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than 1% of subjects withdrew from the study due to adverse events and no withdrawals were
due to serious adverse events related to vaccination. The safety and reactogenicity profile of
the AS-H5N1 candidate vaccine can be considered clinically acceptable in the context of its use

against pandemic influenza.

© 2008 Elsevier Ltd. All rights reserved.

Introduction

Since its emergence in domestic poultry in 1996, H5N1 avian
influenza A virus has given rise to growing concern as the
most likely candidate to cause the next influenza pandemic
[1]. The basis of this concern is the high pathogenicity of
the H5N1 virus in humans, as reflected by 227 deaths (62.9%
fatality rate) among the 361 cases reported to the World
Health Organization up to 15 February 2008 [2]. H5N1 avian
influenza infections in migratory waterfowl and domes-
tic poultry were initially confined to South East Asia, but
since 2005, infection has spread rapidly westward to affect
domestic poultry and wild bird populations in Asia, Africa
and Europe [3,4]. Occasional transmission of H5N1 virus to
humans and the continuing antigenic evolution of the virus
raise the prospect of the virus adapting to humans [4—6].

It is widely accepted that vaccines (pre-pandemic and
pandemic) can play a crucial role in the first-line defence
against pandemic influenza [4,5,7]. Seasonal influenza vac-
cines currently in use against inter-pandemic strains are
unlikely to be effective for use in a pandemic in an H5N1-
naive population [8]. Therefore, there is an urgent need for
a safe and immunogenic H5N1 vaccine. Both the European
Medicines Agency’s Committee for Human Medicinal Prod-
ucts (CHMP) and the US Department of Health and Human
Services’ Food and Drug Administration (FDA) have issued
guidelines to aid the rapid licensing of pandemic influenza
vaccines, including proposals for developing ‘mock-up’ vac-
cines [9—13]. These prototype vaccines would establish
the manufacturing process, antigenic content and adjuvant
where appropriate in preparation for production of a final
pandemic vaccine once the pandemic virus strains have been
identified [10,13].

Influenza vaccines that can be administered before or
immediately after the onset of a pandemic (so-called pre-
pandemic vaccines) are likely to play a major role in
substantially reducing the overall infection rate and conse-
quent morbidity and mortality of pandemic influenza within
the population [14]. The antigenic diversity of circulat-
ing H5N1 virus means that an important key requirement
of a pre-pandemic vaccine is to provide cross-protective
immunity against antigenically distinct viruses [15]. Non-
adjuvanted H5 vaccines are poorly immunogenic and require
a high antigenic content and two immunizations to elicit
sufficient levels of immunity [16—22]. A two-dose regi-
men with alum-adjuvanted 30 ug split-virion H5N1 vaccine
resulted in a greater immune response compared to its
non-adjuvanted counterpart with no apparent safety issues;
encouraging responses were also observed with lower anti-
gen doses [16]. The need for high doses is of concern since,
to maximize the impact of pre-pandemic vaccination at indi-
vidual and collective levels, several billion doses are likely
to be needed to match global demand [5]. Pre-pandemic
vaccines that contain lower antigenic content (known as

having an antigen-sparing characteristic) without compro-
mising broad-spectrum immunogenicity are needed to meet
demands. H5N1 vaccines incorporating modern adjuvanted
technologies are key to satisfying the dual requirements of
an ‘antigen-sparing’ strategy coupled with broad-spectrum
immunogenicity.

A candidate pandemic inactivated split virus H5N1
influenza vaccine adjuvanted with a novel proprietary oil-in-
water emulsion-based adjuvant system (AS) has been devel-
oped [23]. In a dose-ranging study assessing the immuno-
genicity of this vaccine in 394 adults (aged 18—60 years),
adjuvanted doses of 3.8 ug up to 30 ng of haemagglutinin
induced immune responses against the homologous recom-
binant vaccine strain that met or exceeded FDA and EMEA
licensure criteria [23]. The 3.8 ng haemagglutinin adju-
vanted dose also induced cross-immunity against heterolo-
gous strains from clade 2 (H5N1-A/Indonesia/5/2005, H5N1-
A/turkey/Turkey/1/2005, A/Anhui/1/2005) in 75—85% of
subjects [23,24]. Since antigen-sparing strategies are the
key to increasing production capacity and meeting demands
for large volumes of vaccine, the 3.8 g HA adjuvanted
antigen formulation represents a potentially promising can-
didate for use in a wide-scale pre-pandemic vaccination
programme.

The current study was conducted to compare the safety
and reactogenicity of this candidate H5N1 split-virion adju-
vanted vaccine with that of the licensed seasonal influenza
vaccine Fluarix™ in a large cohort of healthy adult vol-
unteers, including subjects over 60 years of age. For this
purpose we selected a haemagglutinin dose of 15ug to
ensure that appropriate safety data are available in the
event that a higher dose of H5N1 vaccine may be required
in subjects with declining immunity, such as the elderly.

Materials and methods

Study participants

This was a multicentre, randomized, observer-blind phase lll
clinical trial conducted in 2006, in seven European countries
(Estonia, France, Germany, the Netherlands, Russia, Spain
and Sweden) involving healthy male and female volunteers
aged >18 years (e-track: 107064/107217; ClinicalTrials.gov
number NCT00319098). Females of child-bearing potential
were required to use adequate contraception for 30 days
prior to first vaccination and for 2 months after completion
of vaccination. Exclusion criteria included administration of
other licensed influenza vaccines 2—4 weeks prior to the
start of the study; receipt of immunosuppressants or an
immunodeficiency condition; hypersensitivity to vaccines or
allergy to any component of the vaccine; acute or chronic
medical condition; and use of any investigational or non-
registered drug or vaccine other than study vaccine within
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Table 1

Comparison of vaccine safety definitions issued by the European Committee for Proprietary Medicinal Products (CPMP),

the Federal Drug Administration (FDA) and those used in this study

CPMP/EVM/EFPIA FDA Current study

Redness/erythema

Grade 1 1—20mm 25—-50 mm 1—20 mm

Grade 2 21-50mm 51—-100 mm 21-50mm

Grade 3 >50mm >100 mm >50 mm
Induration Graded as above Not documented Graded as above
Swelling Graded as above 20—50 mm Graded as above
Ecchymosis Graded as above Not documented Graded as above
Local pain

Grade 1 No interference with activity/easily tolerated

Grade 2 Interferes with normal activity

Grade 3 Prevents normal activity

Fatigue/myalgia Graded as for pain

Graded as for pain

Graded as for pain

Malaise Graded as for pain Not documented Graded as for pain
Shivering Graded as for pain Not documented Graded as for pain
Sweating Graded as for pain Not documented Graded as for pain
Arthralgia Graded as for pain Not documented Graded as for pain
Nausea/vomiting Not included Graded as for pain Not included
Diarrhoea Not included Graded on frequency of loose stools Not included
Temperature

Grade 1 >38°C 38.0—-38.4°C 37.5 to <38.0°C

Grade 2 38.5—-38.9°C 38.1 to <39.0°C

Grade 3 39.0—40.0°C >39.0°C

30 days of start of study. The study was conducted according
to Good Clinical Practice Guidelines, the 1996 Declaration
of Helsinki and the local ethical rules and regulations of
each country. All eligible subjects provided written informed
consent before inclusion in the study.

Study vaccines

The monovalent, inactivated, split-virion influenza H5N1
vaccine was manufactured by GlaxoSmithKline (GSK) Biolog-
icals at Sachsisches Serumwerk (SSW), in Dresden, Germany.
The vaccine was developed from an H5N1 reassortant ref-
erence strain derived from the H5N1 A/Vietnam/1194/2004
strain (NIBRG-14 strain, developed by National Institute for
Biological Standards and Control) and considered suitable
for use as a pandemic candidate vaccine by CHMP [10].
The candidate H5N1 influenza vaccine was an adjuvant
system-adjuvanted monovalent split-virion vaccine and each
dose contained 15 ug of haemagglutinin. The AS is an oil-
in-water emulsion-based adjuvant system manufactured by
GSK (Rixensart, Belgium) [23]. The two components of the
vaccine were mixed at the time of administration, which
was carried out with either a 25G1 or 23G1 needle (length:
25mm). Fluarix™, the control vaccine, is a licensed triva-
lent, inactivated, split-virion seasonal influenza vaccine
that does not contain adjuvant [25—27]. It was adminis-
tered with a pre-filled syringe with sealed 25G5/5 needle
(length: 16 mm). It is currently registered in over 100
countries. Each 0.5ml dose of Fluarix™ for the Southern
Hemisphere 2006 influenza season used in the trial contained
15ng of each of the haemagglutinin antigens of A/New

Caledonia/20/99 (H1N1), A/California/7/2004 (H3N2) and
B/Malaysia/2506/2004 viruses.

Study procedures

Eligible individuals were randomized into two groups to
receive AS-H5N1 or Fluarix™/placebo with a ratio of 3:1
using a standard Statistical Analysis System (SAS® v8.02, SAS
Institute Inc., Cary, NC, USA) programme with a blocking
scheme to ensure balance between the treatment groups.
Subjects in each group were further stratified by age: 18—60
years and over 60 years. The AS-H5N1 group received two
doses of the vaccine given 21 days apart. The control
group received one dose of Fluarix™ (day 0) and one dose
of placebo (day 21). The vaccines were administered by
intramuscular injection into the deltoid muscle of the non-
dominant arm followed by 30 min of close observation.

The primary objective of the study was to evaluate the
safety and reactogenicity of the AS-H5N1 vaccine; the sec-
ondary objective was to evaluate the immunogenicity of the
AS-H5N1 influenza vaccine 21 days after each vaccination.
According to protocol adverse events were defined as any
unfavourable and unintended sign (including an abnormal
laboratory finding), symptom, or disease (new or exacer-
bated) temporally associated with the use of a medical
product. Adverse events were monitored over 7 days after
each vaccination for solicited symptoms and over 21 days
after the first vaccination and 30 days after the second vac-
cination for unsolicited symptoms. Serious adverse events
were recorded prospectively throughout the study period,
ending at the day 180 follow-up visit for all subjects. The
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criteria used for reporting and grading adverse events were
stringent and differed to varying degrees from those pro-
posed by the EMEA Committee for Proprietary Medicinal
Products (CPMP) [28], with modifications later agreed by the
European Vaccine Manufacturers (EVM) and the European
Federation of Pharmaceutical Industries and Associations
(EFPIA) and the FDA [29] guidelines (Table 1).

The occurrence and severity of adverse events were
self-recorded on diary cards provided to the partici-
pants. Solicited adverse events listed in the diary cards
were divided into injection-site symptoms (pain, redness,
swelling, induration and ecchymosis) and general symp-
toms (arthralgia, fatigue, fever, headache, muscle aches,
shivering and sweating). The diameters of any injection-
site redness, swelling, induration and ecchymosis and daily
body temperature (axillary) were recorded. The inten-
sities of other adverse events were recorded according
to a three-grade scale: ‘easily tolerated’ (‘on touch’ for
injection-site pain), ‘interferes with normal activity’ (‘when
limb is moved’ for injection-site pain) and ‘prevents normal
activity’. All safety and reactogenicity observations were
reviewed by the investigator following interviews with par-
ticipants and were transcribed onto symptom sheets in the
clinical study report. An assessment of causality was made
by the investigator for solicited general and unsolicited

objective to evaluate the safety and reactogenicity of the
AS-H5N1 vaccine. With 3600 evaluable subjects in the AS-
H5N1 group, there was at least 95% chance of detecting one
adverse event with an occurrence rate of 0.1%. With 1200
evaluable subjects in the Fluarix™ group there was a 95%
chance of detecting two adverse events with an occurrence
rate of 0.5%. The percentage of subjects with at least one
general adverse event (solicited and unsolicited) and with
any adverse event during the solicited follow-up was tab-
ulated with exact 95% confidence intervals (95% Cl) after
each vaccination and overall. The same tabulations were
performed for grade 3 adverse events, for adverse events
related to vaccination and for grade 3 adverse events related
to vaccination.

Role of funding source

GSK Biologicals was the funding source and was involved in
all stages of the study conduct and analysis. GSK Biologicals
also took in charge all cost associated to the development
and the publishing of the present manuscript. The corre-
sponding author had full access to the data and had final
responsibility to submit for publication.

adverse events. Any analgesics and/or antipyretics taken by Results
the subject to relieve the symptoms (local and/or general)
during the 21-day follow-up period after each vaccination Participants

were also recorded by the investigator.

Statistical analysis

The primary analysis was based on all vaccinated partici-
pants in the study. The sample size was based on the primary

| AS-HSN1 (n = 3802) |

From April to June 2006, the study enrolled 5075 subjects,
of whom 5071 were randomized to receive either two doses
of the AS-H5N1 vaccine (n=3802) or one dose of Fluarix™
followed by one dose of placebo (n=1269) (Fig. 1). The
baseline characteristics of the two treatment groups were

| Enrolled (n = 5075) |

| Ineligible (n = 3)
Withdrew consent (n = 1)

[ Randomised (n = 5071) |

| Fluarix™/Placebo (n = 1269)|

A S

Total vaccinated 18-60y (n = 3397) >60y (n = 405) 18-60y (n = 1136) >60y (n = 133)
Completed dose 1

symptom sheet 3342 403 1123 133

Received dose 2 3267 396 1111 133
Completed dose 2

symptom shest 3247 395 1102 132

Completed study follow-up (n = 3667)

Withdrew (n = 135)

Serious adverse event* = 3
Non-serious adverse event = 20
Protocol violation = 3

Other (unrelated) = 109

Completed study follow-up (n = 1237)

Withdrew (n = 32)

Serious adverse event =0
Non-serious adverse event = 1
Protocol violation =1

Other (unrelated) = 30

*Non-related

Figure 1

Subject disposition.
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similar with regards to mean age, gender and ethnic distribu-
tion (Table 2). The age-stratified groups were also balanced
in terms of age and gender. The overall mean age was
38.4+15.4 years, 10.6% of subjects were over 60 years of
age, female to male ratio was 1.39, and 95.1% of the cohort
was of White Caucasian origin. A total of 167 (3.3%) subjects
prematurely withdrew from the study, of whom 24 (0.5%)
withdrew due to adverse events: three subjects from the
AS-H5N1 group withdrew due to a serious adverse event that
was considered unrelated to vaccination (one from celluli-
tis in the contra-lateral arm, one from inguinal hernia and
one from necrotising fasculitis of the leg, possibly due to a
wound infection). Twenty-one subjects reported non-serious
adverse events leading to early withdrawal; these could not
be distinguished from symptoms reported by participants
who completed the study (Fig. 1).

Overall, 4904 of 5071 (96.7%) subjects completed the
study (3667 of 3802 [96.5%] in the AS-H5N1 group and
1237/1269 [97.5%] in the Fluarix™ /placebo group). Detailed
analysis of safety relied on the completion of symp-
tom sheets, which were completed by 5001 subjects who
received dose 1 and 4876 who received dose 2.

Total (n=5071)
38.4 (15.4)
2958 (58.2)

54 (1.1)

55 (1.1)

4822 (95.1)
140 (2.8)

133)
66.6 (5.20) (range 61—85)

>60 (n=
56 (42.1)
133 (100.0)

Overall incidence of adverse events

After the first vaccination, significantly more participants
reported symptoms in the AS-H5N1 group compared with
the control group and this observation was noted more fre-
quently in the younger age group (93.7% [95% Cl: 92.8—94.5]
versus 79.4% [95% Cl: 76.9—81.8] in the 18—60 years age
group (p<0.0001); 76.2% [95% Cl: 71.7—80.3] versus 57.1%
[95% Cl: 48.3—65.7] in the >60 years age group). A negligi-
ble number of participants (9 of 5071 [0.2%]) withdrew after
the first dose but before the second dose due to adverse
reactions. After the second dose of AS-H5N1 vaccine, the
incidence of symptoms was lower compared to after the
first dose (84.3% [95% Cl: 83.0—85.5] in the 18—60 years
age group; 69.4% [95% Cl: 64.6—73.9] in the >60 years age
group). In the control group, symptoms were reported by
40.2% (95% Cl: 37.3—43.2) of subjects aged 18—60 years and
34.1% (95% Cl: 26.1—42.8) of subjects >60 years old after
placebo vaccination.

Serious adverse events up to day 51 were reported in 11 of
3802 (0.3%) and 6 of 1269 (0.5%) subjects in the AS-H5N1 and
control groups, respectively. All serious adverse events were
considered unrelated to vaccination by the investigators and
all resolved during the study. No adverse events related to
vaccination were observed after 6 months of follow-up.

Fluarix™/placebo
18-60 (n=1136)
35.4 (12.51)

691 (60.8)

6 (0.5)

15 (1.3)

1081 (95.2)

34 (3.0)

>60 (n=405)

67.3 (6.01) (range 61—93)
187 (46.2)

1(0.2)

396 (97.8)

8 (2.0)

AS-H5N1
18—60 (n=3397)
34.8 (12.24)
2018 (59.4)

47 (1.4)

40 (1.2)

3212 (94.6)

98 (2.9)

Solicited local symptoms

Among solicited local symptoms, pain was the most fre-
quently reported adverse event in both treatment groups
and age-strata within the 7-day period following vaccination
(Table 3). There was a significantly higher incidence of pain
in subjects receiving the AS-H5N1 vaccine compared with
Fluarix™ or placebo (p<0.0001). After the first dose of
AS-H5N1 vaccine, pain was reported more frequently in the
18—60 years age group (87.6%) than in the >60 years group
(57.8%), but the incidence of pain was reduced in all groups
following the second dose. Induration and swelling were

White Caucasian/European

African/African-American
Other

Asian

Table 2 Summary of demographic characteristics per age-stratum (total vaccinated cohort)

Mean age, years (S.D.)
Female, n (%)

Race
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Incidence of all solicited local symptoms per age stratum reported at any day 0—6 days post-vaccination

Table 3

Dose 2% (95% Cl)

Dose 1% (95% Cl)

Symptom

Placebo

AS-H5N1

Fluarix™

AS-H5N1

18-60 (n=1102)  >60 (n=132)

=395)

>60 (n

18—60 (n=3247)

=133)
0.5-6.5)
7.6-19.7)

>60 (n

18—60 (n=1123)

=403)

>60 (n

18—60 (n=3342)

2.3 (0.5-6.5)

1.9-4.0)
2.7-5.0)

3.8 (1.2-8.6)

6.1 (2.7—11.6)
12.1 (7.1-18.9)

13.6—18.0)
6.9-10.2)
2.8-5.1)

3.0 (0.8-7.6)

~—~ — — — —

2.8
3.7

15.7

2.3-6.5)

15.2-23.2)
45.3-55.4)

22.3-31.2)

8.4
3.8

18.5-27.0)

—_—— — — —

4.1

4.4 (3.8-5.2)

19.0

22.6 (21.2-24.1)

19.7-35.5)  75.5(74.0-77.0) 50.4

18.4-33.8)
6.5-17.9)

26.6

25.2 (23.7-26.8)

22.5

22.1 (20.7-23.6)

= — — — —

2.3

2.5-4.7)

12.8

15.5-20.1)
61.6—67.3)
22.5-27.7)
13.6-17.9)

27.1

25.6

11.3

—_—— — — —

3.5
17.7

4.0 (2.3-6.4)
18.1 (14.5-22.2)

57.8 (52.8—62.7)

5.5-7.2)

24.7-27.7)
86.4—88.7)
25.7-28.8)
22.9-25.8)

64.5

25.0

27.8 (23.5-32.4)

15.7

21.8 (17.9-26.2)

—_— — — — —

6.3
26.2

Ecchymosis
Induration

Pain

87.6

27.2

Redness

243

Swelling

reported more frequently in the AS-H5N1 vaccine group
than in the control group. No significant difference was
detected between the treatment groups in the incidence of
redness at the injection site after the first dose. Compared
with induration, swelling and redness, ecchymosis was less
frequent in both vaccine groups (Table 3). There was a low
incidence of grade 3 local symptoms in both vaccine groups
and age-strata (Table 4), although the 18—60 years age
group experienced more frequent grade 3 pain, induration,
redness and swelling with the AS-H5N1 vaccine than with
Fluarix™. No differences were observed in the duration of
symptoms between the two vaccine groups, which generally
ranged from 2 to 3 days (apart from ecchymosis, which
ranged from 4 to 6 days).

Solicited general symptoms

Most solicited general symptoms were considered to be
associated with vaccination. The most commonly observed
general symptoms in both the AS-H5N1 and control groups
and in the two age groups were fatigue, headache and myal-
gia. In the AS-H5N1 group general symptoms, most notably
fatigue, headache, myalgia and shivering, were more
frequent in the 18—60 years age group compared with those
>60 years (Table 5). This age dependency also occurred in
the control group for fatigue, headache and myalgia. All
general symptoms occurred more frequently in the AS-H5N1
compared with the control group, with the exception of
fever and sweating, which tended to be more common with
Fluarix™ in the >60 years age group. All general symptoms
resolved within 1—7 days. In the 18—60 years age group,
resolution of symptoms was similar for both the AS-H5N1 and
control groups, but in older individuals (>60 years) there was
a trend for symptoms to persist longer in the control group.

In both treatment groups, grade 3 solicited general symp-
toms were infrequent (0.2—2.7%), although the incidence
of grade 3 arthralgia, fatigue, headache and myalgia was
higher with AS-H5N1 than with Fluarix™ in the 18—60 years
age group (Table 6). In contrast, in the >60 years age
group, these effects tended to occur more frequently with
Fluarix™ than with AS-H5N1.

Solicited symptoms using FDA criteria

The incidences of all local symptoms and fever using the
FDA functional scale for redness, swelling and fever are
summarized in Table 7. There was no significant difference
in the incidence of pain as determined according to the
adverse events stringent criteria defined in the protocol of
the study (Table 3) and the FDA criteria (Table 7). However,
using the FDA functional scale the incidences of redness,
swelling and fever were lower. In the 18—60 years age group,
the incidence of redness with the AS-H5N1 vaccine was
reduced from 27.2 and 25.2% to 10.2 and 10.6% for doses 1
and 2, respectively. Similarly, the incidence of swelling was
reduced using the FDA scale. Most notably, the incidence of
fever with the AS-H5N1 vaccine was 3.8% versus 8.1% (18—60
years age group), compared with 0.7% versus 2.5% (>60 years
age group) for dose 1, according to the FDA and the study
criteria, respectively. For dose 2, the incidence of fever was
4.3% versus 8.6% (18—60 years age group) compared with



Table 4 Incidence of grade 3 solicited local symptoms per age stratum reported during days 0—6 post-vaccination
Symptom Dose 1% (95% Cl) Dose 2% (95% Cl)

AS-H5N1 Fluarix™ AS-H5N1 Placebo

18—60 (n=3341) >60 (n=403) 18—60 (n=1123) >60 (n=133) 18—60 (n=3246) >60 (n=395) 18—60 (n=1102) >60 (n=132)
Ecchymosis 0.2 (0.1-0.5) 0.2 (0.0—1.4) 0(0.0-0.3) 0(0.0-2.7) 0.1 (0.0-0.3) 0.3 (0.0—1.4) 0.1 (0.0-0.5) 0(0.0-2.8)
Induration 2.9 (2.3-3.5) 1.5 (0.5-3.2) 0.9 (0.4—1.6) 0(0.0-2.7) 2.5 (2.0-3.1) 1.8 (0.7-3.6) 0(0.0—0.3) 0(0.0—2.8)
Pain 5.1 (4.3-5.9) 0.7 (0.2—-2.2) 0.5 (0.2—1.2) 0(0.0-2.7) 2.4 (1.9-3.0) 0.3 (0.0—1.4) 0.2 (0.0-0.7) 0(0.0—2.8)
Redness 3.8 (3.2—4.5) 3.0 (1.5-5.1) 1.5 (0.9-2.4) 0(0.0-2.7) 5.2 (4.4-6.0) 6.3 (4.1-9.2) 0.1 (0.0-0.5) 0(0.0—2.8)
Swelling 4.0 (3.4—4.7) 3.0 (1.5-5.1) 1.1 (0.6—1.9) 0.8 (0.0—4.1) 3.0 (2.4-3.6) 2.8 (1.4—4.9) 0(0.0—0.3) 0(0.0—2.8)
Table 5 Incidence of solicited general symptoms per age-stratum reported during days 0—6 post-vaccination
Symptom Dose 1% (95% Cl) Dose 2% (95% Cl)

AS-H5N1 Fluarix™ AS-H5N1 Placebo
18—60 (n=3341) >60 (n=403) 18—60 (n=1123) >60 (n=133) 18—60 (n=3246) >60 (n=395) 18—60 (n=1102) >60 (n=132)

Arthralgia  18.7 (17.4-20.1)  14.1 (10.9—-17.9) 8.9 (7.3—10.7) 9.8 (5.3—16.1)  15.8 (14.6—17.1)  11.9 (8.9—15.5) 3.7 (2.7-5.0) 0(0.0—2.8)
Fatigue 41.4 (39.7—43.1)  19.9 (16.1—24.1)  25.3 (22.8-27.9) 15.0 (9.4—22.3)  34.1 (32.5-35.8)  19.5 (15.7-23.7)  13.4 (11.5—-15.6)  10.6 (5.9—17.2)
Fever 8.1(7.2-9.1) 2.5 (1.2—4.5) 2.1 (1.4-3.2) 4.5 (1.7-9.6) 8.6 (7.6—9.6) 4.1 (2.3—6.5) 1.4 (0.8-2.2) 3.8 (1.2-8.6)
Headache  34.7 (33.1-36.3)  19.6 (15.8—23.8)  24.5 (22.0-27.1)  13.5(8.2—20.5)  28.8 (27.2—30.4)  17.5 (13.9-21.6)  14.1 (12.1—16.3) 6.1 (2.7—11.6)
Myalgia 40.0 (38.3—41.7)  23.1 (19.1—27.5)  21.3 (18.9—23.8) 9.0 (4.7—15.2)  32.2 (30.6—33.8)  18.2 (14.5—22.4) 6.1 (4.7-7.7) 7.6 (3.7—13.5)
Shivering 14.4 (13.3—15.7) 3.5 (1.9-5.8) 6.0 (4.7-7.5) 2.3 (0.5—6.5) 12.0 (10.9—13.2) 3.8 (2.1-6.2) 2.2 (1.4-3.2) 3.8 (1.2-8.6)
Sweating 14.4 (13.2—15.6) 9.4 (6.8—12.7) 8.5 (6.9—-10.2) 12.8 (7.6—19.7)  13.6 (12.5—14.8)  10.4 (7.6—13.8) 5.4 (4.1-6.9) 9.8 (5.3—16.3)
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Table 6 Incidence of grade 3 solicited general symptoms per age-stratum reported during days 0—6 post-vaccination
Symptom Dose 1% (95% Cl) Dose 2% (95% Cl)
AS-H5N1 Fluarix™ AS-H5N1 Placebo
18—60 (n=3341) >60 (n=403) 18—60 (n=1123) >60 (n=133) 18—60 (n=3246) >60 (n=395) 18—60 (n=1102) >60 (n=132)
Arthralgia 1.4 (1.0-1.9) 0.2 (0.0—1.4) 0.3 (0.1-0.8) 0.8 (0.0—4.1) 1.4 (1.0-1.9) 0.8 (0.2—-2.2) 0.2 (0.0-0.7) 0(0.0-2.8)
Fatigue 2.7 (2.2-3.3) 0.7 (0.2—-2.2) 0.4 (0.1-0.9) 1.5 (0.2-5.3) 2.5 (2.0-3.1) 0.5 (0.1—1.8) 0.5 (0.1—1.8) 0.8 (0.0—4.1)
Fever 0.2 (0.1-0.4) 0(0.0—0.9) 0(0.0—0.3) 0(0.0-2.7) 0.3 (0.1-0.6) 0.3 (0.0—1.4) 0(0.0—0.3) 0(0.0—2.8)
Headache 1.8 (1.4-2.3) 0.2 (0.0—1.4) 0.5 (0.2—1.2) 1.5 (0.2-5.3) 1.8 (1.4-2.3) 0.5 (0.1—1.8) 0.7 (0.3—1.4) 0(0.0-2.8)
Myalgia 2.3 (1.8-2.9) 0.2 (0.0—1.4) 0.4 (0.1-1.0) 1.5 (0.2-5.3) 1.9 (1.4-2.4) 1.0 (0.3—2.6) 0.5 (0.1—1.1) 0(0.0—2.8)
Shivering 1.0 (0.7—1.4) 0(0.0—0.9) 0.2 (0.0-0.6) 0(0.0-2.7) 0.9 (0.6—1.3) 0.3 (0.0—1.4) 0(0.0—0.3) 0(0.0—2.8)
Sweating 0.5 (0.3—-0.8) 0.7 (0.2-2.2) 0.1 (0.0-0.5) 0.8 (0.0—4.1) 1.0 (0.7—1.4) 1.8 (0.7-3.6) 0.2 (0.0-0.7) 0.8 (0.0—4.1)
Table 7 Incidence of solicited local symptoms? and fever reported during days 0—6 post-vaccination using the FDA functional scale
Symptom Dose 1% (95% Cl) Dose 2% (95% Cl)
AS-H5N1 Fluarix™ AS-H5N1 Placebo
18—60 (n=3341) >60 (n=403) 18—60 (n=1123) >60 (n=133) 18—60 (n=3246) >60 (n=395) 18—60 (n=1102) >60 (n=132)
Pain 87.6 (86.4—88.7)  57.8 (52.8—62.7)  64.5 (61.6—67.3)  27.1 (19.7-35.5)  75.5 (74.0-77.0) 50.4 (45.3—55.4) 15.7 (13.6—18.0) 6.1 (2.7—11.6)
Redness 10.2 (9.2—11.2) 10.7 (7.8—14.1) 6.9 (5.5-8.6) 6.0 (2.6—11.5) 10.6 (9.6—11.7) 13.4 (10.2—-17.2) 0.5 (0.1—1.1) 1.5 (0.2-5.4)
Swelling 11.1 (10.1-12.2) 10.7 (7.8—14.1) 5.6 (4.3—7.1) 3.8 (1.2-8.6) 9.1 (8.1—10.1) 8.6 (6.0—11.8) 0.5 (0.2—1.2) 0.8 (0.0—4.1)
Fever 3.8 (3.2—4.5) 0.7 (0.2-2.2) 1.1 (0.6—1.9) 2.3 (0.5—-6.5) 4.3 (3.6—5.0) 2.3 (1.0-4.3) 0.5 (0.1—1.1) 0.0 (0.0—-2.8)

a8 Ecchymosis and induration are not documented under FDA guidelines.
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2.3% versus 4.1% (>60 years age group), according to the
FDA and the study criteria, respectively.

Unsolicited symptoms

In both age-strata, the incidence of unsolicited symptoms
within 21 days of the first dose or 30 days of the second
dose was similar in both the AS-H5N1 and control groups;
1570 of 6664 (23.6% [95% Cl: 22.5—24.6]), 244 of 1136
(21.5% [95% Cl: 19.1—24.0]) and 180 of 1111 (16.2% [95%
Cl: 14.1—-18.5]) in the 18—60 years age group and 151 of
801 (18.9% [95% Cl: 16.2—21.7]), 19 of 133 (14.3% [95% Cl:
8.8—21.4]) and 23 of 133 (17.2% [95% Cl: 11.3—24.8]) in the
>60 years age group for the AS-H5N1, Fluarix™ and placebo
vaccinations, respectively. The most common unsolicited
symptoms were injection-site pruritus (1.8% of the AS-H5N1
and 0.8% of the Fluarix™ groups), malaise (1.7% of the AS-
H5N1 and 0.5% of the Fluarix™ groups) and nausea (2.1% of
the AS-H5N1 and 0.9% of the Fluarix™ groups). Local lymph
node swelling (lymphadenopathy), lymph node pain and lym-
phadenitis were occasionally observed in the AS-H5N1 group
(1.35% after dose 1 and 0.86% after dose 2). Vaccine-related
unsolicited grade 3 adverse events were observed at a sim-
ilar frequency in both groups (3.5% >60 years, 5.8% 18—60
years in the AS-H5N1 group and 3.0% >60 years and 5.6%
18—60 years in the Fluarix™/placebo group).

Discussion

This phase Ill study of a large cohort of 5071 participants
focused on safety and tolerability following vaccination with
two doses of an AS-adjuvanted candidate H5N1 vaccine con-
taining 15 pg haemagglutinin in comparison with one dose of
a licensed seasonal influenza vaccine (Fluarix™) followed by
one dose of placebo. The immunogenicity findings (data not
shown) were consistent with those from a previous study
[23]. The AS-H5N1 vaccine had a good safety profile despite
the use of antigenic content four times higher than the low-
est dose found to be fully immunogenic in a dose-ranging
study in adults aged 18—60 years [23]. The majority of vac-
cinated subjects experienced some vaccine-related adverse
events, but these were of mild to moderate intensity and of
short duration. There were no serious adverse events related
to vaccination and the majority (96.7%) of participants in
the AS-H5N1 group completed the study. Less than 1% of sub-
jects withdrew from the study with adverse events and there
were no withdrawals due to serious adverse events related
to vaccination. The unsolicited adverse event profile was
consistent with expectations for the study population and
was similar between AS-H5N1 and control groups.

The incidences of all solicited adverse events were higher
with the adjuvanted H5N1 vaccine than in the control group.
As observed in other studies of adjuvanted H5N1 vaccines
[16,19,22], the most common symptom in all treatment
groups was pain at the injection site, although the incidence
was significantly higher in the AS-H5N1 group. The incidence
of grade 3 adverse events was low in the AS-H5N1 group,
although they occurred more frequently in the 18—60 years
age group. Grade 3 adverse events were of short duration
and resolved within 3 days in most instances. A decrease
in adverse events was observed on second vaccination com-

pared with first dose. A negligible number of participants
(9 of 5071 [0.2%]) withdrew after the first dose but before
the second dose due to adverse reactions. Many of the symp-
toms, including ecchymosis, induration, pain, fatigue, fever,
headache, myalgia and shivering, were more common in the
18—60 years age group. The lower reactogenicity reported
for the vaccine in the elderly (>60 years) population as com-
pared to younger adults (18—60 years) is consistent with
other published studies [26,27].

In general, the safety profile of the candidate adju-
vanted H5N1 vaccine is similar to those of other adjuvanted
vaccines [16,19,22]. The use of adjuvants to boost the
immunogenicity of influenza vaccines has previously been
reported to result in more frequent injection-site reactions
[16,19,20,30]. In phase | studies with MF59-adjuvanted H5N3
and H9N2 vaccines, an increase in injection-site pain associ-
ated with the adjuvant was observed [20,30]. More extensive
clinical experience with MF59-adjuvanted vaccines showed
that these induced more symptoms than conventional non-
adjuvanted seasonal influenza vaccines [31].

There is a lack of standardization in the reporting of
vaccine safety and reactogenicity across studies and across
regions. Guidelines for the evaluation of vaccine toxicity
issued by the CPMP [28] and the FDA [29] differ in their
definition and grading of adverse events. Comparison of
safety and reactogenicity data across studies with different
candidate pandemic vaccines would benefit from a common
approach. In the absence of standardized criteria, we have
reported data analysed according to the most rigorous
definitions, using GSK in-house criteria, which are similar
to those agreed between CPMP and European Vaccine Man-
ufacturers in association with the European Federation of
Pharmaceutical Industries Association. In order to facilitate
comparison with other studies we also analysed solicited
local symptoms according to the FDA criteria. Using the
FDA grading for redness, swelling and fever, the incidence
of these symptoms was decreased by 50% in the AS-H5N1
vaccine group.

Safety assessment of vaccines under development for
pandemic use must carefully weigh the risk—benefit balance
in the context of potentially high mortality from the disease.
Increased adverse events observed with MF59-adjuvant sea-
sonal influenza vaccines were considered to be clinically
acceptable for annual vaccination of the elderly in an inter-
pandemic context [31]. Given the substantial benefit of an
effective influenza vaccine in the face of a high risk of seri-
ous illness and mortality during a pandemic, some increase
in transient adverse effects could be balanced by an increase
in immunogenicity, improving protection and increasing cov-
erage through dose reduction. In the current study, the
safety and reactogenicity profile of the 15ug HA dose of
candidate adjuvanted H5N1 vaccine, determined according
to the stringent criteria applied in this large clinical trial,
can be considered clinically acceptable in the context of its
use against pandemic influenza.
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