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Table 1 Questionnaires for pneumococcal vaccination and revaccination
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Questions no. of subjects (%)
no. of total subjects; 385
Pnegmocpccgl ve_lccination at the no. of subjects answered yes (%) 290 (75.3)
affiliated institution no. of subjects answered no (%) or 95 (24.7)
with no answer
N ve infl fih no. of total subjects; 290
egative influence of the :
contraindication on revaccination no. of Su}mds answered yes (%) 141 45
for the first vaccination no. of subjects answered no or with 146 (50.3)
no answer (%)
no. of total subjects; 290
Pneumococcal revaccination no. of subjects answered yes (%) 46 (159
no. of subjects answered no or with 244 (84.1)
no answer (%)
no. of total subjects; 290
Necessity for approval of no. of subjects answered yes (%) 252 (86.9)
revaccination ne, of subjects answered no or with 38 (131
no answer (%)

Tik, EfioiEss, BED LLZREOHFEIOVT
Ny EMLAE FR2AEFELAKETCICENRSNET
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A
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BT X798 BOT v — MRAEHBED S £ 4018
(405%) ZSEL S N, 20 BLEEITTRE 2 A AL 385
B (HYEERIT060%) THho72. BEZOHINIE
HEAT953%, FHEMIZIH31E (SD:85) ThHhoi.
M E O EEAREIL, KEMERK 382%, BA&L
Wikt 28.3%, RALHERE 145%, 2T - 2V = v 27 109%
DNET, ZERR TRFREFEANT543%, —BAH
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Table 2 49 reported cases with pneumococcal revaccination during last two

years by the questionnaire

Demographic features

Male sex (%) 27 (55.1)

Age, mean years (SD) 74.4 (10.3)

Duration between primary and revaccination, mean months {SD) 63 (11.8)

Underlying diseases; no. of cases (%)

Chronic lung diseases 19 (38.8)
COPD 13 (26.5)
Other chronic lung diseases 6 (12.2)

Chronic heart disease 7 (14.3)

Diabetes mellitus 1{20)

Others 19 (383}

Reason for revaccination; no, of cases (%)

Request by the patient 43 (87.8)

Request by the family 1(20)

Recommendation by the doctor 5 (10.2)

SD; standard deviation, COPD; chronic obstructive pulmonary disease

Z ¥
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BloMEERVORF, ER BB EOBEORR
BEREDELTWEY, —F, #FCid Jackson 5%
BEICHEIRET 7 F Y BHEEOLZ V01 %, S&lE
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BoroTARTITORARNR L LT BEEWOMES
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BETEIS (102cm B b) OSEEER, PEEEE (3%)
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THIEERELCWA., ZOEMBMORFIEIZD
Wik, RFTOREREERBRICES T ARG
BEEEEZEZLNTWAEY, £/, THLOBHEREL
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Abstract

A questionnaire study on the necessity of approval for revaccination
of the pneumococcal polysaccharide vaccine

Kazunori OQishi", Kazuyoshi Kawakami”, Hideaki Nagai®,
Keisuke Sunakawa" and Akira Watanabe®
"International Research Center for Infectious Diseases, Research Institute for Microbial Diseases,
Osaka University
¥Department of Medical Microbiology, Mycology and Immunology,
Tohoku University Graduate School of Medicine
“Department of Respirology, National Hospital Organization Tokyo Hospital
“Graduate School of Infection Control Sciences, Kitasato University, Laboratory of Infectious Diseases
“Research Division for Development of Anti-Infective Agents, Institute of Development,
Aging and Cancer, Tohoku University

To clarify the current situation of revaccination with pneumococcal polysaccharide vaccine (PPV) and the ad-
verse effects caused by revaccination with PPV in the elderly in Japan, a questionnaire study was carried out
among the 989 members of the directors and councillors of the Japanese Respirology Society and the Japanese As-
sociation for Infectious Diseases. Of 385 evaluable respondents, 200 who had had experience giving PPV immuni-
zation were regarded as the study subjects. Of whom 46 subjects (15.9%) had had experience of PPV revaccina-
tion. However, 252 subjects (86.9%) recognized that PPV revaccination is necessary. In addition, of the 290 sub-
jects, 114 subjects (49.7%) had experienced a patient refusing the first vaccination with PPV because of contrain-
dications for PPV revaccination. Of 46 subjects with experience of PPV vaccination, 4 subjects found adverse ef-
fects in the recipients of PPV revaccination. The adverse effects found were not serious. The present study dem-
onstrated that most of the study subjects recognized the necessity of PPV revaccination, and in part, those sub-
jects implementing PPV revaccination were responding to requests by patients or their family. It was also sug-
gested that the contraindication for PPV revaccination could prevent the increase of the coverage rate of PPV.
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Immunogenicity and safety of a novel
AS03,-adjuvanted HIN1 2009 pandemic
influenza vaccine in adults in Japan

Hideyuki tkematsu,** Hideaki Nagai, Masahiro Kawashima,? Yasunobu Kawakami,! Kazuyoshi Tenjinbaru,® Atsushi Maeda,?
Ping Li,* Paul Gillard® and Frangois Roman?®

'Hara-doi Hospital; Higashi-ku, Fukucka Japan; *National Hospital Organization Tokyo National Hospital; Kiyose-city, Tokyo Japan; !Clinical Development Vaccines;
GlaxoSmithKline {GSK) Japan; ‘Global Clinical Research & Development; GSK Biologicals; Philadelphta, PA USA *Global Clinical Research and Development; GSK Biologicals;
Wavre, Belglum

Key words: HIN1, pandemic, influenza, Japan, adjuvant, AS03, immunogenicity, adults

Abbreviations: ATT, according to protocol; CBER, Center for Biologics Evaluation and Research, US Food and Drug
Administration; CHMP, Commirtee for Medicinal Products for Human Use, Buropean Medicines Agency;
CI, confidence interval; HA, hemagglutinin; HI, hemagglutination inhibition; IRB, Institutional Review Board;
MHWL, Ministry of Health, Labor and Welfare; SAGE, Strategic Advisory Group of Experts;
SD, standard deviation; TVC, total vaccinated cohort; WHO, World Health Organization

agkground ang gbiegﬂvgs Thisstudy evaluated the lmmunogemcnty and safety ofa novel H1N1 2009 pandemic vaccine
(A/Callfomla/7/2009) in Japanese aduilts. - }

- Results: Followmg Dose 1, seroprotection rate {HI mre >T 40) was 95%, seroconverslon rate was 94% and the geo~ -
metric mean titre (GMT) was 230.3 (geometric mean fold rise [GMFRI: 26.3). Following Dose 2 seroprotection rate as well . .
‘a5 seroconversion rate were 100%; Hi antibody GMT rose to 485 (GMFR: 55.4). European.and United States regulatory
acceptance criteria for immunogenicity were met and exceeded following each dose of the vaccine. Solicited symp-
toms recorded during the 7-day post»vaccmatlon follow-up pericd were of mild to moderate intensity (Grade 3: <4% of
subjects), The most frequently reported solicited symptoms after both doses were pain at the Injection site, fatlgue and
muscle‘ache,; Unsolicited adverse events causally related to vaccmatlon were reported in18 subjects, none were of Grade
3intensity. There were noserious adverse events. c

Meghod;, This-open-label, slngle~group, multl—center Phase lE study enrolled 100 heaithy subjects aged 20-64. years .
(strat lﬁcatron [1 ) by- age: 20-40 years and 41-64 years) to-recelve 21 days apart, two doses of a monovalent, split»vmon :
AS03,- adjuvanted HIN1 2009 pandemic vaccine (3.75 g hemagglutinin:[HA]), Blood samples collected before vaccina-
tion and 21days after each dose were analyzed using hemagglutination inhibition (HI) assay, - B

. Col nglusmn A slngle dose of ASOSA—adJuvanIed 3.75 g HA HINT 2009 pandemic Influenza vaccine was. hlghly Jmmu- i
nagenicin Japanese adults with a clinically acceptable safety proﬁle, thereby makmg ita potentral ca ndrdate for m|t|gat-
ing A/HIN1- assoclated morbidity and mortality : . . .

Introduction Mass vaccination can play a decisive role in limiting the
spread of an influenza virus and minimize associated morbid-
A newly emergent influenza HIN1 2009 pandemic viruswas first ity and mortality: The HINI 2009 virus causing the current
isolated in Mexico and the United States in March-April 2009."?  influenza pandemic is a triple-reassortant recombinant that
Since then the virus has spread throughout the world and contin-  originates from swine, avian influenza A and human A/H3N2
ues to cause human infections.? Consequently, the World Health  viruses. Reports indicate that it is highly unlikely that the exist-
Organization (WHO) officially raised the Pandemic Alert to  ing seasonal influenza vaccines will confer protection against
Phase 6 on June 11, 2009. As of May 30, 2010, more than 214 this strain.*® Hence, the development of a new immunogenic
countries had reported more than 18,138 deaths.’ Almost the vaccine with an acceptable safety profile has been a priority
entire population less than 60 years has been found susceptible to  for vaccine manufacturers and public health authorities
the HINT 2009 virus.® worldwide.

*Conesponderice 1o; Hideyuki lkematsu; Emaf: ikematsu@gray plala.orjp-.
Submitted:-04/07/10; Revised; 06/22/10; Accepted 06/28/10 -

Préviously publrshed onfine: www. landesblosclence cor‘n/Joumalﬁ/vacclnes/article/i 2851
DOk 10.4161/hv.6.11, 12851 ) :

888 Human Vaccines Volume 6 Issue 11
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Table 1. Immune response in all subjects: Haemagglutination-inhiblition antibodies against the A/California/7/2009 {H1N1) strain, stratified by age

(ATP cohort for immunogenicity)

‘Seropositivity rates mean titres - Seroconversion rates - fold rise Seroprotection rates
Age - Time Value (95% Value
oroup point M P % (95% C1) i N oon smeswa) N T N on % (95% CH)
3 Day0 100 - 43  43(31.9-547) 8.8(7.3-105) - -0 00 6 6 (19-13.6)
230.3 (1777~ 263 (20,6~
Al Day2t 100 100 100 (95.7-100) 298.4) 100 94 94(864-98.1) 100 13.5) 100 95  95(87.7-98.6)
Day42 100 100 100s7-100;  ‘E3E203- 00 yon - yooesz-t00) 100 35436 400100 100 (957-100)
’ : : 559.7) . X 67.2) s R
Day0 50 22  44(30-587) 89 {71-11.1) - 50 3 6 (1.3-16.5)
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Previous experience with traditional seasonal influenza vaccines
has demonstrated that a single dose is sufficient to induce strong
immunc responses in the majority of adult vaccine recipients. In
contrast, two doses of non-adjuvanted H5N1 pandemic influenza
vaccines with hemagglutinin (FHA) contents as high as 30 g and
90 pg conferred seroprotection rates of 67% and 58%, respec-
tively, in an adult population that was largely naive to the new
strain. ™ The addition of oil-in-water emulsion-based adjuvants
to prepandemic influenza vaccines has facilitated the lowering of
the required antigen dose without changing the immunogenicicy
and safety profile of these vaccines, in addition to inducing immu-
nogenicity against antigenically divergent strains.'®"

GSK Biologicals has developed a comprehensive clinical devel-
opment plan to evaluate the immunogenicity and safery of its
pandemic HINt 2009 vaccine adjuvanted with AS03, (a tocoph-
erol [11.86 mg] oil-in-water emulsion based Adjuvant System)
building on preceding development of an AS03-adjuvanted
HS5NI prepandemic vaccine*?

This study was conducted in a healthy adult population in
Japan to determine if the immune response induced by a single
dose or two doses of an AS03, -adjuvanted HIN1 2009 pandemic
influcnza vaccine (A/California/7/2009) administered 21 days
apart, could meet or exceed the immunogenicity guidance crite-
ria in adults sec by the European and the United States regulatory
auchorities. The study also evaluared the safety and reactogenic-
ity profile of the vaccine in this population.

Results
Demography. The study was initiated in October 2009, A toral
of 100 subjects were enrolled and vaccinated. The mean age of

subjects was 39.3 (standard deviation [SD]: 11.65) years and 64%
were females; all subjects were of Japanese heritage. The subjects
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were equally distributed (50/50) into the two age strata. Both
cohorts for evaluation, ie., the According To Protocol (ATP)
cohort for immunogenicity and the Total Vaccinated (intention-
to-treat) Cohort {TVC) for safety included 100 subjects.

Immune response. Immunogenicity data for the ATP cohort
for all subjects and stratified by age (20-40 years and 4164
years) are presented in Table 1.

Before vaccination, 43% of subjects [20-40 years: 44%:;
41-64 years: 42%) were seropositive for the A/California/7/2009
HIN1 pandemic strain; however, seroprotection rate was only
6% (HI titers 21:40). The HI antibody geometric mean titers
(GMT5) before vaccination were low (<9} in both age strata,

The first dose of the HIN1 2009 vaccine induced an immune
response against the vaccine strain that exceeded the Center for
Biologics Evaluation and Research {CBER} and the Committee
for Medicinal Products for Human Use (CHMP) immunoge-
nicity guidance criteria in adults for assessment of pandemic
influenza vaccines. Overal], seroprotection rate was 95%, while
seroconversion rate was 949 [20—40 years: 100%; 41-64 years:
88%] against the A/California/7/2009 HINI strain. The HI
antibody GMTs increased substantially to 230.3 [20-40 years:
258.3; 41-64 years: 205.3] with a corresponding geometric mean
fold rise (GMFR) of 26.3 [20-40 years: 29.1; 41-64 yeass: 23.8].

Following the second dose, the immune response against the
vaccine strain further increased; seroprotection rate was 100%;
seroconversion rate after the second dose was 100% (in both
age strata). The HI antibody GMT rose to 485 [20—40 years:
505.6; 41-64 years: 465.3), with a corresponding GMFR of 55.4
(2040 years: 57; 41-64 years: 53.9]. The two immunogenicity
guidance criteria set by the CBER and the three immunogenicity
ctiteria set by CHMP (in adults) were met and exceeded follow-
ingadministration of the first and second dose of the HIN1 2009
pandemic vaccine.
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Figure 1. (A) Sohcited local symptoms reported during the 7-day post -vaccination follow-up period (Total vaccmated cahort). (B) Sollcvted general
symptoms leported during the 7-day pest-vaccination follow-up period (Total vaccinated cohort)

.

It was observed that subjects who were seropositive before vac-
cination mounted a stronger immaune response (higher GMT in
these subjects post-Dose 1: 414.3) compared to the subjects who
were seronegative before vaccination (post-Dose 1 GMT: 147.9).
Following the second dose, the immune responses mounted by
the initially seropositive and seronegative subjects wete compa-
rable (post-Dose 2 GMTs: 619.7 and 403.2, respectively), with
a steeper increase observed in the seronegative subjects (post-
Dose 2 GMFR: 80.6) than in seropositive subjects (post-Dose 2
GMEFR: 33.7).

Safety and reactogenicity. The safery data for the HIN1 2009
pandemic vaccine are presented in Figure 1A and B. Overall,
85% of subjects reported at least one general adverse event, while
99% of subjects reported at least onc local adverse event. Of
these, 9% were of Grade 3 intensity.

Following the first vaccine dose, pain at the injection site was
the most frequently reported solicited local symptom in both age
strata (98%) with a median duration of four days; other solicited
local symptoms persisted for a median duration of three days.
Solicited local symptoms of Grade 3 intensity were reported in
£3% of subjects. Reporting of solicited local symptoms was simi-
lar in the two age strata. The most frequently reported solicited
general symptoms after the first vaccine dose were fatigue (46%
with a median duration of two days; i.c., the day of vaccination
and the following day) and muscle aches {44% with a median
duration of three days); other solicited general symptoms per-
sisted for 2 median duration of one to two days. The majority of
these general symptoms were considered by the investigators to
be causally relaced to vaccination. Solicited general symptoms of
Grade 3 intensity were reported in 2% of subjects, all of which
were considered to be related to vaccination by the investigator.
A comparatively higher trend in the reporting of solicited gen-
eral symptoms following Dose 1 was observed in subjects aged
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20-40 years compared to subjects aged 41-64 years, especially
for fatigue, headache and shivering (observed differences in inci-
dences of symptoms were 24%, 18%, 18%, respectively).

The reporting of solicited local symptoms following the sec-
ond dose of vaccination was comparable to the reporting fol-
lowing the first dose; pain at the injection site (93%; median
duration of three days) remained the most frequently reported
solicited local symptom (other solicited local symptoms persisted
for a median duration of three days); Grade 3 local symptoms
were recorded in $2% of subjects. Fatigue (54%; median dura-
tion of two days) and muscle aches (51%; median duration of
three days) remained the most frequently reported solicited gen-
eral symptoms; other solicited general symptoms persisted for a
median duration of one to two days. Overall, Grade 3 solicited
general symptoms were reported by <4% of subjects. There was
a trend for a slight increase in solicited general symptoms after
Dose 2 compared to Dose 1, in particular for joint pain, shiv-
cring and fever (however, 95% confidence intervals [Cls] over-
lapped). In addition, no difference was observed in the duration
of solicited general symptoms following the first and second vac-
cine dose.

Thirey-five subjects reported at least one unsolicited adverse
event. Of these, 18 were considered by the investigator to be caus-
ally related to vaccination. However, no specific clinical patterns
for the occurrence of these symptoms could be identified. There
were no Grade 3 unsolicited adverse events up w Day 42, None
of the adverse events were of Grade 3 intensity. No marked altera-
tions of the bio-safety laboratory parameters were observed fol-
lowing either vaccination.

No serious adverse events were reported up to 21 days follow-
ing the second vaccine dose (Day 42). Overall, the vaccine was
found to be generally well-tolerated with a clinically acceptable
safety profile.
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Discussion

By the end of January 2010, the estimated cumulative number of
HINTI cases in Japan was 20 million (estimated based on clinical
symptoms).'* However, the corresponding mortality rate (deaths
per million) was low;" as of December 2009, the Ministry of
Health, Labor and Welfare (MHWL) of Japan confirmed 85
deaths due to the pandemic influenza (HIN1 2009) virus in
Japan.!®¥ The number of deaths is possibly to be higher as onlya
proportion of the suspected HIN1 deaths had laboratory confir-
marion. In contrast to trends observed in the United States (US),
where the majority of HIN1 2009 infections and hospitaliza-
tions were reported in those aged between 18 and 64 years," in
Japan, most of the infections and hospitalizations were reported
in children, adolescents and young adults (5-19 years);'® HIN1
2009-related deaths in Japan were reported mostly in patients
aged >20 yeats, a trend which was also observed in the US and
Canada, where the median age for HIN1 2009-related deaths
was 37 years.” It was also observed that the mortality rates in
Japan increased with advancing age in adults, with the highest
mortality rates reported in the elderly.’s

A number of studies have been conducted worldwide using
adjuvanted or non-adjuvanted vaccine formulations against HIN1
2009. Two previous studies, one conducted in adults and the
elderly in the United Kingdom using a MF59-adjuvanted 7.5 prg
HA HINI 2009 vaccine®™ and another conducted in a similar age
group in Australia using a non-adjuvanted 15 pg HA HINI 2009
vaccine” demonstrated that a single dose of these vaccines could
induce immune responses that could meer the immunogenicity
guidance criteria in adults set by the US and European regulatory
authorities (Day 21 seroprotection rate: 80% and 96.7%, respec-
tively; seroconversion rate: 76% and 70.8%, respectively; GMT
172.5 and 217.1, respectively). Two studies with a non-adjuvanted
HIN1 2009 pandemic vaccine (7.5 pg—30 pg HA formulacions),
onc in American children, adults and the elderly (Day 21 seropro-
tection rate: 95%/94%; seroconversion rate: 92%/83%; GMT:
747/297)% and another with a non-adjuvanted formulation in
Chinese children, adults and the elderly (Day 21 seroprotection
rate: 76.7%/89.5%/80.3%; GMT: 78.6/316.6/105.7)% demon-
strated that the 7.5 g HA formulation met the immunogenicity
guidance criteria in adults and the elderly set by the CHMP. A
study in Hungarian subjects aged 18—60 years and above using
a6 pg HA HINI 2009 pandemic vaccine adjuvanted with alu-
minjum phosphate adjuvant,** also demonstrated that a single
dose can induce strong immune responses sufficient to meet the
regulatory guidance criteria in adults for pandemic influenza
vaccines. Other experiences with AS03-adjuvanted formula-
tions of GSK Biologicals’ HIN1 2009 pandemic vaccine has also
demonstrated that a single dose of the vaccine induced immune
responses in children and adults that met the CHMP and CBER
immunogenicity guidance criteria for adules *>%

This is the first study to evaluate the immunogenicity, safety
and reactogenicity of GSK Biologicals’ AS03,-adjuvanted HIN1
2009 pandemic influenza vaccine in an Asian population. As
observed, the immune response induced by the first dose of
the AS03,-adjuvanted HIN1 2009 pandemic influenza vaccine
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with a low antigen content (3.75 g HA) has met and exceeded
US and European regulatory acceptance criteria. The subjects
in both age strata, i.e., 20~40 years and 41-64 years mounted
strong immune responses against the HIN1 2009 pandemic vac-
cine, Despite the absence of a non-adjuvanted comparator group,
the immune response induced by the HIN1 2009 vaccine is sub-
stantiated as HI antibody titres 21:40 are generally considered as
surrogates of protection. A single dose containing 3.75 pg HA
of the AS03,-adjuvanted HINI 2009 vaccine was highly immu-
nogenic and of comparable magnitude as the immune response
induced by other adjuvanted or non-adjuvanted candidate pan-
demic influenza vaccines with higher antigen doses.?**

The data obtained from this Japanese study population are in
agreement with those obrained from studies conducted using a
similar HIN1 2009 vaccine in other populations.® The immune
response mounted against the study vaccine and the reactogenic-
ity and safety profiles in the Japanese population in this study
were comparable 1o those observed in European adults.” The
baseline seropositivity rate (HI GMT 21:10) observed in the
European study was found to be high in the study participants
(44%). However, the corresponding baseline seroprotection rate
was low (6%) and in line with those obsetved in previous studies
in the UK and China (baseline seroprotection rates of 4-12%
and 4%, respectively),??% but was lower than those observed
in the US and Australian population (20-31% and up 1o 32%,
respectively).®* These results may be indicative of possible
pre-existing immunity in the study population against the A/
California/7/2009 strain. Exposure to H1NI1 strains with similar
epitopes which were in circulation before the HINI 2009 pan-
demic or asymptomatic infections (considering that subjects with
a history of exposure to the HIN1 2009 strain were excluded
from this study) with the HIN1 2009 pandemic influenza strain
in circulation at the time of this scudy might have contributed
to this pre-existing immunity, illustrated by these relatively high
baseline scropositivity rates.

Data from H5NI studies suggest that vaccines adjuvanted with
AS03 induce a persistent immune response against the vaccine
strain as well as against antigenically drifted strains.”® However,
the petsistence of the immune response elicited by the HIN1 vac-
cine adjuvanted with AS03 requires further investigation.

In conclusion, a single dose of the AS03,-adjuvanted HIN1
2009 pandemic influenza vaccine with a fow antigen require-
ment (3.75 g HA) was highly immunogenic and generally well-
tolerated in the adult population in Japan. The vaccine provides
the opportunity for immunization against the HIN1 2009 pan-
demic influenza strain and may guide the development of vac-
cines to mitigate subsequent influenza pandemics.

Materials and Methods

Study vaccine. The monovalent, inactivared, split-virion HIN1
2009 vaccine (Arepanrix™ a trade mark of the GlaxoSmithKline
group of companies) was manufactured by GlaxoSmithKline
Biclogicals, Quebec, Canada. The vaccine seed HINI virus
was prepared from the re-assortant virus NYMC X-179A
{(New York Medical College, New York) generated from the
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A/ California/7/2009 strain based on the recommendations of the
World Health Organization® and propagated in embryonated
eggs. The AS03, used in this vaccine is an oil-in-water emulsion
based Adjuvant System containing 11.86 mg of a-tocopherol.

The antigen suspension and adjuvant emulsion were presented
in separate multi-dose vials; the vaccine had to be reconstituted
by mixing the two components prior to administration. Each 0.5
ml vaccine dose contained 3.75 wg HA and was administered as
an intramuscular injection in the deltoid of the arm.

Study design and participants. This was an open-label, single-
group, mult-center (NCT00989612) Phase II study conducted
at two centers in Japan. Healthy subjects aged 20-64 years at
the time of the first vaccine dose wese enrolled to receive 21-days
apart, two doses of a monovalent pandemic influenza vaccine
containing 3.75 pug HA of A/California/7/2009 HINI1-like
NYMC X-179A strain, adjuvanted with AS03,. Subjects were
stratified into two age strata: 20—40 years and 41-64 years (allo-
cation ratio: 1:1). Volunteers were excluded if they had received
any investigational product within 30 days preceeding study
start, any seasonal influenza vaccination within 14 days preceed-
ing study start or any novel HIN1 2009 vaccine. Volunteers were
also excluded if they had a history of confirmed or suspected
immunosuppressive or immunodeficient condition, were under
chronic administration of immunosuppressants or immune mod-
ifying drugs within six months of enrolment into the study or
received any immunoglobulins and/or any blood products within
three months of enrolment into the study or were suspected to be
allergic to any constituent of influenza vaccines or component
used in the manufacturing process of the study vaccine.

Weritten informed consent was obtained from all subjects prior
to conducting any study-related procedures. The study was con-
ducted in accordance with Good Clinical Practice guidelines, the
Declaration of Helsinki and relevant local regulatory laws. All
study related documents and procedures were approved by the
appropriate Institutional review boards (IRBs).

Serological assessments. Blood samples collected before
vaccination (Day 0), post-Dose 1 {Day 21} and post-Dose 2
(Day 42) were analyzed at GSK Biologicals Central labora-
tory, Dresden, Germany, using a validated in-house micro-
titrte Hemagglutination Inhibition (HI) assay [cut-off: =1:10],
with chicken erythrocytes as previously described.® The A/
California/7/2009 vaccine strain was used as the antigen strain.

Safety and reactogenicity assessments. The subjects used
diary cards to record the occutrence and intensity of solicited
local symptoms (pain, redness and swelling) and solicited general
symptoms (fatigue, headache, joint pain, muscle ache, shivering,
sweating and fever) during the 7-day post-vaccination follow-up
period after each dose. The intensity of all solicited symptoms
(mild, moderate or severe) was graded on a standard three-point
scale [0-3] except fever, which was graded on a four-point scale
[0~4]. Grade 3 redness, swelling and induration were defined as
those with a diameter of >100 mm; Grade 3 fever was defined as
axillary temperatures 239°C, while Grade 4 fever was defined
as axillary temperatures 240°C. Grade 3 fatigue, headache,
joint pain, muscle ache, shivering and sweating were defined as
symptoms that hindered normal daily activities. The occurrence
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of unsolicited adverse events occurring during the 21 day post-
vaccination follow-up period was also recorded. Serious adverse
events were recorded for the entire study period. An assessment
of causality was done by the investigators for all reporred adverse
events. Data from the safety laboratory and urine sampling safety
laboratory were tabulated over time.

Statistical analyses. The analyses for the primary immuno-
genicity objective was bascd on the ATP cohort and the analysis
of safety was planned on the TVC. The immunogenicity assess-
ments were based on the surrogate HI endpoints as required
by regulatory authorities for evaluation of pandemic influenza
vaccines,™* and evaluated by seroconversion rate (percentage
of subjects with a pre-vaccination titre <1:10 and a post-vacci-
nation titre 21:40 or a pre-vaccination titre >1:10 and a four-
fold increase in post-vaccination tirre), seroprotection rate (a
post-vaccination titre 21:40) and GMFR (post-vaccination fold
increase in GMTs) and the associated 97,5% Cls. The occurrence
of solicited and unsolicited adverse events was evaluated by the
percentage of subjects with at least one solicited or unsolicited
adverse event along with the 95% Cls.

The sample size was calculated taking into consideration the
objective to meet and exceed the CBER and CHMP immunoge-
nicity guidance criteria in adults for F1 seroprotection rates, sero-
conversion rates and geometric mean fold rise, following the ficst
or second dose of vaccination.* The results of the most recent
HIN1 2009 vaccine studies conducted by GSK Biologicals, were
used as references for power calculation. The study planned to
enrol 100 subjects {age stratification 1:1 for 20-40 and 41-64
years) to give an estimated power of >99.68% after the first dose
and >99.99%, after the second dose to meet the primary objec-
tive, assurning 90% and 95% to be the reference values for the
seroconversion and seroprotection rates, respectively.
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Abstract

Background: Promising clinical data and significant antigen-sparing have been demonstrated for a pandemic
H5N1 influenza split-virion vaccine adjuvanted with AS03,, an a-tocopherol-containing oil-in-water emulsion-based
Adjuvant System. Although studies using this formulation have been reported, there have been no data for
Japanese populations. This study therefore aimed to assess the immunogenicity and tolerability of a prepandemic
{H5N1) influenza vaccine adjuvanted with AS03, in Japanese aduits.

Methods: This open-label, single-group study was conducted at two centres in Japan in healthy Japanese males
and females aged 20-64 years {n = 100). Subjects received two doses of vaccine, containing 3.75 g
haemagglutinin of the A/Indonesia/5/2005-like IBCDC-RG2 Clade 2.1 (H5N1) strain adjuvanted with AS03,, 21 days
apart. The primary endpoint evaluated the humoral immune response in terms of H5SN1 haemagglutination
inhibition (Hl) antibody titres against the vaccine strain (Clade 2.1) 21 days after the second dose. Ninety five
percent confidence intervals for geometric mean titres, seroprotection, seroconversion and seropositivity rates were
calculated. Secondary and exploratory endpoints included the assessment of the humoral response in terms of
neutralising antibody titres, the response against additional H5N1 strains {Clade 1 and Clade 2.2), as well as the
evaluation of safety and reactogenicity.

Results: Robust immune responses were elicited after two doses of the prepandemic influenza vaccine adjuvanted
with AS03,4. Overall, vaccine HI seroconversion rates and seroprotection rates were 91% 21 days after the second
vaccination. This fulfilied all regulatory acceptance criteria for the vaccine-homologous Hi antibody level. A
substantial cross-reactive humoral immune response was also observed against the virus strains A/turkey/Turkey/1/
2005 (Clade 2.2) and A/Vietnam/1194/2004 (Clade 1) after the second vaccine administration. A marked post-
vaccination response in terms of neutralising antibody titres was demonstrated and persistence of the immune
response was observed 6 months after the first dose. The vaccine was generally well tolerated and there were no
serious adverse events reported.

Conclusions: The H5N1 candidate vaccine adjuvanted with AS03, elicited a strong and persistent immune
response against the vaccine strain A/indonesia/5/2005 in Japanese adults. Vaccination with this formulation
demonstrated a clinically acceptable reactogenicity profile and did not raise any safety concerns in this population.

Trial registration: Clinicaltrials.gov NCT00742885
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Background

The highly pathogenic influenza A H5N1 virus first
emerged as a cause of death in poultry in 1996 and was
identified in humans in 1997; 18 individuals in Hong
Kong became severely ill, with six deaths reported, fol-
lowing contact with infected birds {1]. The H5N1 virus
reappeared in 2003 and has since caused 295 deaths
from 499 confirmed cases worldwide (World Health
Organization [WHO] as of 08 June 2010} [2].

The WHO declared a pandemic alert stage 6 due to
an outbreak of an influenza A virus (A/HIN1) on 11
June 2009, As of 13 June 2010, more than 214 countries
have reported a total of at least 18,172 deaths [3]. How-
ever, the highly pathogenic H5N1 strain is also a poten-
tial pandemic virus and, therefore, it remains of great
concern. The H5N1 virus currently meets two of the
three criteria for a global pandemic strain: H5 is a hae-
magglutinin (HA) subtype against which most of the
human population is virtually naive, and the virus is
able to replicate in humans causing severe disease and
death [4]. To date, the virus has not acquired the ability
for large-scale human-to-human transmission - although
isolated cases have occurred [5,6].

Vaccination is a vital part of the strategy to mitigate
morbidity and mortality caused by influenza pandemics
[7] and is integral to the WHO global influenza prepared-
ness plan [8]. Pandemic vaccines are produced as soon as
a pandemic is declared using the specific pandemic viral
strain. However, these vaccines will only be available sev-
eral months after the onset of the pandemic due to the
length of time required for their manufacture [8].

The efficacy of prepandemic vaccines, which are pro-
duced in advance of a pandemic, relies on the vaccine’s
ability to provide a breadth of protection against differ-
ent, related strains, as it is not possible to predict exactly
the strain that will cause such an outbreak in advance
due to the progressive accumulation of antigenic
changes.

Promising clinical data have been generated for a pre-
pandemic split-virion influenza vaccine formulated with
an a-tocopherol containing, oil-in-water (O/W) emul-
sion-based Adjuvant System, AS03. This vaccine has
demonstrated a good safety profile in randomised clini-
cal trials in a range of human populations [9-11]. AS03
adjuvantation of the H5N1 vaccine allows for a reduc-
tion in the amount of antigen required per dose in
order to induce potentially protective immune responses
in humans, and it can also induce strong cross-strain
and cross-clade immunity as is required for an effective
prepandemic vaccine [9,10,12,13]. The A/Vietnam/1194/
2004 H5N1 strain was identified as having the potential
to cause a human pandemic and was thus used in sev-
eral AS03 candidate vaccine studies, leading to the
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initial approval of a prepandemic H5N1 vaccine (Pre-
pandrix™ GSK Biologicals, Rixensart, Belgium)
[9,10,12-14]. This vaccine has also been shown to pro-
tect against lethal heterologous challenge in an animal
model [15]. A new emerging H5N1 strain was identified
by the WHO sentinel laboratory (A/Indonesia/5/2005)
in 2005 [16], which was subsequently recommended by
the WHO for use in vaccines, and has also been
employed as part of a potential prepandemic vaccine.

In January 2004, there were confirmed outbreaks of
HS5N1 infection in Japanese poultry, which led to
increasing concern regarding the ability of the virus to
infect humans. Following the development of a whole-
virus, aluminium-adjuvanted H5N1 vaccine in 2007, the
Japanese Ministry of Health, Labour and Welifare began
domestic manufacture of this vaccine for stockpiling
[17]. However, the immune response elicited by an alu-
minium-adjuvanted H5N1 vaccine indicated insufficient
immunogenicity [18]. Clinical data on the use of alterna-
tive vaccines, such as the AS03-adjuvanted prepandemic
H5N1 vaccine, in the Japanese population would there-
fore be of interest.

This open-label, single-arm study set out to evaluate
the humoral immune response and safety of two doses
of AS034-adjuvanted A/Indonesia/5/2005 H5N1 vaccine
and determine its putative clinical value as a prepan-
demic vaccine in healthy Japanese adults.

Methods

Vaccine

The A/H5N1 monovalent split-virion recombinant influ-
enza prepandemic candidate vaccine was manufactured
by GlaxoSmithKline (GSK) Biologicals in Quebec,
Canada. The vaccine contained 3.75 ug HA of the A/
Indonesia/5/2005-like IBCDC-RG2; Clade 2.1 (H5N1)
strain {Centers for Disease Control and Prevention
[CDC], Atlanta, USA) adjuvanted with AS03, (an O/W
emulsion-based Adjuvant System containing 11.86 mg
of a.-tocopherol).

Study design

This open-label, single-group study (NCT00742885) was
conducted at two centres in Japan. The study set out to
evaluate the humoral immune response generated by
two doses of the adjuvanted prepandemic A/Indonesia/
5/2005 H5N1 vaccine in terms of H5N1 haemagglutina-
tion inhibition (HI) antibody titres against the vaccine
strain (Clade 2.1) 21 days after the second dose. Second-
ary and exploratory endpoints included the assessment
of the humoral response in terms of neutralising anti-
body titres, the response against additional H5N1 strains
(Clade 1 and Clade 2.2), as well as the evaluation of
safety and reactogenicity. The latter were assessed in
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terms of the occurrence of solicited local and general
adverse events (AEs), unsolicited AEs, serious AEs
(SAEs) and by the evaluation of medically attended visits
and selected laboratory parameters.

Healthy Japanese men and women aged between 20
and 64 years at the time of first vaccination were eligible
for inclusion if they were in good general health and
provided written informed consent before enrolment.
Subjects were stratified by age (20-40 years and 41-64
years) in a 1:1 ratio. Subjects were excluded from the
study if they had an axillary temperature 237.5°C, or
acute symptoms of more than mild severity on the
scheduled date of first vaccination; any confirmed or
suspected immunosuppressive or immunodeficient con-
dition including history of human immunodeficiency
virus (HIV) infection; administration of any registered
vaccine within 30 days before study vaccination or
planned administration within the first vaccination per-
iod up to blood sampling at Day 42; use of any investi-
gational or non-registered product (drug or vaccine)
within 30 days prior to study enrolment or planned use
during the study period, and history of previous H5N1
vaccination; or history of H5N1 influenza infection.

Subjects received two doses of the prepandemic
(H5N1) influenza candidate vaccine. The vaccine was
administered intramuscularly in the deltoid region of
the non-dominant arm on Day 0 and the second dose
was given 21 days later in the non-dominant arm. Blood
samples were collected for serological testing on Day 0,
7, 21, 42 and 182, and telephone contact was made on
Day 84 to record any unsolicited AEs (Figure 1). Soli-
cited AEs were assessed up to 7 days after each vaccina-
tion and, additionally, unsolicited AEs, including SAEs,
were recorded throughout the duration of the study.

The protocol and study documents were approved by
the Institutional Review Boards of the respective study
centres - National Hospital Organization Tokyo
National Hospital and Haradoi Hospital. The study was
conducted in accordance with Good Clinical Practice
(GCP) and the Declaration of Helsinki. GSK Biologicals
(Wavre, Belgium) sponsored the study and was involved
in all stages of the study conduct, including analysis of
data. All authors had full access to the data and were

.
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involved in the analysis of data and preparation of the
manuscript.

Assessment of immunogenicity

The humoral immune response against the vaccine strain
(A/Indonesia/5/2005; Clade 2.1), as well as against the het-
erologous strains (A/turkey/Turkey/1/2005; Clade 2.2 and
A/Vietnam/1194/2004; Clade 1) was measured in terms of
the standard HI antibody response according to the guide-
lines of the Committee for Medicinal Products for Human
Use (CHMP) [19]. In addition, neutralising antibodies
against the vaccine (A/Indonesia/5/2005) and one hetero-
logous strain (A/Vietnam/1194/2004) were measured by
the microneutralisation {MN) assay and are further
referred to as H5N1 neutralising antibodies. Studies have
shown that neutralisation assays may be more sensitive
than the HI test in detecting both greater increases in anti-
body levels and in detecting infected individuals who are
seronegative according to the HI assay [20].

Specific HI antibody titres were determined at GSK
Biologicals’ laboratories using methods described else-
where [21]. Antibody titre measurements were con-
ducted on thawed frozen serum samples with a
standardised and validated micromethod using four hae-
magglutination-inhibiting units (HIU) of the appropriate
antigens and a 0.5% horse erythrocyte suspension. Non-
specific serum inhibitors were removed by subjecting
the sera to heat treatment (56°C) and receptor-destroy-
ing enzyme. The sera obtained were evaluated for HI
antibody levels. Starting with an initial dilution of 1:10,
a dilution series (by a factor of 2) was prepared up to an
end dilution of 1:20,480. The titration endpoint was
taken as the highest dilution step that showed complete
inhibition (100%) of haemagglutination. All assays were
performed in duplicate.

The titre of H5N1 virus neutralising antibody contained
in the serum was determined by an MN assay on thawed
frozen serum samples. Each sample was tested in tripli-
cate. Non-specific serum inhibitors were removed by sub-
jecting the sera to heat treatment (56°C). A standardised
amount of virus (100 infectious Unit [TCID50] in 0.05
mL) was mixed with serial dilutions of sera and incubated
to allow binding of the antibodies to the virus. A cell sus-
pension, containing a defined number of Madin-Darby
canine kidney (MDCK) cells was then added to the mix-
ture of virus and antiserum and incubated at 33°C for 7
days. After the incubation period, virus replication was
visualised by haemagglutination of chicken red blood cells.
The 50% neutralisation titre of a serum was calculated by
the method of Reed and Muench [22].

Assessment of safety
Adverse events were classified according to the Medical
Dictionary for Regulatory Activities (MedDRA). The
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occurrence of AEs was recorded by the subjects them-
selves using diary cards. In addition, investigators soli-
cited information on specific local AEs (swelling/
induration, redness and pain at injection site) and gen-
eral AEs (fever, headache, fatigue, muscle aches, sweat-
ing, joint pain and shivering) occurring within 7 days of
each vaccination. Symptom intensity was assessed on a
3-point scale where grade 3 represents the most intense.
For both unsolicited AEs and solicited general AEs, the
investigators determined the likely relationship of vacci-
nation to symptoms. Intensity and relationship to vacci-
nation of unsolicited local and general AEs were
recorded during a 21-day follow-up period from each
vaccine administration, as well as overall (Day 0 through
to Day 84). All solicited local (injection site) reactions
were considered causally related to vaccination. The
occurrence of SAEs was recorded during the entire
study {up to Day 182).

Haematological and biochemical parameter testing was
performed by SRL Medisearch Inc, Japan. The number
and percentage of subjects with normal or abnormal
haematological and biochemical values, and with normal
or abnormal urine values at Day 0, 7 and 42, were cal-
culated. An assessment of these haematological, bio-
chemical and urine parameters was performed at Day 7
and 21 - all parameters were reviewed at Day 7 by the
investigators before administering the second vaccine
dose at Day 21. Blood parameters assessed were com-
plete blood count, blood urea nitrogen (BUN), creati-
nine, alanine amino transferase (ALT) and aspartate
aminotransferase (AST). Urine parameters measured
were protein, glucose, blood and urobilinogen.

Statistical analysis

The statistical methods for all immunogenicity analyses
were performed using the per protocol group. The pri-
mary objective of this study was to evaluate the humoral
immune response induced by two doses of the H5N1
influenza candidate vaccine in terms of H5N1 HI anti-
body titres against the vaccine strain. The immunogeni-
city assessments were based on the surrogate HI
endpoints as required by regulatory authorities (CBER
and CHMP). In order to meet or exceed these immuno-
genicity guidance criteria, a target sample size of 100
subjects was required in order to ensure 90 evaluable
subjects, Taking into account a 10% drop-out rate and
considering a true seroconversion rate (SCR for HI anti-
bodies was defined as the percentage of subjects with
either a pre-vaccination titre <1:10 and a post-vaccina-
tion titre 21:40 or a pre-vaccination titre 21:10 and at
least a 4-fold increase in post-vaccination titre) of 83.7%
and a true seroprotection rate (SPR; defined as the per-
centage of subjects with a serum H5N1 HI antibody
titre 21:40) of 84.3%, the proposed sample size allowed
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for an overall probability of above 85% of meeting the
lower limits of 95% confidence intervals (Cls) for SCRs
and SPRs of 40% and 70%, respectively. Ninety five per-
cent Cls were calculated for geometric mean titres
(GMTs) by exponential transformation of the 95% CI
for the mean of log-transformed titres, assuming normal
distribution of log-transformed titres.

The immunogenicity analysis was performed for each
age stratum and overall. The humoral immune response
endpoints in terms of H5N1 HI antibodies were mea-
sured using the GMTs of H5N1 HI antibody titres at
Day 0, 21, 42 and 182, SCR at Day 21, 42 and Day 182
and seroconversion factors (SCF; defined as the fold
increase in serum H5N1 HI antibody GMTs post-vacci-
nation compared with Day 0) at Day 21, 42 and Day
182. The CHMP cut off for SCF is defined as a ratio of
>2.5. SPRs were also calculated at Day 0, 21, 42 and
182. Seropositivity was defined as an HI titre >1:10.

For neutralizing antibodies, the endpoints (with 95%
Cls) were seropositivity, GMTs and SCRs {SCR for MN
antibodies was defined as the percentage of subjects
with at least four-fold increase in post-vaccination neu-
tralising antibody titres). The GMTs of neutralising anti-
body titres were calculated at Day 0, 42 and 182, and
the SCRs in terms of neutralising antibody titres were
calculated at Day 42 and 182.

The safety analysis was performed on all subjects
receiving at least one vaccination (the total vaccinated
cohort [TVC]). The percentage of subjects with at least
one local AE (solicited and unsolicited), at least one
general AE (solicited and unsolicited) and any AE dur-
ing the solicited follow-up period was tabulated, with
exact 95% CI after each vaccination and overall per sub-
ject considering both post-immunisation periods.

Solicited symptoms and any pain relief and/or antipyre-
tics taken by the subject to correct the symptoms of local
and/or general solicited symptoms were recorded during
the 7-day follow-up period after each H5N1 vaccination.

Results

A total of 100 subjects (n = 50 for 20-40 years of age;
n = 50 for 41-64 years of age) were enrolled in Septem-
ber 2008, all of whom received two doses of study vac-
cine by October 2008. The per protocol cohort was,
therefore, identical to the TVC. The mean age of the
vaccinated subjects (total cohort) was 40.3 years, 31.1
years for the 20-40 years’ stratum and 49.6 years for the
41-64 years’ stratum. The overall male-female distribu-
tion was 43% versus 57%. The demographic characteris-
tics of the subjects involved are shown in Table 1.

Immunogenicity and cross-clade antibody titres
Only five out of 100 subjects were seropositive against
the vaccine-homologous strain (A/Indonesia/5/2005;
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Table 1 Demographic data of trial subjects

20-40 Y 41-64 Y Total
N =50 N =50 N =100
Characteristics Parameters or Value % Value % Value %
Categories orn orn orn
Age (years) Mean 311 496 - 403 -
SD 569 - 604 - 1089 -
Median 31 - 49 - 405 -
Minimum 20 - 41 - 20 -
Maximum 40 - 63 - 63 -
Gender Fermnale 25 50 32 64 57 57
Male 25 50 18 36 43 43
Race Asian-lapanese 50 100 5C 100 100 100
heritage
Height (cm) Mean 1659 - 1625 - 1642 -
sD 841 - 746 - 81
Median 164 - 1615 - 163
Weight (kg) Mean 607 - 606 - 606 -
SD 1213 - 1128 - 165 -
Median 61 - 576 - 59 -

20-40 Y = subjects aged 20-40 years; 41-64 Y = subjects aged 41-64 years;
N = total number of subjects;

n/% = number/percentage of subjects in a given category; value = value of
the considered parameter;

SD = standard deviation

Clade 2.1) at Day 0 (before vaccination), of whom none
had a seroprotective HI titre of 1:40 or more. Pre-vacci-
nation HI GMTs against the other two vaccine-heterolo-
gous strains (A/Vietnam/1194/2004; Clade 1 and A/
turkey/Turkey/1/2005; Clade 2.2) were also very low
and were almost the same as for the vaccine-homolo-
gous strain.

Immune responses against the vaccine-homologous
strain (A/Indonesia/5/2005; Clade 2.1) at Day 42 fulfilled
and exceeded all CHMP and CBER criteria for HI anti-
body response (Table 2). Overall, the homologous HI
SCR and SPR were found to be 91% and were compar-
able for the predefined age strata (90% for 20-40 years,
92% for 41-64 years). A high cross-reactive (heterolo-
gous HI) humoral immune response was observed
against the A/turkey/Turkey/1/2005 strain (H5N1 Clade
2.2) and to a lower extent against the A/Vietnam/1194/
2004 strain (H5N1 Clade 1) after the second vaccine
administration. The HI antibody response against each
of the A/turkey/Turkey/1/2005 and A/Vietnam/1194/
2004 strains after two doses was similar across the pre-
defined age strata.

Persistence of the immune response was observed on
Day 182 (ie., 6 months after the first dose); a substantial
proportion of subjects (in both age strata) were still ser-
opositive for H5N1 HI antibodies against the A/Indone-
sia/5/2005 strain (Clade 2.1) and the A/turkey/Turkey/
1/2005 strain (Clade 2.2) and, to a lower extent, against
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the A/Vietnam/1194/2004 strain (Clade 1), The GMTs
for H5N1 HI antibodies decreased against all three
H5N1 strains compared with Day 42. On Day 182, all
three CHMP criteria were still met for HSN1 HI anti-
body responses against the A/Indonesia/5/2005 strain
(except the SPR threshold for subjects aged 20-40
years). Two of the three CHMP criteria (SCR and SCF)
for H5N1 antibody response against the A/turkey/Tur-
key/1/2005 strain were still met in the 41-64 years age
stratum.

Trends for higher HI antibody responses were
observed against both vaccine homologous and heterolo-
gous strains 21 days after the second vaccine dose, in
subjects who were seropositive before vaccination. This
must be interpreted with caution given the low number
of seropositive subjects before vaccination (N = 4 to 6).

Neutralising antibody response

Neutralising antibody response to the vaccine homolo-
gous and heterologous strains at different time points
have been presented in Table 3. A marked post-vaccina-
tion response in terms of neutralising antibody titres
{GMTs) was observed against both Clade 1 and Clade 2
viruses. The observed data suggested that pre-vaccina-
tion seropositivity rates against the A/Indonesia/5/2005
strain were low (11.1%) and were higher against the vac-
cine heterologous strain A/Vietnam/1194/2004 (50%).
Following vaccination, the seropositivity rates for neu-
tralising antibody titres against the A/Indonesia/5/2005
strain and the A/Vietnam/1194/2004 strain were
increased at Day 42, reaching 100% and 95%,
respectively.

The SCR for neutralising antibodies increased after the
second vaccination and reached 97% and 47% at Day 42
against the A/Indonesia/5/2005 strain and the A/Viet-
nam/1194/2004 strain, respectively. Six months after the
first vaccination, high seropositivity rates were observed
in terms of H5N1 neutralising antibodies against both
A/Indonesia/5/2005 (100%) and A/Vietnam/1194/2004
(92.9%). The SCR against the A/Indonesia/5/2005 and
the A/Vietnam/1194/2004 strains at 6 months were
93.9% and 58.6%, respectively.

Safety

Compliance in returning safety diary cards was excellent
(100%) for both general and local symptoms. There
were no SAEs and no withdrawals due to AEs.

Solicited local and general AEs are shown in Figures
2 and 3, respectively, and the proportion of subjects
reporting fever is shown in Figure 3. Pain at the injec-
tion site (of any grade) was the most frequently
reported local symptom in the overall cohort after
dose 1 (98%) and dose 2 (93%), and there was no
observable difference between age strata. The next
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Table 2 Haemagglutination inhibition (HI) antibody immune responses to homologous and heterologous H5N1
influenza strains following one or two doses of the ASO3A-adjuvanted A/Indonesia/5/2005 (H5N1) influenza vaccine
were assessed in terms of seropositivity rates, GMTs, SCRs, SCFs and SPRs

Seropositivity rates GMT

SPR
(% subjects with P/V
Hi titre =1:40)

SCR
{Negative pre-
vaccination Hi titre
and P/V Rl titre 21:40,

SCF
(Mean GMT
increase in titre
>2.5 [adults]; >2.0

or proportion with 24-  [aged over 60 y])
fold increase from pre-
to post vaccination)
Antibody Group D N n % (95% CI) Value (95% Cl}) N n % (95% Cl) N Value (95%Cl) N n % {95% CI}
Alindonesia  20-40Y O 50 O 00 (00-7.1) 5.0 (5.0-5.0) - - - - - 5 0 00(070)
21 50 24 480 (33.7-626) 158(110-228) 50 19 380 (24.7-528) 50 3.2 (22-46) 50 19 380 (247-528)
42 50 45 900 (78.2-96.7) 1568 (1058-2323) 50 45 900 (782-967) 50 314 (21.2-465) 50 45 900 (782-96.7)
182 49 30 612 (46.2-748) 256(173-381) 49 29 592 (442-730) 49 5.1 (3.5-76) 49 29 59.2 (44.2-73.0)
41-64Y 0 50 5 100(33-218) 54 (50-5.8) - - - - - 50 0 00000-70)
21 50 27 540(393-682) 154(107-220) 50 16 320(19.5467) 50 2.8 (20-4.0) 50 16 32.0(195-46.7)
42 50 48 960 (86.3-99.5) 1421 (1040-1943) 50 46 920 (80.8-97.8) 50 26.2(192-358) 50 46 920 (80.8-97.8)
182 50 40 800 (663-90.0) 374 (275-508) 50 38 760 (61.8-869) 50 6.9 (5.1-9.2) 50 38 760 (61.8-869)
Afturkey/Turkey 20-40Y 0 50 2 40(05-13.7) 5.7 (4.8-6.8) - - - - - 50 2 40(05-137)
21 50 13 260 {146-40.3) 80 (6.1-104) 50 3 60(13-165) 50 141118 50 5 100(33-21.8
42 50 30 600 (452-73.6) 248 (166-37.1) 50 27 54.0(393-68.2) 50 44 (3.0-65) 50 29 580 (432-718)
182 49 30 612 (462-748) 192(134-273) 49 18 367 (234-51.7) 49 34 (24-47) 49 20 408 (270-55.8)
4164Y 0 50 2 4005137 52 (4.9-5.5) - - - - - 50 0.0 {00-7.1)
21 50 18 36.0(22.9-50.8) 96 (7.3-125) 50 7 140(58-267) 50 1.8 (14-24) 50 160 (72-29.1)
42 50 31 620 (472-753) 240 (16.1-356) 50 27 540(393-682) 50 46 (31-68 50 27 540(393-68.2)
182 50 38 760 (61.8-869) 307 (222425 50 30 600 (452-736) 50 59(42-82) 50 30 600 (452-73.6)
A/Vietnam 20:40Y 0 50 1 2.0 (0.1-10.6) 5.2 (4.8-5.7) - - - B - 50 1 20(01-106)
21 50 5 100 (33-21.8) 5.7 (50-6.5) 50 0 0 (0-7.1) 50 1100120 50 1 20(0.1-106)
42 50 26 520 (374-66.3) 127 (9517.1) 50 14 280(162-425) 50 24 (1832 50 15 30.0(17.9-446)
182 49 17 347 (21.7-49.6) 86 (6.8-10.8) 49 2 41051400 49 16(13-21) 49 3 6113169
41-64Y 0 50 5 100 (33218 59 (5.0-68) - - - - - 50 2 40(05-137)
21 50 13 260 (146-403) 7.0 (5.8-85) 50 1 20 (01-106) 50 12(1.1-14) 50 4 80(22-192)
42 50 24 480 (33.7-62.6) 133 (9.7-182) 50 12 240(131-382) 50 23 (1.7-3.0) 50 15 30.0(17.9-44.6)
182 50 23 460 (31.8-60.7) 10.7 (8.2-13.9) 50 10 200 (100-33.7) 50 1.8 (14-24) 50 12 240(13.1-382)

Subjects received one dose of vaccine on Day 0 and one dose on Day 21 (ATP cohort for immunogenicity and persistence).

20-40 Y = subjects aged 20-40 years; 41-64 Y = subjects aged 41-64 years; GMT = geometric mean antibody titre; N = number of subjects with available results;
n/% = numbet/percentage of subjects; PV = post-vaccination; 95% Ci = 95% confidence interval; D = Day, 0 = pre-vaccination, 21 = 21 days post vaccination
one, 42 = 42 days post vaccination one (e, 21 days post vaccination two), 182 = 182 post vaccination one.

Committee for Medicinal Products for Human Use (CHMP) criteria for adults 18-60 years: SCR >40%, SPR >70% and a SCF of >2.5

US Food and Drug Administration (FDA) Center for Biologics Evaluation and Research (CBER) criteria for adults <65 years of age: Lower bound of the two-sided
95% Cl for the percentage of subjects achieving seroconversion for Hl antibody should meet or exceed 40% and the lower bound of the two-sided 95% CI for
the percentage of subjects achieving a seroprotective level of Hi antibody titre 21:40 should meet or exceed 70%.

most frequently observed local symptom was swelling/
induration, followed by redness. Grade 3 pain was
reported in one subject in the 20-40 years’ stratum.
General solicited symptoms included fatigue {most
common, reported by 71% of subjects overall) followed
by muscle aches (70% overall) and headache (51%
overall).

Overall, 69% of the subjects reported at least one
unsolicited AE, with nasopharyngitis (18%) and injection
site pruritus (18%) as the most frequently reported
unsolicited AEs in the 20-40 year and 41-64 year
cohorts, respectively. There were no major or clinically
relevant differences between age strata for any AE and
no specific clinical pattern of unsolicited AEs could be
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Table 3 Neutralising antibody immune responses to homologous and heterologous H5N1 influenza strains following
one or two doses of the ASO3A-adjuvanted A/Indonesia/5/2005 (H5N1) influenza vaccine in terms of seropositivity

rates and seroconversion rates

Antibody Time point N Seropositivity % (95% ClI) N Seroconversion % (95% ClI)
A/Indonesia PRE 99 11.1 (5.7-19.0) - -

Day 42 100 100 (96.4-100) 99 97.0 (91.4-99.4)

Day 182 99 100 (96.3-100) 98 939 (87.1-97.7)
A/Vietnam PRE 100 50.0 (39.8-60.2) - -

Day 42 100 95.0 (88.7-984) 100 47.0 (36.9-57.2)

Day 182 99 929 (86.0-97.1) 99 58,6 (48.2-68.4)

Subjects received one dose of vaccine on Day 0 and one dose on Day 21 (ATP cohort for immunogenicity and persistence).
Seroconversion rate for MN antibodies: Percentage of subjects with at least four-fold increase post-vaccination neutralising antibody titres.

identified in either group. Grade 3 unsolicited AEs and
grade 3 unsolicited AEs considered related to any vacci-
nation were infrequent and similar in both age strata
(20-40 years, three subjects with at least one symptom
and one of these symptoms considered by an investiga-
tor to be related to vaccination; 41-64 years, three
subjects reporting at least one symptom, no related
symptoms). No pattern was observed regarding bio-
chemical abnormalities.

Discussion

The results of this study demonstrate that the AS034-
adjuvanted A/Indonesia/5/2005 (H5N1) vaccine was
well tolerated and induced strong humoral immune
responses in healthy Japanese adults.

The primary endpoints for this study were reached at
21 days after the second vaccination, with immune
responses fulfilling all CHMP and CBER criteria for
the vaccine-homologous HI antibody response (A/
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Indonesia/5/2005, Clade 2.1). Overall, homologous HI
SCR and SPR were 91% and no differences between the
predefined age strata were observed (90% for 20-40
years, 92% for 41-64 years).

These responses were achieved with low doses of anti-
gen (3.75 pg HA). The ‘antigen-sparing’ effect of the
adjuvant AS03 was not demonstrated in this study, as
no comparison was made with an unadjuvanted formu-
lation containing 3.75 ug HA; however, the current
study is in line with previous influenza vaccine studies
with this adjuvant formulation which have shown that
the AS03-adjuvanted H5N1 vaccines induce a substan-
tially higher immune response than non-adjuvanted for-
mulations [9], with antigen-sparing properties [10-12].
Therefore, the AS03 adjuvant plays a key role in provid-
ing high levels of immunity at relatively low antigen
doses, which is one of the requirements for a viable pan-
demic vaccine in the context of mass distribution.

The H5N1 A/Indonesia/5/2005 vaccine described here
was tested in a two-dose regimen with responses to the
vaccine strain that met CHMP and CBER criteria only
at 21 days after the second injection. This is in contrast
to the GSK Biologicals’ A/California/7/2009 HIN1 pan-
demic vaccine adjuvanted with AS03, (Pandemrix™)
which was licensed for use in the 2009/2010 H1IN1 pan-
demic [23]. While posology guidelines published by the
European Medicines Agency indicate that a second dose
of the vaccine may be desirable to achieve maximum
seroprotection, data suggest that a single dose of the
HIN1 vaccine may be sufficient to achieve this in
healthy adults aged 18-60 years [23]. The reason for this
difference may be that naturally acquired partial

immunity against A/California/7/2009 (HIN1) is more
common, due to prior exposure to circulating HIN1
strains with epitopes similar to those found in A/Cali-
fornia/7/2009 (HIN1).

In the current study, SCR and SPR of more than 54%
for H5N1 HI antibodies against the Clade 2.2 A/turkey/
Turkey/1/2005 were observed after two doses in each
age stratum, indicating that the vaccine was markedly
cross-immunogenic. This was also observed, albeit to a
lesser extent, against the A/Vietnam/1194/2004 (Clade
1) strain, where SCR and SPR of more than 24% were
observed. This finding is similar to those of previous
studies with the AS03-adjuvanted H5N1 vaccine formu-
lated with the A/Vietnam/1194/2004 (Clade 1) strain
where significant levels of cross-clade immunogenicity
were observed against antigenically distinct strains of
H5N1, including the strains from the other Clades
(9,10,12,13]. In a study in Asian adults, following two
doses of the AS03-adjuvanted H5N1 vaccine, seropro-
tection rates in terms of HI antibodies against the
vaccine homologous (A/Vietnam/1194/2004) and het-
erologous (A/Indonesia/5/2005) strains were 94.3% and
50.2%, respectively. For neutralising antibodies against
the A/Vietnam/1194/2004 and A/Indonesia/5/2005
(Clade 2.1) strains, seroconversion rates were 96% and
91.4%, respectively [9]. In another study in Europe, two
doses of the H5N1 vaccine elicited strong immune
responses against vaccine heterologous A/turkey/Tur-
key/1/2005 (Clade 2.2) and A/Anhui/1/2005 (Clade 2.3)
strains (neutralising seroconversion rates: 75- 85%). The
study also reported persistence of neutralising serocon-
version rates in 60-70% of subjects, up to six months



