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An adjuvanted recombinant subunit candidate vaccine (HZ/su) containing varicella zoster virus envelope glycoprotein E
was developed for the prevention of herpes zoster and its complications. This study evaluated safety and reactogenicity
of HZ/su in an ethnic Japanese population. This was a phase |, open-label and single-center study conducted between
March and November of 2010 in Australia. Twenty healthy ethnic Japanese subjects, aged 18-30 y and 50-69 y (1:1)
were enrolled. Subjects were administered two doses of HZ/su vaccine according to a 0, 2-mo schedule. Local and
general solicited symptoms were recorded for 7 d post-vaccination. Unsolicited symptoms were recorded for 30 d post-
vaccination. Serious adverse events (SAEs), new onset of autoimmune disease (NOAD), other potential immune mediated
disorders and HZ cases were recorded throughout the study period. All 20 subjects were included in the according-to-
protocol cohort for safety. A total of 18 subjects were included in the according-to-protocol cohort forimmunogenicity:
10 in the 18-30 y age group and 8 in the 50-69 y age group. The most commonly reported local and general solicited
symptoms were pain and fatigue in both groups. Back pain (in the 18-30 y age group) and chills (in the 50-69 y age
group) were the most frequently reported unsolicited symptoms. There were no reports of death, SAEs, NOADs, other
autoimmune mediated inflammatory disorder or suspected HZ cases. This study indicated that the two-dose regimen of
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HZ/su exhibited a clinically acceptable safety profile in healthy young and older ethnic Japanese adults.

Introduction

Herpes zoster (HZ), or shingles, occurs as a result of the reactiva-
tion of latent varicella-zoster virus (VZV) in the dorsal or cranial
root ganglia, typically many years after primary VZV infection is
acquired during childhood as chickenpox.' It is characterized by
a vesicular, painful rash in a dermatomal distribution.? In Japan,
the reported incidence of HZ is 4.15 per 1,000 person-years,’
similar to the incidence rates observed in the US and Europe.**
Consequently, approximately one in three people will develop
HZ during their lifetime, and an estimate of one million HZ
episodes occur annually in the United States.” As a result, HZ is
a significant public healthcare burden.®

HZ and its most common complication, postherpetic neural-
gia (PHN), are characterized by acute and chronic pain, respec-
tively, that interfere with normal day-to-day activities and lower

*Correspondence to: Himal Lal; Email: Himal x.Lal@GSK.com
Submitted: 01/02/13; Revised: 03/05/13; Accepted: 03/12/13
http://dx.doi.org/10.4161/hv.24269

www.landesbioscience.com

Human Vaccines & Immunotherapeutics

the quality of life”"® Although HZ can occur at any age, the
incidence of HZ and PHN increase with advancing age.”” HZ
associated morbidity and mortality is highest in adults aged 50 y
and older' and in immunocompromised individuals.'*'?

A live attenuated vaccine, Zostavax™ (Merck and Co., Inc.)
is indicated against HZ and has been available since 2006 in
the United States.” The efficacy of this currently licensed vac-
cine is relatively low in the population most at risk (adults aged
> 70 y) and cannot be administered to adults who are immu-
nocompromised due to disease or medication." A recombinant
HZ subunit candidate vaccine containing VZV glycoprotein E
(gE) adjuvanted with the proprietary GlaxoSmithKline Adjuvant
System, AS01 (HZ/su), is under evaluation.”'® VZV ¢E is the
most abundant glycoprotein in VZV-infected cells, and is the
primary prominent target of both cellular and humoral immune
responses.'”'® ASO1 has been evaluated in clinical trials of subunit
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Table 1. Incidence of solicited local and general symptoms during the 7-d post-vaccination period following two doses of HZ/su (total vaccinated

cohort)
Young adults (18-30 y) (20 administered doses) Older adults (50-69 y) (19 administered doses)
Symptoms n % 95% Cl n % 95% Cl
Local symptoms

Pain Any 20 100 83; 100 17 90 66; 99
Grade 3 4 20 5;44 1 5 0; 26

Redness Any 3 15 3;38 8 42 20; 67
Grade 3 0 0 0; 17 5 26 9; 52

Swelling Any 7 35 15; 60 9 47 24,72
Grade 3 0 0 0;17 2 il 1;34

General symptoms

Fatigue Any 20 100 83; 100 19 100 82; 100
Grade 3 6 30 11; 55 2 1l 1,34

Gastrointestinal Any 6 30 11; 55 6 32 12; 57
Grade 3 0 0 0; 17 0 0 0;18

Headache Any 14 70 45; 89 1 58 33;80
Grade 3 5 25 8; 50 1 5 0; 26

Myalgia Any 19 95 75; 100 16 84 60; 97
Grade 3 4 20 5;44 0 0 0;18

Temperature/(Orally) (°C) Any 10 50 27,73 10 53 28;76
Grade 3 0 0 0; 17 0 0 0;18

n (%): number (percentage) of doses followed by at least one symptom. 95% Cl: Exact 95% confidence interval.

malaria and HIV candidate vaccines and has an acceptable safety
and reactogenicity profile.'®

A recent phase I/IT clinical trial demonstrated that HZ/su
induced robust cellular and humoral immune responses in young
(18-30 y) and older (5070 y) adults and had a clinically accept-
able safety profile.” Upon the request of the Japanese regulatory
authorities, this study was conducted to evaluate safety and reac-
togenicity of the HZ/su vaccine when administered to young

(18-30 y) and older (50—69 y) Japanese adults.
Results

Demographics. Ten subjects were enrolled in both the 18-30
and 50—69 y age groups. Among these, 18 subjects were included
in the ATP cohort for immunogenicity: 10 in the 18-30 y age
group and 8 in the 50-69 y age group. Two subjects were elimi-
nated from the 50-69 y age group, one for receiving a prohibited
medication prior to the second vaccine dose and the other for
not complying with the vaccination schedule. The mean age of
subjects at dose-1 was 26.5 y (standard deviation [SD]: 1.78) in
the 18-30 y age group and 57.3 y (SD: 4.95) in the 50-69 y age
group. In both age groups, 50% of subjects were female.

Safety and reactogenicity. Overall by doses. During the 7-d
post-vaccination period, solicited local symptoms were reported
after all doses (100%) of HZ/su in the 18-30 y age group and
following 95% of doses in the 50—69 y age group. Solicited gen-
eral symptoms were reported after all doses of HZ/su in both
age groups. Grade 3 solicited local symptoms were reported after
20% of doses in the 18-30 y age group and after 32% of doses in

1426

Human Vaccines & Immunotherapeutics

the 50-69 y age group. Grade 3 solicited general symptoms were
reported after 45% of doses in the 18-30 y age group and after
11% of doses in the 50—69 y age group.

Pain was the most frequently reported solicited local symp-
tom in both groups (Table 1). After two doses, grade 3 pain was
observed following 20% of doses in the 18-30 y age group and
following 5% of doses in the 50-69 y age group. The most fre-
quently reported solicited general symptoms in the 18-30 y and
50-69 y age groups were fatigue (after 100% of doses in both age
groups), myalgia (after 95% and 84% of doses, respectively) and
headache (after 70% and 58% of doses, respectively) (Table 1).

Unsolicited symptoms were reported following 45% and 32%
of doses of HZ/su in the 18-30 y and 50—69 y age groups, respec-
tively. Back pain (after 15% of doses in the 18-30 y age group)
and chills (after 11% of doses in the 50-69 y age group) were
the most frequently reported unsolicited symptoms. Unsolicited
symptoms that were considered to be related to the study vac-
cine occurred following 25% and 21% of doses in the 18-30 and
50-69 y age groups, respectively. Grade 3 unsolicited symptoms
were not reported.

Overall by subject. The overall incidence of symptoms (solic-
ited and unsolicited) during the 7-d follow-up period was 100%
in both age groups. Overall, grade 3 symptoms (solicited and
unsolicited) were reported by 60% and 40% of the subjects in
the 18-30 y and 50—69 y age groups, respectively.

Pain was the most commonly reported solicited local
symptom during the 7-d follow-up period in both age groups
(Fig. 1). The most common grade 3 solicited local symptoms
were pain reported by 30% of subjects in the 18-30 y age group

Volume 9 Issue 7



and redness reported by 30% of subjects in the 50-69

y age group, respectively (Fig. 1). Fatigue was the most 100 1
commonly reported general symptom reported by
100% of the subjects in both age groups. Other com-
monly reported general symptoms were myalgia (100% g
in the 18-30 y age group and 90% in the 50-69 y age | &
group) and headache (90% in the 18-30 y age group | 4
and 70% in the 50-69 y age group) (Fig. 1). &

During the 30-d follow-up period, the overall inci- | €
dence of unsolicited symptoms was 70% and 60% of | §
subjects in the 18-30 y age and 50—69 y age groups, *
respectively. The most commonly reported unsolicited
symptoms in the 18-30 y age group were back pain

0

(20%) and upper respiratory tract infection (20%). In
the 50-69 y age group, chills were the most common
unsolicited symptom reported by 20% of subjects. The
percentage of subjects reporting unsolicited symptoms
related to vaccination were 30% in the 18-30 y age
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group and 40% in the 50-69 y age group. Unsolicited
grade 3 symptoms were not reported during the 30-d

Figure 1. Percentage of subjects reporting solicited local and general symptoms
during the 7-d post-vaccination period (total vaccinated cohort).

post-vaccination period.

No deaths or SAEs were reported. NOADs or other
autoimmune mediated inflammatory disorder were also
not reported. There were no suspected HZ cases reported. No
clinically significant hematological or biochemical abnormalities
were reported.

Immunogenicity. All subjects in the ATP cohort for immu-
nogenicity in both age groups were seropositive for anti-gE anti-
bodies before vaccination and remained seropositive for anti-gE
antibodies post-dose-1 and post-dose-2. In the 18-30 y age group,
the GMC:s at baseline, post-dose-1 and post-dose-2 were 1392.1,
55064.6 and 75731.5, respectively (Fig. 2). Compared with base-
line, the GMC was 54-fold higher post-dose-2 in the 18-30 y
age group. Similarly, in the 50-69 y age group, the GMCs at
baseline, post-dose-1 and post-dose-2 were 2122.8, 45389.4 and
65589.0, respectively (Fig. 2). The GMC compared with baseline
was 31-fold higher post-dose-2 in the 50-69 y age group.

Anti-VZV antibody GMC was 13-fold higher post-dose-2
(17383.6) compared with baseline (1301.7) in the 18-30 y age
group (Fig. 3). In the 50-69 y age group, the anti-VZV antibody
GMC was 11-fold higher post-dose-2 (12883.3) compared with
baseline (1284.4) (Fig. 3).

Discussion

This is the first study to report the safety and immunogenicity
profile of the candidate HZ/su vaccine when administered as a
two-dose vaccination regimen in an ethnic Japanese population.

The results of this study demonstrate that the HZ/su vac-
cine has an acceptable safety profile in both young and older
Japanese adults. Injection site pain was the most commonly
reported solicited local symptom while fatigue, headache and
myalgia were the commonly reported general symptoms, in both
age groups. Most symptoms were of mild or moderate intensity.
The observation that mild to moderate local and general reac-
tions are common following HZ/su vaccination is in agreement
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Figure 2. Geometric mean concentrations of anti-gE antibody pre-vac-
cination, post-dose-1 and post-dose-2 (ATP cohort forimmunogenicity).

with those previously reported in young (18-30 y) and older
(= 50 y) adults, although grade 3 reactions appeared to be more
common in this population, in particular for reported scores on
pain, fatigue, headache, and myalgia.'”** We consider that this
incongruence may be due to chance findings in a small sample
size, but it may also stem from a cultural difference in pain per-
ception. Contrasting the higher grade 3 reactogenicity, no sub-
jects withdrew from the study due to adverse events or intolerable
reactogenicity. No vaccine-related safety issues, such as immune-
mediated disorders or new onset of autoimmune disease, arose
during the study. Therefore, the safety profile of the HZ/su vac-
cine in ethnic Japanese adults appears acceptable and consistent
with that observed in other adult populations.’® Nonetheless,
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Figure 3. Geometric mean concentrations of anti-VZV antibody pre-
vaccination, post-dose-1 and post-dose-2 (ATP cohort for immunoge-
nicity).

although beyond the scope of this study, there is scientific merit
in using serological markers to further explore immune-mediated
disorders after vaccination.

A humoral immune response was elicited by two doses of
HZ/su in both young and older adults. The magnitude of these
responses were comparable to those elicited by HZ/su in eartlier
studies, indicating that HZ/su immunogenicity is similar in eth-
nic Japanese compared with non-Japanese populations.”

Recombinant subunit vaccines are attractive alternatives to
live vaccines given their potential advantage in eliciting a stron-
ger immune response, a greater likelihood of an acceptable safety
profile in immunocompromised individuals and their ease of
production.”

This study should be interpreted in light of certain limita-
tions. The modest sample size was based on expected findings
concerning the primary objective, but restricts the generalizabil-
ity of the study results to a larger Japanese population. Similarly,
the inclusion of a placebo-group may have better explained the
inconsistency between findings between this and other studies
using the HZ/su vaccine candidate.””* Additionally, this study
did not evaluate safety and immunogenicity of the vaccine in
Japanese adults aged = 70 y, although considerable data in this
age group from non-Japanese populations have been generated,
and previous data suggest that reactogenicity may be reduced in
this population.?” Nonetheless, the results of the present study
suggests that the two-dose regimen of HZ/su exhibited a clini-
cally acceptable safety profile in healthy young and older ethnic
Japanese adults.

Materials and Methods

Study design and subjects. This phase I, open-label, single-cen-
ter study was conducted between March and November of 2010,
in Australia. Healthy ethnic Japanese subjects (who were born
in Japan, spoke Japanese and had four ethnic Japanese grand-
parents), aged 18-30 y and 50-69 y (1:1 ratio) were enrolled.
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Subjects were administered two doses of HZ/su vaccine accord-
ing to a 0, 2-mo schedule. Persons were not enrolled if they had
received any investigational drug/vaccine 30 d prior to study vac-
cine administration, or if they had received any immunosuppres-
sants or immune-modifying drugs six months prior to the first
study vaccine dose, had a history of HZ or had previously been
vaccinated against HZ, or had an allergy likely to be aggravated
by any vaccine component. Persons were also excluded if they
had symptoms of acute illness, or if they had an axillary tempera-
ture > 37.5°C.

The guidelines of Good Clinical Practice, the Declaration
of Helsinki and other applicable regulatory requirements were
adhered to during the conduct of the study. All study-related
documents were reviewed and approved by an Australian ethics
committee. All adults provided written informed consent prior to
performing any study-related procedures.

Study vaccine and administration. HZ/su (GlaxoSmithKline
Vaccines) is composed of the lyophilized form of VZV-gE antigen
and a liquid formulation of the adjuvant system ASO1 stored in
separate vials and reconstituted within two hours before admin-
istration. All subjects were administered 0.5 ml of the reconsti-
tuted vaccine intramuscularly in the deltoid region.

Assessment of safety and reactogenicity. Local solicited
symptoms (pain, redness and swelling) at the injection site and
general solicited symptoms (fatigue, fever, gastrointestinal symp-
toms [nausea, vomiting, diarrhea, and/or abdominal pain],
headache and myalgia) were recorded during the 7-d post-vac-
cination follow-up period. Unsolicited adverse events (AEs) were
recorded during the 30-d post-vaccination follow-up period.
Serious adverse events (SAEs), new onset of autoimmune disease
(NOAD), other potential immune mediated disorders and HZ
cases were recorded throughout the study period (list provided
in supplement). Intensity of symptoms was graded on a scale of
0-3. Grade 3 pain was defined as significant pain that prevented
normal daily activity; grade 3 redness and swelling were defined
as injection site surface diameter > 100 mm; grade 3 fever was
defined as body temperature > 39.0°C. Other solicited general
symptoms (headache, fatigue, gastrointestinal symptoms, myal-
gia) and unsolicited symptoms were graded as severe if they pre-
vented normal daily activity. Hematological and biochemical
parameters were recorded at pre-vaccination and at one month
after each dose of HZ/su.

Assessment of immunogenicity. Blood samples were collected
before vaccination and one month after each dose of the HZ/
su vaccine. Antibodies against gE were measured using enzyme-
linked immunosorbent assay (ELISA) (assay cut-off was 18 mIU/
ml). Antibodies against VZV were measured using a commer-
cial ELISA kit (Enzygnost™, Dade Behring, Marburg, Germany)
(assay cut-off was 25 mIU/ml).

Statistical analysis. All statistical analyses were performed
using SAS® version 9.1.3 and StatsXACT version 7.0. No formal
sample size estimation was performed for the present study. A
sample size of 20 subjects was defined, with 10 subjects each in
the two age groups (18-30 y and 50-69 y).

Safety and reactogenicity analyses were performed on the total
vaccinated cohort which included subjects who were vaccinated
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at least once with HZ/su vaccine. The immunogenicity analysis
was performed on the according-to-protocol (ATP) cohort which
included subjects who complied with all the study procedures
(including meeting the exclusion and elimination criteria) and
for whom the assay results were available at post-vaccination
time-points. Seropositivity rates and the corresponding geomet-
ric mean concentrations (GMCs) for anti-gE and anti-VZV anti-
bodies were described. A seropositive subject was a subject whose
anti-gE antibody concentration and anti-VZV antibody concen-
tration was = 18 mIU/ml and = 25 mIU/ml, respectively. The
GMCs were calculated by taking the anti-log of the mean of the
log concentrations transformations.
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