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Immunogenicity and safety of ZOSTAVAX®
approaching expiry potency
in individuals aged =50 years
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Abbreviations: AE, adverse event; CI, confidence interval; FAS, full-analysis set; GMT, geometric mean titer; GMFR, geometric
mean fold rise; gpELISA, glycoprotein enzyme-linked immunosorbent assay; HZ, herpes zoster; IFNy ELISPOT, interferon-
gamma enzyme-linked immunospot; PFU, plaque-forming units; PHN, post-herpetic neuralgia; PPS, per-protocol set;

QoL, quality of life; VZV, varicella zoster virus

Background: Age is a major risk factor for herpes zoster (HZ) and its potential long-term complication post-herpetic
neuralgia (PHN). Due to the significant burden of HZ and PHN on patients’ quality of life, it is vital that effective and well-
tolerated vaccines are available to prevent HZ in older adults. ZOSTAVAX® vaccine was developed to prevent HZ and PHN
in individuals >50 years (y) of age, and its clinical efficacy and safety have been demonstrated.

Aims and Methods: This phase 4, open-label, multicenter study was undertaken to assess the immunogenicity and
safety of a single dose of ZOSTAVAX (refrigerator-stable formulation) given within 6 mo of its expiry date in individuals
>50y of age. The geometric mean fold rise (GMFR) from pre-vaccination to 4 weeks post-vaccination in varicella zoster
virus (VZV) antibody titers was calculated. An acceptable antibody response was defined as a lower 95% confidence
interval (Cl) of GMFR >1.4. Solicited and unsolicited injection-site reactions and systemic adverse events were recorded.

Results: The GMFR in VZV antibody titers was 3.1 (95% Cl: 2.6, 3.8), satisfying the criterion for an acceptable VZV anti-
body response to ZOSTAVAX (minimum requirement: 1.4 GMFR). An acceptable rise in VZV antibody titers was observed
in individuals of 50-59 y of age (GMFR 3.9; 95% Cl: 2.9, 5.1) and in those >60 y of age (GMFR 2.5; 95% Cl: 1.9, 3.2). ZOSTAVAX
was well tolerated; no serious adverse events were reported.

Conclusion: ZOSTAVAX elicits an acceptable immune response in immunocompetent individuals =50 y of age when

stored as directed and administered during the 6 mo prior to expiration.

Introduction

Herpes zoster (HZ), or shingles, is the clinical manifestation of
the reactivation of latent varicella zoster virus (VZV), which as a
primary infection causes varicella or chickenpox.'? HZ is charac-
terized by a unilateral, painful, vesicular rash that is usually lim-
ited to a single dermatome.? While antiviral therapy reduces the
severity and duration of HZ when administered within 72 h of
rash onset, it does not prevent post-herpetic neuralgia (PHN),>*
which is the most frequent and debilitating complication of HZ.
PHN is a neuropathic pain syndrome that can persist for months,
years or even decades after the HZ rash has gone.>®*"! The treat-
ment of PHN remains a clinical challenge, as no one treatment is
uniformly effective.’”

HZ, and particularly PHN, can have a devastating impact
on patients’ quality of life (QoL), interfering with the activities
of daily living, with some patients becoming inactive or house-
bound, and also affecting psychological and social domains.>'*"?
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Indeed, the impact of HZ on patients’ QoL is at least as great as
that observed with chronic medical conditions such as congestive
heart failure and clinical depression.'?

Changes in VZV-specific cell-mediated immunity play a pivotal
role in the pathogenesis of HZ. Increasing age is associated with
immunosenescense, the natural decline of the innate and adaptive
immune systems to mount an effective immune response.?’ Asa con-
sequence, the elderly are more susceptible to infectious diseases™*
including HZ,? due to the age-related decline in VZV-specific cell-
mediated immunity." Therefore, the incidence of HZ and severity
of PHN increase with age.***** One in four people in the general
adult population will develop HZ during their lifetime.*** After
50y of age the risk roughly doubles with each decade of life?® to one
in two in people 285 y of age.’ The risk of PHN increases rapidly in
those =60 y of age.** Therefore, as the population ages, the number
of cases of HZ and PHN is expected to rise.>*

ZOSTAVAX® is a vaccine that was developed for the pre-
vention of HZ and PHN in individuals =50 y of age. Clinical
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Table 1. Geometric mean titer and geometric mean fold rise from pre-
to post-vaccination of varicella zoster virus antibody titers (measured by
gpELISA) in the per-protocol set (primary analysis) and the full analysis
set (supportive analysis) after vaccination with ZOSTAVAX at minimum-
release specification approaching expiry potency

GMT, gpELISA units/mL GMFR*
[95% Cl] [95% Cl]
Pre- 28-35d
vaccination after ZOSTAVAX
Per-protocol set
215.8 674.0 3.1
AN =92) [1781,2614]  [5654,803.5]  [2.6,3.8]
224.6 868.1 3.9
0-59y(=48) 166530201  [6928,10877]  [2.9,51]
206.6 511.4 2.5
260y (n =44) [161.7, 263.9] [395.5,6612]  [1.9,3.2]
Full-analysis set
218.4 700.1 3.2
AIISES) [181.0, 263.5] [588.7, 832.5] [2.6,3.9]
228.6 891.1 3.9
SO =) [170.0, 307.3] [713.8, 1112.3] [3.0,5.1]
207.8 538.6 2.6
=S [164.3, 262.8] [416.9, 695.9] [2.0,3.4]

*The VZV antibody response was defined as acceptable if the lower limit
of the 95% Cl of the GMFR was >1.4. Cl, confidence interval; GMFR, geo-
metric mean fold rise; GMT, geometric mean titer; gpELISA, glycoprotein
enzyme-linked immunosorbent assay; VZV, varicella zoster virus.

studies in patients aged 260 y have shown that ZOSTAVAX
boosts VZV-specific cell-mediated immunity. Subsequently,
the indication for ZOSTAVAX was extended to patients aged
50-59 y.?*% The clinical efficacy of ZOSTAVAX was dem-
onstrated in the large-scale Shingles Prevention Study, which
included almost 40,000 immunocompetent participants of
=60 y of age.**® In this study, ZOSTAVAX reduced the inci-
dence of HZ by 51.3% (p < 0.001) and PHN by 66.5% (p <
0.001); it also reduced the burden of illness due to HZ by 61.1%
(p < 0.001)—a measure that combined the incidence, severity
and duration of HZ pain and discomfort.*** ZOSTAVAX was
well tolerated.*

In Europe, ZOSTAVAX is marketed as a refrigerator-stable
formulation®*” and is indicated for the prevention of HZ and
PHN in immunocompetent individuals 250 y of age.”” The
refrigerator-stable formulation of ZOSTAVAX has a shelf-life of
18 mo and a potency not less than 19,400 plaque-forming units
per dose (PFU).>” The release specifications of the vaccine were
calculated assuming a linear decrease in the log-potency over
time during storage, so that a minimum of 19,400 PFU is guar-
anteed at any time during the shelf-life. This study was under-
taken after licensure to assess the immunogenicity and safety of
the refrigerator-stable formulation of ZOSTAVAX at minimum-
release specification approaching expiry potency in individuals
250 y of age.

www.landesbioscience.com
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Results

Study population. A total of 97 individuals 250 y of age were
screened of which one individual was not vaccinated due to par-
ticipating in another study with an investigational compound.
Consequently, 96 individuals were included in the study which
was conducted between 14 and 28 May 2008. All received a sin-
gle dose of ZOSTAVAX and completed the study. The safety set
and the full-analysis set (FAS) comprised all 96 participants, and
the per-protocol set (PPS) comprised 92 participants (95.8%).
Four participants were identified as having one or more proto-
col deviations or conditions which may have interfered with the
immunogenicity evaluation and were excluded from the PPS.

Demographics and baseline characteristics in the safety set
(same set as the FAS) were similar to those in the PPS. The mean
age of participants was 62.2 y (range 51.0-82.4 y) and 47.9%
were 260 y of age; 52.1% of participants were female.

The medical histories of the participants were typical of
this age group: 54.2% had vascular or cardiovascular disorders
(primarily hypertension), 43.8% had metabolic and nutritional
disorders (comprising mainly hypercholesterolemia and diabe-
tes mellitus), 40.6% had musculoskeletal and connective tissue
disorders (primarily osteoarthritis), and 37.5% had psychiatric
disorders (primarily depression). The prior and concomitant
medications (on the day of vaccination) were linked to the par-
ticipants’ medical history, with the most commonly reported
concomitant medications being cardiovascular agents (67.7%),
central nervous system agents (42.7%), and agents for gastroin-
testinal or metabolic disorders (29.2%).

Immunogenicity. In the PPS, geometric mean titers (GMT)
for VZV antibodies increased from 215.8 [95% confidence inter-
val (CI) 178.1, 261.4] VZV glycoprotein enzyme-linked immu-
nosorbent (gpELISA) units/mL pre-vaccination, to 674.0 (95%
CI: 565.4, 803.5) gpELISA units/mL 4-5 weeks after vaccina-
tion. The geometric mean fold rise (GMFR) from pre-vaccina-
tion to 4 weeks post-vaccination in VZV antibody titers was
3.1 (95% CI: 2.6, 3.8; Table 1). The primary objective of the
study—an acceptable increase in VZV antibody titers in response
to ZOSTAVAX at minimum release specification approaching
expiry potency (lower bound of 95% CI: >1.4)—was met.

The acceptable VZV antibody response to ZOSTAVAX was
further supported in the PPS by the shift in the distribution of
VZV antibody titers between the pre- and post-vaccination blood
samples in the reverse cumulative distribution curves of antibody
titers to VZV (Fig. 1). Supportive analysis in the FAS provided
similar results: the GMFR was 3.2 (95% CI: 2.6, 3.9; Table 1).

When the immunogenic response was analyzed by age group
(50-59 y and 260 y), the GMT for VZV antibodies in response
to ZOSTAVAX were numerically higher in participants of 50-59
y of age than in those 260 y of age (Table 1). Of note, the pre-
vaccination VZV antibody levels were similar in both groups. As
a result, the GMFR was numerically higher in the younger group
[3.9 (95% CI: 2.9, 5.1) in the PPS and 3.9 (95% CI: 3.0, 5.1) in
the FAS] compared with the older group [2.5 (95% CI: 1.9, 3.2)
in the PPS and 2.6 (95% CI: 2.0, 3.4) in the FAS]. Despite the
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limited sample sizes when the results were split by age group, the
lower bound of the 95% CI for the GMFR was >1.4 for both age
groups in both the PPS and the FAS (Table 1).

Safety. At least one adverse event (AE) was reported in 57 of
the 96 participants (59.4%) during the 28 d following vaccina-
tion, with 52 (54.2%) having an event considered by the investi-
gator to be related to the vaccination or vaccine. No serious AEs
were reported during the study.

At least one solicited injection-site reaction (erythema, swell-
ing or pain) occurring during the 4 d following vaccination was
reported by 50 participants (52.1%; Table 2). Injection-site reac-
tions occurred mostly on the day of vaccination or the follow-
ing day and were mainly mild in intensity. All resolved within
14 d. Two participants had severe injection-site reactions: one
presented with severe injection-site erythema that lasted for 6 d,
the other had severe injection-site pain lasting for 5 d.

Of the 22 participants who reported at least one systemic AE
(22.9%), 8 (8.3%) had an event considered by the investigator
to be related to the vaccine (Table 2), including two participants
with a non-injection site rash of interest: one presented with a
vesicular varicella-like rash, and the other with HZ (no lesion
specimen was obtained to determine the viral strain involved—
wild-type or vaccine type). All vaccine-related systemic AEs were
of mild or moderate intensity, except one report of severe asthenia.
All vaccine-related systemic AEs occurred within 4 d of vaccina-
tion, except the HZ rash, which was reported 5 d after vacci-
nation. Most systemic AEs resolved within 3 d (range: 1-14 d
with the exception of HZ infection in one individual, which was

reported for 16 d).
Discussion

This study was undertaken to assess the immunogenicity and
safety of ZOSTAVAX at minimum-release specification given
when approaching expiry potency in individuals =50 y of age.
The results show that an acceptable increase in VZV antibodies
was achieved based on the pre-specified criterion for acceptability
that was used: the lower limit of the 95% CI: of GMFR in VZV
antibody titers pre- to post-vaccination was >1.4 and a GMEFR of
3.1 (95% CI: 2.6, 3.8) was achieved.

The GMEFR results achieved in the current study were higher
than those achieved in the Gilderman et al. study in which
ZOSTAVAX at the minimum release specification was adminis-
tered throughout the 18-mo shelf-life to individuals 250 y of age;
the GMFR was 2.6 (95% CI: 2.2, 3.0).%

Younger participants (5059 y) had greater increases in GMTs
for VZV antibodies and therefore higher GMFRs than those 260
y of age. This was expected and is probably due to the age-related
decline in VZV-specific cell-mediated immunity.*® The responses
achieved in both age groups in the current study were slightly
higher than those achieved in the Gilderman et al. study pre-
sented above: GMFR 50-59 y, 3.9 (95% CI: 2.9, 5.1) vs. 3.1
(95% CI: 2.3, 4.2), respectively; GMFR 2607y, 2.5 (95% CI: 1.9,
3.2) vs. 2.3 (95% CI: 1.9, 2.8), respectively.”

The response achieved in participants 260 y of age was also
higher in the current study than in the pivotal Shingles Prevention
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Figure 1. Reverse cumulative distribution of varicella zoster virus (VZV)
antibody titers (log scale) before vaccination and 28-35 d following vac-
cination with ZOSTAVAX at minimum-release specification approaching
expiry potency (per-protocol set; n = 92). BS1, blood sample 1 (before
vaccination); BS2, blood sample 2 (28-35 d following vaccination).

Table 2. Injection-site reactions and systemic AEs related to ZOSTAVAX
at minimum-release specification approaching expiry potency in the 28
d following vaccination (safety set; N = 96)

n (%)*
Any injection-site reactions 01: systemic AEs related 52 (54.2%)
to the vaccine
Injection-site reactions (day 0-28) 50 (52.1)
Solicited (day 0-4) 50 (52.1)
Erythema 36 (37.5)
Swelling 21 (21.9)
Pain 39 (40.6)
Spontaneously reported (day 0-28) 4 (4.2)
Pruritus 4 (4.2)
Systemic AEs related to the vaccine (day 0-28) 8(8.3)
Asthenia 2(2.1)
Headache 2(2.1)
Keratitis 1(1.0)
Pyrexia (body temperature >38.3°C) 1(1.0)
Rash of interest* 2(2.0)

Herpes zoster 1(1.0)

1(1.0)
1(1.0)

*Number and percentage of participants reporting at least one adverse
event (AE); fspecific descriptions were required for rashes, including
number and type of lesion, location (injection-site or non-injection-site)
and confirmation of diagnosis.

Vesicular rash

Paresthesia

Study, which used a frozen formulation of ZOSTAVAX [GMFR
1.7 (95% CI: 1.6, 1.8)].%" In the Shingles Prevention Study anti-
body responses were measured at 6 weeks post-vaccination com-
pared with 4 weeks in the current study.

However, the response achieved in participants 260 y of age in
the current study was lower than those achieved in another study
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undertaken by Maclntyre et al.* The GMER was 3.1 (95% CI:
2.8, 3.5) when ZOSTAVAX was administered alone to individu-
als 260 y of age within the first year of its shelf-life with a release
potency well above the minimum release specification.?’

ZOSTAVAX at minimum-release specification was well
tolerated when approaching expiry potency with no serious
AEs reported in this study. AE reports were consistent with
those in previous clinical trials.**3% One case of HZ was
clinically diagnosed during the study (no lesion specimen was
obtained to determine the viral strain involved—wild-type or
vaccine type). The investigator deemed this event unrelated to
ZOSTAVAX.

The results of this study demonstrate that ZOSTAVAX elic-
its an acceptable immune response in individuals 250 y of age
when stored as directed and administered during the 6 mo prior
to expiration.

Materials and Methods

Study design and participants. This was a phase 4, open-label,
single-arm, multicenter study (ClinicalTrials.gov identifier:
NCT00681031), undertaken in six centers in France.

The study was conducted in accordance with applicable
national and local requirements. Before commencement, the
study protocol was approved by the appropriate ethics commit-
tees and Health Authorities. The study was conducted in compli-
ance with informed consent regulations, the 2000 Declaration
of Helsinki?" and International Conference of Harmonization
Good Clinical Practice Guidelines.** All study participants gave
signed, informed consent at the time of study entry.

Individuals 250 y of age were enrolled, with a history of vari-
cella or resident for more than 30 y in a country with endemic
VZV infection, and who were affiliated to a health social secu-
rity system. Investigators were instructed to recruit an equal
number of individuals of 50-59 y of age and of 260 y of age.
Exclusion criteria included a history of HZ diagnosed by a phy-
sician, previous varicella or HZ vaccine, fever (oral temperature
238.3°C) during the 72 h before vaccination, or exposure to
varicella or HZ in the 4 weeks before vaccination. Individuals
were also excluded if they had received a live-virus vaccine dur-
ing the 4 weeks prior to study entry, an inactivated vaccine
during the previous 2 weeks, or if they expected to receive one
during the study period.

Individuals were screened up to 7 d before vaccination (visit
0). Each participant received a single dose of live attenuated HZ
vaccine (ZOSTAVAX®, sanofi pasteur MSD, 0.65 mL) by subcu-
taneous injection into the deltoid region on day 0 (visit 1). Blood
samples were taken during the 7 d prior to vaccine administra-
tion (visit 0) or on the day of vaccination (visit 1), and 4 weeks
(28-35 d) following vaccination (visit 2).

ZOSTAVAX refrigerator-stable formulation vaccine is sup-
plied as a powder and solvent for suspension for injection. Powder
and solvent were stored in a refrigerator (+2.0°C to +8.0°C) in
the original package protected from light. The ZOSTAVAX lot

used in the study was within 6 mo of its expiry date.
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Endpoints and assessments. The primary objective of the
study was to demonstrate that ZOSTAVAX at minimum-release
specification approaching expiry potency elicited an acceptable
increase in VZV antibody titers 4 weeks after vaccination in
those 250 y of age. VZV antibody titers were measured using
gpELISA.% The primary endpoint was the GMFR in VZV anti-
body titers from pre- to post-vaccination.

The secondary objectives of the study were to describe the
immunogenic response to ZOSTAVAX in different age groups
(50-59 y and 260 y), and to describe the safety profile of
ZOSTAVAX.

During the development of ZOSTAVAX, VZV-specific
immune response was evaluated extensively using several assays.
Both the gpELISA and VZV interferon-gamma enzyme-linked
immunospot (IFNy ELISPOT) post-vaccination responses
correlated with protection against HZ.* Since the Shingles
Prevention Study, the gpELISA assay (Data from Merck and Co.,
Inc.) has been extensively used to assess the immune response to
ZOSTAVAX and was thus chosen for this study.

Participants were monitored by the investigator for at least 20
min following vaccination for immediate AEs. Solicited injec-
tion-site reactions (erythema, swelling and pain) were recorded
by participants in a diary card from day 0 to day 4 following
vaccination. Unsolicited injection-site reactions and systemic
AEs were recorded spontaneously in the diary card for up to 28
d following vaccination. Serious AEs were recorded throughout
the study. Serious AEs were defined as per EU directive,® as any
untoward medical occurrence or effect that at any dose results
in death, is life-threatening, requires in-patient hospitalization or
prolongation of existing hospitalization, results in persistent or
significant disability or incapacity, or is a congenital anomaly or
birth defect, or another medically important event, or any can-
cer or overdose with or without adverse event. Any temperature
238.3°C (oral or equivalent) was considered to be an AE. The
investigator measured the participant’s temperature before vac-
cination and the participant measured it any time during the fol-
lowing 28 d if they felt feverish. The intensity of measurable and
non-measurable AEs were ranked as mild: <5 cm or awareness of
sign and symptom but easily tolerated; moderate: =5 cm and <10
cm or discomfort enough to cause interference with usual activ-
ity; or severe: 210 cm or incapacitating with inability to work or
undertake usual activities, respectively.

Statistical methods. The primary hypothesis of the study was
that ZOSTAVAX at minimum-release specification approaching
expiry potency elicits an acceptable GMFR in VZV antibody
titers. An acceptable rise in GMFR was demonstrated if the lower
bound of the two-sided 95% CI of the GMFR was >1.4, corre-
sponding to a one-sided test at a type I error rate of 2.5%. The
acceptability threshold of 1.4 was based on the efficacy results
observed in the Shingles Prevention Study®* and current experi-
ence with the vaccine.

The PPS comprised participants who received vaccination
excluding those with HZ onset before visit 2 (second blood
sample) and those with protocol violations that may interfere
with immune response. The FAS comprised all participants who
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received vaccination and for whom any immunogenicity data
were available. The safety set comprised all participants who
received vaccination.

The primary analysis was undertaken in the PPS and a sup-
portive analysis in the FAS. Two-sided 95% Cls for GMFR and
GMT were calculated using the Student’s t distribution based on
log-transformed data. The safety analysis was undertaken in the
safety set.

The sample size was calculated based on the assumption that
up to 10% of the participants enrolled in the study would not
be evaluable for the primary GMFR analysis, i.e., were either
lost to follow-up or deviated from the protocol. Consequently,
96 vaccinated participants would provide at least 86 evalu-
able participants for the primary analysis. Given 86 evaluable
participants, and assuming that the standard deviation of the
natural log-transformed fold rise of VZV antibody titers was
1.0 and that the true GMFR was at least 2.0, the study would
have 90% power to demonstrate an acceptable increase in
the GMFR in VZV gpELISA antibody titers in response to
ZOSTAVAX.
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