.9%, respectively) and subjects of Asian heritage
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(0.6% and 0.9%, respectively). In terms of ethnicity, 2.8% of subjects in both the HZ/su
and Placebo groups were of American Hispanic or Latino ethnicity.

Vaccine Efficacy (ZOSTER-006 and ZOSTER-022)

Studies ZOSTER-006 and ZOSTER-022 included primary objectives for the VE of
HZ/su against HZ in adults >50 YOA and >70 YOA, respectively. The associated
statistical success criteria were that the Lower Limit (LL) of the 95% CI for the VE had
to be greater than 25% for ZOSTER-006 and greater than 10% for ZOSTER-022. In
addition, for the ZOSTER-006/022 pooled analysis there was a co-primary objective for
the VE against HZ for those subjects >70 YOA. The associated statistical criterion was
that the LL of the 95% CI for VE had to be greater than 10%. Prior to evaluation of the
primary efficacy hypothesis for the pooled ZOSTER-006/022 dataset, the primary
hypothesis for the efficacy of HZ/su against HZ had to be successfully met in
ZOSTER-006 for adults >50 YOA and in ZOSTER-022 for adults >70 YOA, in order to
control the Type I error in the statistical analyses.

The VE of HZ/su against PHN in adults >70 YOA was also a co-primary objective for
the ZOSTER-006/022 pooled analysis. The associated statistical criterion was that the LL
of the 95% CI for VE had to be greater than 0. The VE against PHN in ZOSTER-006 for
subjects >50 YOA and in ZOSTER-022 for subjects >70 YOA were secondary objectives
in the respective studies.

In the 2 pivotal Phase III efficacy studies, a total of 14,759 and 13,163 subjects from
ZOSTER-006 (Final Analysis) and ZOSTER-022, respectively were part of the mTVC
and were evaluated in the primary analyses for VE. Of these subjects, 7,344 and 6,541
were in the HZ/su groups of ZOSTER-006 and ZOSTER-022, respectively.

VE against HZ in adults >50 YOA

In ZOSTER-006, VE against HZ in subjects >50 YOA was 97.2% at the Final Analysis,
with 6 confirmed HZ cases in the HZ/su group and 210 in the Placebo group (Table 1).
The primary objective of ZOSTER-006 was met (LL of the 95% CI >25%). Similar VE
against HZ was observed for all age strata, where the VE estimate was consistently

observed to be above 96%. These secondary confirmatory objectives were met (LL of the
95% CI1>10%).
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Table 1 ZOSTER-006 (Final Analysis): Vaccine efficacy against first or only
episode of HZ during the entire study period in adults >50 YOA,
overall and by age strata (mTVC)

Vaccine Efficacy
HZ/su Placebo

95% CI

n/T n/T

N n | T(year) N n | T(year) (per 1000)

0,
(per 1000) o | )

Age strata

>50 YOA ** | 7344 23297.0 0.3 7415 | 210 |23170.5 9.1 97.2 | 93.7 | 99.0

60-69 YOA ™ | 2141 7007.9 0.3 2166 | 75 | 6952.7 10.8 974 | 901 | 99.7

6

50-59 YOA™ | 3492 | 3 111613 0.3 3525 | 87 |11134.7 7.8 96.6 | 89.6 | 99.4
2
1

270 YOA™ | 1711 5127.9 02 1724 | 48 | 5083.0 9.0 979 | 87.9 | 100

N = number of subjects included in each group
n = number of subjects having at least one confirmed HZ episode

Of note, an additional analysis of VE in adults >60 YOA (pre-specified in the Statistical
Analysis Plan prior to the final analysis) was conducted to evaluate VE in the target

population covered by the current ACIP recommendation for HZ vaccination, and the VE
was shown to be 97.6% (95% CI: 92.7, 99.6).

VE against HZ in adults >70 YOA

Analysis of VE against HZ in subjects 270 YOA using pooled ZOSTER-006/022 data
was a pre-defined co-primary objective of the pooled analysis and provides the most
accurate estimate in this age group. The VE against HZ in subjects >70 YOA in the
pooled dataset was 91.3%, with 25 confirmed HZ cases in the HZ/su group and 284 in the
Placebo group (Table 2). The co-primary objective was met (LL of the 95% CI >10%)).
Similar VE against HZ was observed for both the 70-79 YOA and >80 YOA strata,
where the VE estimate was consistently observed to be above 91%.

Table 2 ZOSTER-006/ 022 pooled analysis: Vaccine efficacy against first or
only episode of HZ during the entire study period in adults >70 YOA,
overall and by age strata (mTVC)

Vaccine Efficacy

HZ/su Placebo ,
Age strata 95% ClI

n/T (per n/T (per % L | UL

Nooono Tlean) | o0) 1000)

N n T(year)

270YOA ™ | 8250 | 25 30725.5 0.8 8346 | 284 | 30414.7 9.3 91.3 | 86.8 | 94.5

70-79YOA* | 6468 | 19 | 244109 0.8 6554 | 216 | 24262.8 8.9 91.3 | 86.0 | 94.9

280YOA* 1782 6 6314.6 1.0 1792 | 68 | 61519 111 914 | 802 | 97.0

N = number of subjects included in each group
n = number of subjects having at least one confirmed HZ episode
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In the ZOSTER-022 analysis, the overall VE against HZ in subjects >70 YOA was 89.8%
(95% CI: 84.2, 93.7) which is consistent with the VE estimate from the ZOSTER-
006/022 pooled analysis. The primary objective of ZOSTER-022 was met (LL of the
95% CI>10%).

VE against HZ over time

The large sample size of ZOSTER-006 and ZOSTER-022 as well as the sufficiently long
follow-up in these studies allowed for the evaluation of the VE against HZ over
successive yearly follow-up periods. This analysis was performed up to 4 years after
vaccination (median follow-up was 4.1 years in ZOSTER-006 and 3.9 years in ZOSTER-
022). Analysis of VE against HZ over time was performed at the ZOSTER-006 EOS in
subjects 250 YOA and on the pooled ZOSTER-006/022 data in subjects >70 YOA. In
both age categories, VE was maintained throughout the period evaluated (i.e., to the 4™
year following vaccination). In subjects >50YOA, VE against HZ was 98.4% (95% CI:
90.6, 100) during the 1% year and 93.1% (95% CI: 81.2, 98.2) during the 4™ year after
vaccination. In subjects >70 YOA, VE against HZ was 97.6% (95% CI: 90.9, 99.8)
during the 1% year and 87.9% (95% CI: 73.3, 95.4) during the 4™ year after vaccination.

VE against HZ by region, gender, race and ethnicity

The VE against HZ by region and gender was determined for subjects >50 YOA
(ZOSTER-006) and >70 YOA (ZOSTER-006/022 pooled analysis) and was shown to be
consistent with the overall VE against HZ. The VE against HZ by race and ethnicity was
determined for subjects >70 YOA (ZOSTER-006/022 pooled analysis) and was shown to
be consistent with the overall VE against HZ.

Vaccine efficacy against PHN in adults >70 YOA

The pooled ZOSTER-006/022 analysis is the primary analysis supporting the overall VE
against PHN in adults >70 YOA (a pre-defined co-primary objective of the pooled
analysis). VE against overall PHN in adults >70 YOA was 88.8% (95% CI: 68.7, 97.1),
with 4 PHN cases in the HZ/su group and 36 in the Placebo group (Table 3). The co-
primary objective of the pooled ZOSTER-006/022 analysis was met (LL of the 95% CI
>0%). Furthermore, VE against PHN was 93.0% (95% CI: 72.4, 99.2) in the 70-79 YOA
stratum and 71.2% (95% CI: <0, 97.1) in the >80 YOA stratum (where the LL of the 95%
CI was <0% due to the low number of PHN cases, i.e., 2 PHN cases in the HZ/su group
and 7 in the Placebo group).

Results on VE against PHN in subjects 270 YOA in the ZOSTER-022 analysis are
consistent with the results obtained in the pooled analysis for this endpoint.
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Table 3 ZOSTER-006/022 pooled analysis: Vaccine Efficacy against first or

only episode of PHN during the entire study period in adults >70
YOA, overall and by age strata (mTVC)

Vaccine Efficacy
HZ/su Placebo

Age strata 95% Cl

n/T (per niT (per % L | uL

w0000 | N | "™ | T0ea) | o)

N n T(year)

270YOA ™ | 8250 | 4 30760.3 0.1 8346 | 36 | 30942.0 1.2 88.8 | 68.7 | 971

70-79YOA* |6468| 2 24438.8 0.1 6554 | 29 | 24660.4 1.2 93.0 | 724 | 99.2

280YOA* 1782 2 6321.5 0.3 1792 7 6281.6 1.1 712 <0 | 971

N = number of subjects included in each group
n = number of subjects having at least one confirmed HZ episode

The vaccine efficacy in further reducing the incidence of PHN in subjects who developed
HZ (secondary objective of the pooled analysis) was not statistically significant, due to
the low number of HZ breakthrough cases.

Vaccine efficacy against PHN in adults >50 YOA

The analysis of overall VE against PHN in subjects >50 YOA was a secondary objective
of ZOSTER-006 and for the pooled ZOSTER-006/022 analysis. As the results from the
pooled analysis are mainly driven by the efficacy in subjects >70 YOA, these are not
discussed further.

In ZOSTER-006, the overall VE against PHN in adults 250 YOA was 100% (95% CI:
77.1, 100) with no PHN cases in the HZ/su group and 18 in the Placebo group. This
secondary objective of ZOSTER-006 was met (LL of the 95% CI >0%). Similar overall
VE against PHN was demonstrated in the 50-59 and >70 YOA strata, however, overall
VE against PHN could not be demonstrated in the 60-69 YOA stratum due to the low
number of PHN cases reported in the Placebo group.

Conclusions on HZ/su Vaccine Efficacy

The efficacy results of the pivotal ZOSTER-006 and ZOSTER-022 studies support the
proposed indication of HZ/su adults >50 YOA, as all the pre-specified confirmatory
objectives were met. VE against HZ was 97.2% in subjects >50 YOA (ZOSTER-006)
and 91.3% in subjects >70 YOA (ZOSTER-006/022 pooled analysis). VE estimates were
observed to be consistent across all age groups studied, including subjects >80 YOA, the
population at highest risk of developing HZ.

VE against HZ was shown to be maintained throughout the period evaluated (i.e., to the
4t year following vaccination).

Overall VE against PHN in adults >70 YOA in the pooled ZOSTER-006/022 analysis
was 88.8%. Note that no cases of PHN occurred in subjects 50-69 YOA while 4 cases of
PHN occurred in subjects >70 YOA in the HZ/su group across both studies. Because of
the high VE against HZ, VE against PHN in subjects with confirmed HZ (secondary
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objective in the pooled analysis) could not be demonstrated as result of the low number
of breakthrough cases observed in these studies.

Immunogenicity (Phase III)

The immunogenicity evaluations of HZ/su were based on the measurement of CMI and
humoral immune responses before and after vaccination with HZ/su, defined as main
study endpoints as follows:

e the fold increase at one month after the second dose versus baseline

e the vaccine response [a responder being defined as having a response at one month
after the second dose that is either at least 2- or 4-fold (for CMI and humoral
responses, respectively) above baseline value in subjects who were seropositive at
baseline, or at least 2- or 4-fold (for CMI and humoral responses, respectively) above
the cut-off value for seropositivity for subjects who were seronegative at baseline].

Evaluation of CMI responses was the primary objective of the Phase I/Il HZ/su clinical
studies which were pivotal in determining the final vaccine formulation and dosing
schedule. The strategy to focus on CMI responses at this stage of the development was
because these responses are believed to be essential for protection against the
development of HZ.

Once HZ/su was selected based on the optimal CMI and humoral response as well as an
acceptable safety profile, HZ/su immunogenicity was evaluated in terms of CMI in a
subset of subjects in ZOSTER-006 only, and more broadly in terms of the humoral
immune response as measured by the anti-gE ELISA. Anti-gE ELISA is a validated and
robust assay suitable for large-scale use that has shown a positive agreement (i.e.
concordance) with the CMI ICS assay in terms of vaccine responders, and also good
correlation with a VZV neutralisation assay, which indicates that the antibodies induced
by HZ/su have the ability to recognize and interfere with the functionality of the native
viral gE glycoprotein. The anti-gE ELISA assay was therefore selected as the primary
assay for the phase III studies.

Immunogenicity Data from Phase 11l Studies (ZOSTER-006 and ZOSTER-022)

The immune response to HZ/su has been characterized in a randomly selected subset of
subjects enrolled in the ZOSTER-006 and ZOSTER-022 studies.

Humoral immune responses to gE (ZOSTER-006 and ZOSTER-022)

In ZOSTER-006 and ZOSTER-022, anti-gE antibodies were assessed in the humoral
immunogenicity subset. In subjects >50 YOA in the ZOSTER-006 analysis (N=1,070),
geometric mean concentrations (GMCs) were 41.9-fold higher one month after the
second dose of HZ/su when compared to pre-vaccination values and a vaccine response
rate (VRR) of 98.5% was achieved.

In subjects >70 YOA, in the pooled ZOSTER-006/022 analysis (N=742), GMCs were
34.3-fold higher one month after the second dose of HZ/su when compared to pre-
vaccination values and a VRR of 96.6% was achieved.
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CMI responses to gE (ZOSTER-006)

In ZOSTER-006, gE-specific CMI responses were assessed in the CMI immunogenicity
subset. In subjects >50 YOA (N=164), median frequencies of gE-specific CD4[2+] T-
cells were 24.6-fold higher one month after the second dose of HZ/su when compared to
pre-vaccination values.

In subjects >70 YOA (N=52), median frequencies of gE-specific CD4[2+] T-cells were
33.2-fold higher one month after the second dose of HZ/su when compared to pre-
vaccination values.

Persistence of the HZ/su Immune Response

ZOSTER-024, an extension study of the Phase II study ZOSTER-003, evaluated the
long-term follow-up of CMI and humoral immune responses. Descriptive statistics
indicated that both CMI and humoral immune responses to gE were highest at one month
after the second dose of HZ/su and then declined until they began to plateau
approximately 4 years after the first vaccine dose. The gE-specific CMI and humoral
immune responses remained, respectively, 3.8-fold and 7.3-fold above the pre-
vaccination immune response levels until approximately six years after the first vaccine
dose.

Furthermore, modeling of the HZ/su-induced immune response based on the 6-year
persistence data of ZOSTER-024 predicts that vaccine-induced immune responses (gE-
specific CMI and humoral immune responses) should remain above pre-vaccination
levels for at least 10 years in subjects 260 YOA at enrolment and after receiving 2 doses
of HZ/su in ZOSTER-003.

In ZOSTER-006 and ZOSTER-022, immunogenicity was evaluated up to 36 months after
the second dose was administered. At 3 years after the second dose of HZ/su GMCs
remained 9.3- and 7.2-fold above the baseline values in subjects >50 YOA (ZOSTER-
006) and >70 YOA (ZOSTER-006/022 pooled analysis), respectively. In ZOSTER-006,
at 3 years after the second dose of HZ/su median frequencies of gE-specific CD4[2+] T-
cells remained 7.9- and 7.3-fold above the baseline values in subjects >50YOA and

>70 YOA, respectively. These phase III immunogenicity data confirmed the persistence
of the CMI and humoral immune responses observed in the follow-up studies of
ZOSTER-003.

Other key immunogenicity data

HZ/su can be administered according to a flexible schedule in which the second dose can
be given between and 2 and 6 months after the first dose. This has been demonstrated in
study ZOSTER-026 where the success criterion for both the vaccine response rate and the
anti-gE GMC ratio were met for the group receiving HZ/su according to a 0, 6-month
schedule when compared to the group receiving HZ/su according to a 0, 2-month
schedule (refer to Section 6.4.1).

HZ/su can be co-administered with quadrivalent seasonal influenza vaccine. This has
been demonstrated in study ZOSTER-004 where no clinically relevant interference in the
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immune response of either the HZ/su or the quadrivalent seasonal influenza vaccine
antigens was observed when the two vaccines were administered concomitantly (refer to
Section 6.4.2).

Administration of HZ/su to individuals who have previously experienced an episode of
HZ, in study ZOSTER-033, suggested that the vaccine-induced immune response in these
subjects was comparable to the vaccine-induced immune response seen in other studies
conducted in subjects >50 YOA without history of HZ (refer to Section 6.4.3).

Conclusions on HZ/su immunogenicity

In the phase Il program, HZ/su was shown to rapidly increase both CMI and humoral
immune responses. This was confirmed in the phase III program. In subjects >50 YOA
where at one month after the second dose the CMI and humoral immune responses were
shown to increase by 24.6-fold and 41.9-fold, respectively, in study ZOSTER-006. In
subjects >70 YOA, CMI responses were shown to increase by 33.2-fold (ZOSTER-006)
and humoral immune responses were shown to increase by 34.3-fold (pooled ZOSTER-
006/022 analysis) at one month after the second dose.

Available persistence data out to approximately 6 years after the second dose showed that
gE-specific CMI and humoral immune responses remained, respectively, 3.8-fold and
7.3-fold above the pre-vaccination levels in subjects who were >60 YOA at the time of
vaccination.

OVERVIEW OF SAFETY

The potential toxicity of HZ/su or its components (including ASO1y alone) has been
assessed extensively in various non-clinical models according to regulatory guidance. No
specific concerns were identified in these non-clinical studies that would preclude the use
of ASO1 in humans [Destexhe, 2013; Giordano, 2017; Segal, 2015; Segal, 2017]. These
ese studies showed dose-dependent and transient changes in systemic parameters such as
mild local cell infiltration at injection site and transient changes in temperature and
C-reactive protein. These findings are all consistent with the mode of action (transient
activation of innate immunity) due to the adjuvant effect of ASO1. Further investigation
in these models revealed that this inflammation is transient (peak at Day 1 and return to
baseline by Days 2-3) at the injection site (muscle) and draining lymph node. The local
effect of the adjuvant was further supported by the lack of adjuvant effect on antigens
administered with ASO1 at the same time but at a different site [ Didierlaurent, 2014]. In
humans, the systemic effect of ASO1 was found to be self-limited, with a transient
increase (normalizing within 1-2 days) in a few cytokines in the circulation at low levels,
suggestive of a spill-over from local activation [Burny, 2017]. Overall, the nature and
kinetics of the inflammatory profile of ASO1 as described in these non-clinical models
are consistent with the reactogenicity profile of HZ/su observed in clinical studies. As for
any vaccine containing an adjuvant, a theoretical risk of induction/exacerbation of (pre-
existing) inflammatory and/or autoimmune conditions cannot be excluded. Considering
this and the transient inflammatory profile of ASO1 demonstrated in non-clinical
experiments, this risk was carefully evaluated in the clinical vaccine safety assessment.
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As such, specific information on Potential Immune-Mediated Diseases (pIMDs) was
collected in all HZ/su clinical studies.

Safety data from the Phase Il studies ZOSTER-006 and ZOSTER-022

Methodology for safety assessment

In the 17 clinical studies included in the BLA (excluding 2 studies included in the BLA
conducted in subjects with IC conditions), >17,000 adults >50 YOA received at least one
dose of HZ/su. Of these subjects receiving HZ/su, >14,600 were enrolled in the pivotal
Phase III efficacy studies ZOSTER-006 and ZOSTER-022. The safety data from these

2 studies were pooled into the ‘main safety pooling’, as these studies have a similar study
design, were conducted concurrently in the same study centers, and contribute to >85%
of subjects >50 YOA who received HZ/su in the overall safety analysis. Because this
pooling includes an adequate control group, a comparative analysis was performed on all
safety data of the HZ/su group compared to the Placebo group (saline) in order to assess
the relative risk (RR) of reported safety events.

Other studies conducted in subjects >50 YOA which had a safety follow-up period of at
least 1 year post last vaccination were included in the ‘broader safety pooling’. This
broader safety pooling analysis was a descriptive analysis of safety data (excluding
solicited local and general symptoms) of the HZ/su group only (no Placebo group as
comparison). It was designed for the purpose of additional safety signal detection and
evaluation of SAEs, fatalities and pIMDs. However, as the safety conclusions on SAEs,
fatalities and pIMDs from the broader safety pooling analysis are consistent with those
from the main safety pooling analysis, data from the broader safety pooling are not
discussed here.

In ZOSTER-006 and ZOSTER-022, solicited local and general symptoms were recorded
for 7 days after each vaccination on a 7-day diary card by a subset of subjects, referred to
as the 7-day diary card subset (4,884 subjects receiving HZ/su and 4,880 subjects
receiving Placebo). The subjects were asked to complete the 7-day diary card daily by
indicating if they experienced pre-defined solicited local symptoms (pain, redness and
swelling) and general symptoms (fatigue, gastrointestinal symptoms [including nausea,
vomiting, diarrhea and/or abdominal pain], headache, myalgia, shivering and fever
[defined as temperature >37.5°C/99.5°F and preferably measured orally]). All other AEs
occurring during the 30-day post-vaccination period were recorded as unsolicited AEs on
a 30-day diary card by the 7-day diary card subset of subjects. Subjects who did not
belong to the 7-day diary card subset recorded all AEs occurring during the 30-day
post-vaccination period as unsolicited AEs using a 30-day diary card (including the
symptoms recorded as ‘solicited’ by the 7-day diary card subset).

In addition, study personnel used scripts during monthly follow-up contacts throughout
the study to collect information on events of interest, including serious adverse events
(SAEs) up to Month 14, unsolicited AEs with medically attended visits up to Month 8,
and SAEs assessed as related to vaccination by the investigator, fatal SAEs, pIMDs, and
HZ cases and HZ-related complications during the entire study period (median safety
follow-up of 4.4 years). The theoretical risk of induction/exacerbation of (pre-existing)
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inflammatory and/or autoimmune conditions associated with the use of vaccines
containing adjuvants was carefully evaluated by using a specific methodology for the
collection of pIMDs, which included (i) the use of a pre-defined list of disorders that
likely represent an autoimmune or immune-mediated inflammatory process of interest,
(i1) the use of a customized Medical Dictionary for Regulatory Activities (MedDRA)
query for pIMDs to facilitate the identification in databases, and (iii) the use of a disease-
specific questionnaire to guide the investigator on relevant information to be collected.
The pre-defined list of pIMDs was developed with and validated by an external panel of
experts in the field and agreed with major authorities such as FDA, and has been/is
updated whenever deemed needed.

Safety results

In the main safety pooling, as was observed in the Phase II studies with HZ/su, higher
rates of solicited local and general symptoms were reported after administration of HZ/su
than Placebo, regardless of age. Table 4 and Table 5 present the incidence of solicited
local and general symptoms, respectively, reported in the HZ/su and Placebo groups for
subjects 50-69 YOA and >70 YOA in the main safety pooling. Of note, the incidence of
solicited local and general symptoms was lower in subjects >70 YOA compared to
subjects 50-69 YOA. The majority of symptoms seen with HZ/su were mild to moderate
in severity and self-limited, with a median duration of at most 3 days. Furthermore, the
compliance with the second vaccine dose was very high in both the HZ/su group (95.0%)
and the Placebo group (96.0%). In addition, dropout rates due to non-serious and serious
AEs were low in both groups (<0.4% during the entire study due to non-serious AEs, and
<0.5% up to Month 3 and <4.9% during the entire study period due to SAEs).

Table 4 Main Safety Pooling Analysis: Incidence of solicited local symptoms
reported during the 7-day (Days 0-6) post-vaccination period in
adults 50-69 YOA and 270 YOA (Total Vaccinated Cohort with 7-day

diary card)
50-69 YOA 270 YOA

HZ/su Placebo HZ/su Placebo

N=2,626 N=2,617 N=2,258 N=2,263
Symptom Type n % n % n % n %
Pain All 2248 | 85.6 | 334 | 128 1562 | 69.2 199 8.8
Grade 3 225 8.6 13 0.5 90 4.0 4 0.2
Redness (mm) Al 1012 | 385 37 14 851 3.7 27 1.2
>100 71 2.7 0 0.0 70 3.1 0 0.0
Swelling (mm) Al 748 28.5 23 0.9 519 23.0 25 1.1
>100 21 0.8 0 0.0 30 1.3 0 0.0

n/% = number/percentage of subjects reporting the symptom at least once when the intensity is maximum
Grade 3 pain defined as significant pain at rest which prevented normal activities. Grade 3 redness and swelling
defined as redness/swelling with a diameter >100 mm
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Table 5 Main Safety Pooling Analysis: Incidence of solicited general
symptoms reported during the 7-day (Days 0-6) post-vaccination
period in adults 50-69 YOA and 270 YOA (Total Vaccinated Cohort
with 7-day diary card)

50-69Y 270Y
HZ/su Placebo HZ/su Placebo
N=2,624 N=2,617 N=2,252 N=2,264
Symptom Type n % n % n % n %
Fatigue Al 1347 51.3 | 479 | 183 | 825 | 36.6 | 326 14.4
Grade 3 178 6.8 33 1.3 79 35 17 0.8
Gastrointestinal symptoms ~ |All 538 20.5 254 9.7 304 13.5 172 7.6
Grade 3 40 1.5 17 0.6 26 1.2 10 0.4
Headache Al 1185 452 | 487 | 186 | 653 | 29.0 | 268 11.8
Grade 3 128 4.9 24 0.9 34 1.5 10 0.4
Myalgia Al 1390 53.0 | 345 | 132 | 790 | 35.1 225 9.9
Grade 3 186 7.1 23 0.9 62 2.8 10 0.4
Shivering Al 868 331 171 6.5 439 | 195 | 110 4.9
Grade 3 149 5.7 7 0.3 49 22 6 0.3
Temperature (°C) Al 679 25.9 84 3.2 323 | 143 61 2.7
>39.0 11 0.4 5 0.2 3 0.1 3 0.1

n/% = number/percentage of subjects reporting the symptom at least once when the intensity is maximum
Grade 3 general symptom defined as symptom preventing normal activity. Grade 3 fever (measured by oral, axillary or
tympanic route) defined as temperature >39.0°C/102.2°F.

In the TVC of the main safety pooling analysis, at least one unsolicited AE occurring
within 30 days of vaccination was reported by 7,393 subjects (50.5%) in the HZ/su group
(N = 14,645), and by 4,689 subjects (32.0%) in the Placebo group (N = 14,660). The
difference in reported rates of unsolicited AEs between the 2 groups is mainly due to the
rates of non-serious reactions which occurred in the first 7 days following vaccination,
such as injection site reactions and other local and general symptoms that are commonly
associated with vaccination. As mentioned before, these symptoms were recorded as
unsolicited AEs on the 30-day diary card by subjects in the main safety pooling who were
not part of the 7-day diary card subset (HZ/su group: N = 9,761; Placebo group:

N =9,780). As expected, within the 7-day post-vaccination period, the incidence of
unsolicited AEs was higher in the HZ/su group (40.0%) compared to the Placebo group
(15.2%), while the incidence during the Days 7-29 post-vaccination period was similar
for both groups (21.0% and 22.4%, respectively).

An overview of subjects reporting SAEs, fatal SAEs and pIMDs by time period and age
stratum in the TVC is presented in Table 6. The incidence of SAEs, SAEs with fatal
outcome and pIMDs was similar in the HZ/su and Placebo groups across both age strata
and during all follow-up time periods analyzed. The majority of SAEs, including fatal
cases, occurred in subjects 270 YOA and the majority of fatal SAEs had a time to onset
of longer than 1 year post last vaccination. pIMDs were reported at comparable rates
regardless of age stratum and approximately half of the pIMDs occurred with time to
onset longer than 1 year post last vaccination. Specific SAEs and pIMDs reported were as
expected for the target population of adults >50 YOA.
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Table 6 Main Safety Pooling analysis: Overview of subjects with SAEs, fatal
SAEs and plMDs by time period and by age stratum (TVC)

50-69 YOA 270 YOA
Hz/su Placebo Hz/su Placebo
N=5887 N=5887 N= 8758 N=8773
n | % n | % n | % n | %

SAEs
<30 days post-vaccination 81 1.4 79 1.3 261 3.0 248 2.8
<365 days post-vaccination 367 6.2 359 61 | 1,115 | 12.7 | 1,166 | 13.3
Entire post-vaccination follow-up period 433 7.4 424 7.2 1447 | 16.5 | 1,621 | 17.3
Fatal SAEs
<30 days post-vaccination 3 0.1 3 0.1 14 0.2 18 0.2
<365 days post-vaccination 28 0.5 27 0.5 125 14 141 1.6
Entire post-vaccination follow-up period 95 1.6 100 1.7 539 6.2 580 6.6
pIMDs
<30 days post-vaccination 13 0.2 14 0.2 17 0.2 16 0.2
<365 days post-vaccination 33 0.6 44 0.7 57 0.7 61 0.7
Entire post-vaccination follow-up period 69 1.2 84 14 110 1.3 118 1.3

N = number of subjects with at least one administered dose
n/% = number/percentage of subjects reporting the symptom at least once

In the target population of adults >50 YOA, cardiovascular and cerebrovascular diseases
are the major causes of morbidity and mortality and, therefore, these events have been
considered to be of special interest. A comparative analysis in the main safety pooling
showed that none of the selected groups of major cardiac and cerebrovascular events
(Standardised MedDRA Queries) were reported significantly more frequently in either
the HZ/su or Placebo group (unadjusted p-value <0.05).

An additional analysis performed on subjects vaccinated in ZOSTER-006 and
ZOSTER-022 who had a baseline medical history of pIMDs showed no evidence of
exacerbation of pre-existing pIMDs or new onset of pIMDs after vaccination. The
majority (~98% in both groups) of subjects with at least one pre-existing pIMD did not
experience exacerbation of the pre-existing pIMD or a new onset of a different pIMD
after vaccination. In addition, 2.8% of subjects with pre-existing pIMDs in both groups
had a possible exacerbation/worsening of the pre-existing pIMD, and <2.4% of subjects
with pre-existing pIMDs in both groups reported a new onset of a different pIMD during
the entire post-vaccination follow-up period.

Following an assessment of risks of inflammation after exposure to HZ/su, a numerical
imbalance in the reporting rate of gout (including gouty arthritis) as unsolicited AE was
identified for which a biologically plausible relationship with vaccination cannot be
excluded at this point. Within the 30-day post-vaccination period, at least one unsolicited
AE of gout or gouty arthritis was experienced by 27 subjects (0.2%) in the HZ/su group
and 8 subjects (0.1%) in the Placebo group (RR = 3.4, unadjusted p-value <0.01). Most
of these events were non-serious and the vast majority of these subjects had either
previous episodes of gout reported in the past medical history or concurrent medical
conditions that are known risk factors for developing gout and may have contributed to
the occurrence of the reported episode. From first vaccination up to 365 days post
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vaccination, SAEs associated with gout or gouty arthritis were reported by 5 subjects
(<0.05%) and 1 subject (<0.05%), respectively (RR = 5.0, unadjusted p-value = 0.22). All
these SAEs revealed alternative explanations for their occurrence. GSK considers the
event of gout to be an AE of interest and plans to include it in the active safety
surveillance activities of the proposed Pharmacovigilance Plan.

During the entire study period, 9 HZ breakthrough cases in ZOSTER-006 and 23 HZ
breakthrough cases in ZOSTER-022 were reported (i.e., confirmed HZ cases that
occurred in the HZ/su group). Five of the breakthrough cases in ZOSTER-022 were
associated with HZ-related complications, including 4 cases of PHN and one case with an
ophthalmic complication (blurred vision). These breakthrough cases did not show any
specific common pattern such as clinical presentation or underlying medical conditions.

In addition to the overall analyses, subgroup analyses have been performed in the TVC of
the main safety pooling by race, ethnicity and gender, as well as by age for all

3 subgroups. These analyses showed that the reactogenicity and safety profile of HZ/su in
these subgroups was comparable with the overall population.

Analyses for North American subjects (US and Canada) in the main safety pooling
showed that the reactogenicity and safety profile of HZ/su was comparable with the
overall population of subjects in the main safety pooling.

Other safety aspects

Safety data from the following 4 studies which were not included in the main safety
pooling and highlight other safety aspects are presented in the briefing document:
ZOSTER-026 (other vaccination schedules, Section 7.6.3), ZOSTER-004
(co-administration with FLU-D-QIV, Section 7.6.4), ZOSTER-033 (subjects with
previous HZ, Section 7.6.5). and ZOSTER-007 (lot-to-lot consistency, Section 7.6.6). In
addition, HZ/su was well tolerated when administered to IC adults >18 YOA (subjects
with autologous hematopoietic stem cell transplant in ZOSTER-001 and subjects with
human immunodeficiency virus [HIV] infection in ZOSTER-015). Of note, 54% of
subjects who received at least one dose of HZ/su in these IC studies were >50 YOA.

Overall, safety results from all other individual studies in adults >50 YOA included in the
CDP were consistent with those from the main safety pooling, and revealed no safety
concerns.

Conclusions on HZ/su safety

Over 17,000 adults >50 YOA received at least one dose of HZ/su during the CDP. In the
main safety pooling (ZOSTER-006 and ZOSTER-022) reported rates of solicited
symptoms were higher in the HZ/su group than in the Placebo group. This was as
expected and consistent with the described mode of action of HZ/su, with the majority of
symptoms being mild to moderate in severity and self-limited (median duration of

<3 days). Compliance for receipt of the second dose was >95% in the HZ/su and Placebo
groups. The incidence of unsolicited AEs reported from Day 7 through Day 29 was
comparable between the groups. The reporting rates of SAEs, fatalities and pIMDs were
similar in the HZ/su and Placebo groups across both age strata and during all follow-up
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time periods analyzed, and the specific events reported were as expected for this age
group. The overall safety profile of HZ/su has been well-characterized and found to be
acceptable; no safety concerns have been identified in the CDP.

Pharmacovigilance Plan

As part of GSK’s approach to pharmacovigilance for HZ/su, a Targeted Safety Study
(TSS) using an adequate data source is under development and the feasibility is being
assessed to evaluate AEs of special interest (e.g., gout). The sample size will be defined
by the specific safety endpoints of interest, which will be identified in agreement with
regulatory authorities. Potential methodologies for analysis would include
observed/expected analysis and assessment of relative and absolute risk (number of
excess cases of a given event in the vaccinated population), if a comparator can be
identified. In the absence of a comparator, background rates from the literature will be
used.

Additional active safety surveillance activities will be conducted to further monitor the
safety profile of HZ/su in accordance with the feedback received from FDA. The active
surveillance will enable GSK to further enhance the passive surveillance that will
continuously be performed for HZ/su, as well for all other licensed vaccines. To this end,
GSK is considering using existing demographic, health and vaccination program
information and data collection systems in the US, potentially including the Post-
licensure Rapid Immunization Safety Monitoring System (PRISM) to monitor AEs after
HZ/su vaccination. These AEs will include, but will not be limited to, a pre-defined list of
AEs of interest, which will be defined in agreement with regulatory authorities.

The proposed Pharmacovigilance Plan also includes the activities performed for all
licensed GSK vaccines, which enable safety signal detection as the post-marketing safety
database continues to build. These activities include systematic and regular review of
AEs that GSK receives from spontaneous reports, both on an individual and aggregated
basis, and from other sources including the medical and scientific literature. Further
elements GSK uses to support the planned pharmacovigilance activities include targeted
follow-up questionnaires for AEs of interest, which help to improve the quality and
consistency of safety data obtained from the reporter, as well as observed/expected
analyses using published background rates to enhance signal detection.

Further Clinical Development

GSK is currently conducting a separate CDP in IC populations, including patients with
stem cell transplant and renal transplant, and patients with solid malignant tumors and
hematologic malignancies. GSK believes HZ/su has the potential to provide significant
benefit to these patients. Most of these data were however not available at the time of the
BLA submission (October 2016) and are therefore not discussed here. Once all data from
this program are available, GSK will discuss the submission of these data with the FDA.

In addition, ongoing studies for the long-term follow-up of efficacy and immunogenicity,
the concomitant administration of HZ/su with Tdap or pneumococcal vaccines, the
administration of additional doses of HZ/su, as well as the assessment of HZ/su
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administered to subjects who previously received Zostavax, will be shared with
regulatory authorities once available.

Overall Conclusions

HZ/su has been shown to be highly efficacious with VE against HZ of 97.2% in subjects
>50 YOA (ZOSTER-006) and 91.3% in subjects >70 YOA (ZOSTER-006/022 pooled
analysis). The VE estimates were observed to be consistent across all age groups studied
and efficacy against HZ was maintained to similar levels over the 4 years of the study.
HZ/su was also shown to be efficacious in preventing PHN with an overall VE against
PHN of 88.8% in subjects >70 YOA (ZOSTER-006/022 pooled analysis). In subjects
>50 YOA (ZOSTER-006) VE against PHN was 100%, with no case of PHN in the HZ/su
group and 18 in the Placebo group.

HZ/su is immunogenic and was shown to rapidly increase both CMI and humoral
immune responses which persist above baseline levels out to 6 years post vaccination.

The safety profile of HZ/su has been well characterized and demonstrated to be
acceptable. More than 17,000 subjects >50 YOA have been exposed to HZ/su during the
CDP, with >14,600 of these subjects enrolled in ZOSTER-006 and ZOSTER-022.
Solicited local and general symptoms reported within 7 days post vaccination were more
frequent in the HZ/su group than in the Placebo group. However, the majority of these
symptoms were mild to moderate in severity and self-limited, with a median duration of
at most 3 days. The incidence of unsolicited AEs reported from Day 7 through Day 29
was comparable between the groups. Overall, the incidence of SAEs, fatalities and
pIMDs was similar for the HZ/su and Placebo groups across age strata and during all
follow-up time periods analyzed. Based on the review of available safety data, no safety
concerns have been identified. GSK considers the event of gout to be an AE of interest
and plans to include it in the active safety surveillance activities of the proposed
Pharmacovigilance Plan.

In conclusion, the results support the proposed indication: “Prevention of HZ in adults
250 YOA. By preventing HZ, HZ/su reduces the overall incidence of PHN”. HZ/su offers
the same level of protection against HZ across all groups >50 YOA that is maintained till
at least the fourth year after vaccination. Therefore, HZ/su is expected to provide a
substantial clinical benefit, and will help to address the remaining medical need in the
population at risk of developing HZ. The higher rates of solicited symptoms in HZ/su
recipients were expected and consistent with the described mode of action of HZ/su, with
the majority of symptoms being mild to moderate in severity and self-limited (median
duration of <3 days). The benefit-risk profile of HZ/su will continue to be evaluated
through a comprehensive Pharmacovigilance Plan to further monitor AEs after HZ/su
vaccination. These AEs will include, but will not be limited to, a pre-defined list of AEs
of interest that will be agreed with regulatory authorities. The active safety surveillance,
including a TSS, will enable GSK to further enhance the passive surveillance that is
continuously performed for all licensed vaccines.

Based on all efficacy, immunogenicity and the overall safety data, GSK considers that the
benefit-risk profile of HZ/su is favorable for routine vaccination of adults >50 YOA to
prevent HZ.
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TRADEMARKS

The following are mentioned in this document:
e  Fluarix is a trademark of the GSK group of companies.

e Zostavax is a trademark of Merck & Co.

In the body of this document, the names of the vaccines/products and/or medications will
be written in italics.
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1. INTRODUCTION
1.1. Key Product Characteristics

Proposed product name: SHINGRIX is the proposed trade name for the candidate
Herpes Zoster subunit (HZ/su) vaccine.

Proposed Indication: HZ/su is a non-live, recombinant vaccine indicated for prevention
of Herpes Zoster (shingles) in adults aged 50 years and older. By preventing Herpes
Zoster, HZ/su reduces the overall incidence of postherpetic neuralgia.

Dosage Forms and Strengths: HZ/su is presented as a suspension for injection which is
supplied as a single-dose vial of lyophilized antigen to be reconstituted with the
accompanying vial of adjuvant suspension. A single dose after reconstitution is 0.5 mL.

Dose and Schedule: A full vaccination course consists of two doses administered
intramuscularly. The second dose can be administered anytime between 2 and 6 months
after the first dose.

Composition: After reconstitution, each 0.5 mL dose contains 50 pg of the recombinant
Varicella Zoster Virus (VZV) glycoprotein E (gE), 50 pg of 3-O-desacyl-4’-
monophosporyl Lipid A (MPL) and 50 pug Quillaja saponaria Molina fraction 21
(QS-21), combined in a liposomal formulation (refer to Section 2.2 for more details on
composition).

Storage: The antigen and adjuvant vials should be stored refrigerated between 2° and
8°C (36° and 46°F).

1.1.1. Herpes Zoster Disease Burden
1.1.1.1. Natural history of HZ disease

Herpes Zoster (HZ or shingles) is caused by the reactivation of latent VZV. Primary VZV
infection results in varicella (chickenpox), after which VZV becomes latent in neurons of
the dorsal root and cranial nerve ganglia [Cohen, 2013]. Reactivation of the latent VZV
increases with the increase in impaired immunity associated with advancing age and
immunocompromising (IC) conditions [Gershon, 2010].

HZ typically presents as an acute, painful, vesicular eruption distributed along a single
dermatome that is preceded by prodromal pain in 70% to 80% of the cases, especially in
older adults. The prodromal pain typically lasts for 3-4 days but can last up to one week
or even longer and results in more than 14% of patients consulting health care
professionals [ Yawn 2007]. Other symptoms such as fever, malaise and headache may
also occur during the prodromal period. Once the typical dermatomal rash appears, acute
local neuropathic pain, including paresthesias, dysesthesias, and pruritus occurs in up to
90% of individuals [Dworkin, 2007]. The rash typically heals in 2-4 weeks but may leave
scars or pigmentation changes. The median duration of the acute phase pain is 2 weeks
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[Scott, 2006] and can be very severe, disabling, and interfere with the patient’s daily
activities.

1.1.1.2. Epidemiology of HZ
1.1.1.2.1. Incidence of HZ

Most primary VZV infections occur in childhood, leaving adults susceptible to VZV
reactivation. Approximately 99% of the United States (US) population >40 Years of Age
(YOA) has serologic evidence of previous VZV infection [Kilgore, 2003; Lebo, 2015]
and is therefore at risk of developing HZ. In Europe, 90% of individuals are seropositive
by the time they are 20-29 YOA [Nardone, 2007]. In South America, Australia and some
countries in Asia, primary VZV infection may occur later, but by the fourth decade of
life, high levels of VZV seropositivity (>90%) are present [ Aratjo, 2007; Gidding, 2003;
Lee, 1998]. This suggests that globally, the vast majority of adults are at risk for
developing HZ and its associated complications.

While it is not known what triggers VZV reactivation and the subsequent development of
HZ, it is clear that persons with impaired cell-mediated immunity (CMI) due to advanced
age, disease or medical interventions are at increased risk for developing HZ [Cohen,
2013]. Although there is study-to-study variation due to differences in methodology,
geography appears to have little impact on the incidence of HZ, which is similar across
different regions worldwide [Yawn, 2013a]. Incidence rates range from 3 to 5 per 1,000
individuals in various countries, consistently increasing with age [Kawai, 2014].
Approximately 1 out of 3 US adults develops HZ over the course of their lifetime [CDC,
2008] and worldwide, 68% of HZ cases occur in adults >50 YOA [Yawn, 2013a]. Around
1 million individuals in the US suffer from HZ each year, with rates observed to be
increasing as the overall US population ages.

Several studies have examined trends in the epidemiology of HZ over long periods of
time and have found that the incidence of HZ has increased across all age groups
regardless of the presence or absence of national varicella vaccination programs,
including a >4-fold increase in the US since 1965 [Kawai, 2014]. In a recent retrospective
cohort study, the annual increase in incidence of HZ in American adults >55 YOA
appears to have leveled off since 2006 [Harpaz, 2015]. In the US, the HZ incidence rate
in the 50-59 YOA population is 4.6/1,000 person-years [Insinga, 2005], increasing to
rates of 11.1 to 45.1/1,000 person-years in adults >60 YOA [Oxman, 2005; Hales, 2013;
Langan, 2013].

1.1.1.2.2. Recurrence of HZ

The proportion of recurrent HZ ranges from 1.5% to 3% in observational studies that
followed patients with HZ up to 2 years [Helgason, 1996; Weitzman, 2013]. A recent

t study in immunocompetent patients > 22 YOA with longer follow-up duration estimates
higher proportion respectively 3.2%, 4.4%, 5.7% at 4, 6 and 8 years after initial HZ
episode [Yawn, 2011]. Another study, conducted in immunocompetent individuals

>60 YOA, estimates a proportion of HZ recurrence of 0.6% and 1.2% at respectively

4 and 6 years after initial HZ episode [Tseng, 2012]. These data suggest that the short-
-term risk of HZ recurrence following a recent initial episode is fairly low among
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immunocompetent adults [Tseng, 2012], however not nonexistent. Vaccination of these
individuals is therefore still fulfilling a medical need, which is also reflected in the 2008
ACIP recommendations for Zoster vaccination: "Zoster vaccine is recommended for all
persons aged >60 years who have no contraindications, including persons who report a
previous episode of zoster or who have chronic medical conditions.”

1.1.1.3. Herpes Zoster complications

HZ complications occur in approximately 25% of persons with HZ and become more
frequent with age [Yawn, 2007]. The most common HZ complication is postherpetic
neuralgia (PHN), which develops in 10% to 30% of patients with HZ, followed by
Herpes Zoster Ophthalmicus (HZO), which occurs in 10% to 20% of HZ patients
[Johnson, 2014; Kawai, 2014; Yawn, 2013b; Tran, 2016]. These and other less frequent
complications of HZ are described in the sections which follow.

1.1.1.3.1. Postherpetic neuralgia

Postherpetic neuralgia (PHN) is a neuropathic pain condition resulting from nerve
damage caused by the reactivation of VZV in the dorsal root ganglia. PHN is defined as
pain that persists or occurs after the HZ rash and in most studies and publications, PHN is
used to describe pain persisting for more than 90 days after rash onset. Patients with PHN
report a wide variety of pain characteristics such as intermittent or continuous, deep or
superficial, throbbing, stabbing, aching or burning, intense itching, allodynia, or
hyperalgesia [ Weinberg, 2007].

The incidence and prevalence of PHN varies depending on the case definition used, the
study design, and the age distribution of epidemiological study populations [Johnson,
2014; Kawai, 2014; Yawn, 2013a]. Thus the reported risk for developing PHN has varied
from 10% to 30% [Kawai, 2014]. In a pooled analysis of prospective cohort studies of
HZ patients >50 YOA in 7 countries (Canada, Brazil, Mexico, Argentina, Taiwan, South
Korea and Thailand), the risk for PHN was found to be 21%, with an increasing
proportion with increasing age. In pre-specified age strata, the risk ranged from 14.0% in
adults 50-59 YOA, to 21% in those 60-69 YOA, to 30% in those >70 YOA. The risk for
developing PHN seems to be similar across geographic regions (Asia, North America and
Latin America) [Kawai, 2015].

The predictors of PHN include advancing age, IC conditions, severity and duration of HZ
rash, and severity of initial HZ pain [Opstelten, 2007; Christo, 2007; Kawai, 2015]. PHN
tends to improve over a period of months, and about 70% to 80% of cases resolve within
1 year. In the remaining 20% to 30% of cases, the pain persists for more than 1 year, and
PHN may even persist for several years [Christo, 2007].

1.1.1.3.2. Herpes Zoster Ophthalmicus

HZO is defined as HZ within the ophthalmic division of the fifth cranial nerve. HZO is
reported in approximately 10% to 20% of HZ cases and can be categorized further as
HZO with or without eye involvement [Yawn, 2013b; Tran, 2016]. Common

n manifestations of HZO include keratitis which occurs in two-thirds of patients, and may
lead to corneal ulceration. Other corneal complications can occur, including
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conjunctivitis, retinitis, optic neuritis and glaucoma [Yawn, 2013b]. Chronic HZO may
lead to pain, facial scarring and loss of vision [Volpi, 2007].

1.1.1.3.3. Other complications

Other HZ complications include bacterial super-infection of HZ vesicles (reported in
approximately 2% of HZ patients), segmental motor nerve damage including nerves of
the face, limb weakness, and other neurological complications such as VZV encephalitis,
meningitis (reported in 3% to 5% of HZ patients), and disseminated HZ (reported in
approximately 1% of HZ patients) [Dworkin, 2007; Harpaz, 2008; Yawn, 2007]. An
increased risk of stroke after HZ has also been described, with odds ratios estimated
between 1.23 and 1.63 [Kang, 2009; Langan, 2014; Yawn, 2016, Breuer 2014]. A meta-
analysis of 6 cohort studies involving 251,076 HZ patients and 8,462 cases of stroke,
estimated a pooled relative risk (RR) of 1.36 (95% confidence interval [CI]: 1.10, 1.67)
and suggested that HZ patients have a higher risk of stroke within a short term (3 months)
[Yang, 2017]. Another recent meta-analysis of 12 studies showed consistent results
suggesting that HZ and HZO are significantly associated with cerebrovascular and
cardiovascular events [Erskine, 2017].

1.1.1.4. Risk factors for HZ
1.1.1.4.1. Age

The incidence of HZ increases with age due to immunosenescence. The incidence rate of
HZ is relatively constant at 2 to 3 cases/1,000 person-years until 40 YOA, and then
increases from 50 YOA onwards, rising with progressing age. More than 65% of HZ
cases occur in adults >50 YOA. The lifetime risk of developing HZ is estimated to be 25
to 30% and is increased to 50% for those >80 YOA [Yawn, 2007; Johnson, 2010].

Both pain- and non-pain related complications of HZ occur in 20% to 40% of cases, and
these also increase with age [ Yawn, 2013a]. For instance, the risk of PHN is highest in
older adults and globally, PHN occurs in approximately 30% of HZ patients 270 YOA
[Kawai, 2015].

1.1.1.4.2. Immunocompromising conditions

Immunocompromising conditions, particularly those which adversely affect cellular
immunity, increase the risk of developing HZ. Immunocompromising conditions that
increase the risk of HZ include hematopoietic malignancies, hematopoietic- and
chemotherapy-induced immunodeficiency, Human Immunodeficiency Virus (HIV)
infection and treatment with immunomodulating medications. HZ in IC populations
represents 8% of all HZ cases [ Yawn, 2007], nevertheless, IC patients contribute
substantially and disproportionately to the public health burden. This is because IC
patients are at higher risk for HZ and HZ complications [Chen, 2014a], the HZ rash tends
to be more severe and of longer duration, and they are more likely to develop
disseminated HZ affecting multiple visceral organs which may lead to a fatal outcome.
Furthermore, IC patients are more likely to develop recurrent HZ episodes [ Yawn, 2011].
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1.1.1.4.3. Other potential risk factors

Other factors that have been identified as potentially impacting the risk of HZ are gender
and race. HZ incidence is higher in women than men [Thomas, 2004, Pinchinat, 2013],
and subjects from African ancestry and Hispanic ethnicity seem to be less susceptible to
HZ than Caucasians [Schmader, 1995; Chaves, 2007].

1.1.2. Overview of Existing Treatments
1.1.21. Treatment of HZ and PHN

Treatment of HZ aims to reduce the duration of the disease and avoid or reduce
complications. In immunocompetent adults, antiviral therapy has been shown to decrease
the duration of HZ rash and associated severity of pain. However, these benefits, which
are modest, have only been demonstrated in patients who received antiviral agents within
72 hours after the onset of rash, which limits their effectiveness [Bruxelle, 2012; Whitley,
2010].

A recent Cochrane review considered all randomized controlled trials of antiviral
treatment given within 72 hours after the onset of HZ and found evidence that oral
acyclovir does not significantly reduce the incidence of PHN [Chen, 2014a]. They found
insufficient evidence to determine the effect of other antiviral treatments. Furthermore,

2 randomized trials have shown that the addition of systemic glucocorticoids to antiviral
drugs during the acute phase of HZ does not reduce the incidence of PHN [Whitley,
1996; Wood, 1994].

Treatment of PHN is aimed at controlling symptoms [Johnson, 2014]. There is evidence
that both tricyclic antidepressants and the anti-epileptic drugs gabapentin and pregabalin
may reduce pain but are often associated with significant side effects [Johnson, 2013].
While conflicting evidence exist on the use of opioids [Johnson, 2014], a recent Cochrane
review has concluded that there is no convincing and unbiased evidence of a benefit of
oxycodone in treating PHN [McNicol, 2013].

1.1.2.2. Prevention of HZ and PHN

As medical therapy can only offer symptomatic relief, prevention of VZV reactivation
represents the best strategy to control HZ and the burden of its complications. At the
present time, a live attenuated VZV vaccine Zostavax is licensed in the US, the European
Union (EU), and several other countries. In the US, Zostavax is indicated for prevention
of HZ in individuals >50 YOA and recommended by the Advisory Committee on
Immunization Practices (ACIP) for prevention of HZ and its complications among adults
60 YOA and older [Hales, 2014].

The currently-licensed, live attenuated vaccine for the prevention of HZ, Zostavax, has a
demonstrated vaccine efficacy (VE) against HZ of 69.8% (95% Confidence Interval (CI):
54.1, 80.6) in those 50-59 years of age (YOA), 51% (95% CI: 44, 58) in those >60 YOA,
41% (95% CI: 28, 52) in those 70-79 YOA, and 18% (95% CI: <0, 48) in those >80 YOA
[Zostavax Prescribing Information, 2017].
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The long-term efficacy of Zostavax has been assessed over different time intervals. The
Short-Term Persistence Sub-study (STPS) and Long-Term Persistence Sub-study (LTPS)
were undertaken to assess the long-term VE in SPS vaccine recipients followed for

5 years and 7 and 11 years post-vaccination, respectively [Schmader, 2012b; Morrison,
2015]. The mean follow-up time in the Zostavax group of the STPS was 1.36 £ 0.29
years, and 0.98 + 0.30 years in the placebo group, and the mean follow-up in the LTPS
was 3.74 £ 0.75 years for both groups. During these intervals, VE against HZ in adults
>60 YOA decreased from 51.3% (95% CI: 44.2, 57.6) in SPS to 39.6% (95% CI: 18.2,
55.5) in STPS and 21.1% (95% CI: 10.9, 30.4) in the LTPS; VE against PHN decreased
from 66.5% (95% CI: 47.5, 79.2) in SPS to 60.1% (95% CI: <0, 86.7) in STPS and
35.4% (95% CI: 8.8, 55.8) in LTPS, respectively. By year 11 post vaccination, VE was
non-significant [Morrison, 2015].

A long-term cohort study of the effectiveness of Zostavax has been conducted at Kaiser
Permanente Southern California. The effectiveness of Zostavax decreased from 68.7%
(95% CI: 66.3, 70.9) in the 1* year to 4.2% (95% CI: <0, 25.9) in the g year [Tseng,
2016] after vaccination of subjects >60 YOA. Another long-term cohort study assessed
effectiveness against HZ for 8 years after immunization at Kaiser Permanente Northern
California. VE was 67.5% (95% CI: 65.4, 69.5) during the first year after vaccination,
waned to 47.2% (95% CI: 44.1, 50.1) during the second year after vaccination, and then
waned more gradually through year 8 when VE was 31.8% (95% CI: 15.1, 45.2) [Baxter,
2017].

2. PRODUCT DEVELOPMENT RATIONALE

21. Medical Need and Scientific Rationale for Development of
the HZ/su Vaccine

Approximately 99% of the US population >40 YOA has serologic evidence of previous
VZV infection [Kilgore, 2003; Lebo, 2015] and is therefore at risk of developing HZ.
Approximately 1 out of 3 US adults develops HZ over the course of their lifetime [CDC,
2008]. The lifetime risk of developing HZ is estimated to be 25-30% and is increased to
50% for those >80 YOA [Johnson, 2010]. Management options for HZ are limited in
their effectiveness, particularly for the treatment of the acute pain of HZ and the chronic
pain of PHN. While the currently licensed vaccine offers the opportunity for prevention
of HZ, its efficacy is not consistent across all age ranges [Oxman, 2005], and its
effectiveness wanes to non-significant levels 8 to 11 years after vaccination [Schmader,
2012b; Morrison, 2015; Tseng, 2016; Baxter, 2017]. Therefore, prevention of HZ by a
vaccine that would offer high and long-term protection that is consistent across all age
groups could further help to limit the burden of illness (Bol) caused by HZ and its
complications. Therefore, the HZ/su vaccine has been developed to address this
significant remaining unmet medical need in the prevention of HZ.

HZ/su, a non-live, recombinant subunit vaccine, is designed to restore VZV immunity to
protective levels in individuals who are at increased risk of developing HZ due to age or
immunodeficiency. While the level of VZV-specific antibodies remains stable over time
the number and the function of memory VZV-specific T-cells decrease with age
[Gershon, 1981; Asanuma, 2000; Levin, 2003; Weinberg, 2010]. This age-related decline
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ine in VZV-specific CMI has been correlated to an increased risk of HZ [Weinberg,
2009; Arnold, 2016 Arvin, 2005]. Therefore, VZV-specific CMI is likely to be a
prerequisite to the prevention of HZ. Although the precise mechanism that prevents
reactivation of VZV remains unknown, it is plausible that antibodies are also required for
the efficient elimination of infected cells, through a mechanism referred to as antibody
(Ab)-dependent cell-mediated cytotoxicity [Arnold, 2016]. In particular, there is in vitro
evidence that natural killer (NK) cells can kill VZV- infected fibroblasts through the
recognition of specific anti-VZV antibodies on infected cells [Kamiya, 1982; Tilden,

, 1986]. NK cells can also be activated by VZV-specific CD4+ T-cells via the secretion
of IL-2 [Ito, 1986].

In order to prevent re-activation of VZV, an effective vaccine should therefore enhance
both the CMI and humoral immune responses in the target population. HZ/su was
specifically designed to address these challenges through the unique combination of the
varicella zoster virus surface glycoprotein E antigen (VZV gE) and the Adjuvant System
(AS), ASO15. gE provides specificity to the immune response against VZV while ASOlp
enhances gE-specific immune response, which is pre-existing in VZV-exposed
individuals. Additionally, the use of an adjuvant system in combination with the antigen
is intended to induce a durable response and long-lasting protection. HZ/su is therefore
expected to provide an important benefit to older adults at risk for developing HZ due to
their weakened immune systems, regardless of their age

Finally, as HZ/su is a non-live vaccine, it is not anticipated to be contraindicated in
immunocompromised (IC) individuals. A clinical development program evaluating
HZ/su in subjects with a variety of immunocompromising conditions is currently
ongoing. This program is not complete and is not meant to support the current proposed
indication.

2.2. Composition of the Vaccine
2.21. Product Description

HZ/su is a preservative-free suspension for intramuscular injection. The vaccine is
supplied as a single-dose vial of lyophilized antigen to be reconstituted prior to
administration with the accompanying single-dose vial of liquid adjuvant suspension. A
single dose after reconstitution is 0.5 mL.

The antigen, which is presented in the form of a sterile white powder, is a recombinant
truncate of the VZV glycoprotein E, expressed in Chinese Hamster Ovarian (CHO) cells.
After purification, the non-infectious gE antigen component is formulated with
excipients, filled into vials, and lyophilized under aseptic conditions.

The adjuvant suspension (ASO1s Adjuvant System) is an opalescent, colorless to pale
brownish liquid, composed of 3-O-desacyl-4’-monophosporyl Lipid A (MPL) purified
from Salmonella minnesota and a saponin molecule (QS-21) purified from plant extract
Quillaja saponaria Molina, combined in a liposomal formulation. The liposomes are
composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol in phosphate-buffered
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saline solution. After formulation, ASO1g is sterile-filtered before the filling step into
vials.

After reconstitution, HZ/su is an opalescent, colorless to pale brownish liquid. Each 0.5-
mL dose is formulated to contain the following active ingredients:

e 50 pg of the recombinant VZV gE,

e 50 pugof MPL, and

e 50 pgofQS-21.

Each dose also contains the following excipients:
e 20 mg of sucrose,

e  4.385 mg of sodium chloride,

e 1 mgof DOPC,

e (.54 mg of potassium dihydrogen phosphate,
e (.25 mg of cholesterol,

e 0.160 mg of sodium dihydrogen phosphate dihydrate,
e (.15 mg of disodium phosphate anhydrous,

e 0.116 mg of dipotassium phosphate, and

e 0.08 mg of polysorbate 80.

2.2.2. Manufacturing and Testing

The HZ/su vaccine components (gE antigen and ASO1g Adjuvant System) are
manufactured by GlaxoSmithKline (GSK) Biologicals, Belgium. The production methods
and facilities meet the Good Manufacturing Practices (cGMP) requirements of the World
Health Organization (WHO), the US Food and Drug Administration (FDA) and the EU
Committee for Human Medicinal Products (CHMP). All raw materials used in the
manufacture of the vaccine comply with the appropriate quality and safety guidelines.

Quality control tests are carried out at various stages of the production process to control
the identity, purity, safety and potency of the vaccine components, and are based on all
relevant FDA and International Conference on Harmonization (ICH) guidelines, as well
as European Pharmacopoeia and WHO monographs.

2.2.3. Storage and Stability

The lyophilized gE antigen and ASO1g Adjuvant System vials are to be stored
refrigerated between 2° and 8°C (36° and 46°F) and protected from light. The stability of
the lyophilized gE antigen and ASO1g Adjuvant System is currently monitored according
to a stability plan as per ICH requirements/guidelines. Available data demonstrate the
stability up to 36 months when stored refrigerated.

After reconstitution, the vaccine should be administered promptly. Before administration,
the reconstituted vaccine should be kept refrigerated between 2° and 8°C (36° and 46°F),
and should be discarded after 6 hours if not used.
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The reconstituted vaccine (or its components; i.e. lyophilized antigen or ASO1g) must be
discarded if the vaccine has been frozen.

2.3. Scientific Rationale for Vaccine Composition
2.3.1. Choice of the gE Antigen

VZV gE was selected as the candidate vaccine antigen for its essential functional role in
viral replication and cell-to-cell spread [Zerboni, 2014; Berarducci, 2006; Berarducci,
2009] and because it is a prominent target of the host immune system. In this regard, gE
is an abundant VZV glycoprotein expressed on the surface of the virus itself or on virus-
infected cells. While gE is not expressed during VZV latency, it is expressed in neural
ganglia and skin lesions during viral reactivation and HZ episodes [ Lungu, 2006]. gE is
also a natural target for the immune system and individuals who have been previously
exposed to VZV have detectable gE-specific CMI and Ab levels, making gE a suitable
vaccine candidate for the restoration of immunity to VZV [Arvin, 2008; Malavige, 2008;
Fowler, 1995].

2.3.2. Rationale for the Selection of AS01 and Summary of
Mechanism of Action of AS01

ASO1 is part of a family of adjuvants developed by GSK. AS01 was designed more than
20 years ago through a discovery program aimed at combining well-known
immunostimulants to be used as adjuvants that improve on aluminum salts, in particular
to enhance CMI responses to recombinant antigens, in addition to antibodies [Garcon,
2017]. ASO1 has been clinically tested in several candidate vaccines and increased CMI
has been consistently observed, regardless of the antigen used. In addition these antigen-
ASO1 combinations have induced antigen-specific humoral immune responses. These
cellular and humoral immune responses are observed regardless of age or specific
immune conditions [Didierlaurent, 2017].

The choice of ASO1 amongst other Adjuvant Systems was validated in a non-clinical
study in mice primed with live-attenuated VZV (OKA strain). The CMI response induced
by gE formulated with different Adjuvant Systems, namely ASO1 (MPL and QS-21 in
liposomes), AS0O3 (an oil/water emulsion), AS04 (MPL adsorbed on Aluminum salts), or
gE adsorbed on Aluminum salts was compared [Dendouga, 2012; Fochesato, 2016]. Four
weeks post vaccination, the gE-specific response was measured. gE alone or gE adsorbed
on Aluminum salts failed to mount a significant CMI response, hence demonstrating the
need for adjuvantation with an alternative Adjuvant System (Figure 1a). When compared
to gE/AS03 or gE/AS04, gE/ASO01p induced higher gE-specific CMI response with
statistically significant differences noted for all comparisons (p<0.001, Figure 1b). ASO1
was therefore demonstrated to be the optimal adjuvant to enhance CMI responses to gE.
Of note, clinical data comparing ASO1 to other Adjuvant Systems when combined with
hepatitis B surface (HBs) antigen provided similar conclusions for HBs-specific CMI

[ Vandepapeliere, 2008; Leroux-Roels, 2016].
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Figure 1 Comparison of gE-specific immune response induced by different
adjuvants combined with gE in mice
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Spleens were collected from VZV-primed C57BlI/6 female mice, obtained 30 days after the second dose of
gE-containing vaccines (with different adjuvants) or saline. MPL and QS-21 were both administered in 5 ug
doses. Splenocytes were re-stimulated with a pool of peptides spanning the gE antigen and evaluated using
Intracellular Cytokine Staining (ICS). Data are represented as geometric mean responses of gE-specific
CD4+ T-cells, expressed as percentages of total frequencies of CD4+ T-cells expressing IFN-y and/or
Interleukin 2 (IL-2), with upper and lower 95% confidence intervals. Figure 1(a): Dendouga, 2012. Figure
1(b): Fochesato, 2016 [https://creativecommons.org/licenses/by/3.0/].

The mechanism of action of ASO1 and it components has been studied in different
models and recently published [Didierlaurent, 2009; Didierlaurent, 2014; Detienne, 2016,
Welsby, 2017; Coccia, 2017; Burny, 2017]. The induction of a durable immune response
to vaccine antigens, particularly the T-cell response, requires the stimulation of early
inflammatory signals, which efficiently stimulate antigen presentation to cognate T and B
lymphocytes [Coffman, 2010; Pulendran, 2006]. In subunit vaccines composed of highly
purified recombinant antigens, adjuvants are added to stimulate this early response
resulting ultimately in an increased number of activated antigen presenting cells in the
lymph node (LN) draining the immunization site. This allows for the efficient stimulation
of cognate T cells, which differentiate into long-term immune effectors [Iwasaki, 2010].
In addition, T cells provide help to the differentiation of antigen-specific B cells and
contribute to a higher and more sustained antibody response. As described with other
adjuvants, we found that ASO1 functions following a similar mechanism by inducing a
local and transient activation of the innate immune system that is required to promote a
long-lasting gE-specific immune response. The key features of ASO1 mode of action after
intramuscular administration of HZ/su are presented in Figure 2.
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Figure 2 Schematic presentation of the mode of action of AS01 after
intramuscular administration of HZ/su
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Summary of the mode of action of AS01s in HZ/su [Didierlaurent, 2014; Welsby, 2017; Didierlaurent, 2017;
Coccia, 2017].

MPL and QS-21 directly activate innate pathways that are naturally used by the host to
recognize pathogens in order to activate the immune system. MPL is recognized by a
unique receptor, i.e. Toll-like receptor 4 (TLR4) and can directly stimulate antigen-
presenting cells [Didierlaurent, 2009]. MPL is 100 to 1000-fold less potent at inducing
cytokines than its parent molecule lipopolysaccharide (LPS), consistent with reduced
pyrogenicity to ~0.1% as compared to LPS [Evans, 2003; Coler, 2011]. QS-21 is a water
soluble triterpene glycoside recognized by subcapsular macrophages in the lymph node
draining the injection site (ALN) where it activates the caspase-1-dependent pathway
[Detienne, 2016; Marty-Roix, 2016]. At the cellular level, QS-21 signals through a
cholesterol-dependent endocytosis followed by lysosomal destabilization and Syk kinase
activation, similar to other adjuvants such as Aluminum salts [Welsby, 2017].
Collectively, the specific recognition of ASO1 components by these innate receptors and
cells is critical, as depletion of TLR4, caspase-1 or subcapsular macrophages individually
have been observed to abrogate the adjuvant effect of ASO1 in mouse models.

Recognition by specific receptors leads to the activation of the local innate immune
system, inducing a transient increase in cytokine production and local innate cell
recruitment in the muscle and dLN after rapid drainage of ASO1 components. The
response is detected as quickly as 3 hours after immunization, peaks on Day 1 or 2 and
returns to baseline by Day 7. Cytokine levels were approximately 10-fold lower in the
dLNs than in the muscle [Didierlaurent, 2009]. Local inflammatory stimuli increase the
frequency of activated antigen-presenting cells (APCs) loaded with gE as well as naive T
and B lymphocytes. This is important as it brings the APC carrying gE and the T and B
cells that respond to the APC, together [Didierlaurent, 2009]. gE-specific activated T-
cells help the gE-specific B-cells to produce antibodies.

Combining MPL and QS-21 components in AS01 is required to achieve the highest

antigen-specific adaptive response against gE (Figure 3) [Dendouga, 2012]. A synergistic
effect between MPL and QS-21 is observed for the induction of gE-specific CD4+ T-
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cells. Mechanistically, this is explained by an early production of IFN-gamma (IFN-y) in
the dLN that is only observed when MPL and QS-21 are combined [Coccia, 2017].
Blocking early IFN-y signaling results in a decreased antigen-specific T-cell response,
which is associated with a reduced activation of APCs. Overall, the combination of MPL
and QS-21 did not lead to a significant increase in inflammation (and in fact resulted in
inhibition in some cases) but rather to the emergence of specific pathways that modulated
the immune response.

Further investigation described in Coccia et al showed important roles for IL-12 and
subcapsular macrophage-derived IL-18 in the control of this early IFN signature, a
similar pathway used to prevent spreading of lymph-borne bacteria [Kastenmiiller, 2012].
Therefore, the unique combination of QS-21 and MPL co-opt a naturally occurring
pathway to enhance CMI responses to co-formulated antigens through early IFN-y
production.

Figure 3 MPL and QS-21 are both required to achieve an optimal adjuvant
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For experimental details, see legend of Figure 1. MPL and QS-21 were both administered in 5 pg doses.
Lipo= liposomes. [Dendouga, 2012]

These investigations in pre-clinical models provide explanations for the higher immune
response observed with ASO1-adjuvanted vaccines as compared to vaccines adjuvanted
with other Adjuvant Systems, in particular higher T-cell response [Vandepapeliere, 2008;
Leroux-Roels, 2016].

Page 48 of 159



GlaxoSmithKline Biologicals VRBPAC Briefing Document
HZ/su (Zoster Vaccine Recombinant, Adjuvanted) 13 September 2017

3. CLINICAL DEVELOPMENT PROGRAM

The non-clinical data presented above were deemed adequate to support development of
the candidate HZ vaccine in humans, as agreed with appropriate regulatory bodies and
ethics committees. The Clinical Development Plan was carefully designed and discussed
with the FDA and other regulatory authorities throughout the development. Most of the
clinical studies were conducted under a US Investigational New Drug application.

3.1. Overview of Studies in the Clinical Development Program

The Biologics License Application (BLA) included data from 19 clinical studies
available at the time of submission, in which subjects received HZ/su. Table 1 provides
an overview of these 19 studies, including the population in which they were conducted
and their main purpose. Of these 19 studies, 17 were conducted in the target population
of adults >50 YOA and 2 were conducted in IC adults >18 YOA.

Data from the following 7 studies are not presented in this briefing document:

e IC studies ZOSTER-001 and ZOSTER-015 as they are not part of the indication
currently being sought by this application. A short summary of safety data is
provided in Section 7.6.7.

e ZOSTER-023 is a phase I study in adults of Japanese ethnic origin that enrolled a
very limited number of subjects with only 6 month safety follow-up post last
vaccination and therefore does not contribute significantly to the database.

e ZOSTER-032 as it assessed the use of HZ/su administered subcutaneously and
therefore considered not relevant for discussion.

e EXPLO-CRD-004 and its extension studies, ZOSTER-018 and ZOSTER-019, were
very early Phase I/II studies for formulation development and vaccination strategy
conducted in a limited number of subjects 18-30 YOA and 50-70 YOA.

A more detailed description of the remaining 12 studies included in the BLA and for
which data are presented in this briefing document is provided in Appendix Table 1.
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Table 1 Overview of studies included in the BLA

Study Population Main purpose

ZOSTER-006 >50 YOA Pivotal Phase Il efficacy and safety study

ZOSTER-022 >70 YOA Pivotal Phase Il efficacy and safety study

ZOSTER-026 >50 YOA 0,6 month and 0,12 month vaccination schedules

ZOSTER-007 >50 YOA Lot-to-lot consistency

ZOSTER-004 >50 YOA Co-administration with seasonal, quadrivalent, unadjuvanted,

inactivated influenza vaccine

EXPLO-CRD-004 + extension 18-30 YOA and |Selection of the vaccine formulation and number of doses and

studies ZOSTER-018 and -019 50-70 YOA immunongenicity persistence

ZOSTER-003 + extension studies |>60 YOA Antigen dose-selection study and immunogenicity persistence

ZOSTER-011, -012, -013 and -024

ZOSTER-010 >50 YOA Adjuvant dose-selection study

ZOSTER-033 >50 YOA Immunogenicity and safety in subjects with previous HZ

ZOSTER-023 18-30 YOA and |Phase | study for the use of HZ/su in adults of Japanese ethnic
50-69 YOA origin

ZOSTER-032 >50 YOA Subcutaneous administration of HZ/su

ZOSTER-001 >18 YOA IC adults with autologous hematopoietic stem cell transplant

ZOSTER-015 >18 YOA IC adults with HIV infection

Note: studies indicated in bold text are described in this document
3.2. Inclusion and Exclusion Criteria

The inclusion/exclusion criteria commonly applied across a majority of studies, including
the 2 pivotal studies ZOSTER-006 and ZOSTER-022, are listed below.

In order to enter the trials, all subjects had to fulfill the following inclusion criteria:

e  Subjects whom the investigator believed would comply with the requirements of the
protocol (e.g., completion of the diary cards/questionnaires, return for follow-up
visits, have regular contact to allow evaluation during the study).

e  Written informed consent obtained from the subject.

¢ A male or female between the ages specified in the protocol at the time of the first
vaccination.

e Female subjects of non-childbearing potential could be enrolled in the study.

e Female subjects of childbearing potential may have been enrolled in the study, if the
subject had practiced adequate contraception for 30 days prior to vaccination, had a
negative pregnancy test on the day of vaccination, and had agreed to continue
adequate contraception during the entire treatment period and for 2 months after
completion of the vaccination series.

If any of the following exclusion criteria applied at the time of study entry, the subject
was not to be included in the study:

e Use of any investigational or non-registered product other than the study vaccine(s)

within 30 days preceding the first dose of study vaccine, or planned use during the
study.
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e Concurrently participating in another clinical study, at any time during the study
period, in which the subject had been or would have been exposed to an
investigational or a non-investigational product.

e Any confirmed or suspected immunosuppressive or immunodeficient condition
resulting from disease or immunosuppressive/cytotoxic therapy.

e History of HZ (except ZOSTER-033).
e Previous and/or planned vaccination against varicella or HZ.

e History of allergic disease or reactions likely to be exacerbated by any component of
the vaccine.

e Receipt of immunoglobulins and/or any blood products within the 90 days preceding
the first dose of study vaccine or planned administration during the study period.

e  Administration or planned administration of any other immunizations within 30 days
before the first or second study vaccination or scheduled within 30 days after study
vaccination. However, licensed non-replicating vaccines could be administered up to
8 days prior to each dose and/or at least 14 days after any dose of study vaccine.

e Any other condition that, in the opinion of the investigator, might have interfered
with the evaluations required by the study.

e Acute disease and/or fever at the time of enrolment.

e Fever, defined as temperature > 37.5°C (99.5°F) on oral, axillary or tympanic
setting, or > 38.0°C (100.4°F) on rectal setting.

e  Subjects with a minor illness without fever could be enrolled at the discretion of the
investigator.

e  Chronic administration (>15 consecutive days) of immunosuppressants or other
immune-modifying drugs within 6 months prior to the first vaccination. For
corticosteroids, this meant prednisone < 20 mg/day, or equivalent, was allowed.
Inhaled and topical steroids were allowed.

e Pregnant or lactating female.

e Female who planned to become pregnant or planned to discontinue contraceptive
precautions (if of childbearing potential).

e Significant underlying illness that in the opinion of the investigator would have been
expected to prevent completion of the study (specifically for ZOSTER-006 and
ZOSTER-022).
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3.3. Methods Used to Evaluate Immunogenicity

The immunogenicity evaluations of HZ/su were based on the measurement of CMI
(frequencies of gE-specific CD4+Tcells) and humoral immune responses (concentrations
of antibodies to gE [anti-gE]) before and after vaccination with HZ/su, in the form of two
2 main study endpoints:

e the fold increase at one month after the second dose versus baseline

e the vaccine response [a responder being defined as having a response at one month
after the second dose that is either at least 2- or 4-fold (for CMI and humoral
responses, respectively) above baseline value in subjects who were seropositive at
baseline, or at least 2- or 4-fold (for CMI and humoral responses, respectively) above
the cut-off value for seropositivity for subjects who were seronegative at baseline].

The main assays used in the HZ/su clinical studies to evaluate CMI and humoral immune
responses, were the:

gE Intracellular Cytokine Staining (ICS) assay: GSK has developed and validated an
ICS assay to measure in vitro the frequency of gE-specific CD4+ T-cells in peripheral
blood mononuclear cells (PBMCs) isolated from whole blood samples of clinical study
participants. The gE ICS assay allows measurement of CMI responses induced by HZ/su
by flow cytometry. gE-specific T-cells are defined by detection of at least 2 of the
following immune markers: CD40 Ligand (CD40L), Interferon gamma (IFN-y), Tumor
Necrosis Factor alpha (TNF-a), or Interleukin 2 (IL-2) upon stimulation with gE
peptides. Frequencies of gE-specific CD4+ T-cells, refered to as “CD4[2+] T-cell”
according to the definition above, are expressed as percentages of gE-specific CD4+ T-
cells over the total CD4+ T -cells in the PBMC sample.

CMI responses were measured in several clinical studies with HZ/su:

e Phase I/Il: CMI responses were evaluated to understand the immunogenicity of
the vaccine;

e Phase II: CMI (and humoral) responses were evaluated to establish the optimal
vaccine formulation (both antigen and adjuvant doses), and whether 1 or 2 doses
would be used;

e  Phase III: CMI data were collected in ZOSTER-006, where it was an
exploratory objective to confirm the immune response to the vaccine.

Anti-gE Enzyme-Linked Immunosorbent Assay (ELISA): GSK has developed and
validated an ELISA to determine the concentration of immunoglobulin G specific to the
gE antigen in human serum samples. This assay allows quantitative measurement of the
humoral immune response induced by HZ/su. Glycoprotein E is the only VZV-specific
antigen in HZ/su. Therefore, assessment of gE-specific immunogenicity is the most
appropriate way to confirm immune responses to HZ/su.

The anti-gE ELISA is GSK’s core clinical immunological assay for evaluating the
humoral immunity induced by HZ/su. In addition to the antibody response, the CMI
assay would also be relevant. However, it is a complex assay to implement on large scale,
and it requires a substantial blood sampling volume. Therefore, as the objective of the

Page 52 of 159



GlaxoSmithKline Biologicals VRBPAC Briefing Document
HZ/su (Zoster Vaccine Recombinant, Adjuvanted) 13 September 2017

immune assessment in the phase III program was mainly to monitor that a consistent
immune response is generated, the anti-gE ELISA assay was selected. Anti-gE ELISA is
a validated and robust assay that has shown a positive agreement (i.e. concordance) with
the CMI ICS assay in terms of vaccine responders, and also good correlation with a VZV
neutralisation assay, which indicates that the antibodies induced by HZ/su have the
ability to recognize and interfere with the functionality of the native viral gE
glycoprotein.

Hemagglutinin-inhibition assay

To evaluate the immunogenicity of the seasonal, quadrivalent, unadjuvanted, inactivated
influenza vaccine used in study ZOSTER-004, Hemagglutinin Inhibition (HI) Ab titers
were determined using a GSK validated assay performed as outlined in the method
described by the WHO Manual on Animal Influenza Diagnosis and Surveillance,
WHO/CDS/CSR/NCS/2002.5, Department of Communicable Disease Surveillance and
Response, WHO Global Influenza Programme.

All the assays used were qualified at the time of study conduct and the validation was
subsequently agreed with the Center for Biologics Evaluation and Research (CBER).

4, VACCINE FORMULATION AND SCHEDULE (PHASE II)

Two phase II studies, where HZ/su was administered, have been conducted in the older
adult population. One of these studies was complemented with extension studies to
collect long-term immunogenicity persistence data following administration of HZ/su.
These studies determined the antigen dosage, the adjuvant dosage and the number of
doses required to ensure both a robust humoral and cellular immune response in vaccine
recipients.

4.1. Study Design

41.1. ZOSTER-003: Antigen Dosage Selection and Number of
Doses

ZOSTER-003 was a phase 11, single-blind, randomized, controlled, multi-center
vaccination study that evaluated the safety and immune response of HZ/su in older adults
aged 60 to 69 YOA and >70 YOA. The study compared 3 dosages (25, 50 or 100 pg) of
gE with ASO1g adjuvant when administered as 2 doses (at 0, 2 months) compared to 2
doses of 100 ng gE/Saline or a single dose of 100 pg gE/ASO1p to select the optimal
antigen dosage and schedule of the candidate HZ vaccine for use in future trials.

A total of 714 subjects were enrolled and randomized in the study, with stratification by

age in a 1:4 ratio (60-69 YOA and > 70 YOA). The 5 study groups to which subjects
were randomized in a 1:3:3:3:3 ratio were:

e 100 pg gE/Saline, 2 doses (at Month 0 and 2) (N = 54)
e 25 uggE/ASOlg, 2 doses (at Month 0 and 2) (N = 164)
e 50 png gE/ ASOlg (HZ/su), 2 doses (at Month 0 and 2) (N = 166)
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e 100 ng gE/ ASO1g, 2 doses (at Month 0 and 2) (N = 165)

e 100 ng gE/ ASO1p (1 dose, Month 0) followed by Placebo (1 dose, Month 2) (N =
165)

Subjects vaccinated in study ZOSTER-003 were offered participation in follow-up
studies at Month 12 (ZOSTER-011), Month 24 (ZOSTER-012) and Month 36 (ZOSTER-
013) after the first vaccination. Persistence of the CMI and humoral responses were
therefore determined for up to 3 years after vaccination for the five study groups. In
addition, the HZ/su group was further followed up to Month 72 (ZOSTER-024). Further
follow-up is planned for the HZ/su group until 10 years post initial vaccination
(ZOSTER-060).

4.1.2. ZOSTER-010: Adjuvant Dosage Selection

ZOSTER-010 was a phase II, observer-blind, randomized, placebo-controlled, adjuvant-
dosage selection, multi-center study that evaluated the immunogenicity and safety of 50
ng of the gE antigen combined with either (i) the full dosage of adjuvant included in
HZ/su (ASO1g: 50ug MPL, 50pg QS-21), (ii) half the dosage of the adjuvant in HZ/su
(ASO1g: 25pug MPL, 25 pg QS-21), or (iii) saline. There was a fourth treatment group
receiving only saline. In all study groups, the vaccine or placebo was administered as 2
doses at 0 and 2 months. The study was conducted in subjects >50 YOA.

A total of 410 subjects were enrolled and randomized in the study, with stratification by
age with the following ratio: 4:4:3:1 for 50-59 YOA, 60-69 YOA, 70-79 YOA,

>80 YOA, respectively. The 4 study groups to which subjects were randomized in a
4:4:2:1 ratio were:

o ¢FE/ASO015=50 nug g/ ASO1g (HZ/su), 2 doses (at Month 0 and 2) (N = 150)
o ¢FE/ASO1g =50 png gE/ ASOIg, 2 doses (at Month 0 and 2) (N = 149)

e g¢F/Saline = 50 pg gE/Saline, 2 doses (at Month 0 and 2) (N = 73)

e Saline = Saline, 2 doses (at Month 0 and 2) (N = 38)

4.2. Confirmation of the added value of the adjuvant

In ZOSTER-003, CMI (Figure 4) and humoral (Figure 5) immune responses after 2
vaccinations with any dosage of gE adjuvanted with ASO1g were significantly higher
than those induced by 2 vaccinations with 100 pg gE/Saline. This higher response was
confirmed to persist for the 3 years all groups were followed up.
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Figure 4 ZOSTER-003 (CMI): Median gE-specific CD4[2+] T-cell frequencies in
adults 260 YOA up to 36 months post vaccination (ATP cohort for
immunogenicity)
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Figure 5 ZOSTER-003 (Humoral): Geometric mean concentrations of gE-
specific antibodies in adults 260 YOA up to 36 months post
vaccination
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e CMIl responses: the median frequencies of gE-specific CD4[2+] T-cells were similar
in all 2-dose gE/ASO1p groups (11.2 to 14.4-fold increase versus pre-vaccination),
which were higher compared to the 2-doses 100 pg gE/Saline group (4.2-fold
increase).

e Humoral immune responses: the median anti-gE antibody concentrations were higher
in all 2-dose gE/ASO1p groups (29.1 to 41.8-fold increase versus pre-vaccination)
compared to the 2-dose 100 pg gE/Saline group (16.1-fold increase).
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The study therefore confirmed that use of ASO1p led to a statistically significant
improvement in the CMI and humoral immunogenicity of gE compared to non-
adjuvanted formulations.

As anticipated, treatment groups receiving the ASO1p adjuvant had higher rates of
solicited symptoms than the group receiving the unadjuvanted vaccine, particularly for
local symptoms, which were reported during the 7-day post-vaccination period by 79.9%,
83.1% and 83.0% of subjects receiving 2 doses of 25 ug gE/AS015, HZ/su and 100 pg
gE/ASO01p, respectively, and by 31.5% of subjects receiving 2 doses of 100 gE/Saline.
These events were predominantly mild to moderate in severity with a maximum median
duration of 3 days in the adjuvanted groups. There were no safety concerns and all
vaccine formulations had an acceptable overall safety profile.

Based on these results and in view of the remaining unmet medical need in the prevention
of herpes zoster, it was decided to include the ASO1 adjuvant in the formulation for
further development in order to obtain optimal efficacy of the vaccine.

4.3. Selection of the Antigen Dosage (50 ug gE)
The use of 50 pg gE in HZ/su was selected based on the study results of ZOSTER-003.

The primary objective of study ZOSTER-003 was to compare the gE-specific CMI
response between the different dosages of the gE antigen combined with AS0O1g, one
month after the second dose in subjects 270 YOA. Humoral immune responses were also
analysed. Subjects aged 60-69 YOA were also enrolled in this study to evaluate the safety
and immunogenicity of the study vaccines in that age group.

When considering the CMI responses at one month after the second dose (Month 3), no
significant differences in the CMI responses were observed in subjects >70YOA
receiving either 25 pg, 50 pg, or 100 pg of gE in combination with ASO1g. Similar
results were observed in subjects 60-69 YOA. A post hoc sensitivity analyses in which
geometric means were adjusted for the CMI prevaccination level showed a lower
response to 25 pg gE/AS01p than to 100 pg gE/ASO1g whereas, 50 pg gE/AS01 was not
inferior to 100 ng gE/ASO1g [Chlibek, 2014]. Hence, 50 pug gE was the lowest dosage of
antigen that provided a statistically significantly higher CMI response than the
immediately inferior dosage (25 pg gE).

Analysis of the antibody response showed that HZ/su (50pg gE/ASO1g) and the 100 pg
gE/AS01g formulation yielded a ~30% higher anti-gE Ab concentration than the 25 pg
gE/AS01p formulation, confirming the choice of the 50ug dose.

The dosage of the gE antigen did not significantly impact the rate of at which solicited
symptoms were reported. As described in Section 4.2, the inclusion of the adjuvant was
associated with an increased frequency in the reporting of local and general symptoms.
These were mostly local and self-limiting. No clear relationship was noted between the
incidence or severity of overall unsolicited AEs and the dosage of the gE antigen or the
presence of ASO1g adjuvant. The incidence of vaccine-related unsolicited AEs appeared
to be unrelated of the dosage of gE, whereas they were somewhat more frequent in

Page 56 of 159



GlaxoSmithKline Biologicals VRBPAC Briefing Document
HZ/su (Zoster Vaccine Recombinant, Adjuvanted) 13 September 2017

groups receiving ASO1p adjuvant. The incidence of serious adverse events (SAEs) was
low (<3%) regardless of treatment group and all were considered not related to study
vaccine by the investigator. All formulations were shown to have an acceptable overall
safety profile.

4.4. Selection of the Adjuvant Dosage (AS01g)

ASO01p was selected based on the study results of ZOSTER-010.

The primary objective of the study was to select the dosage of adjuvant based on the
comparison of gE- and VZV-specific CMI and humoral immune responses between 50ug
gE/ASO1p and 50pg gE/ASO1g at Month 3 (one month following vaccinations at Months
0 and 2) in subjects >50 YOA.

The data showed that CMI (Table 2) and humoral (Table 3) immune responses in subjects
>50 YOA were significantly higher with gE formulated with ASO15 or ASO1g versus
unadjuvanted gE antigen, further confirming that inclusion of an adjuvant in the HZ
candidate vaccine, regardless of the dosage, greatly enhanced the vaccine-induced
cellular and humoral immunogenicity.

The CMI and humoral responses to gE induced by HZ/su were significantly higher in
comparison to those induced by gE/ASO1g:

e Two doses of HZ/su induced 30% higher gE-specific CMI than gE/ASO1g at Month
3 (Table 2).

e Two doses of HZ/su elicited higher anti-gE Ab concentrations (40%) than gE/ASO1g
at Month 3 (Table 3).

Table 2 ZOSTER-010 (CMI): Fold-increase in geometric mean gE-specific
CD4 [2+]T-cell frequencies in subjects 250 YOA at one month post
last vaccination (Month 3) (ATP cohort for immunogenicity)

Fold increase versus Fold increase versus
50 ug gE/ASO1e 50 ug gE/Saline
95% ClI 95% ClI
Vaccine LL UL LL UL
50 pg gE/ASO018 (HZ/su) 1.30 1.07 1.58 5.21 3.89 6.98
50 pg gE/ASO1E - - - 4.02 3.00 540
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Table 3 ZOSTER-010 (Humoral): Fold-increase in geometric mean anti-gE
antibody concentrations in subjects 250 YOA at one month post last
vaccination (Month 3) (ATP cohort for immunogenicity)

Fold increase versus Fold increase versus
50 pg gE/ASO1e 50 pg gE/Saline
95% ClI 95% ClI
Vaccine LL UL LL UL
50 pg gE/ASO1s (HZ/su) 1.40 1.17 1.68 472 3.81 5.85
50 pg gE/ASO1E 3.36 2.72 417

As expected, the incidence of any symptoms (solicited or unsolicited) reported during the
7-day post-vaccination period was higher for subjects receiving an adjuvanted vaccine
(87.3% and 77.2% of subjects in the HZ/su and gE/ASO1¢ groups, respectively)
compared to subjects receiving gE/Saline or Saline (43.8% and 21.1%, respectively).
This increase was most apparent for solicited local symptoms (reported by 84.0%, 71.1%,
23.2% and 7.9% of subjects in the gE/ASO15, gE/ASO1g, gE/Saline and Saline groups,
respectively), while solicited general symptoms were reported by 63.3%, 55.0%, 32.9%
and 18.4% of subjects, respectively. The percentage of subjects who reported unsolicited
symptoms during 30 days (Day 0-29) following vaccination was 31%, 25%, 25% and
16% for the gE/ASO1g, gE/ASO1g, gE/Saline and Saline groups. The corresponding
incidences of grade 3 unsolicited symptoms were not different between the groups, and
3.3%, 2.0%, 1.4% and 2.6% respectively. No related SAEs or immune mediated diseases
were reported in any of the study groups. All formulations were shown to have an
acceptable overall safety profile.

Considering the immunogenicity and safety data generated in the early clinical
development program, the HZ/su vaccine formulation (50 pg of gE antigen combined
with ASO1g adjuvant) was selected for further clinical development.

4.5. Selection of the Two-dose Schedule

In ZOSTER-003, subjects in all gE/AS01p two-dose groups developed significantly
higher gE-specific CMI and humoral immune responses than those who received a single
dose of 100 pg gE/ASO1g. The CMI (Figure 6) and humoral (Figure 7) immune
responses elicited by 2 doses of HZ/su were significantly higher than those of a single
dose with a higher amount of antigen. These higher responses were still observed at 3
years post-vaccination. These data demonstrate that 2 doses of HZ/su are required in
order to elicit the most optimal and persistent CMI and humoral immune responses in
subjects 260 YOA.
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Figure 6 ZOSTER-003 (CMI): Median gE-specific CD4[2+] T—cell frequencies
in adults 260 YOA up to 36 months post vaccination

4000 - —B- Two doses (50pg gE/AS01;; N=166)
3500 - —- Onedose (100 pg gE/AS015; N=165)

3000 -
2500 -
2000 -
1500 -
1000 -

gE-specific CD4* T cells /
10¢ CD4"* T cells

500 -

Py
hd
T

0 23 12 24 36
Time, months

Figure 7 ZOSTER-003 (Humoral): Geometric mean concentrations of gE-
specific antibodies in adults 260 YOA up to 36 months post
vaccination
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4.6. Conclusion on Formulation and Schedule

When considering the immunogenicity and safety data from the Phase II studies, in
aggregate, the 50 pg gE/ASO1 formulation (HZ/su) in a 2 dose-schedule was selected
for subsequent development. This decision was based on: (i) the demonstration that an
adjuvanted subunit approach can induce a high and durable antibody and cellular
response against VZV in the target population, (ii) the validation of the antigen (50 pg)
and adjuvant (AS01g) dosages and (iii) the observation that HZ/su (50 ng gE/AS015)
formulation had an acceptable safety profile that was comparable to the other adjuvanted
formulations tested.
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Given the significant remaining unmet medical need with the current prevention
measures, the decision to progress the formulation inducing the highest immune response
was based on the higher probability of success for optimal and durable vaccine efficacy
in adults >50 YOA.

5. VACCINE EFFICACY (PHASE i)

Two pivotal Phase III efficacy studies, ZOSTER-006 and ZOSTER-022, were conducted
to evaluate whether HZ/su prevents HZ and PHN in adults 250 YOA. Immunogenicity
and safety objectives are further discussed in Sections 6 and 7, respectively.

5.1. Key Features of Efficacy Studies

5.1.1. Overview and Discussion of Study Design

The overall study design for ZOSTER-006 and ZOSTER-022 is shown in Figure 8.
ZOSTER-006 and ZOSTER-022 were conducted concurrently in all centers of the 18
participating countries. Prior to treatment allocation, subjects 70-79 YOA and >80 YOA
were randomized to either study ZOSTER-006 or ZOSTER-022. The parallel conduct of
the 2 efficacy studies enabled pooling of the study results, which resulted in a larger
sample size of adults >70 YOA. Importantly, this strategy allowed for the evaluation of
key efficacy and safety objectives in the older age strata that are known to be at higher
risk for HZ and its associated complications.

ZOSTER-006 was a Phase III, randomized, observer-blind, placebo-controlled,
multicenter study conducted in 18 countries including the US, to assess the efficacy,
safety, and immunogenicity of HZ/su when administered according to a 0, 2-month
schedule in adults >50 YOA. The Total Vaccinated Cohort included 15,411 subjects who
were randomized 1:1 to receive either the HZ/su or placebo (saline).Subjects Subjects
were stratified by age into the 50-59 YOA, 60-69 YOA, 70-79 YOA or >80 YOA strata
in approximately an 8:5:3:1 ratio, which was estimated to achieve comparable numbers
of HZ cases in the 3 main age strata (50-59 YOA, 60-69 YOA, >70 YOA). ZOSTER-006
was designed to provide an estimate of VE against HZ in the >50 YOA study population
(primary objective). The evaluations of VE against HZ in the 3 age strata and VE against
overall PHN in subjects >50 YOA and by age strata, were secondary study objectives.
The Final Analysis for VE against HZ was triggered when the pre-specified number of
HZ cases had been accumulated, and represents the primary analysis for VE against HZ.
The median follow-up period in the modified Total Vaccinated Cohort (mTVC) was 3.1
years (range: 0 to 3.7 years) at the time of the Final Analysis (i.e., the analysis triggered
by achieving the pre-specified number of HZ cases). As foreseen in the protocol, subjects
continued to be followed up in the ZOSTER-006 study beyond the DLP for the Final
Analysis, in order to further accumulate cases of HZ and PHN for the pooled analyses
over both studies as well as for longer safety follow-up. An End of Study (EOS) analysis
was performed at the time of the final data lock point of the study and included all cases
of HZ and PHN accumulated during the study. The median follow-up period was 4.1
years (range: 0 to 4.5 years) at the EOS analysis.
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ZOSTER-022 was a Phase III, randomized, observer-blind, placebo-controlled, multi-
center study conducted in 18 countries including the US to assess the efficacy, safety, and
immunogenicity of HZ/su when administered according to a 0, 2 -Month schedule in
adults >70 YOA. The Total Vaccinated Cohort included 13,900 subjects who were
randomized 1:1 to HZ/su or placebo (saline).Subjects were stratified by age: 70-79 YOA
and >80 YOA and were enrolled in approximately a 3:1 ratio (the same age-stratification
ratio as was used for these age strata in ZOSTER-006). The 70-79 YOA and >80 YOA
strata were combined for the primary >70 YOA overall analyses and pooled with
ZOSTER-006 data for the pooled analysis.

Figure 8 ZOSTER-006 and ZOSTER-022 study designs

Randomization Vaccine group (HZ/su)

to study group
1:1

A E———
e eeedl  Placebo group (NaCl solution

( Active surveillance for efficacy and safety >
< Vaccination visits >< Follow-up contacts/visits >
T T T T T T T
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Study

Month 0 Month 2 Month 3 Month 14 Month 26 Month 38 conclusion
contact

Blood sampling? Study vaccination

Note: In case of suspected HZ, the subject had additional visit(s).
aA subset of subjects in ZOSTER-006 were assessed for CMI and humoral immune responses, and in ZOSTER-022
for humoral immune responses only.

5.1.2. Key Study Objectives

The primary objective of ZOSTER-006 and ZOSTER-022 was to evaluate VE in the
prevention of HZ compared to placebo in adults 250 YOA and >70 YOA, respectively, as
measured by the reduction in HZ risk.

The co-primary objectives of the ZOSTER-006/022 pooled analysis were to evaluate VE
in the prevention of overall PHN and to consolidate the VE estimation in the prevention
of HZ compared to placebo in subjects >70 YOA across both studies.

Secondary objectives were specified in the ZOSTER-006 and ZOSTER-022 protocols
and further clarified in the respective Statistical Analysis Plans (SAPs).

Secondary objectives related to efficacy evaluated in ZOSTER-006 and in ZOSTER-022
were: (1) to evaluate VE in the prevention of HZ by age strata (ZOSTER-006 only); (ii) to
evaluate VE in the prevention of overall PHN; (iii) to evaluate VE in reducing the total
duration of severe ‘worst’ HZ-associated pain over the entire pain reporting period in
subjects with confirmed HZ; (iv) to evaluate VE in the reduction of HZ-related mortality
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and hospitalizations in subjects with confirmed HZ; (v) to evaluate VE in the reduction in
incidence of HZ-associated complications in subjects with confirmed HZ; and (vi) to
evaluate VE in the reduction in use of pain medications in subjects with confirmed HZ.

Secondary objectives related to efficacy evaluated in the pooled analysis of ZOSTER-006
and ZOSTER-022 were: (i) to evaluate VE in the prevention of overall PHN in subjects
>50 YOA; (ii) to evaluate VE in the prevention of PHN in subjects >50 YOA with
confirmed HZ; and (iii) to evaluate VE in reducing the total duration of severe ‘worst’
HZ-associated pain over the entire pain reporting period in subjects 270 YOA, with
confirmed HZ.

5.1.3. Analysis Plan

The pooled efficacy analyses from the 2 studies were pre-specified in the study protocol
of ZOSTER-022. However, the individual primary efficacy hypotheses against HZ in
ZOSTER-006 and in ZOSTER-022 had to be successfully met per-protocol before
advancing with the ZOSTER-006/022 pooled analysis.

Pooling of ZOSTER-006 and ZOSTER-022 efficacy data was justified based on their
similar study design, including: (i) the age stratification of 3:1 between subjects 70-79
YOA and those >80 YOA, (ii) the studies were conducted concurrently in the same study
centers in 18 countries, and (ii1) prior to treatment allocation, subjects 70-79 YOA and
>80 YOA were randomized to either study ZOSTER-006 or ZOSTER-022. Note that the
co-primary objectives of the pooled analysis were only to be tested provided that VE
against HZ was demonstrated in each study and no adjustment of significance level was
to be made.

Study end, for both studies, was to be triggered as soon as a pre-specified number of
confirmed HZ and PHN cases determined to be sufficient to demonstrate the efficacy
hypothesis had been collected. It was initially planned that the statistical analyses from
both studies would be triggered at approximately the same time. However, as the HZ
cases accrued over time, it became clear that ZOSTER-006 would reach the conditions
for triggering final analysis of the HZ primary endpoint more than one year prior to those
conditions being reached for ZOSTER-022. As a consequence of this observation the
analyses of the 2 studies were dissociated. Both ZOSTER-006 and ZOSTER-022
protocols were amended to outline a 2-step approach for the efficacy analysis. The first
step was to perform on ZOSTER-006 the analysis to confirm VE against HZ in subjects
>50YOA (primary objective), once the required number of HZ cases had been captured.
This first analysis is referred to as the ‘Final Analysis’ for ZOSTER-006. At that
moment, most results of secondary and exploratory objectives that would not lead to
unblinding of the clinical team were also provided. The second step was to perform all
remaining analyses of ZOSTER-006, as well as of the ZOSTER-022 and pooled analysis
over both studies. This second analysis is referred to as the EOS analysis for ZOSTER-
006.

In accordance with the amended criteria, the Final Analysis of ZOSTER-006 to
determine the VE against HZ in subjects >50 YOA was performed in December 2014.
This analysis was performed by external statisticians in order to maintain the study
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blinding at the individual subject level for GSK staff involved in the HZ/suproject. A
Firewall team was established to ensure study blind was maintained from the Final
Analysis database freeze until the EOS database freeze.

5.1.4. Independent Data Monitoring Committee

ZOSTER-006 and ZOSTER-022 were monitored by an Independent Data Monitoring
Committee (IDMC) that oversaw the ethical, efficacy and safety aspects of the studies
and made recommendations to GSK concerning the continuation, modification, or
termination of the studies.

5.1.5. Methods Used to Evaluate Efficacy: Case Definitions

A suspected case of HZ was defined as a new-onset unilateral rash accompanied by pain
(broadly defined to include allodynia, pruritus or other sensations) and no alternative
diagnosis. Suspected cases were reviewed by a medical professional at the study center
and described in specific screens in the case report form. Rashes suspected to be HZ by
study staff were photographed, and 3 swabs were taken from the HZ lesions for
Polymerase Chain Reaction (PCR) analysis for VZV and B-actin. The B-actin PCR results
were used to verify whether a lesion sample was adequate in terms of DNA sampling. All
case notes and photographs were reviewed by the Herpes Zoster
Ascertainment/Adjudication Committee (HZAC) who were not aware of the PCR result
for the suspected cases of HZ.

The two PCR assays are GSK validated assays. Briefly, nucleic acids were first extracted
from each collected rash swab and then tested with VZV PCR targeting the orf62 gene. In
case of a VZV-negative result after PCR at the subject level, a f-actin PCR was
performed on the subject’s samples to confirm the validity of the sampling procedure.

Therefore, a suspected case of HZ could be confirmed in 2 ways:

e By PCR on collected rash lesion samples. This was the primary manner in which
cases were confirmed as “HZ” or “not HZ”.

e By the HZAC who were appointed to classify all referred suspected HZ cases as
either “HZ”, “not HZ” or “not able to decide.” Of note, the classification by HZAC
served as the final case definition only when the case could not be confirmed or
excluded by PCR. HZAC members were blinded to treatment assignments as well as
to PCR results. All decisions of whether a case represented a true HZ diagnosis had
to be unanimous by the 5 experts appointed to the HZAC.

The decision tree for classifying a suspected case of HZ is presented in Figure 9.
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Figure 9 Flow diagram for HZ case definition
Subject developed Only confirmed cases of HZ were included in the efficacy analysis
HZ-like rash

Investigator suspects HZ

\:4 All samples negative for VZV PCR
Suspected HZ case 21 sample positive for B-actin Not a case of HZ
PCR (adequate sample)

Three PCR samples
Rash photos

W | All samples negative for VZV PCR
21 sample positive All samples negative for B-actin

for VZV PCR (not an adequate sample)

Confirmed case of HZ Unanimous ‘Yes’ Unanimous ‘No’ Unable to decide
Confirmed case of HZ Not a case of HZ Not a case of HZ

Note: For suspected HZ cases, clinical descriptions by the investigator and photographs were to be captured. This
information was used by the HZAC for their assessment of the suspected cases, HZAC did not have access to the
PCR results.

Decision referred
to HZAC

The HZ onset date was defined as the earlier of the following 2 events: 1) the HZ rash
start date; or 2) the date on which pain at the site of a subsequent HZ rash was first noted.
The end date of an HZ episode was defined as the first date at which a subject had no
rash (papules, vesicles, ulcers or crusts) present.

A ZBPI questionnaire was used to quantify HZ pain and discomfort and measure selected
Activities of Daily Living (ADL) and health in subjects presenting with HZ. The ZBPI
was adapted from the Brief Pain Inventory to make it a HZ-specific measure of pain
severity that captures pain and discomfort (including allodynia and pruritus) caused by
HZ [Coplan, 2004].

Information on HZ-associated pain was derived from the ZBPI question: “Please rate
your pain by circling the one number that best describes your pain at its worst in the last
24 hours” (item 3), which was referred to as “worst pain” in the protocol. PHN was
defined by the presence of HZ-associated severe ‘worst’ pain persisting or appearing
more than 90 days after onset of the HZ rash. Severe ‘worst’ pain was defined as HZ-
associated pain rated as 3 or greater on the “worst pain” Zoster Brief Pain Inventory
(ZBPI) question. The ZBPI is a validated instrument to assess HZ-associated pain on a
10-point Likert scale, which persists or occurs more than 90 days after the onset of HZ
rash [Coplan, 2004; Oxman, 2005]. This case definition was used in the clinical efficacy
studies conducted by both Merck and GSK. In each case of suspected HZ, subjects were
asked to complete the ZBPI questionnaire daily from the onset of HZ up to 28 days after
the onset, and then weekly until HZ-associated pain ceased (defined as a 28-day [or 4-
week] pain free period), until at least Day 90 after the onset of symptoms, or until the cut-
off date for the EOS analysis in ZOSTER-006 or ZOSTER-022 (whichever came first).

Page 64 of 159



GlaxoSmithKline Biologicals VRBPAC Briefing Document
HZ/su (Zoster Vaccine Recombinant, Adjuvanted) 13 September 2017

5.1.6. Statistical Methods
5.1.6.1. Data sets analyzed and cohort definitions

The Total Vaccinated Cohort (TVC) included all vaccinated subjects who received at
least one dose of HZ/su or Placebo. The TVC for analysis of efficacy included vaccinated
subjects for whom data related to efficacy endpoints were available. The primary analysis
of efficacy was based on the mTVC for efficacy. The mTVC was defined as all
vaccinated subjects who received 2 doses of the allocated vaccine in accordance with
procedures outlined in the study protocol, and did not develop a case of HZ prior to one
month after the second dose. The mTVC was selected for the primary analysis of efficacy
as GSK wanted to assess the VE after subjects had completed the schedule of 2 doses of
HZ/su. Subjects who developed a confirmed case of HZ prior to one month after the ond
dose were also excluded from the analysis in order to give subjects sufficient time to
develop a potentially protective immune response following vaccination. The same
approach was followed in the vaccine efficacy studies with Zostavax [Oxman, 2005;
Schmader, 2012a]. An analysis on the TVC for efficacy was planned for sensitivity
analyses according to ICH recommendation. The TVC analysis started to count HZ cases
from the first vaccination onwards.

5.1.6.2.  Analysis of efficacy

The HZ incidence rate was determined with reference to the first confirmed HZ case
observed in the subject. The HZ-free period for a subject was calculated from either first
vaccination (for TVC) or from one month after dose 2 (for mTVC) to HZ onset date.

The number of person-years at risk over an interval of time was defined as the sum of the
confirmed HZ-free periods over all subjects at risk during that interval, either up to the
cut-off date for the analysis, the censoring date, or the occurrence of the first HZ case for
a subject.

The relative risk (RR) was defined as the ratio of the incidence rates of the HZ/su group
over the Placebo group. VE is defined as 1 minus the RR (1 — RR).

Primary inferential analysis for reduction in HZ risk

Because of the large sample size required for the analysis of VE against HZ and PHN, the
number of cases in the HZ/su and Placebo groups was approximated by independent
Poisson distributions. The primary analysis method of the VE considered the exact
inference on the RR stratified for age and regions conditionally to the total number of HZ
cases observed and time at risk. RRs were calculated overall and by age strata and region.

In ZOSTER-006, the primary objective regarding HZ VE in subjects >50 YOA was
demonstrated if the lower limit (LL) of the 95% confidence interval (CI) of VE against
HZ was above 25%. The confirmatory primary objective in ZOSTER-006 was assessed
at the Final Analysis. Therefore, its re-evaluation at the EOS analysis was only
descriptive. Note that ZOSTER-006 was initially not powered to demonstrate statistical
significant VE against HZ in subjects 270 YOA, since that objective was not within the
scope of the study and was deferred to the analysis of ZOSTER-022 and pooled Zoster-
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006 and -022 data. In ZOSTER-022, overall HZ VE was demonstrated in subjects >70
YOA (primary objective) if the LL of the 95% CI was >10%.

Sensitivity analyses were done by gender, by region and by time after vaccination to
assess consistency. The sensitivity analysis of the VE by region was performed to
confirm the consistency of the VE across regions. The regions evaluated were Europe,
Latin America, North America (US and Canada) and Australia/Asia (defined here as
including Australia, Japan, Korea, Taiwan, and Hong Kong). The sensitivity analysis of
the overall VE after each multiple of 12-month intervals following last vaccination was
performed to assess consistency of VE over time.

Primary inferential analysis for reduction in PHN risk

The overall reduction in PHN risk was evaluated in a similar manner to the risk reduction
analysis for HZ risk using the exact inference on the RR stratified for age strata and
regions, conditional to the total number of PHN cases observed and the time at risk.
Similarly to the HZ VE analysis, a Poisson distribution for the number of PHN cases in
the HZ/su and Placebo groups was assumed.

The primary objectives of ZOSTER-006 and ZOSTER-022 (VE against HZ) had to be
demonstrated before initiating the analysis of the co-primary objective of the ZOSTER-
006/022 pooled data of VE against PHN. A gatekeeping strategy was implemented to
show the hypotheses testing scheme that kept the overall type I error (2-sided) controlled
at 5% [Dmitrienko, 2007]. Each evaluation in the ZOSTER-006/022 pooled analysis was
either preceded by an evaluation in ZOSTER-006, ZOSTER-022, or both; or was only
performed on the pooled database during the ZOSTER-006/022 pooled analysis. The
ZOSTER-006/022 pooled analysis provided the highest power to generate statistically
significant results, and was powered to demonstrate statistically significant PHN VE in
subjects 270 YOA (primary objective). VE against PHN was demonstrated if the LL of
the 95% CI was above 0%. In addition, VE against PHN in subjects 250 YOA with
confirmed HZ was performed on the ZOSTER-006/ZOSTER-022 pooled data as a
secondary objective.

5.2. Efficacy Results

5.21. Subject Disposition and Demographic Profile of the Pooled
ZOSTER-006 and ZOSTER-022 Study Populations (250 YOA)

Across the 2 pivotal Phase III efficacy studies, a total of 14,645 subjects received HZ/su
and 14,660 subjects received Placebo. In the ZOSTER-006/022 pooled analysis, similar
demographic characteristics were observed in the HZ/su and Placebo groups (Table 4).
More female subjects than male subjects were included in these studies. The mean age of
participants at enrolment was 68.6 years for both the HZ/su and Placebo groups. The
majority of subjects were white (74.3% and 74.2%, in the HZ/su and Placebo groups,
respectively), followed by persons of Asian heritage (18.3% in both groups), persons of
other heritage (5.9% and 6.1%, respectively) and persons of African heritage (1.5% and
1.3% respectively).
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A total of 2,680 HZ/su subjects and 2,683 Placebo subjects were part of the TVC for
North America (which includes subjects from the US and Canada). Similar demographic
characteristics were observed in the HZ/su and Placebo groups (Table 4). The mean age
of participants at enrolment was 69.3 years and 69.4 years in the HZ/su and Placebo
groups, respectively. The majority of subjects were white (93.1% and 93.0%,
respectively), followed by persons of African heritage (5.8% and 5.2%, respectively),
persons of Asian Heritage (0.6% and 0.9%, respectively) and person of other heritage
(0.5% and 0.9%, respectively).

Table 4 ZOSTER-006/022 pooled analysis: Summary of demographic
characteristics overall and for North American subjects (TVC,
subjects 250 YOA)

Subjects, n (%)
Overall study population North American subjects
HZ/su Placebo HZ/su Placebo

Demographics N=14,645 N=14,660 N=2680 N=2683

Mean age, years (SD) 68.6 (9.8) 68.6 (9.9) 69.3(9.7) 69.4 (9.8)

Sex, n (%)

Male 6147 (42.0) 6113 (41.7) 1146 (42.8) 1097 (40.9)
Female 8498 (58.0) 8547 (58.3) 1534 (57.2) 1586 (59.1)
Race, n (%)
African 219 (1.5) 196 (1.3) 156 (5.8) 139 (5.2)
Asian 2682 (18.3) 2688 (18.3) 16 (0.6) 24(0.9)
White 10878 (74.3) 10883 (74.2) 2494 (93.1) 2496 (93.0)
Other 866 (5.9) 893 (6.1) 14 (0.5) 24(0.9)

Ethnicity, n (%)

Hispanic 1426 (9.7) 1434 (9.8) 76 (2.8) 75 (2.8)
Non-Hispanic 13219 (90.3) 13226 (90.2) 2604 (97.2) 2608 (97.2)

N = total number of subjects

n/% = number / percentage of subjects in a given category

SD = standard deviation

African = African Heritage / African American

Asian = Central/South Asian Heritage; East Asian Heritage; Japanese Heritage or South East Asian Heritage

White = Caucasian / European Heritage or Arabic / North African Heritage

Other = American Indian or Alaskan Native; Native Hawaiian or Other Pacific Islander or Other (a person with several
different heritages

In addition, the baseline medical conditions were balanced between the HZ/su and
Placebo groups in both studies. The most frequently reported medical conditions (>10%
of subjects) were:
- hypertension: respectively 41.9% in HZ/su and 41.0% in Placebo groups in
ZOSTER-006, and 59.7% and 59.5% in ZOSTER-022
- osteoarthritis: respectively 19.5% and 20.3% in ZOSTER-006, and 31.5% and
30.2% in ZOSTER-022
- diabetes: respectively 14.5% and 14.7% in ZOSTER-006, and 19.5% in each
group in ZOSTER-022

- gastroesophageal reflux: respectively 8.5% and 8.2% in ZOSTER-006, and 10.9%
and 10.7% in ZOSTER-022
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5.2.2. VE Against HZ

5.2.21. VE against HZ in subjects >50 YOA (primary objective of ZOSTER-006)

The ZOSTER-006 Final Analysis is the primary analysis supporting VE against HZ in
adults 250 YOA. VE against HZ in adults 250 YOA was demonstrated to be 97.2%, with
6 confirmed HZ cases in the HZ/su group and 210 in the Placebo group. The primary
objective of ZOSTER-006 was met since the LL of the 95% CI for VE against HZ was
observed to be 93.7%, which is above the pre-specified statistical limit of 25%. There
was no subject with more than one confirmed HZ episode during the follow-up period.
The median follow-up period was 3.1 years. Similar VE against HZ was observed for all
age strata and the secondary confirmatory objectives regarding HZ VE in the 50-59 YOA
and 60-69 YOA strata were met (LL of the 95% CIs >10%) (Table 5).

Table 5 ZOSTER-006: Vaccine Efficacy Against First or Only Episode of HZ
During the Entire Study Period in >50 YOA, Overall and by Age
Strata (mTVC, Final Analysis)

Vaccine Efficacy
HZ/su Placebo

95% CI

n/T
Age strata N n Tyear) (per 1000) N n | T(year)

n/T

0,
(per000) © | Ltk U

>50 YOA ** | 7344 23297.0 0.3 7415 | 210 |23170.5 9.1 97.2 | 93.7 | 99.0

60-69 YOA ™ | 2141 7007.9 0.3 2166 | 75 | 6952.7 10.8 974 | 90.1 | 99.7

6

50-50 YOA™* | 3492 | 3 |11161.3 0.3 3525 | 87 |11134.7 78 96.6 | 89.6 | 994
2
1

270 YOA™ | 1711 5127.9 0.2 1724 | 48 | 5083.0 9.0 979 | 87.9 | 100

N = number of subjects included in each group; n = number of subjects having at least one HZ confirmed case
T (year) = sum of follow-up period (censored at the first occurrence of a HZ confirmed case) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits

*: VE adjusted by region

**: VE adjusted by age strata and region

Of note, an additional statistical analysis (pre-specified in the Statistical Analysis Plan
prior to the final analysis) of VE in adults >60 YOA was conducted to evaluate VE in the
target population covered by the current ACIP recommendation for HZ vaccination, and
the VE was shown to be 97.6% (95% CI: 92.7, 99. 6).

Similar VE against HZ was observed between the Final Analysis (primary) and the EOS
analysis (secondary). An additional 3 HZ cases were collected in the HZ/su group from
Final Analysis to the EOS analysis. At the EOS analysis, VE against HZ in adults >50
YOA was demonstrated to be 96.5% (95% CI: 93.2, 98.5), with 9 confirmed HZ cases in
the HZ/su group and 254 in the Placebo group.
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5.2.2.2. VE against HZ in subjects >70 YOA (co-primary objective of the
ZOSTER-006/022 pooled analysis)

The analysis of VE against HZ in adults >70 YOA was a co-primary objective for the
ZOSTER-006/022 pooled analysis and a primary objective for the ZOSTER-022
analysis. VE against HZ in adults >70 YOA was a secondary objective in ZOSTER-006.

The ZOSTER-006/022 pooled analysis provides the most accurate VE estimate against
HZ in this age group as compared to the VE obtained in the individual studies and is
therefore considered as the primary dataset for the >70YOA population.

Results on VE against HZ in 270 YOA, overall and by age strata (70-79 YOA and >80
YOA), from the ZOSTER-006/022 pooled analysis and from ZOSTER-022 are presented
in Table 6.

Considering the ZOSTER-006/022 pooled analysis, the overall VE against HZ in adults
>70 YOA was 91.3%, with 25 confirmed HZ cases in the HZ/su group and 284 in the
Placebo group (Table 6). The primary hypothesis for the demonstration of VE against HZ
was met, as the observed LL of the 95% CI was 86.9%, which was above the pre-
specified statistical criterion of 10%. Similar VE against HZ was observed for the 70-79
YOA and >80 YOA strata, i.e., 91.3% and 91.4%, respectively. Note that the ZOSTER-
006/ 022 pooled analysis was not powered for HZ VE by age strata, but as a result of the
high VE reached across age strata, the LL of the CI was also well above 10% in both the
70-79 YOA and >80 YOA strata. The median follow-up period was 4.0 years. Efficacy of
HZ/su>91% in the oldest age stratum, in which the incidence and severity of HZ is
highest, suggests a significant clinical benefit for subjects in this age population.

Table 6 ZOSTER-006/ 022 pooled analysis: Vaccine efficacy against first or
only episode of HZ during the entire study period in adults >70 YOA,
overall and by age strata (mTVC)

Vaccine Efficacy
HZ/su Placebo

Age strata 95% Cl

niT (per | n | Tyear) | MT(Er o | |y

N |ono | Tlvean | oo0) 1000)

270YOA ™ 8250 | 25 30725.5 0.8 8346 | 284 | 30414.7 9.3 91.3 | 86.88 | 94.5

70-79YOA™* | 6468 | 19 24410.9 0.8 6554 | 216 | 24262.8 8.9 91.3 | 86.0 | 94.9

280YOA * 1782 | 6 6314.6 1.0 1792 | 68 | 6151.9 1.1 914 | 802 | 97.0

N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode
T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000) = Incidence rate of subjects reporting at least one event

LL, UL = 95% Lower and Upper confidence limits

VE (%) = Vaccine Efficacy (Poisson method)

*: VE adjusted by region

**: VE adjusted by age strata and region

In the ZOSTER-022 analysis, the overall VE against HZ in adults >70 YOA was
consistent with the VE estimate obtained in the ZOSTER-006/022 pooled analysis and
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the primary objective of ZOSTER-022 was met (LL of the 95% CI >10%). The median
follow-up period was 3.9 years.

Section 7.6.2.1 provides more background information on all 9 and 23 HZ breakthrough
cases acquired in the HZ/su group of ZOSTER-006 (>50 YOA, EOS) and ZOSTER-022
(>70 YOA), respectively.

5.2.2.3. VE against HZ by region

When considering VE against HZ by region (Australia/Asia, Europe, Latin America and
North America), similar estimates of VE against HZ between regions were observed in
adults >50 YOA and =70 YOA (Table 7). The results for VE against HZ in all regions
were consistent with the overall VE against HZ, i.e., HZ VE point estimates for all
regions were within the 95% CI of the overall VE estimate for the respective analyses.

HZ/su had an overall VE of 95.7% (95% CI: 83.7, 100.0) and 90.1% (95% CI: 77.0, 96.5)
in preventing HZ in North American subjects >50 YOA (ZOSTER-006 EOS analysis)
and >70 YOA (ZOSTER-006/ 022 pooled analysis) respectively, compared to the
Placebo group. The overall VE against HZ in North American subjects >70 YOA in
ZOSTER-022 was 87.3%, which is consistent with the results obtained in the ZOSTER-
006/ 022 pooled analysis.

Table 7 ZOSTER-006 and ZOSTER-006/ZOSTER-022 pooled analyses:
Vaccine efficacy against first or only episode of HZ during the entire
study period by region in adults >50 YOA and 270 YOA (mTVC)

Vaccine Efficacy

HZ/su Placebo
Region 95% Cl
N | n | T(year) (pe?‘II.I(-)OO) N n T(year) (pe?ﬂlOO) % LL | UL
250 YOA (ZOSTER-006)
Australia/Asia* | 1555 3 | 6318.3 0.5 1574 | 76 | 61835 12.3 96.1 | 88.2 | 99.3
Europe * 3785| 3 | 14986.9 0.2 3828 | 105 | 14878.7 7.1 97.2 | 914 | 995

Latin America * 709 | 1 | 2560.2 0.4 724 | 27 | 2597.0 10.4 96.3 | 77.2 |100.0

North America * | 1291| 2 | 4852.4 0.4 1287 | 46 | 4800.3 9.6 95.7 | 83.7 |100.0

270 YOA (ZOSTER-006/ZOSTER-022 pooled analysis)

Australia/Asia* 1526 | 4 | 5799.2 0.7 1559 | 81 5735.2 14.1 951 | 87.0 | 98.7

Europe * 4501| 12 | 17038.4 0.7 4543 | 120 | 16898.0 7.1 90.1 | 82.0 | 95.1
Latin America * 597 | 3 | 2052.6 1.5 613 | 24 | 20764 11.6 87.3 | 58.1 | 97.6
North America* 1626 6 | 5835.3 1.0 1631 | 59 | 5705.1 10.3 901 | 77.0 | 96.5

N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode
T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits

* . VE adjusted by age strata
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5.2.2.4. VE against HZ by gender, race and ethnicity

When considering VE against HZ by gender, similar estimates of VE against HZ between
genders were observed in adults >50 YOA and >70 YOA (Table 8). The results for VE
against HZ by gender were consistent with the overall VE against HZ, i.e., HZ VE point
estimates for males and females were within the 95% CI of the overall VE estimate for
the respective analyses.

By race (Table 9), the VE for subjects >70 YOA of Asian, White and Other heritages was
consistent to the overall VE in subjects >70 YOA (i.e. the point estimates of VE by race
were within the 95% CI of the overall VE estimate in subjects >70 YOA). For subjects
>70 YOA of African heritage, the sample size was small (approximately 80 subjects in
each group) and as a consequence the number of HZ cases was insufficient to allow for
the calculation of VE against HZ in this subgroup.

By ethnicity (Table 10), similar estimates of VE against HZ between subjects of Hispanic
and non-Hispanic ethnicities were observed in adults >70 YOA. The results for VE
against HZ by ethnicity were consistent with the overall VE against HZ, i.e., HZ VE
point estimates for Hispanic and non-Hispanic subjects were within the 95% CI of the
overall VE estimate for subjects >70 YOA in the ZOSTER-006/022 pooled analysis.

Table 8 ZOSTER-006 and ZOSTER-006/ZOSTER-022 pooled analysis:
Vaccine efficacy against first or only episode of HZ during the entire
study period by gender in adults >50 YOA and 270 YOA (mTVC)

Vaccine Efficacy

HZ/su Placebo .
Gender 95% CI
n/T n/T -
N n | T(year) (per 1000) N n | T(year) (per 1000) % LL | UL
250 YOA (ZOSTER-006)
Male* 2860 | 4 | 11096.8 0.4 2871 | 86 |10886.6 7.9 95.4 | 87.8 | 98.8

Female* 4480 | 5 | 17621.0 0.3 4542 | 168 |17572.8 9.6 97.0 | 929 | 991

270 YOA (ZOSTER-006/ZOSTER-022 pooled analysis)

Male* 3736 | 10 | 13827.5 0.7 3753 | 123 | 135974 9.0 92.0 | 84.7 | 96.3

Female* 4514 | 15 | 16898.0 0.9 4593 | 161 |16817.3 9.6 90.7 | 84.2 | 95.0

N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode
T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits

* . VE adjusted by age strata and region
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Table 9 ZOSTER-006/Z0OSTER-022 pooled analysis: Vaccine efficacy against
first or only episode of HZ during the entire study period, by race in
adults >70 YOA (mTVC)

Vaccine Efficacy
H PI
Race ZIsu acebo . 95% CI
N T(year) | n/T (per1000) | N | n | T(year) | nIT (per 1000) ° LL UL

African* | 85 | 0| 289.0 0.0 81 | 1| 2722 37 100.0 <0 100.0

Asian* | 1410 | 4 | 5343.3 0.7 1434 | 79 | 5277.2 15.0 95.0 86.6 98.7

White* | 6423 |20 | 23936.2 0.8 6475|190 | 23645.1 8.0 89.6 83.5 93.8

Other* | 332 | 1| 1157.0 0.9 35 | 14 | 12201 11.5 92.6 51.2 99.8

African = African Heritage / African American
Asian = Central/South Asian Heritage; East Asian Heritage; Japanese Heritage or South East Asian Heritage
White = Caucasian / European Heritage or Arabic / North African Heritage
Other = American Indian or Alaskan Native; Native Hawaiian or Other Pacific Islander or Other (a person with several
different heritages
N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode

T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event
LL, UL = 95% Lower and Upper confidence limits; VE (%) = Vaccine Efficacy (Poisson method)
* . VE adjusted by age strata and region

Table 10 ZOSTER-006/ZOSTER-022 pooled analysis: Vaccine efficacy against
first or only episode of HZ during the entire study period, by
ethnicity in adults >70 YOA (mTVC)

HZlsu Placebo Vaccine Ef:icacy

Ethnicity T = y 95% CI

nT (per nT (per o
N | n | T(year) 1000) N n T(year) 1000) LL | UL
Hispanic* 648 | 3 | 22314 1.3 655 | 26 2224.5 1.7 881 | 612 | 977
Not Hispanic* | 7602 | 22 | 28494.1 0.8 7691 | 258 | 28190.1 9.2 91.6 | 86.9 | 948

Hispanic = American Hispanic or Latino

Not Hispanic = Not American Hispanic or Latino

N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode
T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

LL, UL = 95% Lower and Upper confidence limits; VE (%) = Vaccine Efficacy (Poisson method)

* . VE adjusted by age strata and region

5.2.2.5. VE against HZ over time

The sufficiently long follow-up of studies ZOSTER-006 and ZOSTER-022 allowed for
the evaluation of the VE against HZ over successive yearly follow-up (FU) periods. This
sensitivity analysis was performed up to 4 years after vaccination (median follow-up is
4.1 years in ZOSTER-006 and 3.9 years in ZOSTER-022).
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Analysis of VE against HZ over time as performed at ZOSTER-006 EOS in >50 YOA
and on pooled ZOSTER-006 and ZOSTER-022 data in >70 YOA is presented in
Table 11.

In both age strata, VE remained high up to the 4t year after vaccination (currently
available data), i.e., 98.4% during the first year and 93.1% during the 4t year in adults
>50 YOA, and 97.6% during the 1* year and 87.9% during the 4™ year in adults

>70 YOA.

Table 11 ZOSTER-006 and ZOSTER-006/ZOSTER-022 pooled analysis:
Vaccine efficacy against first or only episode of HZ during the entire
study period by time in adults >50 YOA and 270 YOA (mTVC)

Vaccine Efficacy
HZ/su Placebo
Time 95% ClI
N | n | T(year) (pe?ﬂ)OO) N n | T(year) (pem.l(-)OO) % LL | UL
250 YOA (ZOSTER-006)
Year 1* 7340 | 1| 7279.8 0.1 7413 | 62 | 7312.1 85 98.4 | 90.6 | 100.0
Year2* 7190 | 4 | 71346 0.6 7192 | 68 | 7092.1 9.6 942 | 843 | 985
Year 3 * 7048 | 0 | 6972.6 0.0 6998 | 68 | 6891.0 9.9 100.0 | 94.5 | 100.0
Year 4 * 6859 | 4 | 7330.8 05 6741 | 56 | 7164.2 78 931 | 812 | 982
270 YOA (ZOSTER-006/ZOSTER-022 pooled analysis)
Year 1* 8250 | 2 | 8156.2 0.2 8346 | 83 | 8206.2 10.1 97.6 | 90.9 | 99.7
Year 2* 8039 | 7 | 7916.9 0.9 8024 | 87 | 7860.5 1.1 92.0 | 828 | 96.9
Year 3* 7736 | 9 | 7612.2 1.2 7661 | 58 | 74884 7.7 84.7 | 69.0 | 934
Year 4* 7426 | 7 | 7040.3 1.0 7267 | 56 | 6859.6 8.2 87.9 | 733 | 953

N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode
T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits

*VE adjusted by age strata and region

Year 1: From 30 days after second vaccination to 395 days after second vaccination

Year 2: From >395 days after second vaccination to 760 days after second vaccination

Year 3: From >760 days after second vaccination to 1125 days after second vaccination

Year 4: From >1125 days after second vaccination until last contact date

5.2.3. VE Against PHN

5.2.3.1. VE against PHN in adults >70 YOA (co-primary objective of the
ZOSTER-006/022 pooled analysis)

Estimation of the VE against overall PHN in adults >70 YOA was a co-primary objective

of the ZOSTER-006/022 pooled analysis. The results of this analysis are presented in
Table 12.
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Overall, VE against PHN in adults >70 YOA was 88.8%, with 4 PHN cases in the HZ/su
group and 36 in the Placebo group; thus the co-primary objective of the ZOSTER-006/
022 pooled analysis was met (LL of the 95% CI >0%) as the observed LL of the 95% CI
was 68.7%. A similar VE against PHN was observed in the 70-79 YOA stratum, i.e., VE
was 93.0% (95% CI: 72.4, 99.2), with 2 PHN cases in the HZ/su group and 29 in the
Placebo group. Note that pooled analysis was not powered for PHN VE by age strata, but
as a result of the high VE against PHN achieved in this age stratum, the LL of the 95% CI
was also above 0%. In the >80 YOA stratum, VE against PHN was 71.2%, however, the
LL of the 95% CI was <0% due to the low number of PHN cases, i.e., 2 PHN cases in the
HZ/su group and 7 in the Placebo group.

Table 12 ZOSTER-006/ZOSTER-022 pooled analysis and ZOSTER-022:
Vaccine efficacy against first or only episode of PHN during the
entire study period in adults 270 YOA and by age strata (mTVC)

Vaccine Efficacy
HZ/su Placebo

Age strata 95% CI

AT (per |\ | | qiyearn | MTERET o WL

N | ono | Tlean) | oo0) 1000)

Pooled ZOSTER-006/022

270YOA ™ 8250 | 4 30760.3 0.1 8346 | 36 | 30942.0 1.2 88.8 | 68.7 | 971

70-79YOA* | 6468 | 2 24438.8 0.1 6554 | 29 | 24660.4 1.2 93.0 | 724 | 99.2

280YOA * 1782 | 2 6321.5 0.3 1792 7 6281.6 1.1 712 ] <0 | 971

N = number of subjects included in each group; n = number of subjects having at least one PHN
T (year) = sum of follow-up period (censored at the first occurrence of PHN) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits
* . VE adjusted by region

**: VE adjusted by age strata and region

5.2.3.2. VE against PHN in adults >50 YOA (secondary objective of
ZOSTER-006)

VE against PHN in adults >50 YOA was a secondary objective of ZOSTER-006. Overall,
VE against PHN in adults 250 YOA was 100%, with no PHN cases in the HZ/su group
and 18 in the Placebo group (Table 13). Therefore, this secondary objective of
ZOSTER-006 was met (LL of the 95% CI >0%).

ZOSTER-006 was not powered for analysis of PHN VE by age strata, but as a result of
the 100% VE against PHN reached in each age stratum, the LL of the 95% CI was also
above 0% in the 50-59 YOA and >70 YOA strata. However, as there were only 2
reported cases of PHN in the Placebo group in the 60-69 YOA stratum, VE against PHN
was not significant in this age stratum.
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Table 13 ZOSTER-006: Vaccine efficacy against first or only episode of PHN

during the entire study period in adults >50 YOA and by age strata
(mTVC - EOS analysis)

Vaccine Efficacy
HZ/su Placebo

95% CI

n/T n/T

N | n| T(year) N n | T(year) (per 1000)

0,
Age strata (per 1000) 4 i -

>50 YOA ™ | 7340 28734.6 0.0 7413 | 18 | 28943.7 0.6 100.0 | 77.1 | 100.0

0
50-59 YOA ™ | 3491 | 0 | 13789.7 0.0 3523 | 8 | 13928.7 0.6 100.0 | 40.8 | 100.0
60-69 YOA™ | 2140 | 0 | 8621.4 0.0 2166 | 2 | 86744 0.2 100.0 <0 100.0

270 YOA* 1709 | 0 | 63234 0.0 1724 | 8 | 6340.6 1.3 100.0 | 414 | 100.0

N = number of subjects included in each group; n = number of subjects having at least one PHN
T (year) = sum of follow-up period (censored at the first occurrence of PHN) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits
* . VE adjusted by region

** . VE adjusted by age strata and region

5.2.3.3. VE against PHN by region

By region, the VE against PHN in subjects >70 YOA for Australia/Asia, Europe and
North America was 90.8 % (95%CI: 36.4, 99.8), 86.8 % (95%CI: 42.2, 98.6) and 100.0
% (95%CI: 31.2, 100.0), respectively. The VE against PHN for Latin America had a LL
of the 95% CI that was <0% due to the low number of PHN cases accrued.

5.2.3.4. VE against PHN by gender, race and ethnicity

The results of the analyses of VE against PHN by gender, race, ethnicity and region for
the mTVC of the ZOSTER-006/022 pooled analysis are presented in Table 14. These
studies were not designed or powered for these sub-group analyses. The incidence of
PHN is low in the overall study population and the VE against PHN in these analyses
have large uncertainty ranges; especially when considering smaller subpopulations. For
the subgroups where a sufficient number of PHN cases could be accrued, consistently
high VE against PHN were observed similar to the VE against PHN in all subjects >70
YOA.
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Table 14 ZOSTER-006/022 pooled analysis: Vaccine efficacy against first or
only episode of PHN during the entire study period by gender, race
and ethnicity in adults 270 YOA (mTVC)

Gender HZ/su Placebo Vaccine Efficacy
95% ClI
N | n | T(year) n/T N | n | T(year) n/T % LL UL
(per 1000) (per 1000)
Gender
Male* 3736 | 2 | 13837.7 0.1 3753 | 12 | 138314 0.9 833 | 248 | 982
Female* 4514 | 2 | 16922.6 0.1 4593 | 24 | 17110.6 14 915 | 657 | 991
Race
African* 85 | 0| 289.0 0.0 81 | 0| 2732 0.0
Asian* 1410 | 1 | 5350.7 0.2 1434 | 10 | 54344 1.8 89.8 | 285 | 99.8
White* 6423 | 3 | 23962.3 0.1 6475 | 24 | 23991.8 1.0 875 | 58.7 | 976
Other* 332 | 0| 1158.3 0.0 356 | 2 | 12426 1.6 100.0 <0 100.0
Ethnicity
Hispanic* 648 | 1| 2234.6 04 655 | 3 | 2269.6 1.3 65.9 <0 99.4
Not Hispanic* | 7602 | 3 | 28525.7 0.1 7691 | 33 | 28672.4 1.2 909 | 708 | 982

African = African Heritage / African American

Asian = Central/South Asian Heritage; East Asian Heritage; Japanese Heritage or South East Asian Heritage
White = Caucasian / European Heritage or Arabic / North African Heritage

Other = American Indian or Alaskan Native; Native Hawaiian or Other Pacific Islander or Other (a person with several
different heritages

Hispanic = American Hispanic or Latino

Not Hispanic = Not American Hispanic or Latino

N = number of subjects included in each group; n = number of subjects having at least one confirmed HZ episode
T (year) = sum of follow-up period (censored at the first occurrence of a confirmed HZ episode) expressed in years
n/T (per 1000)= Incidence rate of subjects reporting at least one event

VE (%) = Vaccine Efficacy (Poisson method); LL, UL = 95% Lower and Upper confidence limits

* . VE adjusted by age strata

5.2.4. Other Vaccine Efficacy Objectives

Other secondary efficacy objectives were evaluated in subjects with confirmed HZ in the
individual ZOSTER-006 and ZOSTER-022 studies; these include VE in reducing (i) HZ-
related mortality and hospitalizations; (ii) incidence of HZ-associated complications
[other than PHN], (ii1) use and duration of use of pain medications for HZ, (iv) duration
of HZ-associated pain rated 3 or greater on the ZBPI. As a consequence of the high VE
against HZ, a low number of breakthrough cases were accrued, and therefore it was not
possible to draw firm conclusions on some of these secondary objectives. VE against
PHN was also estimated in subjects 250 YOA with a confirmed case of HZ (secondary
objective in the ZOSTER-006/022 pooled analysis).

No HZ-related fatal cases were reported in ZOSTER-006 and ZOSTER-022 and there
were 5 HZ-related hospitalizations reported in the Placebo group in ZOSTER-022. Only
a few HZ complications were reported: no cases in the HZ/su group in ZOSTER-006 and
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one case of ophthalmic disease in the HZ/su group in ZOSTER-022 compared to 6 and
10 HZ-related complications in the Placebo groups of ZOSTER-006 and ZOSTER-022,
respectively.

In view of the unexpectedly high efficacy of the vaccine, GSK decided to perform an
additional post-hoc analysis to evaluate the overall VE in preventing HZ-associated
complications (other than PHN), similar to the analysis performed on overall PHN VE.
The analysis was performed on the ZOSTER-006/022 pooled efficacy data in order to
have the most robust output by increasing the sample size of this analysis. When
considering all adults >50 YOA (N =27,916), VE was 93.7% (95% CI: 59.5, 99.9), with
one case in the HZ/su group versus (vs.) 16 cases in the Placebo group. When
considering all adults >70 YOA (N = 16,596), VE was 91.6% (95% CI: 43.4, 99.8), with
one case in the HZ/su group vs. 12 cases in the Placebo group.

The VE in reducing the use of pain medication in adults >70 YOA with confirmed HZ in
ZOSTER-022was 39.6% (95% CI: 10.7, 64.8), with 43.5% of subjects in the HZ/su
group and 71.8% of subjects in the Placebo group having taken at least one pain
medication for HZ. VE in terms of reduction of duration of pain medication associated
with HZ was 49.3% (95% CI: 2.9, 73.5), with a median duration of pain medication of 30
days in the HZ/su group and 38 days in the Placebo group. Note that in ZOSTER-006, no
significant reduction of use and duration of pain medication similar to the one observed
in ZOSTER-022 was observed in any age strata, as a consequence of the high HZ VE and
subsequently low number of HZ cases in the HZ/su group.

The duration of HZ-associated pain rated 3 or greater on the ZBPI was evaluated as a
secondary objective in ZOSTER-006, ZOSTER-022, and the ZOSTER-006/ZOSTER-
022 pooled analysis. Due to the high VE against HZ, the studies lacked statistical power
to demonstrate efficacy in terms of reduction in duration of HZ-associated pain rated 3 or
greater on the ZBPI. However, when considering the descriptive statistics of the mean
duration of HZ-associated pain with a score greater than 3 in number of days, there was a
trend for a shorter duration in the HZ/su group vs. Placebo group in all analyses, i.e., 20.6
vs. 30.2 days in adults 250 YOA in ZOSTER-006, 34.6 vs. 48.5 days in adults >70 YOA
in ZOSTER-022, and 32.1 vs. 47.5 days in adults >70 YOA in the ZOSTER-006/022
pooled analysis.

Under the assumption that HZ/su would be efficacious against HZ, demonstrating VE
against PHN in subjects 250 YOA with a confirmed case of would have required a
prohibitively large sample size in adults >50 YOA. Therefore, the analysis of PHN
prevention in subjects with confirmed HZ was not adequately powered. In the overall
mTVC of the pooled analysis in 250 YOA, 4/32 (12.5%) subjects with confirmed HZ in
the HZ/su group developed PHN and 46/477 (9.6%) subjects with a confirmed HZ in the
Placebo group developed PHN. Considering this subset of subjects with confirmed HZ
cases, VE against PHN was 0.29% (95% CI: <0, 65.6). As expected, VE against PHN in
this subset could not be shown.
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5.2.5. Conclusions Regarding Vaccine Efficacy of HZ/su

In both efficacy studies and in the ZOSTER-006/022 pooled analysis, all primary and
secondary objectives with pre-specified criteria were successfully met. The efficacy
results of the pivotal Phase III studies ZOSTER-006 and ZOSTER-022 support the
proposed indication of the prevention of HZ in adults >50 YOA. The results also support
the statement that by preventing HZ, HZ/su reduces the overall incidence of PHN.

The VE against HZ was 97.2% in adults >50 YOA (ZOSTER-006) and 91.3% in adults
>70 YOA (ZOSTER-006/022 pooled analysis). The data also show that the VE across all
age strata are consistently high.

High VE against HZ was maintained up to the fourth year post vaccination (the last
timepoint currently assessed) in adults >50 YOA (ZOSTER-006) and >70 YOA
(ZOSTER-006/ 022 pooled analysis). VE against HZ remained high in both studies with
a median follow-up time of 3.1 years and 4.1 years in ZOSTER-006 for the final analysis
and EOS analysis, respectively, and a median follow-up of 3.9 years in ZOSTER-022.
Persistence of efficacy against HZ will be further investigated in ZOSTER-049, which
will follow HZ/su recipients from ZOSTER-006 and ZOSTER-022 for at least 10 years
after first vaccination.

The co-primary objective to demonstrate the VE of HZ/su against overall PHN in adults
>70 YOA in the ZOSTER-006/022 pooled analysis was met. The VE against PHN was
88.8% in adults >70 YOA.

In the HZ/su group, no cases of PHN occurred in ZOSTER-006, and 4 cases of PHN
occurred in ZOSTER-022. VE against PHN was evaluated as a secondary objective in
both studies, but the individual studies were not powered for this analysis. Of note, if the
success criteria for demonstrating PHN VE in the ZOSTER-006/022 pooled analysis
were to be applied for adults >50 YOA in ZOSTER-006 and for adults >70 YOA in
ZOSTER-022, the criteria would be met, reflective of the consistency of the effect
against PHN in all age strata.

Due to the high HZ VE, resulting in a low number of HZ cases in the HZ/su group, no
conclusions could be drawn regarding most of the specific objectives related to subjects
with breakthrough HZ. Consequently, it was not possible to demonstrate VE against
breakthrough PHN. However, as HZ is a prerequisite for developing PHN, it is
considered that due to the high level of efficacy in prevention of HZ, HZ/su also prevents
PHN.

A post-hoc analysis to evaluate overall VE against pre-specified HZ-associated
complications other than PHN (HZ vasculitis, disseminated disease, ophthalmic disease,
neurologic disease, visceral disease, and stroke) on ZOSTER-006/ 022 pooled data in all
subjects has shown significant VE in both the >50 YOA and >70 YOA strata. When
considering all adults >50 YOA, VE was 93.7%, with one case in the HZ/su group vs.
16 cases in the Placebo group. In all adults 270 YOA, VE was 91.6%, with one case in
the HZ/su group vs. 12 cases in the Placebo group.
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Overall, there was a trend towards less severe HZ-associated pain in subjects vaccinated
with HZ/su compared to Placebo. In ZOSTER-022, statistically significant VE in
reduction in the use and duration of pain medication for HZ was estimated.

Since ZOSTER-006 and ZOSTER-022 were conducted at 220 study sites in 18 countries
globally, the VE estimated from these studies can be considered representative for the
global population >50 YOA. Furthermore, the eligibility criteria for ZOSTER-006 and
ZOSTER-022 permitted recruitment of a broadly representative adult population >50
YOA, which allows extrapolation of the results to the general target population.

To summarize, HZ/su demonstrated a VE against HZ of 97.2% in adults >50 YOA and of
91.3% in adults >70YOA. The VE against PHN was 88.8% in adults >70YOA, with no
cases of PHN observed in the HZ/su group in ZOSTER-006 and 4 cases observed in the
HZ/su group in ZOSTER-022. The high efficacy of HZ/su limited the ability to assess the
VE of HZ/su in preventing other complications of HZ in subjects with HZ. In addition,
the VE efficacy against HZ persisted for 4 years in both studies without evidence of
substantial waning in either age stratum. Hence, HZ/su provides a significant clinical
benefit to adults >50 YOA which is sustained through all age strata evaluated. The
efficacy data support the proposed indication in the Prescribing Information (PI).

6. IMMUNOGENICITY (PHASE i)

The pivotal Phase III efficacy studies, ZOSTER-006 and ZOSTER-022, were focused on
the assessment of efficacy against HZ, with supportive immunogenicity data from a
subset of subjects from these two studies. Additional Phase III studies were conducted to
evaluate product attributes through immunogenicity analyses. These studies included the
evaluation of: (i) flexibility in schedule for the administration of the second dose; (ii) the
ability to administer HZ/su concomitantly with a seasonal, quadrivalent, unadjuvanted,
inactivated influenza vaccine; (ii1) the administration of HZ/su in subjects with a history
of HZ, and (iv) the demonstration of manufacturing consistency through a lot-to-lot
consistency study.

HZ/su was designed to induce both CMI and humoral immune responses. CMI objectives
were evaluated during the course of the Phase I/II and II development to select the final
vaccine formulation (refer to Section 4). Once HZ/su was selected based on the optimal
CMI and humoral response as well as an acceptable safety profile, HZ/su
immunogenicity was evaluated in terms of CMI in a subset of subjects in ZOSTER-006
only, and more broadly in terms of the humoral immune response as measured by the
anti-gE ELISA. Anti-gE ELISA is a validated and robust assay suitable for large-scale
use that has shown a positive agreement (i.e. concordance) with the CMI ICS assay in
terms of vaccine responders, and also good correlation with a VZV neutralisation assay,
which indicates that the antibodies induced by HZ/su have the ability to recognize and
interfere with the functionality of the native viral gE glycoprotein. The anti-gE ELISA
assay was therefore selected as the primary assay for the phase III studies.
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6.1. Key Features of Inmunogenicity Evaluations

6.1.1. Overview of Study Design and Study Objectives

In ZOSTER-006 and ZOSTER-022, immunogenicity evaluations were performed in a
subset of subjects, i.e., the immunogenicity subset. In ZOSTER-006, 138 subjects,
equally distributed between the HZ/su and Placebo groups, were randomly allocated in
each country to the immunogenicity subset, except in the 3 countries where CMI samples
were collected (the US, Japan, and the Czech Republic). In the countries where CMI
samples were collected, 156 subjects were allocated to the immunogenicity subset. In
ZOSTER-022, only a humoral immunogenicity subset was defined, with 46 subjects,
equally distributed between the HZ/su and Placebo groups, randomly allocated in each
country, except in the US and Japan, where 92 subjects were allocated. Humoral
responses were evaluated in all subjects of the immunogenicity subset, whereas CMI
responses were evaluated in a sub-group of the immunogenicity subset of ZOSTER-006,
1.e., the CMI subset. The CMI analyses were performed at designated sites that had
access to a PBMC processing facility.

The evaluation of immunogenicity in terms of the anti-gE Ab concentrations was a
primary objective in the following additional clinical studies:

e ZOSTER-026: comparison of different 2-dose schedules: 0, 2-months versus 0, 6- or
0, 12-month in terms of anti-gE Ab concentrations.

e ZOSTER-004: co-administration study of HZ/su with seasonal, quadrivalent,
unadjuvanted, inactivated influenza vaccine, FLU-D-QIV, or Fluarix, in terms of
anti-gE Ab concentrations and HI titers.

e ZOSTER-033: immunogenicity and safety study of subjects with a history of HZ, in
terms of anti-gE Ab concentrations.

e ZOSTER-007: a lot-to-lot consistency study comparing the consistency in terms of
humoral immune response between clinical consistency manufacturing lots.

In addition, the long-term persistence of humoral and CMI responses was assessed in
ZOSTER-024, a follow-up study of the phase Il ZOSTER-003 study.

In all studies, blood sampling for humoral and CMI immunogenicity testing was
performed one month after the receipt of the second dose. Details of the humoral and
CMI tests used can be found in Section 3.3.

6.1.2. Study Cohorts

In all studies, except ZOSTER-024, the primary analysis of immunogenicity was based
on the According-To-Protocol (ATP) cohort for immunogenicity, which included all
evaluable subjects from the ATP cohort for analysis of safety (i.e., those meeting all
eligibility criteria, complying with the procedures and intervals allowed for the analysis,
with no elimination criteria during the study) for whom data concerning immunogenicity
endpoint measures were available. In ZOSTER-024, the Total cohort for persistence for
analysis of immunogenicity included all vaccinated subjects, in the vaccination phase
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(ZOSTER-003) who attended the persistence visit, for whom data concerning
immunogenicity endpoint measures were available.

6.1.3. Analysis of Inmunogenicity

6.1.4. Inferential analysis
6.1.4.1. Determination of Vaccine Response Rate

Vaccine Response in terms of humoral immunity, was defined as a 4-fold increase in Ab
concentrations between the pre- and post-vaccination timepoints in initially seropositive
subjects, and a 4-fold increase above the assay cut-off in initially seronegative subjects.
The Vaccine Response Rate (VRR) was defined as the number of subjects meeting the
definition of a vaccine response over the total number of subjects with immunogenicity
data available at the pre- and post-vaccination timepoints. Determination of the VRR in
terms of anti-gE Abs was performed as (co)-primary objectives in the following studies:
ZOSTER-004 (with and without co-administration with FLU-D-QIV), ZOSTER-026
(different vaccination schedules) and ZOSTER-033 (subjects with a history of HZ).

The objective related to VRR in terms of anti-gE Abs was met if the LL of the protocol-
specified CI of VRR in terms of anti-gE Abs was >60%. Based on phase II data, the
vaccine response assumed in older adults is 95%.

6.1.4.2. Non-inferiority analysis

Non-inferiority analyses in terms of anti-gE Abs were performed in ZOSTER-004 (with
and without co-administration with FLU-D-QIV) and ZOSTER-026 (different
vaccination schedules), using a likelihood-based Analysis of Covariance (ANCOVA)
model; non-inferiority was demonstrated if the UL of the protocol-specified CI for the
ELISA geometric mean concentration (GMC) ratio between the control group over the
investigational group was below 1.5.

In ZOSTER-004, non-inferiority with regard to the immune response to the 4 strains in
the quadrivalent FLU-D-QIV vaccine was demonstrated if, for each strain, the UL of 2-
sided 95% CI of the ratio of the Geometric Mean Titers (GMTs) for HI Abs between the
Control and the Co-Ad group was below 1.5 (primary objective).

6.1.4.3. Multiple comparisons between groups

In ZOSTER-007 (lot-to-lot consistency study), the 3 lots were considered consistent
when the 2-sided 95 % CI of the anti-gE ELISA GMC ratio between all pairs of lots were
within [0.67, 1.5] one month post Dose 2, and the 2-sided 95% CI of the VRR differences

between each pair of vaccine lot was within [-10%; +10%] at one month post Dose 2.
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6.2. ZOSTER-006 and ZOSTER-022: Immunogenicity Results
6.2.1. Descriptive analysis of humoral responses to gE

(ZOSTER-006 and ZOSTER-022)

A total of 2,137 and 799 subjects from ZOSTER-006 and ZOSTER-022, respectively,
were part of the ATP cohort for immunogenicity, and were evaluated for anti-gE Ab
concentrations. Of these subjects, 1,070 and 387 were in the HZ/su groups of ZOSTER-
006 and ZOSTER-022, respectively.

In the immunogenicity subset of adults >50 YOA in ZOSTER-006, the results showed
that one month after the second dose, HZ/su elicited anti-gE Ab GMCs of 52,377
mlIU/mL, anti-gE Ab levels were 41.9-fold higher than those at pre-vaccination, and VRR
was 98.5% (Table 15, Month 3).

In adults >70 YOA from the ZOSTER-006/022 pooled analysis, the results showed that
one month after the second dose, HZ/su elicited anti-gE Ab GMCs of 49,692 mIU/mL,

anti-gE Ab levels were 34.3-fold higher than those at pre-vaccination, and VRR was
96.6% (Table 15, Month 3).

6.2.2. Descriptive analysis of CMI responses to g (ZOSTER-006)

In ZOSTER-006, the gE-specific CMI responses were evaluated in a subset of the
immunogenicity cohort. Of a total of 430 subjects evaluated in the CMI subset,

212 subjects were vaccinated with HZ/su and were enrolled in 3 countries: the US, Czech
Republic and Japan.

In adults 250 YOA, median frequencies of gE-specific CMI responses as measured with
the ICS test one month after the second dose were 24.6-fold higher than those at pre-
vaccination and the median frequency of gE-specific CD4[2+] T-cells was 1,844.1 per
million T-cells (Table 16, Month 3). In adults >70 YOA, median frequencies of gE-
specific CMI responses one month after the second dose were 33.2-fold higher than those
at pre-vaccination and the median frequency of gE-specific CD4[2+] T-cells was 1,494.6
per million T-cells (Table 16, Month 3).

6.3. Persistence of HZ/su Immune Response

Several studies evaluated the persistence of the immune response to a two-dose schedule
of HZ/su administered at 0, 2 months during follow-up periods of more than 1 year, i.e.,
ZOSTER-006 and ZOSTER-022 up to 3 years after the second dose and ZOSTER-024
up to 6 years after initial vaccination.

6.3.1. ZOSTER-006 and ZOSTER-022

In ZOSTER-006 and ZOSTER-022, immunogenicity was evaluated up to 3 years after
the second dose, with 967 evaluable subjects >50 YOA in the HZ/su group in ZOSTER-
006 (152 subjects in the CMI subset) and 648 evaluable subjects >70 YOA in the HZ/su
group in the ZOSTER-006/ZOSTER-022 pooled analysis when considering the ATP
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cohort for immunogenicity. Anti-gE ELISA responses in both >50 YOA and >70 YOA as
well as gE-specific CD4[2+] T-cell responses in 250Y OA persisted up to 3 years post last
vaccination.

The gE-specific humoral response remained respectively 9.3-fold and 7.2-fold above the
baseline pre-vaccination immune response levels through year 3 in subjects >50 YOA
(ZOSTER-006) and >70 YOA (ZOSTER-006/ 022 pooled analysis), respectively

(Table 15, Month 38).

CMI was assessed in ZOSTER-006 only. The gE-specific CMI response remained
7.9-fold and 7.3-fold above the baseline pre-vaccination through year 3 in the >50 YOA
group and the >70 YOA group, respectively (Table 16, Month 38).
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ZOSTER-006 and Pooled ZOSTER-006 and ZOSTER-022 Analyses: Anti-gE Antibody Responses to HZ/su One

Table 15
Month post Dose 2 (at Month 3) and 3 Years post Dose 2 (at Month 38), Overall and 270 YOA (humoral subset of
ATP cohort for immunogenicity)
Month 3 Month 38
Age group! VRR anti-gE Abs Median fold increase vs. anti-gE Abs Median fold increase vs.
el N % GMC (mlIU/mlI) pre-vaccination N GMC (mlIU/mlI) pre-vaccination
(95% CI) (95% CI) (Q1, Q3) (95% CI) (1, Q3)
98.5 52,376.6 419 11,919.6 9.3
250 YOA 1,070 (97,6, 99.1) (50,2641, 54577.9) (208 t0 86.9) %7 | (11,3456, 12,522.7) (4910 19.5)
96.6 49,691.5 34.3 10,507.7 7.2
270 YOA 742 (95.1,97.8) (47,250.8, 52,258.2) (16.7 to 68.5) 648 (9,899.2, 11.153.6) (3510 14.5)

N = Number of subjects with available results (for the GMC); VRR = Vaccine Response Rate; GMC = Geometric Mean Concentration;

95% CI = 95% Confidence Interval; Q1, Q3 = First and third quartiles;

1250 YOA: ZOSTER-006 analysis; 270 YOA: ZOSTER-006/Z0STER-022 pooled analysis

Table 16 ZOSTER-006: gE-specific CD4[2+] T-cell responses one month post Dose 2 (Month 3) and 3 years post Dose 2
(Month 38) elicited by HZ/su, overall and in adults 270 YOA (CMI subset of ATP cohort for immunogenicity)
Month 3 Month 38
Age group Median frequency per Median fold increase in Median frequency per Median fold increase in
(vears) N million T-cells frequency vs. pre-vaccination N million T-cells frequency vs. pre-vaccination
(Q1, Q3) (Q1,Q3) (Q1,Q3) (Q1,Q3)
1,844.1 24.6 738.9 7.9
250 YOA 164 (12536 10 2,932.3) (9910 744.2) 152 (355.7 10 1,206.5) (2.7t0 31.6)
1,494.6 33.2 480.2 7.3
270 YOA 52 (922.9't0 2,067.1) (10.0t0 1,052.0) 46 (196.1 to 972.4) (1.7t0 31.6)

Q1, Q3 = First and third quartiles; N = Number of subjects with available results
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6.3.2. ZOSTER-024

ZOSTER-024 was an extension study of phase II study ZOSTER-003 (antigen dose
finding study in subjects >60 YOA) and evaluated the persistence of gE-specific CMI
and humoral immune responses in the HZ/su group up to 6 years (Month 72) after
vaccination. Of the 146 subjects from the ZOSTER-003 HZ/su group who were offered
participation in ZOSTER-024, 129 subjects consented to enroll in this study and were
included in the Total cohort for persistence at Month 72.

In terms of CMI response, the descriptive statistics showed that the median frequency of
gE-specific CD4[2+] T-cells was highest at Month 3 and declined to approximately 50%
peak frequency by Month 12. The median (Q1; Q3) frequency was 13.7-fold (6.2, 40.2)
above pre-vaccination frequencies at Month 3 and declines to 3.8-fold (1.4; 12.9) above
pre-vaccination frequencies through Month 72.

In terms of humoral immune responses, the anti-gE antibody GMCs were highest at
Month 3 and declined to approximately 35% peak concentrations by Month 12. The
median anti-gE Ab concentration was approximately 38-fold above the baseline pre-
vaccination median concentration at Month 3 and at maintained at greater than 7-fold
above the baseline pre-vaccination median concentration through Month 72).

6.4. Other Phase lll Studies: Key Immunogenicity Results

6.4.1. Evaluation of 0, 6 and 0, 12 Month Dosing Schedules
(ZOSTER-026)

ZOSTER-026 was an open-label study with 3 parallel groups randomized in a 1:1:1 ratio,
representing the 3 different schedules, designed to evaluate the immunogenicity and
safety of HZ/su administered within time intervals of 6 and12 months between doses as
compared to a 2 month interval. The VRR of subjects receiving HZ/su according to the 0,
6- and 0, 12-month schedules was determined and anti-gE Ab GMCs following these
schedules were inferentially compared with the standard 0, 2-month schedule in adults
>50 YOA.

The study was conducted in the US and Estonia. A total of 354 subjects were enrolled
and were stratified by age (50-59 YOA, 60-69 YOA and >70 YOA). Subjects received
HZ/su according to one of the following two-dose schedules: 0, 2 month (control;
N=119), 0, 6 month (N=119), and 0, 12 month (N=116). A total of 349 subjects
completed the study up to one month post last dose.

The co-primary objectives were to be evaluated sequentially, with pre-defined success
criteria for these objectives.
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The immunogenicity data one month post Dose 2 demonstrated that:

e The primary objective in terms of minimum VRR was met (LL of the 97.5% CI
>60%) for both the 0, 6 and 0, 12-month schedules, with similar VRRs in both
groups, i.e., 96.5% (97.5% CI: 90.4, 99.2) for the 0, 6 month schedule and 94.5%
(97.5% CI: 87.6, 98.3) for the 0, 12 month schedule.

e  The non-inferiority criterion in terms of anti-gE GMC ratio (UL of the 97.5% CI
<1.5) was met for the 0, 6-month schedule (1.16 [97.5% CI: 0.98, 1.39]) but not for
the 0, 12-month schedule (1.19 [97.5% CI: 0.93, 1.53]), where it was marginally
exceeded.

The results of ZOSTER-026 support that patients may return anytime within 2 to
6 months after the initial vaccination to complete the HZ/su regimen.

6.4.2. Co-administration with Seasonal Influenza Vaccine
(ZOSTER-004)

The Phase III study ZOSTER-004 was an open-label, controlled study with 2 parallel
groups in a 1:1 ratio, designed to evaluate the immunogenicity and safety of HZ/su when
co-administered with GSK’s seasonal, quadrivalent, unadjuvanted, inactivated influenza
vaccine (Fluarix- FLU-D-QIV) in adults >50 YOA.

The Co-Ad group received one dose of HZ/su and FLU-D-QIV concomitantly at Month 0
and the second dose of HZ/su at Month 2, and the Control group received FLU-D-QIV
and HZ/su sequentially (one dose of FLU-D-QIV at Month 0 followed by 2 doses of
HZ/su at Months 2 and 4). The study was conducted in the US, Canada, and Germany,
and vaccinated a total of 828 subjects, i.e., 413 subjects in the Co-Ad group and 415
subjects in the Control group, and 811 subjects completed this study up to one month post
last dose.

The co-primary objectives were to be evaluated using pre-defined success criteria for
these objectives. All co-primary objectives needed to be met in order to consider the
co-administration of HZ/su with seasonal, quadrivalent, unadjuvanted, inactivated
influenza vaccine to be acceptable. Therefore, no adjustment was required for the type |
error of each primary comparison.

The VRR (in terms of anti-gE antibodies) following co