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[bookmark: _Toc439683805]List of abbreviations
	Abbreviation
	Meaning

	AE
	Adverse event

	AESI
	Adverse event of special interest

	AESI
	Adverse event of specific interest

	AS03
	Oil-in-water emulsion based adjuvant system with tocopherol

	AS03A
	Antigen sparing adjuvant, oil-in-water emulsion based adjuvant system with 11.86 mg tocopherol (full adult dose AS03)

	AS03B
	Antigen sparing adjuvant, oil-in-water emulsion based adjuvant system with 5.93 mg tocopherol (half adult dose AS03)

	ATP
	According to protocol

	CBER
	Center for Biologics Evaluation and Research

	CHMP
	Committee for Human Medicinal Products

	CI
	Confidence Interval

	CMI
	Cell-mediated immunity

	D-Pan
	Dresden-sourced adjuvanted pandemic/pre-pandemic influenza vaccine

	eCRF
	Electronic Case Report Form

	EMA
	European Medicines Agency

	FDA
	Food and Drug Administration

	EU
	European Union

	GACVS
	Global Advisory Committee on Vaccine Safety

	GCP
	Good Clinical Practice

	GMFR
	Geometric mean fold-rise

	GMR
	Geometric mean ratio

	GMT
	Geometric mean titre

	GSK
	GlaxoSmithKline

	HA
	Haemagglutinin

	HI
	Hemagglutination inhibition

	ISS
	Integrated safety summary

	LL
	Lower limit

	MA
	Marketing authorisation

	MAE
	Medically-attended adverse event

	Max.
	Maximum

	MedDRA
	Medical Dictionary for Regulatory Activities

	Min.
	Minimum

	mL
	Millilitre

	NOCD
	New Onset Chronic Disease

	PID
	Patient Identification Number

	pIMD 
	Potentially Immune-Mediated Disease

	PT 
	Preferred term

	Q-Pan
	Quebec-sourced adjuvanted pandemic/pre-pandemic influenza vaccine

	SAE
	Serious adverse event

	SCE
	Summary of Clinical Efficacy

	SCF
	Seroconversion factor

	SCR 
	Seroconversion rate

	SCS
	Summary of Clinical Safety

	SMQ
	Standardised MedDRA Query

	SN 
	Seroneutralisation or serum neutralization

	SNT 
	Seroneutralisation titre

	SPR 
	Seroprotection rate

	TVC 
	Total vaccinated cohort

	UL 
	Upper limit

	VR
	Vaccine response

	VRR
	Vaccine response rate

	WHO
	World Health Organization

	µg
	Micrograms


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc439683806]Background
[bookmark: _Toc272414595][bookmark: _Toc290846217][bookmark: _Toc404759827][bookmark: _Toc439683807]Submission type
This is a Category 1 type A submission to register a new pandemic influenza vaccine, PREPANDEMRIX, a, which contains purified antigen fractions of inactivated split virion A/Indonesia/05/2005 (H5N1) adjuvanted with AS03.
[bookmark: _Toc272414596][bookmark: _Toc290846218][bookmark: _Toc404759828][bookmark: _Toc439683808]Drug class and therapeutic indication
Prepandemrix is a split virion influenza vaccine against a strain of influenza with pandemic potential. It contains antigen equivalent to A/Indonesia/05/2005 PR8-IBCDC-RG2 (H5N1) 3.75 micrograms (µg) adjuvanted with AS03 per 0.5 ml dose. The GlaxoSmithKline proprietary AS03 adjuvant system is composed of squalene (10.69 milligrams), DL-tocopherol (11.86 milligrams) and polysorbate 80 (4.86 milligrams). The vaccine is presented as an emulsion and suspension which need to be mixed prior to administration.
The proposed indication is:
Prophylaxis of influenza caused by the H5N1 strain with a pandemic potential. Prepandemrix should be used in accordance with official recommendations.
[bookmark: _Toc272414597][bookmark: _Toc290846219][bookmark: _Toc404759829][bookmark: _Toc439683809]Dosage forms and strengths
Prepandemrix consists of two containers: one multidose vial containing the antigen (suspension) and a second multidose vial containing the adjuvant (emulsion). The suspension is a colourless light opalescent liquid. The emulsion is a whitish to yellowish homogeneous (milky) liquid. The submission proposes registration of multidose vials as follows:
2.5 ml suspension in a vial (type I glass) for 10 doses with a stopper (butyl rubber). Pack size of 50.
2.5 ml emulsion in a vial (type I glass) for 10 doses with a stopper (butyl rubber). Pack size of 25 x 2.
[bookmark: _Toc272414598][bookmark: _Toc290846220][bookmark: _Toc404759830][bookmark: _Toc439683810]Dosage and administration
Prepandemrix is intended to be used according to the same dosing as the currently registered Pandemrix H5N1 (AUST R 145924). That is, adults from the age of 18 years will receive two doses of 0.5 mL Prepandemrix, the first administered at an elected date, the second at least three weeks and up to twelve months after the first dose for maximum efficacy. Vaccination should be carried out by intramuscular injection preferably into the deltoid muscle or anterolateral thigh (depending on the muscle mass).
The Dosage and Administration section states that the experience in children is limited (See clinical trials and adverse reactions). There is no information on dosage in children.
Evaluator’s Comment: the issue of whether children are to be included in the indication, given this lack of dosage information, is unclear and has been questioned.
At the time of vaccine administration the content of the adjuvant vial (emulsion) is withdrawn from the vial with a needle and syringe and is injected into the antigen vial (suspension). After the addition of the emulsion to the suspension, the mixture should be well shaken. After mixing, 10 individual vaccine doses of 0.5 mL can be withdrawn from the vial. This methodology is detailed in the proposed PI.
[bookmark: _Toc439683811]Clinical rationale
There are two types of vaccines prepared for pandemic situations. The first is a pandemic “mock-up” vaccine which in the event of an influenza pandemic would be produced once the pandemic strain has been identified and technical data would be submitted as a variation. This vaccine Pandemrix is currently approved in Australia. The second vaccine, Prepandemrix, is a prepandemic vaccine that is produced prior to the onset of a pandemic. The vaccine contains a strain derived from a currently circulating highly pathogenic avian influenza that has the potential to cause a pandemic. The prepandemic vaccine could be used either before a pandemic is declared or during the early stages of a declared pandemic situation. The usage of these vaccines (e.g. only in a pandemic period, or during pandemic alert period) would depend on the recommendations issued by individual governments and their Public Health Authorities. This prepandemic vaccine can be made available to governments for stockpiles.
Such a prepandemic vaccine needs to have the capacity induce cross-reactivity among variants of the same influenza subtype virus in case the strain causing the pandemic is different to the one in the vaccine. The Sponsor states that the H5N1 vaccine with the AS03 adjuvant is able to induce such cross-reactivity. In addition, it is claimed that the adjuvant in the vaccine increases immunogenicity of the vaccine and thereby provides the potential to decrease the antigen content of the vaccine. This may result in increased vaccine supplies which is necessary during a pandemic situation.
[bookmark: _Toc439683812]Contents of the clinical dossier
[bookmark: _Toc439683813]Scope of the clinical dossier
The submission contained the following clinical information:
10 reports of bioanalytical methods.
18 clinical trials (presented in 54 clinical study reports) as follows:
H5N1-007 (dose-finding)*
H5N1-002 (phase III adults and lot consistency) and extensions H5N1-030# and H5N1-038# (booster studies)
H5N1-010# (elderly adults) and extension H5N1-021
Paediatric studies: H5N1-009# and extensions H5N1-022# and H5N1-023#  (3 to 9 years); H5N1-013 (6 m to <36 months with booster); and H5N1-032 (3 to 17 years with booster)
H5N1-008* (adult safety) and extension H5N1-011
H5N1-041 (formulation equivalence)
H5N1-012 and H5N1-015 (booster studies)
Q-Pan-001+( vaccine formulation, antigen equivalence) and Q-Pan-009 (accelerated schedules)
# Studies H5N1-010, the extension studies H5N1-030 and -038, and the paediatric studies H5N1-009, -022 and -023 were submitted in 2012 in the dossier for Pandemrix.
+ Study Q-Pan-001 was submitted in the Arepanrix submission.
Evaluator’s Comment: *Studies H5N1-007 and -008 were submitted in the original Prepandemrix dossier in 2007.
[bookmark: _Toc439683814]Paediatric data
The submission included paediatric efficacy and safety data from three clinical trials (H5N1 - 009 with its additional phases H5N1 - 022 and H5N1 - 023 [3 to 9 years]; H5N1-013 [6 to < 36 months]; and H5N1 - 032 [3 to 17 years]).
[bookmark: _Toc439683815]Good clinical practice
[bookmark: _Toc241374282][bookmark: _Toc355338639]The Sponsor stated for each clinical trial that it was conducted in accordance with Good Clinical Practice guidelines as well as local ethical and regulatory requirements.
[bookmark: _Toc439683816]Pharmacokinetics 
As mentioned in the Note for Guidance on Clinical Evaluation of New Vaccines (CPMP/EWP/463/97), pharmacokinetic studies are generally not required for injectable vaccines as the kinetic properties of vaccines do not provide information useful for establishing adequate dosing recommendations. PK studies were therefore not conducted.
[bookmark: _Toc439683817]Pharmacodynamics
Pharmacodynamic evaluations were performed as part of the clinical efficacy studies and therefore results are discussed. As efficacy can only be assessed in the event of the circulation of a pandemic strain of virus, the efficacy of the vaccine is based on surrogate immunogenicity markers.
[bookmark: _Toc404759848][bookmark: _Toc439683818]The methods used to evaluate immunogenicity
There were two main methods for evaluating humoral response against the vaccine strain or variant strain. The first was the haemagglutination inhibition (HI) assay which is the most utilised and recognised standard for testing influenza-specific serum antibody and was the primary method in the development program. The second method was the serum neutralisation (SN) assay which assessed the ability of serum antibodies to inhibit the multiplication of influenza viruses. Both the HI and SN assays were performed in house at GSK Biologicals’ central laboratory in Dresden, Germany.
HA antibody titres were conducted on thawed frozen serum samples with a standardised and validated methods and all assays were performed in duplicate. Virus neutralisation by antibodies contained in the serum was determined by a microneutralisation assay on thawed frozen serum samples. Each serum was tested in triplicate prior to 2013 and in single from 2013 after method validation.
Cell-mediated immune (CMI) assay was performed at GSK Biologicals’ laboratories in Belgium using standardised and validated methods with relevant controls. Peripheral blood antigen-specific CD4+/CD8+ T cells were restimulated in vitro (with H5N1 split antigen or with a pool of peptides spanning the HA sequence) to produce cytokines or express activation markers if incubated with their corresponding antigen. A subsequent analysis in flow cytometry assessed the frequencies of antigen-specific CD4 and CD8 T-cells expressing specific immune markers (CD40L, IL-2, TNF-α and IFN-) within the CD4+/CD8+ T cell subpopulation. CMI responses were assessed in studies H5N1-007 (and -030, -038), H5N1-002, H5N1-010 (and -021), H5N1-012, H5N1-015 and H5N1-009. Serum anti-neuraminidase antibodies were also assessed in a subset of children in study H5N1-013.
[bookmark: _Toc404759849][bookmark: _Toc439683819]Criteria for judging immunity
[bookmark: _Toc404759850]Haemagglutination inhibition
A seropositive subject was defined as a subject whose reciprocal antibody titre was greater than or equal to the cut-off value of 10. Subjects with titres below the detection limit (1:10) were considered as seronegative. The geometric mean titre (GMT) calculations were performed by taking the anti-log of the mean of the log-transformed reciprocal titres. Antibody titres below the cut-off of the assay were given an arbitrary reciprocal value of half the cut-off (i.e. 5) for the purpose of GMT calculation.
The seroconversion rate (SCR) defined as the proportion of subjects who were either seronegative prior to vaccination and had a protective post-vaccination titre of ≥ 1:40 or who were seropositive prior to vaccination and had at least a 4-fold increase in titre post-vaccination.
Evaluator’s Comment: This parameter should be more than 40% in subjects aged 18 - 60 years or more than 30% in subjects aged > 60 years. FDA guidelines for adults < 65 years of age and for the paediatric population state that the lower bound of the 95% CI for the percent of subjects achieving seroconversion for HI antibody should meet or exceed 40%. For adults ≥ 65 years of age, the lower bound should meet or exceed 30%.
The seroprotection rate (SPR) is defined as the proportion of subjects in each group having a protective post-vaccination titre of ≥ 1:40.
Evaluator’s Comment: This parameter should be more than 70% in subjects aged 18 - 60 years or more than 60% in subjects aged > 60 years. The corresponding FDA guidelines for adults < 65 years of age and for the paediatric population is that the lower bound of the 95% CI for the percent of subjects achieving an HI antibody titre ≥ 1:40 should meet or exceed 70%. For adults ≥ 65 years of age, the lower bound should meet or exceed 60%.
The mean increase in the antibody titre (seroconversion factor, or SCF) is defined as the ratio of the post-vaccination GMT divided by the pre-vaccination GMT. The SCF is also called mean geometric increase (MGI), geometric mean ratio (GMR) or geometric mean fold rise (GMFR).
Evaluator’s Comment: This parameter should be more than 2.5 in adults aged 18 - 60 years or more than 2.0 in adults aged > 60 years. There is no corresponding FDA guideline which utilises the lower bound of the 95% CI for the seroconversion factor.
The differing requirements on SCF, SCR and SPR for licensing influenza vaccines by the EMA and FDA are summarised in Table 1.
Table 1: CHMP, CBER criteria for licencing influenza vaccines.
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The EMA guideline (CHMP 2007) on influenza vaccines with pandemic potential states that As generally stipulated for vaccines used for primary immunisation of a previously immunologically naïve population, influenza vaccines used for pandemic preparedness should induce high seroprotection rates, preferably after one or at most two doses. All three criteria (seroprotection rate, GMT increase and response rate) as defined in guideline CPMP/BWP/214/96 should be fulfilled.
[bookmark: _Toc404759851]Virus neutralisation
A seropositive subject was defined as a subject whose reciprocal neutralising antibody titre was greater than or equal to the cut-off value of 28. The serological variables assessed for neutralising antibodies were GMT and Vaccine Response Rate (VRR), also termed seroconversion rate (SCR) in some reports. VRR is defined as the proportion of vaccine recipients that have either a pre-vaccination titre < 1:28 and a post-vaccination titre ≥ 1:56 or a pre-vaccination titre ≥ 1:28 and at least a 4-fold increase in post-vaccination titre.
The European guideline (CHMP 2007) states that in addition to the HI response A demonstration that the candidate vaccine elicits neutralising antibodies directed against the vaccine strain is very important. Cross-reactivity of antibodies elicited by the H5N1 vaccine to emerging drift variants of the H5N1 virus should be assessed by means of neutralising antibody tests using different strains in the assay. It also goes on to state that Although additional immunological assessments, such as explorations of cell-mediated immunity and neuraminidase inhibition, are of unknown relevance to protection, these should be explored in a subset of vaccine recipients to provide more insight into the overall effects of vaccination.
[bookmark: _Toc439683820]Dosage selection for the pivotal studies
The selection of antigen dose and schedule were evaluated in D-Pan study H5N1-007. This was a phase I, observer-blind randomised, single centre study, with 400 adults enrolled, aged between 18 and 60 years. It was designed to evaluate the reactogenicity and immunogenicity of one and two administrations of pandemic monovalent (H5N1) influenza vaccines (split virus formulation) administered at different antigen doses (3.8 µg, 7.5 µg, 15 µg and 30 µg HA) adjuvanted or not with AS03. The study was previously evaluated and was also included in the current dossier. Given its previous evaluation, the study design and results have been summarised here.
Subjects were randomised into parallel groups with vaccination on days 0 and 21 and blood sampling on days 0, 21, 42 and 180. The primary endpoint was the serum anti-HA antibody titre against the A/Vietnam/1194/2004 (H5N1) vaccine strain.
The haemagglutination inhibition (HI) immune response against the H5N1 strain found that after the second dose (day 42) all antigen groups using the adjuvanted formulation met the CHMP immunogenicity criteria, while only the highest antigen dose of the non-adjuvanted groups met the criteria. At day 42, seroconversion and seroprotection rates were both 83.3% in initially seronegative subjects who received 3.8 µg HA adjuvanted with AS03, with a seroconversion factor of 29.8. The results on SCR, SPR and SCF are shown in Figures 1-3.
Figure 1: Study H5N1-007: SCR for serum HI antibody at Days 21 and 42 (ATP immunogenicity cohort).
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Figure 2: Study H5N1-007: SPR for serum HI antibody at Days 0, 21 and 42 (ATP immunogenicity cohort).
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Figure 3: Study H5N1-007: SCF for serum HI antibody at Days 21 and 42 (ATP immunogenicity cohort).
[image: ]
In annexed study reports, the seropositivity for anti-HA antibodies to the vaccine strain at day 180 remained high at 60 - 74.0% with adjuvanted vaccine and lower with non-adjuvanted vaccine (10 - 45.8%). Seroprotection rates were 54 - 64% and 4.0 - 37.5% in the adjuvanted and non-adjuvanted groups, respectively. The seroconversion factor at day 180 was 2.9 - 4.5% in the adjuvanted groups and 1.0 - 2.2% in the non-adjuvanted groups.
The study demonstrated a clear benefit of AS03 adjuvanted formulation compared to non-adjuvanted formulation when assessing the GMTs of the HI antibody. This was seen across antigen doses (Figures 4 and 5).
Figure 4: Study H5N1-007: GMTs for serum HI antibody at Days 0, 21 and 42 (ATP immunogenicity cohort).
[image: ]
Figure 5: Study H5N1-007: “Adjuvantation” over “HA-dose effect” after the second dose (Day 42) (ATP immunogenicity cohort).
[image: ]
Cross-reactive immunity was assessed by measuring anti-HA antibody titres against an H5N1 heterologous strain (A/Indonesia/5/2005). For all non-adjuvanted formulations, protective levels of antibodies were not reached at any time point (days 21 or 42). In the adjuvanted vaccine groups, a significant increase in SPRs of 20 - 33% was observed between days 0 and 42. The SCFs in the adjuvanted vaccine groups, ranged from 1.0 to 1.2 after the first dose and from 2.0 to 2.8 after the second dose compared to no response in the non-adjuvanted groups.
Neutralising antibody responses against vaccine strain H5N1 A/Vietnam/1194/2004 were induced with all adjuvanted formulations.  In the lowest dose group (3.8 µg HA/AS03), all subjects except one were seropositive after the second dose, with a seroconversion rate of 85.7%. The NA response was notably higher after the second adjuvanted dose and only the adjuvanted vaccine elicited a heterologous NA response.
Evaluator’s Comment: The study demonstrated a clear benefit of the adjuvanted compared to the non-adjuvanted vaccine formulation across all parameters.
The results indicated the need for a 2 dose schedule.
The sponsor stated that considering the limited manufacturing capacities in the case of a pandemic, the formulation containing the minimum amount of antigen which fulfilled all three CHMP criteria would be selected for the adult population. Given this, the lower dose of 3.75 µg was selected.
[bookmark: _Toc439683821]Clinical efficacy
As the selected vaccine strain is not circulating in human populations, efficacy trials are unable to be carried out. Efficacy therefore is based on surrogate immunogenicity endpoints and these data are included in this section.
The clinical studies enrolled healthy subjects. The exclusion criteria for the adult studies were similar and are listed here:
use of immunosuppressants, immune-modifying or cytotoxic drugs, (generally within 6 months and including ≥0.5mg/kg/day of corticosteroids);
confirmed or suspected immunosuppressive or immunodeficient condition or autoimmune disease;
allergy or hypersensitivity to any component of the vaccine, allergic disease or reactions which could be exacerbated by the vaccine;
acute moderate or severe disease with or without axillary temperature ≥37.5 °C at time of vaccination;
administration of immunoglobulins or blood products (generally within 3 months);
prior vaccination with pandemic candidate vaccine or vaccine containing AS03;
lactating or pregnant women, or women of childbearing potential without appropriate contraception;
In addition, in general the studies also excluded:
vaccination between day 0 and 51 with seasonal influenza vaccine;
administration of licensed vaccines within 2 weeks for inactivated and 4 weeks for live vaccines;
prior contact with H5N1 wild type virus;
clinically significant disease on screening test/examination;
serious chronic disease including pulmonary, cardiovascular, renal, neurological, psychiatric or metabolic disorder;
chronic alcohol consumption or drug abuse;
diagnosis or treatment of cancer within 3 years;
receipt of analgesic or antipyretic medication on the day of vaccination.
[bookmark: _Toc404759854][bookmark: _Toc439683822]H5N1 Influenza prophylaxis
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc404759855]Adult efficacy studies
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc404759856]Study H5N1-002 and extensions H5N1-030 and H5N1-038
Study design, objectives, locations and dates
H5N1-002 was a phase III, observer-blind, randomised, controlled study in adults 18 to 60 years which assessed the lot-to-lot consistency of the immunogenicity of pandemic influenza vaccine (split virus formulation adjuvanted with AS03). The study was conducted in 2007 at 6 centres in Taiwan, Singapore, Thailand and Hong Kong. The Sponsor stated that it was evaluated, however the current evaluator could not find mention of it in the included evaluation report for 2007/0254/2.
The primary objective was to demonstrate consistency of immune response in terms of GMT ratio for anti-Haemagglutinin antibody response 21 days after the second vaccination elicited by four vaccine compositions. Secondary objects were safety/reactogenicity and further immune response endpoints. Subjects were randomised to one of 6 groups and followed to month 12.
The study was extended (protocol H5N1-030 ) in which booster vaccination with heterologous A/Indonesia was given at month 6 post primary vaccination in a subset of 265 subjects who had received 2 doses of adjuvanted vaccine. The subjects in the non-adjuvanted vaccine control groups received two booster doses of adjuvanted heterologous A/Indonesia vaccine at 6 months under protocol H5N1 - 030 and then were then discontinued.
Study H5N1 - 038 was an open label extension study of study H5N1 - 002. Subjects who were not randomised to receive a booster dose at month 6 in study H5N1 - 030 were randomised to receive a booster dose of adjuvanted vaccine at either 12, 24 or 36 months after initial priming. Protocol amendment changed the booster group for month 24 to receive booster vaccine at month 36 instead. In addition, subjects from H5N1 - 030 who received booster vaccination at 6 months in that study were included for long term follow-up. The CSR covered data up to month 18 including those who were boosted at month 12 and those who were not. There were also annexed reports to cover months 24 - 30, 36 - 42 and month 48.
Inclusion and exclusion criteria
For inclusion subjects were healthy adults 18 - 60 years. Women were of non-childbearing potential. Exclusion criteria were the standard exclusion criteria which were discussed above.
Study treatments
Four formulations were tested containing two lots of antigen (A and B) and two lots of AS03 adjuvant (X and Y). The four formulations tested were referred to as A/X, A/Y, B/X and B/Y. The vaccine contained 3.8 μg of H5N1 split virus antigen (A/Vietnam/1194/2004). The control groups received non-adjuvanted split virus vaccine (A or B) which was mixed with diluents. Vaccine and adjuvant/diluent were supplied in multidose vials. Two priming doses of vaccine were given 21 days apart.
Under study H5N1 - 030, at 6 months booster vaccination was given with heterologous H5N1 strain (A/Indonesia/5/2005) adjuvanted vaccine containing 3.8µg of HA. A subset of subjects (n = 265) who received the investigational adjuvanted vaccine received one dose of booster dose. The other 672 subjects of this study group did not receive booster vaccination at 6 months and are termed non-boosted subjects. The control groups (A/Dil and B/Dil) received two booster doses 21 days apart of adjuvanted vaccine.
In study H5N1 - 038, the booster at 12 months or at 36 months was a single dose of AS03 adjuvanted 3.8 µg of A/Indonesia/05/2005. Complementary influenza vaccine Fluarix was available for annual vaccination at the investigator’s discretion.
All vaccinations were 0.5 mL given by IM injection in the deltoid region of the non-dominant arm. Subjects were observed for 30 minutes post vaccination. Prohibited medications included immunoglobulins, blood products, immune modifying drugs and other vaccines.
Efficacy variables and outcomes
The main efficacy variables were:
Humoral immune response for anti-HA antibodies:
GMT at days 21 and 42.
Seroconversion rates (SCR) at day 21, day 42 (defined as the percentage of vaccine recipients who have either an anti-HA prevaccination titre < 1:10 and a post-vaccination titre ≥ 1:40 or a prevaccination titre ≥ 1:10 and at least a 4-fold increase in post-vaccination titre).
Seroconversion factors (SCF) at day 21, day 42 (defined as the fold increase in serum anti-HA antibody GMTs post-vaccination compared to Day 0).
Seroprotection rates (SPR) at day 0, day 21, day 42 (defined as the percentage of vaccine recipients with a serum anti-HA antibody titre ≥ 1:40 that usually was accepted as indicating protection).
Humoral immune response for neutralising antibodies:
GMT at day 42;
SCR at day 42 (defined as the percentage of vaccine recipients with a minimum 4-fold increase in neutralising antibody titre at post-vaccination).
The primary endpoint was the anti-HA antibody response against the A/Vietnam/1194/2004 vaccine strain measured 21 days after the second dose of the adjuvanted H5N1 vaccine (day 42).
Randomisation and blinding methods
Subjects were randomised in a 2:2:2:2:1:1 ratio to one of the 6 treatment groups using an internet based call-in randomisation system. Subjects were stratified by age (18 - 30 years and 31 - 60 years) in a 1:1 ratio.
Due to differences in vaccine appearance, the study was observer-blind. This meant that study personnel responsible for the vaccine preparation and administration were unblinded while those involved in clinical evaluations and subject follow up were blinded and not involved in vaccination.
Subjects in the extension study H5N1 - 030 were randomised to receive either booster at 6 months or not. Subjects in the extension study H5N1 - 038 were randomised to receive the booster vaccination at either 12, 24 or 36 months with the 24 month group later changed to receiving booster at 36 months.
Analysis populations
The total vaccinated cohort (TVC) for safety or immunogenicity was all vaccinated subjects with available safety data or immunogenicity data, respectively. The According to Protocol (ATP) cohort for immunogenicity was defined as all evaluable subjects (i.e., those meeting all eligibility criteria, complying with the procedures defined in the protocol, with no elimination criteria during the study) with available immunogenicity endpoint measures. This includes subjects for whom assay results were available for antibodies against at least one study vaccine antigen component after vaccination. The primary analysis was on the ATP cohort.
Sample size
A sample of 195 subjects per group gave the study a 98% power to detect a difference of > 2 fold in the pairwise comparison (GMT ratio) between the groups with a standard deviation of 0.735 and type 1 error of 0.025 one-sided. Bonferroni adjustment of beta was made for 6 comparisons between 4 groups. Assuming 10% non-evaluable subjects, 218 subjects per group were required (total of 1090 subjects consisting of four groups of 218 and two control groups of 109).
Statistical methods
The statistical analyses were performed in three steps. A first core analysis was on data to day 51, a second analysis on 6 month data and third analysis on 12 month data. These latter analyses were presented in clinical study reports for studies H5N1 - 030 and H5N1 - 038. Lot-to-lot consistency at 21 days after dose 2 was demonstrated if, for all pairs of lots, the two-sided 95% CIs for the ratio of anti-HA antibody GMT was within the [0.5,2.0] clinical limit interval. An ANCOVA model on the log10 transformed titres was used to calculate the 95% CI of the anti-HA GMT ratio between vaccine groups. Other analyses were descriptive.
Participant flow
The H5N1-002 study enrolled 1206 subjects (240 subjects in H5N1_AX; 239 subjects in H5N1_AY; 242 subjects in H5N1_BX; 240 subjects in H5N1_BY; 122 subjects in H5N1_AD; 123 subjects in H5N1_BD). There were 1190 subjects who completed the study and 16 subjects were withdrawn. The ATP immunogenicity cohort included 1169 subjects (96.9%) with 233, 235, 231, 234, 117 and 119 in the respective groups. The 21 subjects not included in the immunogenicity cohort had either non-compliance with blood sampling schedules or missing serological data.
In the extension study H5N1-030, there were 265 subjects from the adjuvanted vaccine group who received one booster dose, 672 subjects from this group who were not boosted and 236 subjects from the non-adjuvanted groups who received 2 booster vaccine doses. The ATP immunogenicity cohort included 485 (96.8%) subjects. There were 665 (99.0%) subjects not boosted who were included in the ATP cohort for antibody persistence.
In study H5N1 - 038, there were 845 subjects enrolled. Of those 189 scheduled to be boosted at 12 months, 188 received vaccine and 186 (98.9%) and 184 (97.9%) were included in the ATP cohort for immunogenicity at month 12 and 18, respectively. There were 219 subjects boosted at month 6 and 437 who had not received any booster vaccination who entered this extension study. Of these, 217 and 435, respectively, were included in immunogenicity analyses at 18 months. There were 435 subjects boosted at month 36 and 387 were included in the month 42 ATP immunogenicity cohort. By month 48, the reported size of the ATP cohort for immunogenicity was 731, with 194, 170 and 367 who received a booster dose at month 6, 12 and 36, respectively.
Major protocol violations/deviations
The 16 subjects withdrawn from study H5N1 - 002 had received forbidden concomitant vaccination or had vaccine doses not given according to the protocol. The 21 subjects not included in the immunogenicity cohort had either non-compliance with blood sampling schedules or missing serological data.
Baseline data
The mean patient age was 33.6 years (range 18 to 59 years) and 49% were female. All except 2 subjects were Asian. The groups were balanced on these characteristics.
Results for the primary efficacy outcome
Lot-to-lot consistency was demonstrated as at 21 days post the second vaccine dose the two sided 95% CI for the adjusted ratios of the anti-HA antibody GMT (A/Vietnam/1194/2004) was within the 0.5,2.0 predefined interval for all 6 pairs of comparisons (Table 2).
Table 2: GMT ratio (with 95%CI) of anti HA antibodies against the A/Vietnam/1194/2004 strain between all adjuvanted vaccine groups at Day 42 (ATP cohort for immunogenicity).
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Results for other efficacy outcomes
For pooled vaccine groups, the GMT for anti-HI antibodies against A/Vietnam strain was higher with adjuvanted than for non- adjuvanted vaccine particularly after the second vaccine dose. A similar finding was seen, although at lower levels, for the heterologous strain A/Indonesia.
SCR (93.7%), SPR (94.3%) and SCF (39.8) all met the CHMP criteria against homologous A/Vietnam post two doses of adjuvanted vaccine at day 42. In terms of protection against heterologous A/Indonesia (as measured by anti-HA antibodies), after two doses of adjuvanted vaccine, CHMP criteria were met for SCR (50.2%) and SCF (4.9) while the SPR (50.2%) did not meet the ≥ 70% criteria. The pooled non-adjuvanted vaccine group did not meet these European criteria for SCR, SPR, or SCF against either A/Vietnam or A/Indonesia.
For the adjuvanted vaccine pooled group, the SCR for neutralising antibodies at day 42 post 2 vaccine doses was 96% and 91% against A/Vietnam and A/Indonesia strains, respectively. The SCR was markedly lower in the pooled non-adjuvanted groups (32.4% and 5.6% for the A/Vietnam and A/Indonesia, respectively).
H5N1-030: At month 6 pre-booster vaccination, the GMTs (anti-HA antibodies) had declined notably compared to day 42.The SCR at month 6 after one booster dose was 96.1% and 94.9% for A/Vietnam and A/Indonesia, respectively, in the adjuvanted group compared to 48.5% and 46.3% respectively in the non-adjuvanted group. Figure 6 shows the improvement post vaccination in SCF against both influenza strains in the adjuvanted group. The SPR was 96.5% and 94.9% against the A/Vietnam and A/Indonesia strains post booster vaccination in the adjuvanted group and two booster vaccinations in the non-adjuvanted group resulted in SPR of 78.9% and 82.9% against the respective strains. For subjects not boosted, at 6 months the SPR was 61.7% and 17.9% for A/Vietnam and A/Indonesia respectively. After boosting the SCR for serum neutralising antibodies was 76.1% and 90.2% against A/Vietnam and A/Indonesia, respectively, for those in the adjuvanted vaccine group.
Figure 6: SCF A/Vietnam and A/Indonesia – boosted subjects (ATP immunogenicity cohort).
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H5N1 – 038: At month 12, without any booster vaccination, the GMT for H5N1 HI antibodies was close to the cut-off (11.8 and 6.2 for A/Vietnam and A/Indonesia, respectively). Following booster vaccine at 12 months the GMT rose and then declined by month 18 but the seropositive rate at month 18 was 93.4% for both strains. The booster SCR for both strains at month 12 and 18 was above guideline requirements of > 40%. The booster SCF and booster SPR were above the CHMP threshold post booster at month 12 + 21 days and month 18 for both vaccine strains.
For subjects who were boosted at month 6, by month 12 the booster SCR was still above the threshold for both strains but by month 18 only HI antibody response to the booster strain A/Indonesia still met regulatory requirement levels.
For subjects who had not received any booster doses, by month 12 seropositivity rates were 43.0% and 12.3% against A/Vietnam and A/Indonesia respectively, and at 18 months were 40.3% and 34.0%, respectively. The SCRs at month 12 and 18 in these subjects were below CHMP criteria for both vaccine strains.
For subjects boosted at month 12, by month 24 and month 30 all criteria (SPR, booster SCR and booster SCF) were still met for both vaccine strains apart from SPR against A/Indonesia. For those boosted at month 6 the immunogenicity criteria were no longer met at month 24 and 30 nor were they met for subjects who did not receive any booster dose. For subjects boosted at month 36, all regulatory criteria were met at month 48 for both vaccine strains.
CMI response: There was an increase in the frequency of antigen-specific (upon stimulation with either the split Indonesia or split Vietnam vaccine antigen) CD4 + T cells producing at least two immune response markers that was apparent 21 days after booster vaccination. There was no notable response in terms of the frequency of the cytokine-positive CD8+ T-cells in any group.
Summary: Study H5N1-002 was a randomised controlled trial in 1206 Asian adults which demonstrated lot-to-lot consistency of immune response in terms of HI antibody against the homologous A/Vietnam strain between the four vaccine compositions (2 adjuvant lots and 2 antigen lots). The adjuvanted formulation resulted in higher immune response compared to non-adjuvanted formulation. After two doses the criteria for SCR, SPR and SCF against homologous strain as well as the SCF and SCF for the heterologous strain were met as set out in CHMP guidelines. Adjuvanted vaccine also resulted in a high VRR for neutralising antibodies against both A/Vietnam and A/Indonesia.
A single heterologous booster vaccine dose at 6, 12 or 36 months in subjects primed with 2 doses led to immune response meeting guideline criteria for the homologous and heterologous vaccine strains. Neutralising antibody data were supportive. Subjects not receiving any booster did not meet CHMP requirements against either strain at 12 or 18 months.
[bookmark: _Toc290846276][bookmark: _Toc404759857]Study H5N1-008 and follow up H5N1-011
Study methods
Study H5N1 - 008 was a phase III, observer-blind, randomised, multicentre study to evaluate the safety and immunogenicity of one and two administrations of pandemic (H5N1) influenza vaccine (split virus formulation containing 15 µg HA and adjuvanted with AS03) in 5,075 adults aged 18 years and older. The study was conducted in 2006 in 41 sites in 7 countries in Europe and Russia. The primary objective was safety and reactogenicity. Immunogenicity was a secondary objective and only measured in a subset of vaccinated subjects. The month 6 follow-up visit was termed study H5N1 - 011.
Study H5N1 - 008 was previously evaluated in PM-2007-0254-2 and was also included in the current dossier. A full evaluation of the study can be found in the earlier clinical evaluation report. The main efficacy findings are summarised here.
The vaccine consisted of 15µg of HA from the A/Vietnam/1194/2004 strain adjuvanted with AS03. Subjects were randomised in a 3:1 ratio to either 2 doses of H5N1 vaccine 21 days apart or one dose of Fluarix vaccine (trivalent split virion influenza vaccine containing 45µg total HA) followed by placebo vaccine 21 days later. The randomisation was stratified by age to include half the subjects in the 18 - 60 years age group and half in the over 60 years group.
The ATP immunogenicity cohort included 609 subjects, 455 and 154 in the H5N1 and Fluarix groups, respectively. At day 180, the ATP cohort for antibody persistence included 450 in the H5N1 group and 150 in the Fluarix group.
Results for the efficacy outcomes
In study H5N1 - 008, for adults aged 18 - 60 years of age, the SCR and SPR were both 55.4% and the SCF was 6.2, 21 days after the first dose. The pre-defined CHMP criteria for SCR (> 40%) and SCF (> 2.5) but not for SPR (> 70%) were attained after the first dose H5N1 vaccine (15 µg HA) adjuvanted with AS03. Twenty-one days after the second dose (i.e. day 42), SCR and SPR rates increased to 91.6% and a SCF of 58.6 was obtained. There was a significant increase in the GMT level between day 21 and day 42 (33.3 vs 312.8). Each of the CHMP requirements was exceeded by a large amount after completion of the 2 dose schedule.
In study H5N1 - 008, for patients over the age of 60 years, the SCR and SPR rates were 62.1% and 67.4%, respectively, following the first dose. These increased to values of 87.8% and 93.1%, respectively, after the second dose. Seroconversion factors of 8.1 and 29.1, respectively, were observed after the first and second doses. GMTs observed at both time points were 57.3 and 206.4, respectively. The CHMP criteria for all three immunological criteria in elderly subjects (i.e. SCR > 30%, SPR > 60% and SCF > 2.0) were fulfilled after the first and second doses.
It is noted that the seropositivity rates were higher in the > 60 year olds than the 18 - 60 year olds at baseline (18.0% vs 2.5%).
Results for follow-up
Antibody persistence was measured at day 180 and in adults 18 - 60 years (n = 279). The SCR and SPR were 56.6% and 57.7%, respectively, with a SCF of 5.2. In the elderly >60 years at day 180 (n = 171) the SCR was 73.5%, the SPR was 78.9% and the SCF was 8.3.
Evaluator’s Comment: The Sponsor proposed that the higher seropositive rate in the elderly subjects at baseline, which may be due to cross-reactivity with other influenza strains, may have contributed to this apparent higher result in that age group.
Persistence of neutralising antibody response was also measured and at day 180 and the vaccine response rate (VRR) was 58.1% and 43.4% in those aged 18 - 60 and > 60 years, respectively.
Evaluator’s Comment: It is noted that at baseline in the elderly subjects (> 60 years) the seropositivity rate for neutralising antibodies was 83.6% and 90.0% in the vaccine and control groups, respectively (compared to 45.0% and 44.7%, respectively, in the 18 - 60 year olds). This likely cross-reactivity of antibodies makes interpreting results of neutralising antibody difficult.
Summary: H5N1-008 was a large, randomised, controlled study in 5071 adults with the primary objective being safety of the A/Vietnam strain vaccine at a higher antigen dose of 15 µg. After a two dose priming course the immune response for subjects aged 18 - 60 and > 60 years olds met all CHMP regulatory requirements. There was persistence of immune response to 6 months after the first vaccination with the three CHMP criteria still met for subjects > 60 years, while only two (SCF, SCR) of these criteria were met for subjects 18 - 60 years.
[bookmark: _Toc404759858]Study H5N1-010 and extension H5N1-021
Study design and methods
Study H5N1 - 010 was a phase II, randomised, open-label study to evaluate the immunogenicity and safety of a single or double-dose of the pandemic influenza vaccine (split virus formulation adjuvanted with AS03) given following a two dose administration schedule (21 days apart) in 437 adults over 60 years of age. It was conducted between 2006 and 2008 at 12 centres in Belgium and Italy. The primary objective was to evaluate the immunogenicity 21 days after vaccination and to assess antibody persistence to 2 years. Safety and reactogenicity were secondary objectives. Subjects were followed to month 6 in study H5N1 - 021 and a subset had antibody persistence assessed to 24 months. Study H5N1-010 was evaluated in the Pandemrix submission.
Included subjects were healthy adults aged 61 years or older. Exclusion criteria were the same as other studies. In addition, administration of licensed MF-59 containing or virosome-based influenza vaccines during the 2006 - 7 season was an exclusion criteria.
Subjects were randomised in a 3:1:3:1 ratio to one of 4 treatment groups:
3.8/AS - single dose (3.8μg) of the adjuvanted influenza vaccine (AS03).
3.8/NoAS - single dose (3.8μg) of the non-adjuvanted vaccine.
7.5/AS – double dose (7.5μg) of the adjuvanted vaccine (AS03).
7.5/NoAS - double dose (7.5μg) of the non-adjuvanted vaccine.
Subjects were stratified by age group (61 - 65, 66 - 70 and > 70 years) in a 1:1:1 ratio. The vaccine contained A/Vietnam/1194/2004 (H5N1) strain. The 7.5μg dose was given as two injections of 3.8μg at the same visit. All subjects received vaccination on day 0 and 21. Subjects not already vaccinated for the 2006 - 7 season, or who had no history of seasonal influenza disease, received the Sponsor’s commercial Fluarix at least 3 weeks prior to the first dose of study vaccine.
Evaluator’s Comment: This was done in order to mitigate possible confounding effects on the assessment of the immune response against the pandemic influenza candidate vaccine due to prior exposure to seasonal influenza virus, whether through natural exposure or through vaccination.
A sample size of 170 evaluable subjects per group gave the study an 86% power to detect a 1.7-fold difference between the two adjuvanted vaccine groups with AS03, assuming standard deviations of 0.738 and 0.656 (log10 unit) for the 7.5/AS and 3.8/AS vaccine groups (data from study H5N1 - 007 study) using a two sample t-test and a two sided significance level of 0.05. Allowing for drop outs, the target was 180 per AS03 vaccine group and 60 per comparator group.
Statistical methods were similar to study H5N1-002. An interim analysis was conducted at day 7 after enrolment of 100 subjects to assess safety and reviewed by an internal safety monitoring board. The study protocol was amended 6 times. Following FDA comments, amendments included, changing the interval between Fluarix and study vaccine to 21 days, allowing previous influenza vaccination that season, changing safety follow-up to 2 years in Belgian subjects only and adding neutralising antibodies assessment in a subset only.
Participant flow and baseline characteristics
There were 437 subjects enrolled and vaccinated: 159 and 165 in the 7.5/AS and 3.8/AS groups, respectively, and 52 and 61 in the 7.5/NoAS and 3.8/NoAS groups, respectively. The ATP immunogenicity cohort included 395 (90.4%) subjects with 145, 152, 44 and 54 in the four respective groups. There were 415 subjects who completed the study and 22 (5.2%) were withdrawn.
At day 180 (study H5N1 - 021), there were 376 in the ATP cohort to assess antibody persistence. At month 12 there were 298 subjects and at month 24 there were 228 (only Belgian centres participating).
The mean age of study subjects was 69.7 - 70.8 years with a range of 61 to 89 years with 54.2% of subjects male. At baseline, prior to vaccination, the seropositivity rate for HI antibody was 38.2% and 2.0% for the A/Vietnam/1194/2004 and the A/Indonesia/5/2005 strains, respectively. The GMTs were low against A/Vietnam (8.8 - 11.3) and A/Indonesia (5.0 - 5.2).
Results for efficacy outcomes
The increase, particularly in the adjuvanted vaccine groups, in seropositivity rates and GMTs after two vaccine doses for the two viral strains is shown in Tables 3 and 4. In the adjuvanted vaccine groups 3.8/AS and 7.5/AS, the SCR against A/Vietnam was 45.4% and 52.4% after one dose and 72.4% and 88.3% after two doses, respectively, thus meeting the CHMP regulatory requirements (> 30%). Non-adjuvanted vaccine did not meet these requirements. A SCR meeting regulatory requirements against heterologous A/Indonesia was only achieved after two doses of the double strength adjuvanted vaccine.
Table 3: Seropositivity rates and GMTs of H5N1 HI antibodies against the vaccine strain A/Vietnam/1194/2004 (ATP cohort for immunogenicity).
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Table 4: Seropositivity rates and GMTs of H5N1 HI antibodies against the vaccine strain A/Indonesia/5/2005 (ATP cohort for immunogenicity).
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The SCF threshold (> 2.0) was met after one dose of adjuvanted vaccine (both strengths) for A/Vietnam and after two doses of adjuvanted vaccine (both strengths again) for A/Indonesia. Non-adjuvanted vaccine did not lead to SCF results meeting the threshold for A/Indonesia.
The SPR data are shown in Figure 7. The non-adjuvanted vaccine did not meet the requirement of > 60%. For A/Vietnam, the 3.8/AS and 7.5/AS vaccine resulted in SPR of 61.2% and 62.1% after one dose and 83.6% and 95.9% after two doses, respectively. However, adjuvanted vaccine did not meet requirements for SPR against heterologous A/Indonesia.
Figure 7: Seroprotection rates for H5N1 HI antibodies against A/Vietnam/1194/2004 and A/Indonesia/5/2005 strains (ATP immunogenicity cohort).
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A comparison of GMT ratios on day 42 (post 2 doses) found significant effects for adjuvanted over non-adjuvanted vaccine and the double strength adjuvanted (7.5 AS) over the standard strength (3.8 AS) dose groups.
An exploratory analysis on the subgroups that were seropositive or seronegative to A/Vietnam/1194/2004 at baseline was conducted. In seronegative subjects at baseline, the SPR after one dose of adjuvanted vaccine was < 60% however after two doses was 73.3% and 94.6% in the 3.8/AS and 7.5/AS dose groups, respectively. The effect of seronegativity was not so evident on SCF or SCR.
A subset of subjects had neutralising antibodies against A/Indonesia measured after two adjuvanted vaccine doses. The baseline seropositivity rate was high (58.5 - 65.5%) and the SCR at day 42 was 48.8% and 28.7% in the 7.5/AS and 3.8/AS groups, respectively. For A/Vietnam, baseline seropositivity for neutralising antibodies was high (93 - 94%) and all subjects in these adjuvanted vaccine groups were seropositive after one vaccine dose. The SCR at day 42 was 56.1% and 44.8% in the 7.5/AS and 3.8/AS groups, respectively.
CD4 T cell responses were found across study groups and were higher in the adjuvanted vaccine group with an increase post second vaccine dose. No CD8 T cell response was found in any group.
Results for antibody persistence
At day 180 (H5N1 - 021), the seropositivity rate in the adjuvanted vaccine groups was 76.4 - 86.3% to A/Vietnam and 21.4 - 41.2% to A/Indonesia. There was a decline in GMT. For adjuvanted vaccine groups 3.8/AS and 7.5/AS, the SCR was 37.1% and 53.8% against A/Vietnam but much lower against A/Indonesia (3.6% and 6.2%). SCR was still above regulatory requirements for A/Vietnam but not for A/Indonesia. A SPR of > 60% was only found in the 7.5/AS group against A/Vietnam. CD4 T cell response had decreased. Neutralising antibody SCR to to A/Vietnam was 28.8% and 21.1% and to A/Indonesia was 43.8% and 26.3% in the 7.5/AS and 3.8/AS groups, respectively.
In the subset of elderly subjects who were followed for 2 years, at month 12 the SPR for antibodies to A/Vietnam was 42.5% and 43.8% and to A/Indonesia was 20.8% and 15.2% in the 7.5/AS and 3.8/AS groups, respectively. The SCR ranged from 15.2% to 22.9% against both strains and the SCF from 1.8 to 2.6. At month 24 rates had declined further with SCR ranging from 4.7 to 11.1%, the SCF from 1.4 to 1.9 and the SPR from 4.7 to 37.2% for the HI immune response against the two strains in the adjuvanted vaccine groups.
Summary: In study H5N1 - 010, two doses of vaccine were given 21 days apart in 437 adults 61 years or older. Adjuvanted and non-adjuvanted vaccine with either a single (3.8 µg) or double (7.5 µg) dose of A/Vietnam antigen were assessed. The elderly population was noted to have a high baseline HI antibody positivity to A/Vietnam at 38%. The study found a clear advantage of adjuvanted vaccine over non-adjuvanted vaccine particularly on heterologous HI response. The adjuvanted vaccine at either dose met all guideline requirements after one dose for the homologous strain and after 2 doses for the heterologous strain (except for SPR). The double dose adjuvanted vaccine (7.5/AS) resulted in a greater immune response than the single dose adjuvanted vaccine (3.5/AS). Overall, the response of 2 doses of 3.8 ug adjuvanted vaccine 21 days apart was better than 2 doses given on same day. Exploratory analysis found that in seronegative subjects two doses of vaccine were required for the immune response to meet all regulatory requirements. At month 12 and 24 the immune response no longer met CHMP thresholds.
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Study design and methods
Study H5N1 - 041 was a phase III, observer-blind, randomised, controlled study in 320 adults aged 18 to 60 years which aimed to demonstrate the non-inferiority of a thiomersal-free processed pandemic influenza vaccine (split virus formulation adjuvanted with AS03) compared to a thiomersal-containing processed pandemic influenza vaccine (split virus formulation adjuvanted with AS03). It was conducted in 2008 - 2009 at a single centre in Taiwan. The primary objective was non-inferiority, as based on immunogenicity of the thiomersal-free to thiomersal-containing vaccine 21 days after the second vaccination.
Subjects were healthy adults and the standard exclusion criteria were applied. They received two doses of vaccine 21 days apart and were followed to day 180. The study vaccine consisting of 3.75 μg (referred to as 3.8 μg) of H5N1 split virus antigen (A/Indonesia/05/2005) and the adjuvant AS03. Subjects were randomised in a 1:1 ratio to one of the two parallel groups. Clinical study data were collected in by study personnel who were not involved in vaccine administration to maintain observer-blind.
The upper limit of the two sided 95% CI for the GMT ratio for HI antibodies titre against A/Indonesia on day 42 needed to be ≤ 2.0 for non-inferiority of thiomersal free (TF) to thiomersal containing (TC) vaccine to be declared. A sample of 152 evaluable subjects per group gave the study a 99% power to detect this assuming a SD (log10) of 0.543. The 95% CI was calculated using an ANCOVA model (adjusting for baseline titre).
Results
There were 320 subjects enrolled and vaccinated and the ATP cohort for immunogenicity included 312 subjects, 156 in each group. Subjects had a mean age of 31.9 years and all were Asian. Baseline GMTs for HI antibodies for both strains (A/Indonesia and A/Vietnam were below the cutoff of < 1:10).
At 21 days after the second vaccination, the adjusted GMT ratio (TF/TC) was 1.20 (95% CI: 1.01, 1.42) indicating that non-inferiority was achieved as the upper limit of the 95% CI was less than 2.0.
For both TF and TC vaccine, seropositivity rates and GMTs against both strains increased by day 42. The SCR for A/Indonesia was 100% and 98.7% and for A/Vietnam was 91.7% and 81.3% for the TF and TC vaccines, respectively. The lower bounds of the 95% CI were all above 40% guideline threshold. The SCF was > 2.5 for both TF and TC groups against both strains. The SPR for both TF and TC groups also met regulatory requirement with rates ≥ 81.9% against both vaccine strains.
At day 180 follow-up, the ATP cohort for persistence of antibodies included 310 subjects (155 in each group). The GMT had decreased in both formulation groups and to a greater extent against A/Vietnam than to A/Indonesia. At day 180, the SPR for HI antibodies to A/Indonesia was 82.6% and 67.1% in the TF and TC vaccine groups, respectively. The SCR for A/Indonesia was 82.6% and 67.1% and SCF was 10.4 and 6.5 in the TF and TC groups, respectively. The response to the heterologous A/Vietnam strain no longer met regulatory requirements at day 180 for either formulation group. The SCR for neutralising antibody against A/Vietnam at day 42 was 25.9% vs 22.0% and at day 180 was 12.1% vs 15.3% for the TF and TC formulations, respectively. The 95% CIs were overlapping indicating no difference between formulations.
Summary: In this study of 320 Taiwanese adults, two vaccine formulations were assessed and non-inferiority of the thiomersal free processed vaccine to the thiomersal containing vaccine was demonstrated at day 42 after two doses. The study used the proprosed vaccine antigen A/Indonesia/05/2005, adjuvanted with AS03, for the priming course. The immune response to both vaccine formulation groups met regulatory requirements for both the homologous A/Indonesia and heterologous A/Vietnam strains. After 2 priming doses, at 6 months immune the response still met regulatory requirements for homologous A/Indonesia strain (except for SPR with TC vaccine). There was trend for antibody persistence at 6 months to be greater with the TF formulation although this was not formally assessed.
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Study design and methods
H5N1 - 012 was a phase II, open label, randomised study in adults to evaluate the reactogenicity and immunogenicity of a 1- and 2-dose prime-boost concept of pandemic monovalent (H5N1) influenza vaccine (split virus formulation) adjuvanted with AS03, administered according to different vaccination schedules. It was conducted between 2007 and 2008 at 11 centres in Germany. The study assessed primary vaccination with one or two doses and booster vaccination at 6 or 12 months with either homologous or heterologous vaccine strains.
The primary objectives were safety/reactogenicity and humoral immune response of a single heterologous booster dose 6 months after primary vaccination.
The study included healthy adults 18 to 60 years with the standard exclusion criteria. The study duration was 18 months with the primary analysis at month 6 or month 6 plus 30 days depending on treatment group. Further analyses were conducted at 12 and 18 months.
Subjects were randomised centrally to one of eight parallel groups. Randomisation was stratified by age (18 - 30 and > 30 to 60 years) in a 1:1 ratio. Treatment was open label. The eight treatment groups were:
VT/VT/6Mo: two administrations of the pandemic influenza vaccine containing Vietnam (VT) strain at Day 0 and Month 6.
VT/VT/12Mo: two administrations of the influenza vaccine containing the VT strain at Day 0 and Month 12.
VT/IN/6Mo: one administration of the influenza vaccine containing the VT strain at Day 0 and one of vaccine containing the Indonesia (IN) strain at Month 6.
VT/IN/12Mo: one administration of the influenza vaccine containing the VT strain at Day 0 and one of vaccine containing the IN strain at Month 12.
2VT/VT/6Mo: two administrations of the influenza vaccine containing the VT strain at Day 0 and Day 21 and a third dose of vaccine containing the VT strain at Month 6.
2VT/VT/12Mo: two administrations of the influenza vaccine containing the VT strain at Day 0 and Day 21 and a third dose of vaccine containing the VT strain at Month 12.
2VT/IN/6Mo: two administrations of the influenza vaccine containing the VT strain at Day 0 and Day 21 and a third dose of vaccine containing the IN strain at Month 6.
2VT/IN/12Mo: two administrations of the influenza vaccine containing the VT strain at Day 0 and Day 21 and a third dose of vaccine containing the IN strain at Month 12.
The vaccine was the monovalent influenza pandemic candidate vaccine with the H5N1 A/Vietnam/1194/2004 like NIBRG-14 or the A/Indonesia/05/2005 like PR8-IBCDCRG2 strains containing 3.8 μg of HA antigen and the adjuvant AS03.
The primary efficacy variables were the HI antitbody titres against A/Indonesia in the VT/IN/6Mo group. The 95% CI for the mean log-transformed titres were calculated. Between group comparisons were analysed using an ANCOVA model.
Assuming a seroconversion rate of 82% after dose 2 of vaccine, a sample size of 57 per group gave the study a > 99% chance of obtaining a lower 95% CI limit of ≥ 40%. If the true SPR was 84% then this sample size gave the study >70% probability of a lower 95% CI limit of ≥ 70%. Allowing for non-evaluable data, a sample size of 63 subjects per group was chosen.
Study participant flow and characteristics
There were 512 enrolled subjects, 498 in the safety cohort and 438 (85.5%) in the ATP cohort for immunogenicity. This resulted in the group sizes ranging from 48 to 60. The major protocol deviation was noncompliance with blood sampling schedule. The 6 month completion rate was 93.9% (481/512) and the 12 month rate was 88.7% (454/512). The ATP cohort for immunogenicity at month 12 included 402 subjects with 49 to 55 per group.
The mean age of participants was 34 years, 53.3% were female and 97.7% were Caucasian. These characteristics were balanced between groups. Baseline GMTs for H5N1 HI antibodies against both strains were low and near or below the cut-off of 5.0.
Results for the primary efficacy outcome
In subjects who received one priming dose of vaccine with A/Vietnam and then one booster dose at 6 months with A/Indonesia, the HI antibody response against A/Indonesia at 6 months + 7 days and 6 months + 21 days met CHMP requirements for SCR, SPR and SCF (Table 5).
Table 5: H5N1 HI antibody response against the A/Indonesia/5/2005 strain for the VT/IN/6Mo group at Day 0, Month 6, Month 6 + 7 days and Month 6 +21 days (ATP cohort for immunogenicity).
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Results for other efficacy outcomes
Month 6 booster response: After priming vaccination with A/Vietnam and a booster vaccination at 6 months, the GMTs for H5N1 HI antibodies against A/Indonesia and A/Vietnam increased across the groups. Response to A/Indonesia was greater when boosted with the homologous strain. Response to A/Vietnam was similar between groups whether boosted with A/Vietnam or A/Indonesia.
The SCR at 6 months (+ 7 or + 21 days) for both A/Indonesia and A/Vietnam was > 40% (83.3% to 98.1% at 6 months + 21days) for all 4 groups boosted at 6 months. The SCF at 6 months also met regulatory requirements being > 2.5 against both vaccine strains. The SPRs were > 70% following booster vaccination in all groups however the lower limit of the 95% CI for SPR against A/Indonesia was not ≥70% in the VT/VT/6Mo and the 2VT/VT/6Mo groups.
The booster SCR (month 6 baseline as pre booster level to post booster) was >40% in all groups for HI antibodies against both strains: A/Vietnam 69.2 % - 100.0 % and A/Indonesia 50.0 % - 100.0% at 6 months + 21 days. The booster factor (SCF using pre-booster titres at month 6 as baseline) at month 6 + 21 days was 45.6 - 55.3 and 17.6 - 17.9 against A/Indonesia and A/Vietnam, respectively.
Antibody persistence to month 6: The persistence of antibodies against either strain to month 6 after primary vaccination was greatest in those who had received two priming doses. At month 6 the only groups with a SCR > 40% were those with two primary vaccinations and only against the homologous strain. Similarly, the persistence of antibodies in terms of SCF and SPR was best with the two dose priming course. The SPRs at 6 months did not meet regulatory requirements against either strain.
All groups after receiving 6 month boosters had high seroconversion rates for neutralising antibodies against both strains (≥ 95.7%).
Month 12 booster response: At month 12 + 21 days, the highest booster response against either strain was in the 2VT/IN/12Mo group. The SCR met regulatory requirements at month 12 + 7 days and month 12 + 21 days for both strains in all groups. The SCF > 2.5 was also achieved in all groups for antibodies against both strains. The SPR was > 70% for antibodies against both strains in all groups. The lower limit of the 95% CI was not ≥ 70% at 12 months + 7 days in the VT/VT/12Mo group for A/Indonesia, although this criteria was met at month 12 + 21 days. The booster SCR ranged from 76 - 90% against the 2 strains at month 12 + 7 days.
Antibody persistence to month 12: For those boosted at month 12, the antibody titres pre-booster had declined and the seropositivity rates were 28.8 - 59.1% and 9.6 - 29.5% against A/Vietnam and A/Indonesia respectively. For those boosted at month 6 the SCR at month 12 ranged from 74.5 - 80.4 % for the A/Vietnam and 37.2 - 67.4 % for the A/Indonesia strain. At 12 months, without any booster, the SCF was > 2.5 for A/Vietnam but was less than this against heterologous A/Indonesia. For those boosted at month 6, the SCF at month 12 was > 2.5 for both strains. At 12 months, the SPR ranged from 0 to 38.6% for both strains in those not boosted and for those who had received a booster at 6 months the SPR was 74.5 - 80.4% against A/Vietnam and 37.2-67.4% for A/Indonesia.
Neutralising antibody responses reported on 12 month data were in line with the HI antibody data.
Month 18 data: For subjects boosted at 6 months, at 18 months seropositivity rates ranged from 62% to 78% and SPRs from 27.7% to 49.8% across all groups and for both strains. For subjects boosted at 12 months, at 18 months CHMP criteria for SPR, booster SCR and booster SCF were all met for both strains with the exception of the SPR in the VT/VT/12Mo group for antibodies to A/Indonesia.
Summary: H5N1 - 012 was a phase II study in 512 adults which assessed in eight parallel groups either one or two primary doses of vaccine containing A/Vietnam followed by booster vaccination at 6 or 12 months with either A/Vietnam or A/Indonesia strain. The study met its primary objective as after a single priming dose and a 6 month booster with heterologous strain regulatory requirements were met against the strain used in boosting. In addition, a heterologous strain booster administered at 12 months after one or two priming doses provided satisfactory immune response. The booster response is noted 7 days after vaccination. There was a trend for higher responses in those who received two priming doses. Data on HI antibodies were supported by neutralising antibody response data.
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Study design and methods
Study H5N1 - 015 was a phase II, open label, non-randomised study designed to evaluate the reactogenicity and immunogenicity of one or two booster administrations of heterologous influenza pandemic vaccine in adults previously vaccinated with 2 doses of influenza vaccine (H5N1 A/Vietnam/1194/2004 containing 3.8, 7.5, 15 or 30 μg HA, adjuvanted or not with AS03) in study H5N1 - 007. The study was conducted in 2007 - 2008 (with follow up to 2010) at one centre in Belgium. The primary objectives were to assess the immune response 21 days after one booster vaccination in subjects who had received two priming doses 14 months earlier, as well as safety/reactogenicity.
Subjects who had previously received non-adjuvanted vaccine in H5N1 - 007 were given two booster doses of A/Indonesia/05/2005 strain (3.8 μg HA/AS03) at day 0 and day 21. Subjects who had previously received adjuvanted vaccine in H5N1-007 were given one booster dose of A/Indonesia/05/2005 strain (3.8 μg HA/AS03) at day 0. There was also a control group of unprimed subjects who received two doses of adjvanted vaccine
Evaluator’s Comment: Subjects who received non-adjuvanted vaccine in study H5N1-007 were considered to not be sufficiently primed and so were given two booster doses.
There were ten parallel groups, nine from original groups in H5N1 - 007 and one control group. Adults aged 19 to 61 years were included and the standard exclusion criteria applied. Subjects were followed to month 24. The study was open label and not randomised. The core analysis was conducted one month after booster vaccination/s. Analysis was descriptive and intergroup comparisons were exploratory. The target sample size was 400 from H5N1 - 007 and 50 control subjects. The SCR and SCF reported are booster SCR and booster factor.
There were 300 subjects enrolled from study H5N1 - 007 (35 - 41 per group) and 50 control subjects with 347 completing the study. The ATP cohort for immunogenicity included 325 subjects. The mean age was 36.3 years, 98.6% were Caucasian and 55% female.
Results for the primary efficacy outcome
For subjects who received H5N1 3.8 adjuvanted vaccine in the primary study, 21 days after a single heterologous booster containing A/Indonesia strain all CHMP and FDA regulatory requirements were met for SCR, SPR and SCF.
Results for other efficacy outcomes
In the control group at day 28 (7 days after the second dose), the seropositivity rate for H5N1 HI antibodies against the A/Indonesia/05/2005 strain was 100%. At day 42 (21 days after the last vaccination) the seropositivity rates in the four primary study H5N1 non-adjuvanted groups were between 67.6 % and 96.4 %. In the four adjuvanted groups, seropositivity rate at day 21 was between 92.3 and 100%.
The SCR threshold of > 40% was reached by all four adjuvanted groups by day 7, by non-adjuvanted groups by day 14 and by the control group by day 21. The exception was the lower limit of the 95% CI was not >40% in the lowest H5N1 3.8 non-adjuvanted group at day 21.
The SCF for a H5N1 HI antibodies against A/Indonesia was > 2.5 in all groups by day 14. SPR threshold of > 70% was met by all adjuvanted groups by day 7 and by the control group at day 28. The non-adjuvanted groups had poorer results and the threshold was not met by the H5N1 3.8 group at any point.
The HI response was also assessed against A/Vietnam strain in the control, H5N1 3.8 and H5N1 3.8 AD groups. All groups met the SCR and SCF thresholds. The SPR threshold of > 70% against A/Vietnam was only met in the H5N1 3.8 AD group.
GMT, seropositivity and SCR for neutralising antibodies against A/Indonesia were in line with HI data. Exploratory analysis found no significant differences in terms of GMT ratios between groups whether primed with adjuvanted or non-adjuvanted vaccine.
At 6 months, there were 337 subjects in the ATP cohort for immunogenicity. The persistent immune response appeared higher in the adjuvanted vaccine group against the A/Indonesia and A/Vietnam strains. The H5N1 3.8 AD group met regulatory requirements for SCR and SCF but not for SPR.
By month 18, the persistence of immune response was greater in adjuvanted than non-adjuvanted groups and also greater in the boosted subjects than in the control group. The results for H5N1 3.8 AD vs control groups against A/Indonesia were: SCR 63.6% vs 13.5%, SCF 10.1 vs 2.4 and SPR 64.7% vs 13.5%.
There were 312 subjects who completed the study to month 24 and 304 (86.9%) were in the ATP cohort for immunogenicity. At this time point GMTs had decreased markedly across groups. In the H5N1 3.8 AD vaccine group, for HI antibodies against the booster strain A/Indonesia, the SCR was 54.5%, the SCF 6.9 and the SPR was 55.9%.
Summary: The study met its primary objective as the humoral immune response 21 days following a single booster dose of heterologous vaccine to subjects previously (14 months prior) primed with two doses of adjuvanted vaccine met the CHMP and FDA guideline criteria. The study showed that a heterologous booster can be given up to 14 months after 2 dose priming vaccination and elicit a satisfactory immune response to both the booster and primary vaccine strain. The response was better in those who had received priming with adjuvanted compared to non-adjuvanted vaccine.
The antibody persistence was greater in the subjects who received a single booster after the earlier priming with 2 doses than in the control group who received the 2 dose primary vaccination. Antibody persistence was also greater in the adjuvanted than non-adjuvanted vaccine groups and at 24 months, 2 of 3 CHMP thresholds were still met in the adjuvanted group who received heterologous booster vaccination.
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Study design and methods
These studies were phase II, randomised, open label, controlled studies to evaluate the safety  and immunogenicity of different formulations of the pandemic influenza vaccine adjuvanted with AS03 given following a two-dose schedule (21 days apart) in children 3 to 9 years of age. They were conducted at seven centres in Spain between 2007 and 2008. The primary objectives were humoral immune response (HI antibodies), safety/reactogenicity and biochemical safety.
The study assessed three formulations of the vaccine, one in each of phase A, B and C. This phasing was done for safety reasons. Each phase was designated a study number:
Phase A, study H5N1-009, assessed formulation 1 which contained half the adult dose of both antigen (1.9 µg) and adjuvant (AS03B).
Phase B, study H5N1-022, assessed formulation 2 which contained the full adult dose of antigen but only the half adult dose of adjuvant (AS03B).
Phase C, study H5N1-023, assessed formulation 3 which contained the full adult dose of both antigen and adjuvant.
The vaccine used contained A/Vietnam/1194/2004 (H5N1) like NIBRG-14 strain. Subjects were randomised centrally in a 3:1 ratio to the vaccine formulation being assessed or to Fluarix (which contained 45 µg of HA from 3 influenza strains). Children were enrolled sequentially into two age strata, first the 6 to 9 year olds then the 3 to 5 year olds in a 1:1 ratio. Two doses of vaccine were given 21 days apart by IM injection into the deltoid region. Subjects were followed to month 24. Healthy children 3 to 9 years of age were included with standard exclusion criteria.
Interim safety analyses were conducted in the first age group after day 7 before the second vaccination was given, before the second age group was commenced and before moving to the next phase. An independent data monitoring committee was involved for the go/no-go decisions. Statistical analyses were the same as for previous studies. The protocol was amended three times to add age stratification with safety review, to distinguish internal and external safety review and to extend safety follow-up to 2 years.
The target sample size was 400 (3 groups of 100 for each formulation and one group of 100 controls) to reach 360 evaluable subjects assuming a 10% drop out rate. A sample of 90 evaluable subjects per group gave the study a 95% power to detect a 2 fold difference in the anti-HA GMT between the three groups assuming a SD of 0.5 (log10) and a 0.0167 two sided significance level.
Participant flow
In phase A, 138 subjects were enrolled and vaccinated, 102 in the half HA/half AS03 group and 36 in the control group. Half of these subjects were 6 - 9 years and half 3 - 5 years of age. The ATP immunogenicity cohort included 122 (88.4%). As the excluded proportion of subjects was 11.6%, analysis was also undertaken on the total vaccinated cohort.
In phase B, 134 subjects were enrolled with 100 in the full HA/half AS03 (49 subjects in each age group) and 35 in the control group. There were 120 (89.6%) in the ATP cohort for immunogenicity.
In phase C, 133 subjects were enrolled with 98 in the full HA/full AS03 (49 and 51 in the 6-9 and 3-5 year age group) and 34 in the control group. There were 115 (86.5%) in the ATP cohort for immunogenicity.
Results for the efficacy outcomes
Phase A (half HA/half AS03): The GMT rose notably from day 21 to day 42 after the second vaccination in the half HA/half AS03 group. The seropositivity rate for HI antibodies against A/Vietnam was 100% and 98.0% and against A/Indonesia was 79.1% and 77.6% in the 6 - 9 and 3 - 5 years age groups, respectively, compared to 0% in the control group. After the second vaccination, the SCR was > 40% (and the lower limit of the 95% CI was > 40%) against both strains in the half HA/half AS03 group.
The SCF at day 42 was 78.5 - 108.1 against A/Vietnam and 10.7 - 12.2 against A/Indonesia in the half HA/half AS03 group. The SPR against A/Vietnam at day 42 was 100% and 95.9% for the 6 - 9 and 3 - 5 year age groups, respectively. It was lower against the A/Indonesia strain, 74.4% and 71.4%, in the two age groups, respectively. There was no seroprotection against these strains in the Fluarix control group.
Neutralising antibodies were assessed against the homologous A/Vietnam strain and seropositivity rates at day 42 were 90.7% and 91.7% in the 6 - 9 and 3 - 5 years age groups and 78.6 - 80.0% in the control group. The SCR at day 42 was 95.6 to 100% in the half HA/half AS03 group compared to 57.1 - 66.7% in the control group.
Data on the total vaccinated cohort analysis were in line with the ATP cohort analysis.
Phase B (full 3.8 µg HA/half AS03): GMTs and seropositivity rates rose notably at day 42 against both antigen strains. The SCR for H5N1 HI antibodies against both strains met regulatory thresholds by day 42. At day 42, the SCF was 123.2 and 132.3 against A/Vietnam and 13.0 and 14.7 against A/Indonesia in the 6-9 and 3-5 years age groups, respectively. The SPR met CHMP thresholds for both strains and FDA thresholds for the homologous strain at day 42 after two vaccine doses.
Phase C (full 3.8 µg HA/full AS03): There were similar findings on GMTs and seropositivity rates at day 42 as in the previous phases. The SCR and the SCF met regulatory requirements against both strains at day 42. At day 42, the SPR was 100% against A/Vietnam and 79.1% and 95.5% in the 6 - 9 and 3 - 5 year groups, respectively, against A/Indonesia with only the 6 - 9 age group not meeting FDA requirements against the heterologous strain.
Neutralising antibody response against A/Vietnam found a high SCR with both the phase B and phase C formulations at day 42 in both age groups. Analysis of the total vaccinated cohort was consistent with the ATP analysis.
A comparison of the H5N1 vaccine formulations used in the phases found some differences in favour of the full strength antigen dose (phase B and C) although the results were somewhat variable.
CMI data were available on 23 half HA/half AS03 and 8 control 3 to 5 year olds (and no 6 - 9 year olds). H5N1-specific CD4 T cells producing IL-2 increased post H5N1 vaccination while there was no increase in CD8 T cells and little effect from the seasonal influenza vaccine on CD4 T cells.
Antibody persistence: At 6 months, at least 64.0% of subjects in the half HA/half AS03 group (Phase A), 72.3% of the full HA/half AS03 group (Phase B) and 78.0% of the full HA/full AS03 group (Phase C) were seropositive for H5N1 HI antibodies against the vaccine-homologous strain. At this time in all groups, the lower limit of the 95% CI for the SCR was ≥ 40%, and the SCF ranged from 5.9 to 16.0, however no groups met US criteria for SPR. For the heterologous A/Indonesia strain the antibody persistence was greater with the full HA groups (Phase B and C) than in the half HA group (Phase A).
Antibody response was seen to decline further with low GMTs at month 24. The SPRs for the H5N1 HI antibodies against the A/Vietnam strain at month 12 in the two age groups across the three formulations ranged from 24.3% to 62.9% and at month 24 from 24.3% to 76.9%. The SCR ranged from 22.9% to 62.9% and from 22.9% to76.9% at month 12 and 24 respectively. Data on immune response to A/Indonesia were consistent with some low levels of antibody persistence.
Evaluator’s Comment: There was some increase in results from month 12 to 24 which the Sponsor attributes to the assay variability due to low GMTs.
Persistence of the humoral immune response in terms of neutralising antibodies against the A/Vietnam strain was only assessed in Phase A. In this group, the SCR at month 24 ranged from 63.9% to 80.0%. The rate in the control group was 25.0% to 36.4%. Overall, data on antibody persistence was consistent between the 3 - 5 and 6 - 9 years age groups.
Evaluator’s Comment: The Sponsor proposes that this response in the control group to A/Vietnam was due to cross-reactive antibodies.
Summary: Studies H5N1-009, -022 and -023 assessed three formulations of the H5N1 vaccine, with seasonal trivalent influenza vaccine as a control, in 405 children 3 to 9 years of age. The three formulations were half HA (1.9 µg)/half AS03, full HA (3.75 µg)/half AS03 and full HA/full AS03. All formulations resulted in high immune response in terms of HI and neutralising antibodies and the immunogenicity of the three formulations was similar between age groups of 6 - 9 and 3 - 5 year olds. A two dose course, 21 days apart, resulted in immune responses that met regulatory requirements for SCR, SCF and SPR against the homologous A/Vietnam strain and SCR and SCF against the heterologous A/Indonesia strain. The SCR and SPR rates were high overall and did not show marked differences between the three formulations tested. For HI antibody response again homologous strain, the GMTs and SCF results were however higher in the full dose group than the half dose group. While there was a decrease in immune response with time, there was evidence of persistent antibody response at month 24 particularly against the homologous strain. Results suggested an improved antibody persistence with the full HA dose vaccine compared to half dose vaccine, however comparisons were not formally tested and there was some variability in the data.
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Study design and methods
Study H5N1-013 was a phase II, non-randomised, open label study to evaluate the safety and immunogenicity of the adjuvanted pandemic H5N1 influenza vaccine following a heterologous prime-boost schedule (six months apart) in children aged 6 to 35 months. It was conducted between 2011 and 2012 at 6 sites in Australia and 2 in Singapore.
The primary objective was to assess whether a heterologous booster dose of 1.9 μg A/turkey/Turkey/1/2005 (H5N1) haemagglutinin (HA) with AS03B given six months following a two-dose primary vaccination series with 1.9 μg A/Indonesia/05/2005 (H5N1) HA with AS03B elicited an antibody response that met the EMA CHMP guidance targets for pre-pandemic vaccine SCR, SPR and mean geometric increase (MGI) based on haemagglutination inhibition (HI) responses to A/turkey/Turkey/1/2005 (H5N1) ten days following booster vaccination. The CHMP criteria were fulfilled if: the point estimate for SCR was > 40%, the point estimate for SPR was > 70%, and the point estimate for MGI was > 2.5.
Healthy infants and children aged 6 to < 36 months were enrolled with standard exclusion criteria. Children in care such as institutions were excluded.
All infants and children received two primary doses 21 days apart of A/Indonesia/05/2005 H5N1 vaccine containing 1.9 µg HA and AS03B. A booster dose of A/Turkey/Turkey/1/2005 H5N1 vaccine containing 1.9 µg HA and AS03 B was given on day 182. Injections were IM (deltoid or anterolateral thigh) with a volume per dose of 0.25 mL. Adjuvant volume in the vaccine was 0.125 mL.
Subjects were planned to be stratified into 3 age groups, 6 - 11 months, 12 - 23 months and 24 - 35 months, in a 2:1:1 ratio. The study was open label and non-randomised. There was no control group. Children were followed for one year.
A sample size of 108 evaluable subjects (120 allowing for drop outs) was selected.
Evaluator’s Comment: There were no sample size calculations discussed in the CSR.
The main efficacy analysis was at day 204 with a final analysis at day 364. Statistical methods were the same as in other studies. There were 3 protocol amendments to correct table errors, to exclude subjects with a history of H5N1 virus infection or vaccination and to cease the age stratification ratio due to recruitment difficulties.
Results
There were 113 subjects enrolled; 46, 34 and 33 in the 6-< 12, 12- < 24 and 24- < 36 month age groups, respectively. Of these, 109 completed the study to month 6 and 107 (94.7%) to month 12. The mean age was 16.9 months, 55.8% were female, 72.6% Asian and 25.7% Caucasian.
In the ATP cohort for immunogenicity, at 6 months following two dose priming and a single dose heterologous booster 6 months later, all three CHMP regulatory criteria for antibody response to the booster strain were met in the three age strata. For the total group, the SCR was 100% (95% CI: 95.7 - 100), the SPR was 100% (95% CI: 95.7 - 100) and the SCF (MGI) was 357.7 (95% CI: 302.4 - 423.2).
Seropostivity rates and GMTs were high against both A/Vietnam and A/Indonesia strains at 6 months across the age groups. The HI antibody response against A/Indonesia was also robust for all parameters (100% for both SCR and SPR and a SCF of 357).
At 12 months, there was persistence of immune response in terms of HI antibodies to both strains. For the combined age groups, the SPR was 100% for both strains, the SCR was 100% for A/Indonesia and 96% for A/Turkey and the SCF was 209.7 and 14.9 for the respective strains. The seropositivity and GMTs of neutralising antibodies against both strains also remained high at 12 months.
Results of the total vaccinated cohort reflected the ATP analysis.
Summary: In the phase II study H5N1-013, 113 infants children 6 - 35 months received two priming doses with 1.9 µg of A/Indonesia H5N1 HA combined with AS03B 21 days apart and a single booster dose at 6 months with 1.9 µg of A/Turkey/Turkey H5N1 HA combined with AS03B. Following the heterologous booster (10 days), the immune response met all CHMP criteria with 100% SCR and SPR and a SCF of 358. Results were consistent across the age groups of 6- < 12, 12- < 24 and 24- < 36 months. There was persistence of immune response to 12 months for both the booster strain A/Turkey and the primary vaccination strain of A/Indonesia.
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Study design and methods
Study H5N1-032 was a phase III, randomised, open label, active controlled study to evaluate the safety and immunogenicity of a prime-boost schedule of the H5N1 vaccine adjuvanted with AS03B administered to children aged 3 to 17 years. It was conducted between 2011 and 2012 at one site in the Philippines.
The primary immunogenicity objective was to assess the superiority of the HI antibody response against A/turkey/Turkey/01/2005 (H5N1) 10 days following H5N1 booster vaccination on Day 182 (1.9 μg A/turkey/Turkey/01/2005 [H5N1] HA antigen adjuvanted with AS03B) in subjects previously primed with two doses of heterologous A/Indonesia/5/2005 (H5N1) vaccine (Group H5N1_H5N1) versus non-primed subjects (Group Havrix_H5N1).
Subjects were randomised centrally in a 3:3:2:2 ratio to one of four groups and followed for 12 months. The groups were designated H5N1_H5N1, H5N1_Havrix (156 subjects each), Havrix_H5N1, and Havrix-Havrix (the latter two with 104 subjects each). There were two age strata: 3 - 9 and 10 - 17 years with at least 40% required in each group. All treatment was open label.
Primary vaccination at days 0 and 21 (for groups H5N1_H5N1 and H5N1_Havrix) was with 1.9 μg of A/Indonesia/5/2005 (H5N1) HA antigen adjuvanted with 5.93 mg AS03B. Heterologous booster vaccination (for group H5N1_H5N1) was with 1.9 μg A/turkey/Turkey/01/2005 (H5N1) HA antigen adjuvanted with AS03B on day 182. The H5N1_Havrix group received a dose of Havrix at day 182 instead of the influenza booster. The group Havrix_H5N1 received Havrix vaccination on day 0 and a single dose of the A/Turkey strain H5N1 vaccine on day 182. The Havrix_Havrix group received two doses of Havrix six months apart and did not receive H5N1 vaccine (Table 6). The control vaccine was commercially available Havrix or Havrix Junior (for subjects ≤ 15 years of age) hepatitis A vaccine in prefilled syringes and all children received two doses of Havrix to complete the course, some of which was undertaken off study. Vaccinations were given IM in the deltoid region of the arm.
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Healthy children aged 3 to 17 years were included. Standard exclusion criteria were used. Children in government or institutional care were excluded.
H5N1 HI antibody titres against the A/turkey/Turkey/01/2005 (H5N1) strain on day 192 were obtained and the GMT ratio of group H5N1_H5N1 over group Havrix_H5N1 was calculated. If the lower limit of the two-sided 95% confidence interval (CI) for the HI GMT ratio on day 192 was > 1.0, then the superiority of priming vaccination was shown. The GMT was adjusted for baseline titre at day 182.
A sample of 150 subjects in group H5N1_H5N1 and 100 subjects in group Havrix_H5N1 had 99.4% power to detect a two-fold increase in the H5N1 antibody response between the two groups H5N1_H5N1 and Havrix_H5N1, assuming the common deviation was 0.52 (log unit) and using a one-sided two-group t-test with a 0.025 significance level. For the primary safety objective, with 300 evaluable subjects in the H5N1 study vaccine groups, and 200 in the control group, there was at least a probability of 91.0% and 79.9% to detect one AE with an occurrence rate of 0.8% in the H5N1 and control groups, respectively. The enrolment target was 520 to result in 500 evaluable subjects.
Participant flow and demographics
There were 520 children enrolled and vaccinated and 464 (89.2%) in the month 6 ATP cohort for immunogenicity with 127, 152, 84 and 101 in the H5N1_H5N1, H5N1_Havrix, Havrix_H5N1 and Havrix_Havrix groups, respectively. The mean age was 9.5 years, 51.2% were female and all children were Asian. The groups were balanced on age and gender. The completion rate to day 364 was high at 98.1 - 99.4% across the four groups.
Results for the primary efficacy outcome
The adjusted GMT ratio of HI antibodies on day 192 between the H5N1_H5N1 and the Havrix_H5N1 groups for A/Turkey strain was 11.84 (95% CI: 7.3,19.2). As the lower limit of the 95% CI was 7.3, the study met its primary object and the subjects previously primed with heterologous A/Indonesia had a superior response than those not primed. The response was consistent across the two age groups.
Results for other efficacy outcomes
Data from the primary vaccination course in the H5N1_H5N1 and H5N1_Havrix groups showed that both the 3 - 9 and the 10 - 17 year olds met regulatory requirement for immune response at day 42 following the primary vaccination course. At day 42 these groups also had a cross-reactive immune response against A/Turkey.
Ten days after the A/Turkey booster (day 192), the HI antibody response against A/Turkey in the H5N1_H5N1 group met CHMP regulatory requirements for booster factor, booster SCR and SPR. These requirements were not met in the non-primed Havrix_H5N1 group. The neutralising antibody response was similar.
At 12 months, there was persistence of immune response in terms of GMT, SPR, SCR and SCF against both the A/Indonesia and A/Turkey strains in the H5N1_H5N1 group. Neutralising antibody data were again consistent.
Summary: H5N1-032 was a phase III randomised, controlled study in 520 three to 17 year olds which found that children previously primed with vaccine containing A/Indonesia strain had a superior response to the heterologous A/Turkey booster than those not primed. Results were consistent across the age groups of 3 to 9 and 10 to 17 years. The primary vaccination course met CHMP regulatory requirements against homologous and heterologous strains. There was persistence of immune response to 12 months and consistent neutralising antibody data.
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There were two studies submitted in the dossier which evaluated an H5N1 vaccine containing antigen from a different manufacturing site in Quebec (Q-Pan-001 and Q-Pan-009). The Sponsor stated that study Q-Pan-001 had previously been evaluated.
[bookmark: _Toc404759867]Q-Pan-001
Methods: Q-Pan-001 was a phase I/II observer-blind, active controlled randomised study of the safety and immunogenicity of monovalent H5N1 vaccine with or without adjuvant and with two different strengths of AS03. It was conducted in 2007 - 2008 at 10 sites in the US and Canada.
The primary immunogenicity objective was to demonstrate the adjuvant activity of AS03 by comparing the immunogenicity of the Quebec-manufactured H5N1 antigen (Q-Pan) at the 3.8 µg dose level with AS03 at two different strengths (full and half) versus that of Quebec-manufactured H5N1 antigen non-adjuvanted at the 3.8 µg dose level.
The study included healthy adults 18 to 64 years. Standard exclusion criteria were used. All subjects received two doses of vaccine 21 days apart and were followed to 6 months. They were randomised in a 1:2:2:2:2 ratio with stratification by age (18 - 40 and 41 - 60 years). The five groups were:
Group A: Quebec-manufactured A/Indonesia/5/05 H5N1 antigen containing 3.8 µg of HA with no adjuvant 
Group B: Quebec-manufactured A/Indonesia/5/05 H5N1 antigen containing 3.8 µg of HA with full strength adjuvant (AS03A)
Group C: Quebec-manufactured A/Indonesia/5/05 H5N1 antigen containing 3.8 µg of HA with half strength AS03B
Group D: Dresden-manufactured A/Indonesia/5/05 (H5N1) antigen containing 3.8 µg of HA with full strength AS03A
Group E: Dresden-manufactured A/Indonesia/5/05 (H5N1) antigen containing 3.8 µg of HA with half strength AS03B
Additional to the five study groups in the core study, two more study groups were recruited since the following protocol specified conditions were met during the day 42 analysis of the core study arms:
GMTs fulfilled the ≥2-fold criterion for adjuvant effect, and
Groups with 3.75 μg antigen with full dose adjuvant (AS03A, Group B) and half dose adjuvant (AS03B, Group C) had Day 42 rates of vaccine homologous HI titres ≥ 1:40 of at least 76%.
The two additional groups, referred to as contingency arms (n = 50 each), received two doses of the vaccine 21 days apart:
Group H: Q-Pan H5N1 antigen containing 1.9 μg of HA (A/Indonesia) with AS03A
Group I: Q-Pan H5N1 antigen containing 1.9 μg of HA (A/Indonesia) with AS03B.
Superiority of the adjuvant formulation was to be established if the lower bound of the 95% CI of the GMT ratio exceeded 2.0 and the lower bound of the 95% CI of the difference in SCR exceeded 15%.
There were 675 subjects enrolled and 673 completed to day 42. The ATP immunogenicity cohort included 648 subjects (96%).
Results: The study met its primary objective with a superior response of the Q-Pan vaccine with full strength adjuvant compared to without adjuvant: difference in SCR of 79.9% (95%CI: 69.4 - 87.3%) and GMT ratio of 43 (95%CI: 30 - 63) at Day 42. In addition, the Q-Pan vaccine with half strength AS03 was also found to be superior: difference in SCR of 72.3% (95%CI: 61.0 - 80.8%) and GMT ratio of 30 (95%CI: 20.7 - 43.4).
At day 42, all groups who received adjuvanted vaccine had immune responses meeting CHMP criteria against homologous A/Indonesia and heterologous A/Vietnam strains.
Pooling data from the groups B and C for the Q-Pan vaccine, and from groups D and E for the D-Pan vaccine, found the two formulations (Q-Pan and D-Pan) were equivalent as the 95% CI limits of the GMT ratio were within 0.67 and 1.5. The GMT ratio for A/Indonesia was 0.94 (95% CI: 0.75 - 1.17) and the GMT ratio for A/Vietnam was 1.16 (95% CI: 0.92 - 1.46).
At day 42 in the two contingency arms (1.9 HA with full or half dose adjuvant), all CHMP criteria were met against the homologous A/Indonesia strain. The GMTs were nearly two-fold higher in the AS03A group (331.6) than in the AS03B group (173.9).
Summary: Study Q-Pan-001 demonstrated the superior immune response with adjuvanted vaccine. As a secondary objective it also found equivalence (in adjuvanted formulations) between the vaccine antigen manufactured in Quebec (Q-Pan) and that manufactured in Dresden (D-Pan) as the 95% CI of the GMT ratio was between 0.67 and 1.5 for both antigen strains assessed.
[bookmark: _Toc404759868]Q-Pan-009
Methods: Q-Pan-009 was a phase II, open label, randomised, parallel group trial in adults which assessed the immunogenicity of an accelerated primary vaccination course in adults of A/Indonesia/5/2005 (H5N1) vaccine with AS03A adjuvant. It was conducted at 3 centres in Canada between 2008 and 2009. Healthy adults aged 18 to 64 years were included and the standard exclusion criteria were applied.
The primary objective was to demonstrate that H5N1 antigen in association with AS03A administered in accelerated immunisation schedules elicits, at day 14 after the second dose, an immune response measured by post-immunisation vaccine-homologous virus HI titres that meets or exceeds the Center for Biologics Evaluation and Research (CBER) guidance targets for SCR and also provides a potentially useful rate of attainment (= 50% of subjects) of reciprocal HI titres of ≥ 40.
Subjects were randomised to one of four treatment groups in a 1:1:1:1 ratio with stratification by age group (18 - 40 and 41 - 60 years). Subjects received vaccination with Q-Pan H5N1 vaccine containing A/Indonesia strain (3.75 μg HA/AS03A) according to a standard 2-dose schedule (day 0, 21, group A) or accelerated schedules (days 0, 14 [group B] or days 0, 7 [group C] or both doses on day 0, one in each arm [group D]). Subjects were followed to month 6.
The primary immunogenicity variable was the homologous HI antibody titre 14 days after the second dose of vaccine. Demonstration that the H5N1 antigen in association with AS03 elicits an immune response was if the lower limit of the 98.75% CI for SCR was ≥ 40% in any of the treatment groups and if the lower limit of the 98.75% CI for SPR was ≥ 50% in any of the treatment groups 14 days after the second vaccination.
Results: There were 312 subjects vaccinated with 78 in each treatment group. The ATP cohort for immunogenicity included 283 (90.7%). There were 304 subjects who completed the study to day 51. There was a higher rate of exclusion from the ATP cohort in groups A (16.7%) and group B (11.5%) than groups C and D (5.1% and 3.8%, respectively). The mean age was 40.3 years, 53.2% were female and 87.8% Caucasian. There were more females (61.5%) in group D than in other groups (46 - 55%).
At day 14 post the second vaccine dose, the lower limit of the 98.75% CI of the SCR was ≥ 40% thus meeting the FDA targets, although the response was greater in groups A and B (97% and 93%) where the vaccines were given at a 21 or 14 day interval than in groups C and D (72% both). The result was consistent across the two age groups (18 - 40 and 41 - 60 years).
Likewise, in all groups the SPR at 14 days post the second vaccination met targets as the lower limit of the 98.75% CI was ≥ 50%. Again, rates were higher in groups A and B (93 - 97%) than groups C and D (74 - 75%). When examined by age group, the younger age group of 18 - 40 years in groups C and D did not meet the SPR target. It was noted that the lower limit of the CI was < 70% and so the accelerated schedules of group C and D did not meet the FDA requirements.
CHMP immunogenicity requirements were met at day 14 and 21 in all treatment groups. Responses to drift variants A/Vietnam and A/Turkey were less than to the homologous strain in all groups and higher in groups A and B than C and D.
Summary: Results indicated that in pandemic situation it could be possible to reduce the vaccine administration schedule to two doses 14 days apart rather than the recommended 21 days.
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc404759869]Analyses performed across trials (pooled analyses and meta-analyses)
None submitted.
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc404759870]Evaluator’s conclusions on clinical efficacy for Influenza prevention
The dossier included 18 clinical trials, 16 carried out in Europe and Asia and the two Q-Pan studies were conducted in the US and Canada. Study duration ranged from 6 months up to 48 months (H5N1-002/-030/-038) and enrolled healthy adult volunteers (with well controlled diseases in H5N1-008 and -010). Two studies included adults >60 years (H5N1-010 and -008/-011). There were three paediatric studies, H5N1-013, H5N1-009 and H5N1-032, which enrolled children aged 6-35 months, 3-9 years and 3–17 years, respectively. Most of the adult subjects were Caucasians (range 85.0-100%), except for study H5N1-041 and H5N1-002 and its extensions where subjects were predominantly Asian. For the paediatric studies, H5N1-009 included Caucasians, and -013 and -032 mainly Asians.
All studies had a primary vaccination schedule of 0 and 21 days, except some groups in H5N1-012 and the paediatric Study H5N1-032, and Study Q-Pan-009 which assessed accelerated vaccination schedules. Booster vaccination was assessed in several studies: homologous booster in H5N1-012; heterologous booster in H5N1-015, -030, -038, -012 and the paediatric Studies H5N1-013 and -032. 
The submitted Prepandrix vaccine contains the D-Pan antigen strain A/H5N1/Indonesia/5/2005 while the registered mock up pandemic vaccines contain D-Pan A/H5N1/Vietnam/1194/2004 or Q-Pan A/H5N1/Indonesia/5/2005. Immunological equivalence of the D-Pan and Q-Pan vaccines was demonstrated in study Q-Pan-001 and so the data were included in this submission. Apart from the different manufacturing sites of the vaccine antigen, there are differences in the vaccine with respect to excipients used in the formulation (Tween-80, Triton X-100 and Magnesium Chloride).
Table 7 summarises the composition of the H5N1 vaccine formulations used in the clinical program. The proposed vaccine contains adjuvant AS03A which was used in all studies apart from paediatric studies which used AS03B and some groups of Q-Pan-001. AS03A is the so called full dose and AS03B contains half of this dose. The proposed antigen dose is 3.75 µg. In general, the paediatric studies assessed half the adult dose.
Table 7: Composition and lot numbers of H5N1 vaccine formulations used in clinical trials.
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All serology testing of HI antibody response and serum neutralisation was performed in GSK Biologicals’ central laboratory using standardised procedures which have been validated by the sponsor. The HI antibody titre was used as the main measure of the immunogenicity response to the vaccine. The use of this surrogate efficacy endpoint is accepted by EU and US guidelines. 
The studies were well conducted and the overall rate of premature discontinuation was low at 1.5% (157/10208). The most frequent reasons were consent withdrawal, moved from study area and lost to follow-up.
Antigen dose
Antigen dose was based on Study H5N1-007 where it was demonstrated that in presence of the AS03 adjuvant, antigen content as low as 3.75 µg was sufficient to induce the immune response meeting all three CHMP criteria. This dose was selected as it was the lowest dose which still yielded high immunogenicity. No lower doses were assessed in Study 007. In children, there was a higher response with full (3.7 µg) HA dose in Study -009 however the half strength dose (1.9 µg) elicited a satisfactory immune response across the age groups in all three trials. 
Adjuvant dose
Adjuvant dose selection was based on results from Study Q-Pan-001 which found that adjuvanted vaccine (both full and half strength) was superior to non-adjuvanted vaccine as determined by SCR and GMT at day 42. Post hoc analyses found the reduction of the AS03 adjuvant dose (full to half) had a modest effect on vaccine homologous virus immunogenicity in subjects 18 to 40 years old, but led to a significant reduction in GMT and proportion of subjects attaining reciprocal titres ≥40 (SPR) among subjects 41-64 years old. For this reason, the full dose was recommended. Study H5N1-007 provided supportive evidence for the benefit of the adjuvanted formulations.
Primary vaccination homologous response
The included studies provided strong evidence for the immunogenicity of a two dose primary vaccination course at days 0 and 21 (3.75 µg HA, AS03A vaccine). All regulatory criteria (SCR, SPR and SCF) for HI homologous antibody response were met for adults, including those aged >60 years, at 21 days following the second vaccination (Table 8). The response was seen for the A/Indonesia and the A/Vietnam strains. Similarly, in children, the homologous response (A/Vietnam in -009 and A/Indonesia in -013 and -032) following a two dose priming course with the half strength vaccine met the adult regulatory criteria (Table 9). 
Table 8: Studies H5N1-007, H5N1-002, H5N1-010, H5N1-041, H5N1-015 and Q-Pan-001: HI antibody responses against the homologous vaccine strain after two doses of H5N1 vaccine (3.75 µg HA) with or without AS03A at Day 42 in adults (ATP immunogenicity cohort).
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Table 9: Studies H5N1-009, H5N1-013 and H5N1-032: HI antibody responses against vaccine homologous strain after two doses of H5N1 vaccine at Day 42 in children (ATP immunogenicity cohort).
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The homologous neutralising antibody response was high with adjuvanted vaccine, although the VRR in adults >60 years was notably less than those 18-60 years which may have been due to high baseline seropositivity in the elderly (93%)(Table 10). Children also demonstrated a strong homologous neutralising antibody response (Table 11).
Table 10: Studies H5N1-007, H5N1-002, H5N1-010, H5N1-015 and Q-Pan-001: Neutralising antibody responses against the homologous vaccine strain after two doses of H5N1 vaccine (3.75 µg HA) with or without AS03A at Day 42 in adults (ATP immunogenicity cohort).
[image: ]
Table 11: Studies H5N1-009, H5N1-032, H5N1-013: Neutralising antibody responses against vaccine homologous strains at Day 42 (ATP immunogenicity cohort).
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Primary vaccination heterologous response
The adjuvanted vaccine demonstrated cross reactive immunity to drifted strains although not all CHMP criteria were met on Day 42 following a 2 dose course (Table 12). The cross reactive immune response in children was high (Table 13). There was evidence of a heterologous neutralising antibody response with the adjuvanted vaccine in adults although results were more variable (Table 14). Children 3-9 years had a high heterologous NA response with a VRR of 95-97% and seropositivity of >95% after two doses of half strength adjuvanted vaccine (Day 42).
Table 12: Studies H5N1-007, H5N1-002, H5N1-010, H5N1-041, H5N1-015 and Q-Pan-001: HI antibody responses against the heterologous vaccine strain after two doses of H5N1 vaccine (3.75 µg HA) with or without AS03A at Day 42 in adults (ATP immunogenicity cohort).
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Table 13: Studies H5N1-009 and H5N1-032: HI antibody responses against the heterologous strain after two doses of H5N1 vaccine at Day 42 in children (ATP immunogenicity cohort).
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Table 14: Studies H5N1-007, H5N1-002, H5N1-010, H5N1-041, H5N1-015 and Q-Pan-001: Neutralising antibody responses against heterologous strains at Day 42 (ATP immunogenicity cohort).
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Vaccination schedule
Study Q-Pan-009 demonstrated that an accelerated schedule of 0 and 14 days led to an immune response that was satisfactory and could be employed if required. Shorter schedules of 0,7 days and two doses on day 0 resulted in lower responses. Study -012 found that an increased period of 0 and 6 months or 12 months led to a robust immune response.
Booster response
In adults, when given a booster dose of the same strain as the 2 dose primary vaccination course (A/Vietnam) at 6 or 12 months, the HI immune response met all CHMP criteria (Study H5N1-012). The response was notable by 7 days post vaccination. When the booster vaccination was a heterologous strain (A/Indonesia) to the priming course (A/Vietnam) the HI immune response against the booster strain also met CHMP criteria (day 21 post booster). This was the case if the priming course was one or two doses and the booster was at 6 or 12 months. These data were supported by NA response to the booster strain (H5N1-012). Heterologous booster vaccination was able to be given at 6, 12, 14 or even 36 months post a two dose priming course and induce a strong immune response meeting CHMP criteria (H5N1-030,-038 and -015) (Table 15). 
Table 15: Studies H5N1-030, H5N1-038, H5N1-015: HI antibody responses against booster vaccine strain H5N1 A/Indonesia after two doses of primary vaccination with A/Vietnam (ATP immunogenicity cohort).
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Heterologous booster was given at 6 months after the two dose primary vaccination course in the paediatric Studies H5N1-013 and -032. Study H5N1-032 found a superior booster response in 3-17 year olds primed with two doses of heterologous vaccine compared to those not primed. The HI antibody response to the booster strain 10 days after vaccination met all CHMP criteria in the 6 to 36 month old children in H5N1-013 (Table 16).
Table 16: Studies H5N1-032 and H5N1-013: HI antibody responses against booster vaccine strain 10 days after the booster dose (ATP immunogenicity cohort).
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Persistence of immune response
Persistence of immune response up to 6 months following administration of two doses of D-Pan vaccine was assessed in all D-Pan studies. Data were available up to 36 months in adult subjects from H5N1-002 and its extension and up to 24 months in a subset of the elderly in H5N1-011 and the paediatric population of H5N1-009. In general, the GMTs were declining at 6 months although still above pre vaccination levels, the SCF met CHMP criteria at 6 months, then it and other immune measures waned (Table 17). HI antibody to heterologous strains also declined and did not meet regulatory criteria. Seropositivity to neutralising antibodies remained high to 24 months. Twelve months after booster vaccination, the immune response meet CHMP criteria and at 48 months after booster vaccination in H5N1-038, 64% of subjects were seropositive.
Table 17: Studies H5N1-007, H5N1-010, H5N1-041 and Q-Pan-001: Persistence of H1 antibody responses against vaccine strain (ATP persistence cohort).
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In children, HI immune response persistence at 6 months was greater in those who had received full dose vaccine compared to half strength particularly against the heterologous strain (H5N1-009); however neutralising antibody data in the half strength group were high (seropositivity 92-93% and VRR 95-100%). Data from Studies 013 and 032 found robust persistence to 6 months of HI antibody and neutralising antibody response for homologous and heterologous strains. This was also the case after booster vaccination.
Overall, the immunogenicity data from the clinical trials included in the dossier are accurately reflected.
[bookmark: _Toc439683823]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc404759872][bookmark: _Toc439683824]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following 14 studies provided evaluable safety data:
Adult primary vaccination studies
H5N1-007, H5N1-008, H5N1-002, H5N1-010 (elderly adults), H5N1-041
Adult booster studies
H5N1-012, H5N1-015, H5N1-030, H5N1-038
Paediatric primary vaccination studies
H5N1-009 (3 to 9 years);
Paediatric booster studies
H5N1-013 (6 to < 36 months); H5N1-032 (3 to 17 years)
Supportive studies
Q-Pan-001 and Q-Pan-009
The Sponsor also submitted two Integrated Summaries of Safety (ISS) which included relevant data from adult trials. These were compiled at the request of the FDA. The first (2008) included eight studies performed with the AS03 adjuvanted Q-Pan and D-Pan H5N1 vaccines (six D-Pan studies: H5N1-007, H5N1-002/030, H5N1-008/011, H5N1-010/021, H5N1-012 and H5N1-015; two Q-Pan studies: Q-Pan-001 and Q-Pan-002). The second ISS (2011) included studies performed with the AS03 adjuvanted D-Pan and Q-Pan H5N1 vaccines, as well as studies conducted more recently with the D-Pan and Q-Pan H1N1 vaccines (total of 28 studies). The first ISS aimed to develop estimates of AEs and to examine for rarer events. The second ISS aimed to assess less common and more serious AEs, in particular medically attended events (MAEs), SAEs and potential immune-mediated diseases (pIMDs).
Evaluator’s Comment: The ISSs were discussed in the Summary of Clinical Safety however the data were not included. A question has been raised on this.
Much of these safety data have been evaluated previously: study H5N1-007 and -008 in the original Prepandemrix dossier (2008); study Q-Pan-001, H5N1-007 -008, -002 and the first ISS (2008) in the Arepanrix H5N1 dossier (2011); and H5N1-010 and -009 in the Pandemrix dossier (PM-2012-02732-3-2).
[bookmark: _Toc404759873]Safety and reactogenicity methods
In the clinical studies, information was collected on local and general AEs and recorded by each subject using diary cards for the first seven days (days 0 - 6) following each vaccination. General adverse events (fatigue, fever, headache, myalgia/muscle aches, shivering, sweating/sweating increase and arthralgia/joint pain at other location) were solicited during a 7-day (days 0 - 6) follow-up period after each vaccination in all studies. Local symptoms (pain, redness, swelling, ecchymosis, and induration at the injection site) were also solicited during this period. Solicited symptoms were deemed related to the vaccination. The solicited symptoms were slightly different in the paediatric studies. Unsolicited AEs within the 21 days following first vaccination, and 30 days following second vaccination, were recorded. In the paediatric studies, they were reported to day 180 in H5N1-009 and from day 0-84 in H5N1-013 and -032 and for 21 days after booster vaccination. SAEs were collected for the duration of the study periods.
In studies Q-Pan-001 and H5N1-008, investigators were asked to identify on the CRF AEs that they considered as New Onset of Chronic Disease (NOCD). Adverse events of specific interest (AESI), potential immune-mediated diseases (pIMDs) including autoimmune diseases and other immune-mediated inflammatory and/or neurological disorders were also assessed. Laboratory assessments (haematology and biochemistry) were undertaken in H5N1-010, H5N1-009 and Q-Pan-001.
[bookmark: _Ref269204367]Safety analysis was on the total vaccinated cohort for safety which included all vaccinated subjects for whom safety data were available.
[bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc404759874][bookmark: _Toc439683825]Pivotal studies that assessed safety as a primary outcome
The primary outcome of study H5N1-008 was safety. As this study has previously been evaluated the data are summarised in Section 8.4 with other study data.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc404759875][bookmark: _Toc439683826]Patient exposure
In total, 16541 doses of AS03-adjuvanted H5N1 split influenza vaccine containing the Dresden-derived antigen have been administered as primary or booster vaccination to 8676 subjects in the evaluation of safety. Of these 16541 D-Pan vaccine doses, 6558 doses in 3687 subjects were of the proposed formulation (3.75 μg HA adjuvanted with AS03A).
The A/Indonesia/5/05 strain was used in the D-Pan studies H5N1-041, H5N1-013, H5N1-032 and in Q-Pan-001. All other studies had primary vaccination with A/Vietnam/1194/04. Booster vaccination strain was either A/Vietnam/1194/04 or A/Indonesia/5/05 in all studies except H5N1-013 and H5N1-032, where the booster strain was A/turkey/Turkey/01/2005.
In the two Q-Pan studies, 1336 doses of AS03-adjuvanted H5N1 vaccine have been administered as primary vaccination to 715 subjects. Of these 1336 doses, 838 doses in 464 subjects were of the registered formulation (3.75 μg HA adjuvanted with AS03A). The strain in both Q-Pan-001 and Q-Pan-009 was A/Indonesia/5/05.
For the paediatric studies, H5N1-009 there were 195, 196 and 201 doses given in the 3.8 µg HA /AS03A, 3.8µg HA/AS03B (half dose adjuvant) and 1.9 µg HA/AS03B groups, respectively. In study H5N1-013, 113 subjects received a total of 333 doses of 1.9 μg AS03B D-Pan vaccine. Of these, 225 were priming doses containing half dose AS03-adjuvanted A/Indonesia/05/2005 antigen and 108 were boosters containing half-dose AS03-adjuvanted A/turkey/Turkey/01/2005 antigen. In study H5N1-032, 520 subjects received a total of 1,349 study doses (including doses of both D-Pan and Havrix) to Day 182, with 156 subjects receiving 468 doses of D-Pan 1.9 µg HA/AS03B vaccine for priming and boosting (group H5N1_H5N1).
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc404759876][bookmark: _Toc439683827]Adverse events
[bookmark: _Toc404759877][bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302]Solicited adverse events
[bookmark: _Toc404759878]Adults
In H5N1-007, the rate of solicited local AEs reported during the 7 days post vaccination was greater with adjuvanted than non-adjuvanted vaccine. This included pain, redness, swelling, induration and ecchymosis. Pain was the most frequent solicited AE and was notably higher with adjuvanted than non-adjuvanted vaccine (81 - 83% vs 26 - 46%) (Table 18). Solicited general AEs were also more frequent with adjuvanted vaccine. The most frequently reported symptoms were fatigue and headache and were observed following 20.0%-24.0% and 18.0%-23.0% of doses, respectively, in the non-adjuvanted vaccine groups, as compared with 34.3%-49.0% and 29.6%-42.0% of doses, respectively, in the adjuvanted vaccine groups. Grade 3 solicited local AEs were low (0 - 6%) with no marked difference between adjuvanted or non-adjuvanted vaccine groups. There was no relationship between the incidence of general adverse events and the vaccine dose.
Table 18: Studies H5N1-007, H5N1-002, H5N1-010 and Q-Pan-001: Percentage of doses followed by solicited local symptoms including those of Grade 3 intensity (total vaccinated cohort).
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In studies H5N1-002 and Q-Pan-001, pain was the most frequent solicited local symptom with rates of 77% to 85% and grade 3 pain rates of 2.7% to 3.7% in the 3.75µg HA/AS03A group (Table 18).
In study H5N1-012, the rate of solicited AEs after booster vaccination was similar between vaccine strains given. There was a higher incidence (compared to priming doses) of general solicited AEs with comparable rates of local solicited AEs and of grade 3 solicited symptoms. In other booster studies, H5N1-015, H5N1-030 and H5N1-038 this trend of higher general symptoms post booster compared to post priming doses was also seen with myalgia, fatigue and headache the most frequent symptoms.
In study H5N1-041 the rates of local and general solicited events were similar between thiomeral free and containing vaccines. The solicited reactogenicity data from the Q-Pan-001 and -009 studies was not markedly different to the D-Pan studies. Again there was a higher rate of events with adjuvanted vaccine.
[bookmark: _Toc404759879]Elderly
From study H5N1-010 in 437 subjects aged >60 years, the rate of solicited local AEs in the first 7 days was greater with adjuvanted vaccine. The elderly had pain less frequently reported than in the younger adults in studies discussed above (rate in elderly 3.8/AS group of 32.6%). Overall, 4.3% of subjects in the 3.8/AS vaccine group experienced grade 3 solicited local AEs compared with 11.9% of subjects in the 7.8/AS vaccine group. In contrast, no subjects in the two non-adjuvanted vaccine groups experienced solicited local AEs of grade 3 intensity in the seven days following vaccination. All solicited local symptoms occurred less frequently in subjects in the 3.8/AS than the 7.5/AS vaccine group, but there were no statistically significant differences between the two adjuvanted treatment groups as regards any of the solicited local AEs  (Table 18). The rate for general solicited AEs in the elderly was similar between the 3.8/AS and 7.5/AS groups (34.1% vs 37.7%) although grade 3 events were higher in the 7.5/AS group (5.7% vs 1.2%). In the 3.8/AS group, fatigue was the most frequent event (12.9%) followed by headache (10.8%).
[bookmark: _Toc404759880]Paediatric population
In H5N1-009, the adjuvanted formulation resulted in a higher rate of solicited local and general AEs compared to Fluarix control in the 3 to 9 year old population. Pain was the most frequent event (41 - 73.5%) with 2.0 - 6.0% having grade 3 pain. In the 3 - 5 years age group, the incidence of solicited local AEs was notably higher in the H5N1 full adult dose group than the H5N1 half adult dose group for all events apart from ecchymosis. Pain (any grade) was very commonly reported in both the H5N1 full adult dose and H5N1 half adult dose groups (62.9% vs 48.5%, respectively). In the 6-9 years age group, the incidence of solicited local AEs was also higher in the H5N1 full adult dose compared to half dose.
In both the 3 - 5 and the 6 - 9 year old groups, all solicited general AEs were reported more commonly in the H5N1 full adult dose group compared with the H5N1 half adult dose group. Overall, the incidence of grade 3 solicited general AEs was low in both dose and both age groups. Fever (> 39.0°C) was the most commonly reported grade 3 AE in the H5N1 full adult dose groups (5.2%, 3 - 5 years; 7.1%, 6 - 9 years). In the H5N1 half adult dose groups, grade 3 fever (> 39.0°C) was reported after 2.0% and 0% of doses given to children aged 3 - 5 and 6 - 9 years, respectively. The rate of fever with full dose antigen increased after the second vaccination from 8.2% to 31.3% in subjects 3-5 years and from 12.2% to 32.7% in subjects 6 - 9 years. The most commonly reported grade 3 AE in 3 - 5 year olds was loss of appetite (3.0% vs 5.2%, half vs full dose). The most commonly reported grade 3 AE in 6 - 9 years olds was headache (2.0% vs 3.1% half vs full dose). There were no reports of febrile convulsions reported with either H5N1 vaccine or Fluarix. The use of antipyretics in the full dose compared to half dose group was higher 51.0% vs 16.3% respectively in 3 - 5 year olds, and 65.3% vs 16.7%, respectively in the 6 - 9 years group.
In study H5N1-013 (6 - 35 month old children) there was an increase in reactogenicity with each subsequent vaccine dose (half strength) with the rate of solicited and unsolicited AEs increasing from 32.1% at dose 1, to 34.2% at dose 2 and 51.9% at dose 3. Fever increased from 12.5%, 32.4% and 50.5% and grade 3 fever 1.8%, 5.4% and 10.2%. This trend was also evident in study H5N1-032 in children 3- < 6 years. The most common local symptom was pain and most frequently reported general symptoms were irritability and fussiness in < 6 year olds and headache in those over 6 years.
[bookmark: _Toc404759881][bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303]Unsolicited adverse events
[bookmark: _Toc404759882]Adults < 60
Any other AEs reported to the investigator during the 21-day follow-up period after the first vaccination and the 30-day follow-up period after the second vaccination were documented as unsolicited AEs.
In pooled data from H5N1-007 and -008, the rate per dose of at least one unsolicited AE was 24.4% and 19.0% in the adjuvanted H5N1 and control groups, respectively. The rate per dose of grade 3 events was similar between groups (2.5% vs 2.2%). In study H5N1-002, the rate per dose of unsolicited events was 18.9% vs 17.9% in the adjuvanted and non-adjuvanted groups. The most frequent events were injection site warmth and pruritus as well as flu-like symptoms and gastrointestinal symptoms. Grade 3 unsolicited events were infrequent (1.4% vs 0.8% in the adjuvanted and non-adjuvanted groups, respectively).
The rate of unsolicited AEs per dose was similar in the thiomersal containing and free vaccine groups in H5N1-014 (19.2% vs 19.7%). The rate of grade 3 events was 2.5% vs 1.3%, and the rate of related AEs was 4.1% vs 5.6%, respectively.
In study H5N1-012, following booster vaccination the unsolicited AE rate per dose (during the following 30 days) was similar in those who received one or two primary doses (6 month booster: 9.8 - 12.4% vs 5.5 - 6.8%, 12 month booster: 17.2 - 25.8% vs 26.4 - 28.6%). Rates were similar between groups receiving A/Indonesia or A/Vietnam strain booster vaccine.
In study H5N1-015, the per dose rate of unsolicited AEs after booster dose of adjuvanted H5N1 A/Indonesia was 39.7 - 49.5% and 32.5 - 50.0% in subjects who had received priming with non-adjuvanted/control and adjuvanted vaccine, respectively. The most frequent events were URTI, headache and rhinitis.
The per dose unsolicited AE rate following booster at month 6 (30 days follow up) in H5N1-030 was 24.5% in those primed with adjuvanted vaccine and 13.0% in those primed with non-adjuvanted vaccine (study H5N1-002). The grade 3 AE rate was 1.9% and 1.3%, respectively. When boosted at month 12 (H5N1-038) the percentage of subjects with unsolicited AEs and grade 3 AEs was 23.4% and 3.2%, respectively.
[bookmark: _Toc404759883]Elderly
In study H5N1-010, the rate per dose of at least one unsolicited AE in the post vaccination reporting period was 12.8% and 9.5% in the 3.8/AS and 7.5/AS groups, respectively, compared to 14.4% and 8.8% in the 3.8 and 7.5 non-adjuvanted groups. The rate of grade 3 unsolicited symptoms ranged from 1.0 to 2.5% with no evident trends. Unsolicited AEs (preferred term) occurring in ≥ 1% of subjects in the 3.8/AS vaccine group (vs the 7.5/AS group) were: tracheitis (2.4% vs 0%); pain in extremity (1.8% vs 0%); diarrhoea (1.8% vs 0.6%); nausea (1.2% vs 1.9%); arthralgia (1.2% vs 0%); vertigo (1.2% vs 0.6%); upper abdominal pain (1.2% vs 0%); cough (1.2% vs 0.6%); nasopharyngitis (1.2% vs 0%); rhinitis (1.2% vs 0.6%); and erythema (1.2% vs 0.6%). Unsolicited AEs occurring in ≥1% of subjects in the 7.5/AS vaccine group (vs the 3.8/AS vaccine group) were: injection site pruritus (2.5% vs 0%); nausea (1.9% vs 1.2%); pharyngitis (1.3% vs 0.6%); and neck pain (1.3% vs 0.6%). All other unsolicited AEs in the 7.5/AS vaccine group occurred in only 1 patient for each event.
[bookmark: _Toc404759884]Paediatric population
Up to day 51 in study H5N1-009, the rate per dose of unsolicited AEs in the half adult H5N1 dose groups was 56.9% in the 3-5 years and 19.6% in the 6-9 years group. The corresponding percentages in the full adult H5N1 dose groups were 53.1% and 55.1%. The rate per dose of grade 3 unsolicited AEs with half adult H5N1 vaccine was 7.8% and 2.0% in the 3 - 5 and 6 - 9 year old group, respectively and in the H5N1 full-adult dose groups were 6.1% and 2.0%. The rates per dose of unsolicited AEs were similar between the half strength H5N1 and Fluarix groups but higher in the full dose group. The most common events were URTI, cough and gastroenteritis, tonsillitis, pharyngitis.
In the full dose group, the rate of events deemed related to vaccination was 18.4% and 6.1% for 3 - 5 and 6 - 9 year olds, respectively, compared to 0% and 5.6%, respectively in the Fluarix group. One 5 year old subject in the H5N1 full adult dose group developed an AE of unilateral anterior chamber uveitis at 8 days after the second dose, which was considered to have a potential causal relationship to vaccination. About 2 months, later after topical corticosteroid treatment, the subject recovered with a residual mydriais.
In H5N1-013, the percentage of doses with unsolicited events within 21 days of vaccination was 32.1%, 32.0% and 38.4% in the 6- < 12, 12- < 24 and 24- < 36 month old groups, respectively. Grade 3 events ranged from 2.0 to 3.6%. The rate of any grade 3 event (local or general, solicited or unsolicited) also increased with increasing dose from 4.5% to 5.4% to 17.6% after dose 1, 2 and 3, respectively. The per dose rate of unsolicited AEs that were treatment-related was 10.2%, 5.2% and 9.1% in the 6- < 12, 12- < 24 and 24- < 36 month old groups, respectively. The most frequent events in the overall population were cough (1.8%), rhinorrhoea (1.8%), nasopharyngitis, rhinitis and URTI (each 1.2%). Two grade 3 events were deemed related to vaccination (nasopharyngitis and face swelling).
In study H5N1-032, the percentage of doses with unsolicited events (within 21 days of vaccination) in children receiving H5N1 vaccine for priming and booster was 15.8% with a rate of 21.1% in 3 to 9 year olds and 10.4% in 10 to 17 year olds. Again, URTI was the most frequent AE. The percentage of doses with grade 3 unsolicited events in this H5N1_H5N1 group was 0% and 0.4% in the 3 - 9 year and 10 - 17 year age group, respectively.
In H5N1-009, the incidence of unsolicited AEs between Day 51 and Day 180 were low in the three H5N1 vaccine groups and comparable with that in each of the Fluarix control groups. There was no difference in the incidence of unsolicited AEs between Day 51 and Day 180 between the two age groups in each of the three Phases (A, B, C).
[bookmark: _Toc404759885]Adverse events of special interest
Lymphadenopathy (unsolicited) was examined in D-Pan studies. In study H5N1-007 there were 7 subjects with reported lymph node swelling, all were in vaccine dose group above 3.8 µg. None were grade 3 and all resolved. In H5N1-008, the rate per dose of lymphadenopathy/lymph node pain/lymphadenitis was higher in H5N1/AS03 than control groups (1.25% vs 0.44%). In H5N1-002, of 961 subjects receiving 3.8 HA/AS03 vaccine there were 3 cases of lymphadenopathy. There was one (0.6%) elderly subject in H5N1-010 (7.5 HA/AS group) with lymphadenopathy and two subjects (1.3%) in the thiomersal-containing vaccine group in H5N1-041. H5N1-009 there were also 2 reported cases, neither of which was severe. The rate in booster studies varied up to a maximum of 7.5%. Overall, lymphadenopathy risk was low, non-severe and resolved.
Medically attended events: In H5N1-008, medically attended events (MAEs) to day 180 (as reported by the investigator) for adults 18 - 60 and > 60 years, occurred in 3.4% and 3.9% of the H5N1/AS03 group compared to 2.8% and 3.9% of the Fluarix group. In H5N1-038, medically attended events within 30 days of booster with A/Indonesia at month 36 occurred in 9.7% of subjects and 1.8% were due to influenza like illness.
In the paediatric study H5N1-013, the rate of MAEs during the study year was 63%, 55.9% and 60.6% in subjects aged 6- < 12, 12- < 24 and 24- < 36 months, respectively. In H5N1-032, the rate of MAEs to day 182 was 36.9% and 30.8% in subjects primed with adjuvanted vaccine and those not primed, respectively (pooled data). URTI was the most common MAE in children.
In Q-Pan-001, subjects receiving D-Pan H5N1/AS03 had a MAE rate of 9.3% none of which was grade 3. In Q-Pan-009 the reported rate of MAEs (days 0 - 50) was 16.3% with 4 (1 in each group, 1.3%) that were vaccine-related and grade 3.
New Onset Chronic Disease (NOCD): In the original Prepandemrix dossier data up to day 180 in study H5N1-008 indicated a higher incidence of NOCD in the elderly vaccinated group (1.8%) compared to the elderly control group (0%). The imbalance was considered as a potential safety signal. The adult data on NOCDs are discussed in Section 8.6 with the review of the two integrated summaries of safety.
In H5N1-009 there were 5 cases of potentially immune mediated disease (pIMD) during 24 months follow up, two were considered vaccine-related. One subject who received the full-dose vaccine had grade 3 uveitis on day 8 which resolved after day 51. Another subject who received the full-dose antigen/half-dose adjuvant vaccine was diagnosed with autoimmune hepatitis, based on liver biopsy histology, 294 days after the first dose. This event was also an SAE (see below).
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc404759886]Deaths and other serious adverse events
[bookmark: _Toc404759887]Deaths
There were 13 deaths in the studies, 12 in D-Pan studies (H5N1-002, -010, -012, -015, -030 and -038) and one in Q-Pan-009 study. No fatal events were reported in studies H5N1-007, H5N1-008, H5N1-009, H5N1-013, H5N1-032, H5N1-041 and Q-Pan-001. No death was assessed as vaccine-related by the investigator.
[bookmark: _Toc404759888]SAEs
There were 294 subjects with an SAE in the D-Pan studies. Of these, one was classed as treatment-related (pneumonia). During six months of follow up, the rate of SAEs in H5N1-007 was 3.0% (6/200), in H5N1-002 was 0.7% (7/961), in H5N1-008 was 1.2% and in H5N1-041 was 1.8%. In 24 months of follow up in H5N1-015, the SAE rate was 4.2% and in H5N1-012 was 3.5%. After 48 months of follow up in H5N1-030/038, the SAE rate was 8.4%
In the elderly in H5N1-010, during 24 months of the study, the SAE rate was 11.4% (50/437) and five events were fatal. The single treatment-related SAE of pneumonia occurred 299 post last vaccine dose in a subject who received 7.5 µg/AS03 vaccine.
There were 5/405 (1.2%) children in H5N1-009 with an SAE. One was classed as treatment-related. This [information redacted] subject was withdrawn due to elevated transaminases and autoimmune hepatitis was diagnosed on liver biopsy at day 294. The child was reported to have the elevated transaminases prior to vaccination and the event was assessed as predating vaccination. During H5N1-013, 9 subjects reported 18 SAEs and in study H5N1-032, 5 subjects reported 7 SAEs, none of these SAEs were deemed treatment-related.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc404759889]Discontinuation due to adverse events
There were no discontinuations due to AEs in studies H5N1-007, -041, -013, -032 and in Q-Pan-001. In the elderly subjects of H5N1-010, the only discontinuations due to AEs were the 5 fatal events. In H5N1-002, there were 5 AE discontinuations (all received 3.8 μg HA/AS03), one fatal unrelated event and 4 non-serious events of which 3 were treatment-related (pruritus, urticaria and nasopharyngitis). In H5N1-008, the three discontinuations were due to SAEs and 20 for non-serious events in H5N1 groups.
In the booster study H5N1-015, there were 4 AE discontinuations, 3 were fatal events and one was reported as foot deformity. In the booster studies H5N1-030 and -038, the 3 AE discontinuations included 2 fatal events and one SAE (joint dislocation). In H5N1-012, the events were Hodgkin’s lymphoma, traumatic brain injury and one non-serious event of myalgia. In study Q-Pan-009, the 2 AEs that led to premature discontinuation were SAEs of blunt injury and congestive cardiac failure.
In paediatric studies, the only premature discontinuation due to an AE was the case of autoimmune hepatitis.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc404759890][bookmark: _Toc439683828]Laboratory tests and vital signs
Laboratory assessments were performed in H5N1-009, H5N1-10 and Q-Pan-001.
H5N1-010 Adults > 60 years: The results of the haematological and biochemical analyses (ALT, AST, CREA, BUN, LDH, CPK, differential blood count and haemoglobin) in subjects (> 60 years) from all study groups (days 0 to 42) were generally within the normal range, except for blood urea nitrogen where up to 28.2% of the subjects showed elevated levels. Overall, there were no safety signals from the haematological and biochemical analyses.
H5N1-009 Children 3 - 9 years: When compared to Fluarix controls, overall, the results for the selected biochemistry parameters (ALT, AST, creatinine, BUN, LDH, and CK) did not give rise to safety signals in the full-adult dose vaccine groups or the half-adult dose vaccine groups in children aged 3 - 5 years and 6 - 9 years.
Q-Pan-001 Adults 18 - 64 years: The analyses of haematology and biochemistry (ALT, AST, basophils, eosinophils, haemoglobin, haematocrit, leucocytes, lymphocytes, monocytes, neutrophils, platelet count and red blood cells) showed no trend on biochemistry. On haematology there was a trend for more subjects (3 - 9%) to have haemoglobin or haematocrit below the lower limit of normal. When analysed further, the mean change from baseline was similar across groups and there was no change in WBC or platelet counts. The Sponsor concluded the finding may be due to the study-associated blood draws.
Vital signs were assessed in the paediatric study H5N1-032 but only pre-vaccination. In Q-Pan-001 they were assessed pre and post vaccination and no notable findings were reported.
[bookmark: _Ref392056932][bookmark: _Toc404759891][bookmark: _Toc439683829]Concomitant medication use
In studies H5N1-007, -008 and -002, there was a trend for slightly higher concomitant medication use in those receiving adjuvanted vaccine than non-adjuvanted or Fluarix control. Antipyretic use was reported to be mainly for analgesia. In the elderly population of H5N1-010, concomitant medication use was similar between groups although antipyretic use was higher in the adjuvanted than non-adjuvanted groups (11.3 - 12.1% vs 1.9 - 9.8%). There were no remarkable findings on medication use in the periods after booster vaccination.
In H5N1-009 the rate of concomitant medication use was lower in the 6 - 9 compared to the 3 - 5 year olds. The rate was higher in those receiving full dose vaccine (59 - 71%) compared to Fluarix control (29 - 33%), and this was mainly antipyretics (presumably related to the higher fever rate). In H5N1-013, after the first priming dose day 0 the rate of concomitant medication use and antipyretic use was 45% and 31%, respectively. After the second priming dose, the rates were 65% and 50%, respectively. On the booster dose day, the rates were 66% and 59% with 3.7% who took the antipyretic as a prophylactic. In H5N1-032, the medication use post D-Pan/AS03 vaccine dose 1, 2 and 3 was 20%, 45% and 29% and these were also mainly antipyretics.
[bookmark: _Ref392056429][bookmark: _Toc404759892][bookmark: _Toc439683830]Integrated summaries of safety
[bookmark: _Toc404759893]ISS (2008)
In the first Integrated Summary of Safety (ISS) of eight studies there were 9,873 adults included. The first analysis (Analysis 1) was of the two studies with non-H5N1 controls and the second analysis (Analysis 2) was of all 8 studies. This ISS was evaluated in the Arepanrix submission with the following summary:
Local and systemic solicited AEs
Analysis 1 data were used to analyse all solicited AEs and the results of the analysis showed that both local and systemic solicited AEs are clearly increased relative to control preparations following H5N1/AS03 doses. However, they do not appear to worsen with consecutive doses, are predominantly mild or moderate in severity and are apparently tolerable to subjects.
Unsolicited adverse events
In both Analysis 1 and 2, all unsolicited AEs were evaluated in the period including Days 0 to 50 after Dose 1 and Days 0 to 29 after Dose 2, a time period for which a uniform dataset containing all AEs was available for all studies. Among unsolicited AEs, eight MedDRA Preferred Terms (PTs) were associated with an increased relative Risk (RR: lower limit of 95% CI for RR ≥ 1.0) among H5N1/AS03 recipients in contrast to controls. Injection site reaction, injection site warmth, injection site pruritus, malaise, nausea and insomnia demonstrate increased RR in both Analyses 1 and 2. All have a close temporal association with injections, are transient and differ little in duration when H5N1/AS03 and control group cases are compared. The sponsor considers these as elements of short-term reactogenicity.
Medically-attended adverse events (MAEs) and SAEs
MAEs and SAEs were evaluated in Analysis 1: As a class, MAEs do not occur with disproportionate frequency among H5N1/AS03 recipients relative to controls, nor do subsets such as Grade 3 MAEs, vaccine-related MAEs, or Grade 3 and vaccine-related MAEs. Every Preferred Terms (PTs) for which MAEs occurred in >0.1% of the H5N1/AS03 population occurred at a generally similar (or greater) rate among control recipients, with substantial overlap in 95% CIs. 
Similar considerations apply to the SAE dataset: The two most common SAE PTs, appear to be over-represented in the H5N1/AS03 group: myocardial infarction in five H5N1/AS03 subjects and no control subjects, and pneumonia in six H5N1/AS03 subjects and one control subject. However, consideration of all SAE PTs indicative of coronary artery disease leads to a more balanced distribution: seven of 7224 subjects in the H5N1/AS03 group (0.1%) versus four of 2,408 subjects in the control group (0.2%). Similarly, the inclusion of the PTs of “pneumonia bacterial” and “pneumonia pneumococcal” with the term “pneumonia” yields a contrast of six of 7224 subjects in the H5N1/AS03 group (0.1%) versus three of 2408 subjects in the control group (0.1%).
Overall, there is no apparent increased incidence of either MAEs or SAEs among H5N1/AS03 recipients, nor is there an obvious clustering of MAEs or SAEs in a particular Primary System Organ Class among H5N1/AS03 recipients.
Adverse events of special interest (AESI)
AESI or pIMDs (potential Immune-Mediated Disease) were evaluated in Analysis 1 and Analysis 2. Fourteen AESI/pIMDs occurred in the H5N1/AS03 group in Analysis 1 and 16 in Analysis 2. This is in contrast with one such event among control subjects. Of the 17 cases reported in total, there is no obvious concentration for any of the antigens, with nine cases in subjects that received vaccine derived from Dresden antigen and 7 cases in subjects that received vaccine derived from Quebec antigen. The antigen dose that the subjects received was 15 μg (7 subjects), 7.5 μg (1 subject) or 3.75 μg (8 subjects), and no unusual concentration appeared in any of those dose groups (relative to the proportion of subjects contributing to the database). All subjects in the H5N1/AS03 group received a full dose of AS03, with the exception of the subject in study H5N1-010, who received both a double dose of AS03 adjuvant and antigen. 
A limitation of the ISS analysis is the 3:1 treatment allocation. In order to provide a more meaningful comparison to the H5N1/AS03 group, the sponsor also evaluated the AESI/pIMDs in a pool of clinical trial data from five trials where 11,721 subjects had received either saline placebo or licensed seasonal trivalent inactivated influenza vaccine. The trials selected included all clinical trials since 2004 that used the company’s licensed seasonal trivalent inactivated influenza vaccines and/or placebo controls in observer-blind controlled designs and included approximately 6 months of safety follow-up for at least medically-attended AEs. The dataset mimicked the control and H5N1/AS03 groups in the ISS closely in terms of demographics, in terms of test article exposure and in duration of safety follow-up. The subject incidence rate of the aggregate AESI/pIMDs in this historical control dataset was 18 of 11,721 subjects, which is similar to that seen for the H5N1/AS03 recipients in the Analysis 1 or Analysis 2 datasets. When the proportions of H5N1/AS03 recipients with AESI/pIMDs from Analysis 1 or Analysis 2 were compared to the proportions of subjects with AESI/pIMDs in the control groups, no significant differences were observed, as shown in Table 19.
Table 19: Proportions of H5N1/AS03 recipients with AESI/pIMDs contrasted to various control datasets.
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Evaluator’s Comment: It was reported that local and systemic reactogenicity did not increase after the second vaccine dose. Overall, no unexpected findings were revealed in this ISS analysis; in particular, the analysis of AESI/pIMDs and a comparison with historical clinical trials databases did not provide any strong evidence to support a causal relationship between the incidence of AESI/pIMD and the use of AS03 adjuvanted H5N1 vaccine. However, the limited number of events in each study precludes an assessment of consistency, and the available data are considered insufficient to either confirm or refute the causal relationship. The association between the occurrence of these rare AESI/pIMD events and the use of the vaccine can neither be established nor ruled out.
[bookmark: _Toc404759894]ISS (2011)
Methods: The second ISS (2011) combined data from H5N1 and H1N1 studies in order to assess the incidence of MAEs, SAEs and detect rare AEs and in particular pIMDs. There were 28 studies included all with adjuvanted formulation and 14 of these studies had controls. The primary vaccination database included 22,521 subjects aged ≥ 18 years and the booster database 3,158 adults. Pooling was regardless of antigen strain, antigen or adjuvant dose or antigen manufacture site. Controls received saline or split virion antigens without adjuvant. Of note, the Sponsor stated that most H5N1 studies were carried out before more stringent collection of safety data in relation to pIMDs while the H1N1 studies were conducted later when there was more focus on this area. There was no controlling for multiplicity. In this report the term AESI/pIMD was simplified to pIMD. The Sponsor stated the group of AEs included in the list of MedDRA preferred terms was generated in collaboration with the FDA.
There were a number of analyses carried out:
Level 1 – H5N1 only
Analysis 1a: adjuvanted formulations vs. controls (controlled trials) (n = 10,132 H5N1, 3168 controls)
Analysis 1b: same as 1a, excluding vaccine recipients who received AS03B (n = 9303 H5N1 and 3168 controls)
Analysis 2a: adjuvanted formulation based on both controlled and uncontrolled trials (n = 11,376)
Analysis 2b: same as 2a, excluding vaccine recipients who received AS03B
Level 2 – H5N1 and H1N1 combined
Analysis 3a: adjuvanted formulations vs. controls (controlled trials) (n = 13,325 H5N1+H1N1 and 6,361 controls)
Analysis 3b: same as 3a, excluding vaccine recipients who received AS03B
Analysis 4a: adjuvanted formulations based on both controlled and uncontrolled trials (n = 16,160)
Analysis 4b: same as 4a, excluding vaccine recipients who received AS03B.
Analysis 5: description of any additional identified cases of pIMD following booster vaccination
Level 3 - H1N1
Analysis 6a: adjuvanted H1N1 formulations vs. controls (controlled trials)
Analysis 6b: same as 6a, excluding vaccine recipients who received AS03B
Analysis 7a: adjuvanted H1N1 formulation based on both controlled and uncontrolled trials
Analysis 7b: same as 7a, excluding vaccine recipients who received AS03B.
The number of subjects included in the ISS (2011) is summarised in Table 20.
[bookmark: _Toc404759936]Table 20: Number of subjects included in the ISS (2011).
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Person-year rates (per 100,000 person-year) were computed for endpoints associated to MAEs, SAEs, pIMDs and AESIs, with exact 95% CIs for both adjuvanted and control groups. The RR of events in adjuvanted vaccine recipients relative to that in control recipients was estimated, with a 95% CI using the exact conditional likelihood approach adjusted for study effect.
Results: The relative risks from analyses are summarised in Table 21.
Table 21: Summary of results for analyses 1 and 3 (RR AS03-adjuvanted vaccine recipient over control test article recipients).
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There was no higher risk for MAEs compared to control groups in the analyses. Individual PTs more frequently reported were cystitis, diarrhoea, seasonal allergy and vulvovaginal candidiasis but no causal relationship was considered likely on further analysis. There was also no higher risk of SAEs across the analyses.
There was a higher risk of pIMDs on analysis 1a and 1b of adjuvanted H5N1 vaccine (all AS03 and AS03A) compared to controls of 6.85 (95% CI: 1.1,283.6) and 6.68 (95%CI: 1.07,276.8), respectively. This was not seen when the H1N1 group was included in the analyses.
The incidence rate of pIMD reported by adjuvanted vaccine recipients in controlled and uncontrolled studies in analyses 2a (H5N1/AS03), 4a (H5N1+H1N1/AS03) and 7a (H1N1/AS03) were, respectively, 378.1, 351.9 and 318.2 per 100,000 person-years.
AEs of special interested by preferred term did not have a higher risk compared to controls and no individual term was notable. AESI (with a rate > 100 per 100,000 person-years) were convulsion (6 cases), hypoaesthesia (14 cases), paresthesia (35 cases), presyncope (10 cases) and urticaria (21 cases). There was however an increased rate of AEs of special interest when grouped by SMQ.
There were 57 pIMDs in 56 subjects in this ISS which include 16 of 17 cases from the first ISS with one case for whom the investigator withdrew the diagnosis. There were 4 more cases withdrawn by the investigator while subjects were still blinded resulting in 53 cases. The Sponsor stated it agreed with the investigator’s pIMD status in 26 of these cases. Disagreement by the Sponsor with the Investigator was mostly on whether the condition was immune-mediated, or whether there was a change post vaccination. Following is a summary of pIMDs which were reported in > 1 subject.
Facial paresis/facial nerve paralysis: There were 8 cases, 2 facial paresis and 6 facial nerve paralysis. The diagnosis in one case was withdrawn by the investigator , the Sponsor agreed with 5 cases, and in the other two cases the time to onset was stated as inconsistent with vaccination. The RR was 2.26 (95% CI: 0.21,118.1) or 1.0 (95% CI: 0.05,65.6) following Sponsor review. The Sponsor stated that postmarketing study data from the UK reported 3 cases in 9142 subjects with one at day 31 and the other 2 at days 77 and 108.
Polymylagia rheumatica or temporal arteritis was reported in 7 cases with a RR of 2.63 (95% CI: 0.27, 131.4). The Sponsor states the disease rates are in line with background population rates.
Psoriasis: There were 5 subjects with psoriasis reported, 3 with adjuvanted vaccine and 2 with control product. Onset ranged from 5 to 226 days. The three subjects in the adjuvanted group had new onset or exacerbation of disease with a RR of 0.67 (95%CI: 0.03,39.3).
There were 3 cases of autoimmune thyroiditis and one of Basedow’s (Grave’s) disease all in the adjuvanted group. In one case the condition predated vaccination, in two cases there were no symptoms, and one had chronic hepatitis C.
Coeliac disease was reported in 3 cases with onset at 65, 182 and 189 days post vaccination. One was in the control group and two in the adjuvanted vaccine group (RR 1.46 95% CI: 0.07,91.6). Two cases had predating symptoms and the sponsor stated the third case could not be supported by available information.
Multiple Sclerosis was reported in 3 subjects, 2 in active (1 of which was in a booster study) and 1 in control groups. One case in the active group had symptoms predating vaccination.
Thrombocytopaenia was reported in 3 cases, all in Q-Pan-H1N1-001, and no cases in the control group. The Sponsor stated 2 cases were not autoimmune. There are been no other reports in post marketing data of thrombocyotopaenia.
There were 2 cases of radiculitis and one of radiculopathy at > 250 days post vaccination. All cases were thought to be mechanically mediated.
Uveitis was reported in 2 subjects, one active and one control, at 48 and 91 days post vaccination. The Sponsor agreed that the case in the active group was a pIMD. This case resolved in 15 days.
Ulcerative colitis was reported in 2 subjects both of whom received adjuvanted vaccine and there were no cases in the control groups.
Rheumatoid arthritis also was reported in 2 cases with the single case in the control group had the diagnosis withdrawn by the investigator leaving a single case in the adjuvanted vaccine group.
For total pIMDs with H5N1 and H1N1 vaccines, the RR was 1.69 (95% CI 0.81,3.81) compared to a RR of 4.67 (95% CI: 0.71, 196.1) in the first ISS. After withdrawal of two cases by investigators and the Sponsor’s review there were 16 cases with adjuvanted vaccine and 2 with control product with a RR of 4.21 (95% CI: 0.95,38.75). The RR for H5N1 recipients was 6.85 (95% CI: 1.1,283.4) and following Sponsor review there were 12 cases all in the H5N1 group with the RR unable to be calculated (lower limit 95% CI 0.89). The RR for H1N1 vaccine was 1.0 before Sponsor review and 2.0 (95% CI 0.29, 22.12) post review. The person-year observation periods were balanced in the H1N1 groups (3175 for H1N1 vs 3193 control) while this was not the case in the H5N1 group (5672 vs 1771).
Evaluator’s Comment: The Sponsor proposes that this imbalance may have contributed to detection of a higher number of pIMDs in the H5N1 adjuvanted vaccine recipients.
The sponsor discussed causality assessment according to the WHO/GACVS criteria (GACVS, 2011) and concluded that there are no known mechanisms by which the adjuvanted pandemic influenza vaccine might induce autoimmune diseases. The main points stated were:
Consistency: The small number of individual pIMDs precludes a robust assessment of consistency by disease.
Strength of association: None of the calculated RRs for the 24 pIMDs identified among 122 monitored PTs sought in controlled trials suggested increased risk. Overall, strength of association for aggregate pIMDs is lacking (RR = 1.69; 0.81, 3.81 for Analysis 3a). No dose response was seen [for adjuvant]; however, these analyses lacked power to detect a biological gradient because the overall exposure to a formulation containing AS03B was limited and was dominated by AS03A exposure.
Specificity: The 24 pIMD diagnoses were spread across all diagnostic groups without apparent pattern with nine MedDRA SOCs represented. No apparent differences were seen by subtype (RR for H5N1 higher though 95% CIs were overlapping with those for the RR for H1N1) or site of antigen manufacture (Q-PAN versus D-PAN). Case counts encountered in the integrated summary are generally compatible with literature rates in the population unexposed to adjuvanted pandemic influenza vaccines.
Temporal association: For individual pIMDs discussed above, there were no clear temporal relationships between adjuvanted vaccine and the AE. A log-rank test was conducted which found no significant difference (p = 0.22) between adjuvanted and control vaccine subjects in time to onset of pIMD and this was also the case when just assessing studies of 12 months duration (where all the control subject pIMDs were reported)(p = 0.42).
Biological plausibility: What is known of the mechanisms of action for AS03 does not support theoretical mechanisms by which the adjuvanted pandemic influenza vaccine might induce autoimmune diseases.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc404759895][bookmark: _Toc439683831]Post-marketing experience
There were no post marketing data in the dossier for the H5N1 vaccine. The sponsor summarised post marketing surveillance data for the adjuvanted H1N1 pandemic influenza vaccine in the Clinical Overview. It was reported that approximately 31 and 59 million doses of Pandemrix H1N1 and Arepanrix H1N1, respectively, have been administered, including at least 9.5 million doses to children and 300,000 doses to pregnant women. The main risk reported from this surveillance is the risk of narcolepsy, particularly in adolescents (Table 22 and 23).
Comment: This risk has been included in the Precautions section of the draft PI.
The RMP also discusses 25 reports of solid organ transplant rejection (and 2 reports of graft versus host disease post bone marrow transplantation). Of these cases, 8 had other risk factors involved (such as non compliance with immunosuppressive regimen, discontinuation of immunosuppressants, acute infection, cyclosporine nephropathy and prior rejection episodes), 2 had biopsies not revealing acute rejection and 4 cases had insufficient clinical information. 
Table 22: Post marketing H1N1 surveillance – summary of narcolepsy risk estimates in Europe, children.
[image: ]
Table 23: Post marketing H1N1 surveillance – summary of narcolepsy risk estimates in Europe, adults.
[image: ]
[bookmark: _Toc404759896][bookmark: _Toc439683832]Specific populations
Pregnant and lactating women were excluded from the clinical trials. The RMP summarised that there were 52 pregnancies reported in studies H5N1-007, -008, -012, -015, and -032 with 40 deliveries of 41 healthy babies. There were 2 infants with non-serious ankyloglossia which was treated successfully shortly after birth. There were 6 elective terminations, one of which was for a congenital abnormality. There was also one stillbirth and one spontaneous abortion neither with reported abnormalities. Two subjects were lost to follow-up.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc404759897][bookmark: _Toc439683833]Safety issues with the potential for major regulatory impact
[bookmark: _Toc404759898]NOCD and pIMD
In all phases of study H5N1-009, a total of three potentially immune-mediated diseases were observed: one case of autoimmune hepatitis in the H5N1 full/half-adult dose group (Phase B) that appeared to be present pre-vaccination; one case of unilateral uveitis in the H5N1 full-adult dose group (Phase C); and one insulin-dependent diabetes mellitus in the Fluarix control group (Phase B). No meaningful conclusions about a potential causal relationship between the H5N1 vaccine and immune-mediated diseases can be drawn from the limited number of cases observed in study H5N1-009 in children aged 3 - 9 years.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc404759899][bookmark: _Toc439683834]Evaluator’s overall conclusions on clinical safety
In total, 16541 doses of AS03-adjuvanted H5N1 split influenza vaccine containing the Dresden-derived antigen have been administered as primary or booster vaccination to 8676 subjects in the evaluation of safety. Of these, 6558 doses in 3687 subjects were of the proposed formulation (3.75 μg HA adjuvanted with AS03A). In the paediatric subset, 300 children aged 3 to 9 years old received 592 D-Pan doses, 520 3 - 17 year olds received 728 priming and 156 booster doses and 113 6- < 36 month olds received 225 priming doses and 108 booster doses.
The A/Indonesia/5/05 strain was used in the D-Pan studies H5N1-041, H5N1-013, H5N1-032 and in Q-Pan-001. All other studies had primary vaccination with A/Vietnam/1194/04. Booster vaccination strain was either A/Vietnam/1194/04 or A/Indonesia/5/05 in all studies except H5N1-013 and H5N1-032, where the booster strain was A/turkey/Turkey/01/2005.
In adults, there was increased reactogenicity with the adjuvanted formulation compared to the non-adjuvanted formulation particularly pain, nonetheless the rate of grade 3 solicited local AEs was generally low. General solicited events of fatigue and headache were also more frequent with adjuvanted vaccine. Symptoms were generally mild to moderate in intensity and resolved within several days. Overall, rates of unsolicited AEs were unremarkable. Lymphadenopathy was reported with higher antigen dose and with adjuvanted vaccine. The risk however was low, non-severe and resolved.
There was a trend for higher rates of general symptoms such as mylagia, fatigue and headache following booster than priming doses but no notable findings on unsolicited AEs following booster vaccination.
In the elderly (> 60 years) the double strength vaccine dose resulted in an increased risk of local and general solicited AEs.
In children 6 months to 17 years of age, reactogenicity was found to increase with each subsequent vaccine dose whether full or half strength. The full dose vaccine, compared to half dose vaccine, resulted in a higher rate of solicited local and general AEs. Fever, particularly that > 39°C, was a notable risk particularly with the full dose vaccine and rates increased with subsequent doses. There were however no reports of febrile convulsions.
There were 13 deaths in the clinical program, none of which were classed as vaccine-related. Of the 294 subjects with SAEs there was one of pneumonia that was treatment-related in an elderly subject; however, the event was 299 days post vaccination. Of the 19 paediatric subjects with an SAE there was one, autoimmune hepatitis, which was treatment-related. The child however was reported to have elevated transaminases predating the first vaccination. Premature study discontinuation due to an adverse event was infrequent across all ages.
Where laboratory assessments were undertaken (> 60 years olds in H5N1-010, 3 - 9 year olds in H5N1-009 and adults in Q-Pan 001) there were no notable findings.
There was little difference in the rate of solicited local and general AE and unsolicited AEs between the thiomersal containing and thiomersal free formulations of vaccine. The Q-Pan vaccine studies were not remarkably different to the D-Pan studies in terms of reactogenicity. The reactogenicity with an accelerated immunisation schedule was acceptable.
The relationship between the candidate vaccine and the onset of any new chronic disease or medically significant condition was assessed in detail in the integrated safety summaries. The ISS (2008) included eight completed adult trials evaluating either Q-Pan or D-Pan adjuvanted vaccines. The analysis did not reveal any unexpected safety findings and there was no strong evidence to support a causal relationship between the use of AS03 adjuvanted H5N1 vaccine (Q-Pan or D-Pan) and the incidence of AESI /pIMDs. Drawing definitive conclusions from the data were however not possible due to the limited number of events.
The second ISS (2011) included data from 22,000 subjects in 28 studies, with close to 20,000 in controlled studies, exposed to H5N1 or H1N1 vacccines. It was undertaken to assess the incidence of MAEs, SAEs and detect rare AEs and in particular pIMDs associated with the adjuvanted vaccine. There were a number of limitations with this ISS including the lack of correction for multiplicity, the 3:1 randomisation limiting the control numbers, the lack of specific pIMD surveillance in the H5N1 studies which was present in the H1N1 studies and a high level of discordance on pIMD status between the investigator’s reports and the Sponsor’s assessment. Nonetheless, no imbalance was seen in adjuvanted vaccine recipients compared to control product recipients for MAEs, grade 3 MAEs or SAEs. A higher RR of pIMDs of 1.69 (95% CI 0.81,4.11) in the combined H1N1+H5N1 group was due to an effect seen in the H5N1 group (RR = 6.85, 95% CI: 1.10, 283.6). While there were specific diagnoses (facial nerve paralysis/paresis, PMR/temporal arteritis, uveitis, UC and RA) with suggestions of higher risk there were no specific patterns evident and the evaluator accepts the Sponsor’s arguments on the lack of consistency, specificity and lack of power to detect a biological gradient. 
There were two paediatric cases of pIMD – autoimmune hepatitis (also an SAE) and uveitis. The first was assessed as predating vaccination and the second was non-serious and resolved with treatment. The paediatric safety database however is relatively small and integrated data did not cover this age group.
[bookmark: _Toc439683835]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc404759901][bookmark: _Toc439683836]First round assessment of benefits
The benefits of Prepandemrix, pandemic influenza vaccine (H5N1), in the proposed usage are:
Demonstrated immunogenicity for the homologous vaccine strain which meets regulatory criteria for pandemic influenza vaccines. The response was consistent across clinical trials and age groups and achieved with a schedule of two doses 21 days apart.
Ability of the vaccine to elicit both haemagglutination inhibition and neutralising antibody responses with notable cross-reactive immune response to drift variant strains.
Anticipated benefit in the event of a influenza pandemic which could have significant public health impacts.
Immunological equivalence (as measured by GMT ratio) of vaccine manufactured at the two facilities ( Q-Pan and D-Pan).
Ability to shorten primary vaccination schedule to 0 and 14 days if required without compromising immunogenicity.
Strong booster response after single or dual dose priming. The booster can be a heterologous strain and is immunogenic when administered from 6 to 36 months after priming.
Immunogenicity demonstrated in children from 6 months to 17 years of age.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc404759902][bookmark: _Toc439683837]First round assessment of risks
The risks of Prepandemrix, pandemic influenza vaccine (H5N1), in the proposed usage are:
The actual degree of protection the vaccine may provide in the event of a future influenza pandemic is not able to be gauged from the available data.
It is not known whether a lower antigen dose would be satisfactorily immunogenic.
There is evidence that the immune response is waning by 6 to 12 months.
Reactogenicity both local and general, which is higher than non-adjuvanted vaccine and increases with subsequent doses. It is acknowledged that these events, which are well documented, are generally mild to moderate in severity and resolve.
Notable risk of fever in the paediatric population.
There are limited safety data in the paediatric population and the risk of pIMDs has not been established in this population.
Possible increased risk of pIMDs in adults, although integrated safety data from 16,000 adults exposed to AS03 adjuvant have not identified any specific concerns.
No data on pregnancy and lactation or on immunosuppressed subjects.
Theoretical potential risks of narcolepsy in adolescents and of solid organ transplant rejection due to the post-marketing signals with adjuvanted H1N1 vaccine.
No data on co-administration with other vaccines.
No long term safety data on the AS03 adjuvant.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc404759903][bookmark: _Toc439683838]First round assessment of benefit-risk balance
The clinical development program for Prepandemrix was extensive and well conducted. It assessed populations from infants of 6 months through to adults over 60 years, different primary vaccination schedules, differing booster intervals and booster response with homologous and heterologous vaccines to the primary course. Immunogenicity evaluations were thorough with assaying for both HI and neutralising antibodies.
The immune response to the D-Pan vaccine containing 3.75µg HA and adjuvanted with AS03A, when given in the proposed priming regimen of two doses 21 days apart, was strong and met all CHMP immunogenicity criteria. While the addition of the adjuvant increased reactogenicity, these events were generally mild or moderate and were outweighed by the marked increased immunogenicity of the vaccine when it was included.
The proposed product contains the A/Indonesia strain compared to the A/Vietnam strain in the original dossier. The adult D-Pan primary vaccination studies were conducted with A/Vietnam, except study H5N1-041 which had the proposed A/Indonesia strain in a study which compared thiomersal containing and free formulations. It was therefore relevant to have an immune response in that study which met CHMP criteria. The immunological equivalence of the Q-Pan and D-Pan vaccines in study Q-Pan-001 and immunogenicity results meeting threshold criteria also provided supporting evidence as the vaccine in that study contained A/Indonesia strain.
The original Prepandemrix submission had two areas of concern which led to its rejection: lack of data on booster response and a possible safety signal of increased risk of NOCD in adults over 60 year of age in study H5N1-008. Both issues have been addressed in this dossier which presents a far more thorough clinical development program than that evaluated in 2007. A number of booster studies assessing both homologous and heterologous booster to the priming strain have been conducted in adults and children and at different intervals from the priming course. All demonstrated a robust booster response for HI and neutralising antibodies to the booster strain as well as cross-reactive response to heterologous strains.
Regarding the risk of NOCD, since the earlier evaluation the Sponsor has conducted further studies, including a study in adults >60 years, as well as compiling two integrated summaries of safety. The safety of the vaccine and adjuvant has now been assessed from a database of approximately 16,000 subjects who received AS03-adjuvanted H5N1 or H1N1 antigens, of who 9300 received H5N1 with AS03A, together with about 6000 control subjects. The Sponsor stated that the size of this safety database provides 99.3% confidence that at least one instance of any adverse event occurring with a frequency of at least 0.05%. This analysis found an increased relative risk of pIMDs with the H5N1 adjuvanted vaccine (RR=6.8, 95% CI:1.1,283) compared to no increased risk with H1N1 (RR = 1.0, 95% CI: 0.4,2.7). The pIMDs identified covered a broad range of diseases without any specific areas being identified. The evaluator agrees with the Sponsor that the imbalance in person years of observation between the H5N1 and control groups may have contributed to the observed imbalance. It is concluded that while the data do not suggest a causal link the risk will still need to be closely monitored.
It has been noted in this evaluation, as well as one relating to Pandemrix, that while the standard dose (3.75 µg HA) vaccine in adults > 60 years resulted in an immune response which met CHMP criteria it was less than that of a double dose vaccine. The safety profile as regards solicited local and general AEs after vaccination, however was better with the single dose. The European SPC for Prepandrix summarises HI antibody responses at day 42 based on age subgroups (61 to 70; 71 - 80, and > 80 years) and this shows that the H5N1 HI antibody response (SPR, SCR, SCF) in subjects aged > 80 was greater in the double dose group (n = 10) than in the single dose group (n = 13). It also comments that “based on very limited data, adults aged > 80 years may require a double dose of [the vaccine] ..... in order to achieve an immune response”. This recommendation is not included in the Australian PI which recommends a single dose vaccination regimen in adult adults aged 18 years and above, irrespective of age. These data appear to be from post-hoc analyses as they were not available to the evaluator and the Sponsor has been asked to clarify immunogenicity and dosing in the elderly population.
The paediatric clinical development covered children from 6 months to 17 years and demonstrated that two doses three weeks apart (using half the adult dose) was immunogenic with adult CHMP criteria being achieved. There was also strong booster response. It was found that the full adult dose led to increased reactogenicity and, given the high rate of fevers with the adjuvanted vaccine, the benefit-risk balance is therefore in favour of the half strength dose. As there are no paediatric dosage instructions in the draft PI the Sponsor has been asked to clarify this issue.
With the number of children with grade 3 fever it was reassuring to find no reported cases of febrile convulsions, nonetheless the Sponsor has been asked to confirm that this is the case. In addition, this risk of fever has not been adequately covered in the draft PI. The overall safety of the vaccine in the paediatric population has been based on relatively small numbers. There were two pIMDs identified, autoimmune hepatitis and uveitis, although the former was believed to predate vaccination and the latter resolved with treatment. There were no integrated data on the paediatric population presented and the Sponsor should provide further information to justify the safety of the product in children.
Overall, it is not clear if the indication for the vaccine seeks to cover children as there is a lack of dosage instructions, inadequate coverage of paediatric clinical trial immunogenicity and safety data in the PI, a CMI which includes no instructions relating to children and inconsistencies in the RMP. These issues all need to be addressed before an assessment of benefit-risk in this population can be undertaken.
Regarding the indication, the current wording is Prophylaxis of influenza caused by the H5N1 strain with a pandemic potential. As there are no data to confirm prophylaxis of influenza, the evaluator believes preferable wording would be along the lines of that in the European SPC which states active immunisation against H5N1 subtype of Influenza A virus.
There are substantial public health risks of pandemic influenza and so there is a high need for immunogenic vaccines. Prepandemrix vaccine was found to be immunogenic with evidence of cross-reactive antibodies at a relatively low antigen dose. There was some flexibility with priming dose schedule, a robust and rapid booster response, and manageable reactogenicity risks. Integrated safety data found an increased relative risk of pIMD with the adjuvanted H5N1 vaccine while detailed assessment did not appear to support any specific findings. The evaluator believes the causal risk is not sufficiently strong to outweigh the potential public health benefit of the vaccine. Nonetheless, it is a case where there will need to be ongoing vigilant safety monitoring and it will be essential that the Sponsor has highly developed plans for the monitoring of the candidate vaccine in the event of a pandemic influenza outbreak.
In summary the evaluator finds that the benefit-risk balance of prepandemrix given the proposed usage, is favourable for adults subject to satisfactory responses to questions and comments in Section 12. The evaluator finds that there are a number of issues still to be addressed regarding the paediatric population and so the benefit-risk balance in this group is currently unfavourable.
[bookmark: _Toc439683839]First round recommendation regarding authorisation
It is recommended that Prepandemrix, pandemic H5N1 influenza vaccine (A/Indonesia/05/2005 3.75 µg adjuvanted with AS03) is authorised for use in adults. The recommendation is subject to:
Addressing questions raised
Rewording of the proposed indication
Satisfactorily addressing changes to the PI and CMI
Close post-marketing safety monitoring
It is not currently recommended that Prepandemrix is authorised for use in the paediatric population as issues that were raised in Section 12 need to be addressed by the Sponsor and evaluated by the TGA.
[bookmark: _Toc439683840]Clinical questions
[bookmark: _Toc439683841]Pharmacokinetics
None
[bookmark: _Toc439683842]Pharmacodynamics
None
[bookmark: _Toc439683843]Efficacy
The EU SPC for Prepandrix includes what appears to be a post-hoc immunogenicity analysis of study H5N1-010 by age subgroups. These data were not located in the clinical study report. The data point towards an improved immune response in subjects aged >80 years with the double dose vaccine regimen. From this there is a statement in the EU SPC dosage and administration section which suggests a double dose of vaccine may be necessary in this age group. Discuss these findings and whether or not the information is relevant in the Australian context.
[bookmark: _Toc439683844]Safety
In the Summary of Clinical Safety it states that 6558 doses of D-Pan 3.75 µg HA adjuvanted with AS03A have been given to 3687 subjects (page 43) while in the Clinical Overview it states that these 6558 doses were given to 2804 subjects (Table 35). Please explain the difference and verify the number of subjects who have been exposed to the proposed vaccine.
In the Summary of Clinical Safety results of the two ISSs were discussed. Neither ISS had corresponding data located in the dossier. The first ISS (2008) has been previously evaluated, however the evaluator believes that the second ISS (2011) has not been previously evaluated and so the data should be submitted to the TGA.
Given the risk of fever with the adjuvanted vaccine it was reassuring that no reports of febrile convulsions were identified in the three paediatric clinical trials. Could the Sponsor confirm that there have indeed been no cases of febrile convulsion or discuss any cases that may have occurred in infants, children or adolescents with the administration of the H5N1 vaccine.
The safety of the vaccine in the paediatric population has been evaluated in the three clinical trials in the dossier. There is a however no broader integrated summary of safety in children, either for the H5N1 vaccine alone or for combined adjuvanted H5N1 and H1N1 vaccines. Discuss any integrated data on paediatric safety and post-marketing safety data including information on cases of pIMDs.
[bookmark: _Toc439683845]Second round evaluation
The sponsor submitted a response where they requested to change the trade name from Prepandemrix to Prepandrix, which is the approved name in Europe. Below is a summary of the sponsor’s responses to the questions followed by the evaluator’s comments.
[bookmark: _Toc439683846]Efficacy
Question 1
· The EU SPC for Prepandrix includes what appears to be a post-hoc immunogenicity analysis of study H5N1-010 by age subgroups. These data were not located in the clinical study report. The data point towards an improved immune response in subjects aged >80 years with the double dose vaccine regimen. From this there is a statement in the EU SPC dosage and administration section which suggests a double dose of vaccine may be necessary in this age group. Discuss these findings and whether or not the information is relevant in the Australian context.
Sponsor’s response
In Study H5N1-010, exploratory post hoc analysis was conducted in age subgroups (60-65, 66-70, 71-75, 76-80 and >80 years) at the request of the European Authorities. These data were included with the sponsor’s response to this question. 
There were only 10 and 13 subjects aged >80 years who received single and double dose adjuvanted vaccine, respectively. There was a high rate of seropositivity for HI antibodies to A/Vietnam so the age-stratified analysis also assessed results by baseline serostatus. The baseline seropositivity rates to A/Vietnam increased with age (50-60% in the >80 year olds). No seropositivity was seen for HI antibodies against A/Indonesia.
Prevaccination GMTs for HI antibodies against A/Vietnam were low in all age groups (7.0-14.1). At Day 42 post vaccination, GMTs were found to be lower in subjects aged >80 years, particularly in those who received one dose of vaccine.
Seroprotection rates at Day 42 against A/Vietnam were >60% in all age groups whether they received single or double dose vaccine. When assessed by baseline serostatus, those who were seropositive had higher SPRs. In the seronegative subjects >80 years (n = 5), there was no seroprotection when only one vaccine dose was given. The SPR threshold was not met by any age group for HI antibodies against A/Indonesia.
A seroconversion rate of >30% against A/Vietnam was achieved in all age groups at day 42 whether a single or double dose was given. When assessed by baseline serostatus, again the 5 seronegative subjects aged over 80 years failed to demonstrate seroconversion. The SCR threshold for HI antibodies against A/Indonesia was met by all age groups when vaccinated with two doses but not when only one dose was given.
The seroconversion factor of >2.0 against A/Vietnam was achieved in all age groups at day 42 regardless of serostatus. The threshold of >2.0 was met against A/Indonesia in all age groups when two vaccine doses were given but not in the >80 year age group with only one dose (SCF 1.3, 95% CI: 1.0, 1.8).
The sponsor’s conclusion was:
All CHMP criteria are met for the HI response against the vaccine strain at Day 42, regardless of age, and for both the single and the double injection dose. The baseline serostatus of the subjects does not impact on the ability to meet the criteria, except for the oldest subjects (aged above 80 years), in case they were seronegative before vaccination and vaccinated with the 1x3.8AD formulation. In this latter group, for which it should nevertheless be noted that the sample size is very limited (n = 5), SCR and SPR criteria are not met, although SCF is met at Day 42. It was stated that the trend towards improved immunogenicity with a double dose has to be interpreted with caution.
The sponsor’s response to this question also covers Question 30 on the PI.
Evaluator’s comments
The sample size is very small on which to draw conclusions and the analysis post hoc. Nonetheless, the data are suggestive of an improved immune response in subjects aged >80 years with the double dose vaccine regimen. Therefore, it would appear prudent to include the same statement as in the European SmPC in the Dosage and Administration section of the PI.
Based on very limited data, adults aged >80 years may require a double dose of Prepandrix on an elected date and again after an interval of at least three weeks in order to achieve an immune response. 
[bookmark: _Toc439683847]Safety
Question 2
· In the Summary of Clinical Safety it states that 6558 doses of D-Pan 3.75 µg HA adjuvanted with AS03A have been given to 3687 subjects (page 43) while in the Clinical Overview it states that these 6558 doses were given to 2804 subjects (Table 35). Please explain the difference and verify the number of subjects who have been exposed to the proposed vaccine.
Sponsor’s response
The sponsor agreed there was a mistake in Table 35. The correct number exposed subjects is 3687.
Evaluator’s comments
None.
Question 3
· In the Summary of Clinical Safety results of the two ISSs were discussed. Neither ISS had corresponding data located in the dossier. The first ISS (2008) has been previously evaluated, however the evaluator believes that the second ISS (2011) has not been previously evaluated and so the data should be submitted to the TGA.
Sponsor’s response
The sponsor submitted the second ISS of AS03 adjuvanted monovalent H5N1 and H1N1 vaccines in adults 18 years of age and older (dated September 2011).
Evaluator’s comments
The data in this ISS report are consistent with that presented in the submitted dossier and summarised.
Question 4
· Given the risk of fever with the adjuvanted vaccine it was reassuring that no reports of febrile convulsions were identified in the three paediatric clinical trials. Could the Sponsor confirm that there have indeed been no cases of febrile convulsion or discuss any cases that may have occurred in infants, children or adolescents with the administration of the H5N1 vaccine.
Sponsor’s response
The sponsor confirmed that no febrile convulsion cases were reported in H5N1-009 (3-9 year olds) and H5N1-032 (3-17 year olds). In H5N1-013, there was one “seizure – suspected” in a subject aged 18 months of age at 88 days post dose 2. The event was not an SAE and no treatment was given. Dose 3 of vaccine was not given due to this event.
There was one febrile convulsion (an SAE) in Q-Pan-021 (children 6 m to <18 years) in a 30 month old child at 11 days post first vaccine dose (H5N1/AS03). The child was hospitalised for 3 days and recovered. There was no history of fever in the 7 days post dose 1 or dose 2 of vaccine. A second case of a convulsion was reported in this study 212 days post vaccine dose 2. The event was medically attended. A third case of possible seizure occurred 134 days post dose 2 and one day prior to the onset of an upper respiratory tract infection (URTI).
Evaluator’s comments
The evaluator agrees with the sponsor that the timing of these events are not suggestive of a temporal relationship to vaccination.
Question 5
· The safety of the vaccine in the paediatric population has been evaluated in the three clinical trials in the dossier. There is a however no broader integrated summary of safety in children, either for the H5N1 vaccine alone or for combined adjuvanted H5N1 and H1N1 vaccines. Discuss any integrated data on paediatric safety and post marketing safety data including information on cases of pIMDs.
Sponsor’s response
There are no integrated safety data in children. Compared to H5N1 vaccine, H1N1 vaccine is noted to have a higher immunogenicity profile and the number of exposed children is greater (n = 5264). This could skew the safety data. Overall, the number of paediatric subjects is not sufficient to detect rare events. The response also stated:
Across the complete H5N1 paediatric clinical development program, there have been 4 case reports of a pIMD, three of them with the D-Pan H5N1 vaccine: one case reported Vitiligo and one case Uveitis. A third case reported autoimmune hepatitis in 3.5 year old female who received the first dose of DPan H5N1. The event was considered by the investigator to have a possible causal relationship to the vaccine. However, testing of serum samples collected before vaccination revealed abnormalities consistent with pre existing hepatic disease (elevated serum alanine aminotransferase and aspartate aminotransferase levels). In the paediatric QPan H5N1 development, there was one pIMD case reporting Alopecia. Overall no safety signal arose from the data.
Evaluator’s comments
It remains that pIMDs need to remain under close monitoring for the adjuvanted vaccines.
The Sponsor submitted a response dated 29 October 2014. In this response the Sponsor has requested to change the tradename from Prepandemrix to Prepandrix which is the approved name in Europe. Below is a summary of the Sponsor’s responses to the questions followed by the evaluator’s comments.
[bookmark: _Toc439683848]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290846349][bookmark: _Toc404759919][bookmark: _Toc439683849]Second round assessment of benefits
After consideration of the responses to clinical questions, the benefits of Prepandemrix/Prepandrix in the proposed usage are unchanged from those identified in the first round.
[bookmark: _Toc272414710][bookmark: _Toc290846350][bookmark: _Toc404759920][bookmark: _Toc439683850]Second round assessment of risks
After consideration of the responses to clinical questions, the risks of Prepandemrix/Prepandrix in the proposed usage are unchanged from those identified in the first round.
[bookmark: _Toc272414711][bookmark: _Toc290846351][bookmark: _Toc404759921][bookmark: _Toc439683851]Second round assessment of benefit-risk balance
The Sponsor has submitted a thorough response to the questions asked after the first round evaluation. Comments on the PI have been satisfactorily addressed and resulted in substantial modifications to the document. 
The major change in the second round evaluation is that the Sponsor no longer proposes an indication which covers the paediatric population. Given this alteration, the evaluator recommends that it is made clear in the indication that the vaccine is for the active immunisation of adults only. In addition, a precaution relating to use in children should be included in the PI.
Submitted post-hoc data analysis of the elderly study pointed towards possible reduced immunogenicity of the vaccine in those aged >80 years and improved response with double vaccine dose. While these analyses are post-hoc and the subgroup sample size very small, the evaluator agrees with the EU’s decision to include a statement outlining these facts in the PI.
In summary, evaluator finds the benefit-risk balance for Prepandemrix/Prepandrix pandemic H5N1 influenza vaccine use in adults is favourable. This is subject to the remaining few questions relating to the PI being satisfactorily addressed.
[bookmark: _Toc439683852]Second round recommendation regarding authorisation
It is recommended that Prepandemrix/Prepandrix, pandemic H5N1 influenza vaccine (A/Indonesia/05/2005 3.75 µg adjuvanted with AS03) is authorised for use in adults. The recommendation is subject to:
Making the indication specific for adults.
Finalising the PI 
Close post-marketing safety monitoring.
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Adjusted GMT = geometric mean antibody titre adjusted for baseline titre
N = Number of subjects with both pre- and post-vaccination results available
95% CI = 95% confidence interval for the adjusted GMT ratio (Ancova model: adjustment for baseline titre - pooled
variance with more than 2 groups); LL = lower limit, UL = upper limit
Data source = Appendix table IlIA
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GMT = Geometric Mean antibody Titer; SCR: For initially seronegative subjects (at day 0), antibody titre > 40 1/DIL
after vaccination; SCR: For initally seropositive subjects (at day 0), antibody fitre after vaccination > 4 fold the pre-
vaccination antibody titre; Booster SCR: For seronegative subjects at pre-booster (Month 6), antibody titre > 40 1/DIL
at Month 6 + 21 days; Booster SCR: For seropositive subjects at pre-booster (Month ), antibody titre at Month 6 + 21
days > 4 fold the pre-vaccination antibody titre at month 6; SPR = SeroProtection rate (antibody fitre > 40 1/DIL); SCF
= Seroconversion Factor (mean[log10(POST/DO0)]); BF=Booster factor: Seroconversion Factor booster
(mean[log10(POST/MB)]); N = Number of subjects with available results; 95% CI = 35% confidence interval, LL =
Lower Limit, UL = Upper Limit; PRE= Pre-vaccination dose 1 at Day 0; PI(M6) = Post-vaccination dose 1 at Month 6;
PII(D42) = Post-vaccination dose 2 at Day 42; PII(M6) = Post-vaccination dose 2 at Month &; PII(M6+D7) = Post-
vaccination dose 2 at Day 7 after Month 6; PII(M6+D21) = Post-vaccination dose 2 at Day 21 after Month 6;

PIII(M6+D7) = Post-vaccination dose 3 at Day 7 after Month 6; PIll(M6+D21) = Post-vaccination dose 3 at Day 21 after
Month 6
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HS5N1_H5N1 1.9 pg Aflndonesia | 1.9 ug Aflndonesia | 1.9 pg Afturkey/Turkey | Havrix or Havrix
(H5_HS) +AS03s +AS03s +AS03s Junior
H5N1_Havrix 1.9 ug Afindonesia | 1.9 ug Allndonesia | Havrix or Havrix Junior | Havrix or Havrix
(H5_Hav) +AS03s +AS03s Junior
Havrix_H5N1 Havrix or Havrix - 1.9 ug Afturkey/Turkey | Havrix or Havrix
(Hav_H5) Junior +AS03s Junior
Havrix_Havrix Havrix or Havrix - Havrix or Havrix Junior | -

Hav_Hav) Junior

Subjects in the H5_H5 group received a second dose of Havrix after study completion.
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Spit__| AVietnam/1 13472008 (FoNT) Dresden 75u3 | ASO3A (250 ) | DFLUADOTEA | DASAAGOTA | -
Spit__| AVietmam/119472008 (FSNT) Dresden 37595 | ASO3A (250 ) | DFLUADOT9A | DAJAAGOTA | -
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DFLSAGDIA | DASBAGOSA
Spit___| ANietnam/1 13472008 (FoNT) Dresden 37505 | ASO3A (250 ) | DFLSAQG2A DOTTAOG3A
DFLSAOIA
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HSN101Z | Spit | ANiemam/11472004 (F5N1) Dresden 37509 | ASO3A(250 ) | DFLSAQOTA | DAJBAODSA
Spit___| Alindonesial05/2005 (HSN1) Dresden 375ug | ASO3A (250 ) | DFLSAQ0B | DAJBAGDAA
HSN1015 | Spit | Alindonesial05/2005 (FSN1) Dresden 37505 | ASO3A (250 ) | DFLSAQ06B | DAJBAODIA
HSN1030 | Spit | Alindonesial05/2005 (HSN1) Dresden 37545 | ASO3A (250 ) | DFLSAO06B | DAJBAGDAA
HSN1038 | Spit | Alindonesial0/2005 (FSN1) Dresden 375 49" | ASO3A (250 ) | DFLSAQO6B | DAJBAGDRA
HSN1.003
PraseA | Spit | ANiemam/119472004 (H5N1) Dresden 19ug  [AS03,(125) [ DFLUAGSTA [ DA3AA0O4S |-
PraseB  [Spit | ANiemam/1194/2004 (FoN1) Dresden 3754g" | AS03s (125 )" | DFLSAOG2A | DAJARGOGA |-
PraseC  [Spit | ANiemam/11472004 (F5N1) Dresden 375ug° | AS03(2504) | DFLSAOG2A | DAJBAGOSA | -
WSNT-013 | Spit | Alndonesial0512005 (FaN1) Dresden T9ug | Aso3 (175 ) | AFLGASA0A | AROIAZ05C
Spit__| AturkeyTurkey0172005 (FSN1T) Dresden 1943 | ASO3, (125, | DFLSAGIOA | ARO3A205C
WSN1-032 | Spit | Alindonesial05/2005 (HSN1) Dresden T9ug | As03, (125, | AFLGASA0A | AR03AZ05C
Spit Aturkey/Turkey/01/2005 (HSN1) Dresden 19ug AS03s (125 ) | DFLSAO10A [ AA03A209C
QPan001 | Spit | Alndonesial0/2005 (HoN1) Quebec 37549 | ASO3, (250 ) | AFLPAGDSA | DAJBAGOBA
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Spit__| Alindonesia/012005 (F5N1) Quebec EXTT AFLPAOGSA | DOTIAGA
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Spit__| Alindonesia/02005 (F5N1) Quebec 19p3 | ASD3,(250 ) | AFLPATITA | DAJBAGOSA
Spit__| Alindonesial052005 (HoN1) Quebec T9ug | As03 (125 ) | AFLPATTIA | DAGSAO03A
QPan009_| Spit | Alndonesial05/2005 (HSN1) Queber 375 AS03: (250,) | AFLPATIOA | DA3BAGOTE

A haemagglutinin ; AS03: GSK Biologicals’ proprietary adjuvant containing an oi-n-water emulsion, consisting of an od phase containing DL-a-tocopherol and squalene, and an
‘aquecus phase containing the non-onic detergent Tween 80

*In some cinical study reports 3.75 g HA has been rounded offto 3.8 ug HA.

** ASO3x: 250 l or ‘Full dose AS03 comesponds 1o the same adjuvant dose as contained in the registered vaccine formulation (¢; 10,69 mg squalene, 11,86 mg DL-tocopheral and
486 mg ploysorbate 80). AS03 - 125 il or Hal” dose ASO3 corresponds to half the adjuvant dose contained in the registered vaccine formuation (i; 5.35 mg squalene, 5,63 mg DL-
tocopheral and 2 43 mg ploysorbate 80).





image18.png
GHT SCR SPR SCF
Study & Groups Age (years) N ) L) (A7) (A7)
LN T IV TV T il VO TS
‘Aniibodies agains! homologous ANietnam strain
HNT007
D-Pan/AST: S0 [ 1893 | 937 [ 2397 [ 820 | 686 | 914 [ 840 | 709 [ RB [ 279 [ 172 | 457 |
DPardn AT 1850 e et T T s LTz T
HNTO0Z
D-Pan/AST:" 4| 2794 [ 2033 [ 7%9 [ 937 | 90 [ %7 [ 943 [ 96 [ %7 398 | %8 | 431
Y &0 BT 75 T T8y T oa Lot T er Tt er T et 17
D-Pan/AST: 157 | 128 | @4 | 1617 | 724 | 645 | 733 | 836 | 767 | 691 [ 412 | 89 | 141
©-Fan/ no ASTS ad L R TRE AR L AL AEIAE A T
— ‘Antibodies against homologous Alndonesia strain
DPan/AST e 7% |75 [ %18 mul 977 110 | 100 [ 977 ] 100 | 1479 [ 1336 [ 1636
DParASTE 75 | €217 | 529 | 7120 [ 987 | %4 [ %8 |87 | %54 [ W8 [ 1219 [1063 [ 1397
HNTOTS
DPanASTE TB50 T 25 A0 [ 3955 | ST [ 980 [ BT [ %9 [ 960 [ BT [ [ 886 [ 611 [T
Pan 001
D-Pan/AST: 1868 T 140 [ 4803 [ 3%05 | 5907 [ 964 | 919 | 98 | %4 [ 319 | 988 | 953 [ 773 [ 1175 |

grous
++ Control roupofthebooster sy HENT.015 wich eived o does o he -Pan Andonesia vaoine
Free processed

(1)TF orocs FENT Thomersl

tlncm HSN1 Thiomersal Contained process
'SCF: seroconversion factor i ratio of the post-vaccination GMT and the pre-vaccnation GMT); SCR: seroconversion rate (i proporion of subjects who were either seronegative at
pre-vacchaton and have a potective post-vactination tre of > 1:40,or who were seropositve at pre-vaccnason and have a 4fod ncrease in i) SPR seroprotection rate (Le

‘proportion of subjects with Hl ttre > 1:40)
ASD3.: full-dose ASO3

antigen;




image19.png
Study & Age GHIT SPR SCR SCF
groups Timing | N EAe) 0] 5A0) 5A¢)
valve | L UL [ % [ 0 [0 % UL [value | L [y
gainst homologous Strain
[FNT009
ProscA  [Eoyeas [FRE L] 50 [ o0 [ 00 [ 73 - [ -1 - -1~ B
11.9 ug HA/ [PID2T) 49 123 | 122 | 46 | 248 | 122 | 46 | %8 [ 17 | 12
[Half AS03 P02 |49 959 | 850 %9 %35 [ 785 | %1 [ 1100
[ETyears a3 50 00 0 - - - - - -
P2 | 43 175 | 307 | 172 | %71 | 2 [172] 1] 24 | 17 35
[Pioa2 | 43 677 | 100 | @18 [ 100 | 100 |8 | 100 [4081] 843 | 1375
[Fhase® [Z5 years 7] 54 [ 00 | 00 [ 84 - [ - - - |- -
[3.75 ug HA/ DZT) il 53 | 488 | 329 | bAJ | 488 |9 | 640 | 44 | 29 11
|Half AS03 7 UgEb | 976 | B4 | 999 | 976 | 674 | 999 [1323 ] 918 | 107
[2years [PRE 5 50 00 [ 00 [73 [ - - - -
[Pi02) |45 [7) 8 | 422 [277[ 578 | 47 | 29 | T8
5 ) i WY 1232 |
T years L 50 00 00 - - - - - -
[3.75 g HAY [PID2T] 3 393 | 465 | 312 | 623 | 465 | 312|623 | 50 | 32 79
IFul AS03 quncg) u 71833 | 100 | @20 | 100 [ 100 [920[ 100 1913 [ 1538 | 7373
[ESyears [PRE 3 50 00 [ 00 | 82 - - - -
] k) 50| 567 | 374 785 [ 55 | 37 97
Pice) &3 0586 | 100 | 918 | 100 918 | 100 {1767 | 1475 | 2117
‘Antibodies against homologous Alindonesia strain
|FSN1 013 (1.9 g AT ol ASE3]
‘months [ 50 50 EL) 00 [ 00 [ W08
[PIDE |32 | 9457 | 7458 | 11979 | 100 | 837 | 100 | 100 |91 700 | 1890 [ 1432 | 2396 |
1228 months _[Pre :—[ 50 50 50 | 00 [ 00 [ 142
[FUDEZ | 24 | 1337 | 9903 | 18042 | 100 | 858 | 10 | 100 | 858 | 100 [2673 | 191 | 308
(2235 months 50 50 00 00
2 | T08AT7 | 8326 | 13109 BT | 100 | 100 | G571 100 | 2089 | 1665 | 2622
HSN1-032" (1.9 g KA Half
[FNT-HONT__|3-17 years 1% | 57 57 (1] 00 00 LS
1% M’B Ql.‘l 994 | %5 | 100 | 994 | %5 100 | %69 | 849 T0Z
[FONT-Havrix [Pre. 1255 00 | 00 [ 2%
[PIDE) 152 | 5350 Sm sm 3 | %4 | 100 | 993 [ %4 [ 100 [fosa| 47 | AT

"GNIT = geometrc mean anibody tre calcdated on al subjcts, Setoconversion defned a: Fo nialy seronegative subjcts, antbody tire > 4) TIDIL aher vaccination; Formitaly
‘seropositive subjects, antbody tire after vaccination 4 fold the pre-vaccination antibody titre, SCF = Seroconversion factor or geometric mean ratio (meanflog 10(POSTIPRE)]

N = number of subjects with availabe results, 35% Ci = 95% confidence interval, LL = Lower Limit, UL = Upper Limi,

PRE = pre-vaccnation;
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* Only the groups (H5_H5 and H5_Hav as noted in the CSR) who received two doses of the Allndonesia vaccine at Days 0,1 are presented here.
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= Upper Limit; PID21) = post-vaccination at Day 21; PII(D42) = post-vaccinatin at Day £2

* Only the groups (H5_H5 and H5_Hav as noted in the CSR) who received two doses of the Allndonesia vaccine at Days 0, 21 are presented here.
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GMT = geometric mean antibody titre calculated on all subjects; Seroconversion defined as: For initially seronegative subjects, antibody titre > 56 1/DIL after vaccination; For initially
‘seropositive subjects, antibody titre after vaccination 24 fold the pre-vaccination antibody titre

N = number of subjects with pre- and post-vaccination results available; n/% = number/percentage of seroconverted subjects; 95% CI = 95% confidence interval, LL = Lower Limit, UL
= Upper Limit; PI(D21) = wﬂmmdbayﬁ PI(D42) = post-vaccination at Day 42

* Only the groups (H5_H5 and H5_Hav as noted in the CSR) who received two doses of the Allndonesia vaccine at Days 0, 21 are presented here
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* Pooled

aroups ;
** Control group of the booster study HSN1-015 which received two doses of the D-Pan Allndonesia vaccine

= rumber of subjects with both pre- and postvaccnaton resuls avalable, % = percentage of responders

(1) TF_proc = H5N1 Thiomersal Free processed antigen; (2) TC_proc = HSN1 Thiomersal Contained process,

‘SCF: seroconversion factor (i ratio of the post-vaccination GMT and the pre-vaccination GMT); Smm_ﬁewmdmi\ommwul
pre-vaccination and have a protective post-vaccination e of > 1:40, or who were seroposiive at pre-vaccination and have a 4-fold increase in ttre); SPR: seroprotecton rate (ie.

proportion of subjects wih Hl tre > 140)
AS03: ful-dose AS03
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‘seropositve subjects, antbody tre after vaccination 24 fold the pre-vaccination antibody ttre, SCF = Seroconversion factor or geometric mean ratio (meanflog 10(POSTIPRE)]

N= wdm-m::mmma '95% confidence interval; LL = Lower Limit, UL = Upper Limit; PRE = pre-vaccination; PI(D21) = post-vaccination at Day 21;
= post-vaccination at

#HI antbodies against heterologus sirain (1 be given as booster) was not assessed in the HSN1-013 study at tme point Day £2.
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SAll subjects who had received 2 doses of unadjuvanted AlViemam vaccine (3.75 g HA) in HSN1-002
* Subjects who had received 2 doses of adjuvanted AVietnam vaccine (375 g HAIASO3) in HSN1-007
M Subjects who had received 2 doses of unadjuvanted AlVietnam vaccine (3.75 g HA) in HSN1-007
# Month 14 after pamary vaccination in HSN1-007




image27.png
ZT0 I GHT ‘Booster SCR SPR Booster SCF
95% CT 95% C1 95% CT 95%Cl 95% CT
Group Timing | N | % | L | UL [Vawe| LL | UL | % [ CC] UL | % | (L [ UL [Vawe| &t [ oC

[FSNT-032'(1.9 g HAV Falf AS03)
Hs_Hs [PRE 185 | 271 345 [ 70 [ 63 [ 77 1] 74

[PiDTez | 127 | 892 100 | 396 [ 358 | 438 518 | 678

[PuiD1s2) | 127 | 100 100 | 7376 | 6466 | 8411 | 100 | 871 100 971 ] 100 | 186 | 163 [ 213
[Fav 5 [PRE 103 | 175 | 107 [ 262 | 61 | 56 | 68 02 | 68

Puote2) | es [202 | 123 | 304 | 60 | 55 | 65 | 10 |00 | 53 00 53 [ 10 |08 | 11

[Pioie) | 6 [e05 [ 821 [958 | 247 | a7 | 310 | 321 [224] #32 234 [ 45 | a1 | 33 | 52
[FSNT013(1.9 g HAJ Ralf AS03]
Btz [PRE 33 [ 82| 70 [355] 58 [ 52 | 65 00 [ 00 [ 06

[PiDTE2) | 33 |00 | 894 | 100 | @57 | 755 [ 1211 939 | 708 | @3

JPiiD182) | 33 | 100 | 894 | 100 |es46 835731126 970 |8a2| eae | 100 | se | 100 | 257 | 18 | 37
122w [FRE 2¢ |25 | 27 | 324 | 58 | 48 | 69 00 | 00 [ 42

[PiD182) | 21 | 100 | 838 | 100 | 841 | 655 | 1081 100 [ 839 | 100

[PIIDTE2 | 21 | 100 | €39 | 100 |18102]1207.1] 2714 7] 100 | 838 100 | 100 | 639 | 100 | 215 | 164 | 282
2= [PRE 28 | 6o |08 |28 55 [ 47 | 64 34 01 78

[PiOTE2) | 29 [ 100 | 881 | 100 | 8.1 | 736 | 1004 100 [ 881 | 100

[PiiDis2) | 2 | 100 | 881 | 100 | 17674 14030] 22263 100 |81 700 | 100 | €81 | 100 | 205 | 162 | 261

Day 192 resuls only for groups H5_H5 and Hav_H that received the D-Pan Altukey booster on Day 162

SCF: Seroconversion factor.
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©The *Pre time point of study HSN1-015 serves as the persistence time point at Month 14 in study HSN1-007.

Subset of subjects in HSN1-030 Ext 002 who did not receive any booster at Month 6 (or Month 12 or 36 in study HSN1-038 Ext 002).

*Pre booster tme point of Month 36 boosted subjects n study HSN1-038 serves as persistence me point
* Control group of the booster study HSN1-015 which received two doses of the D-Pan Alindonesia vaccine

(1) TF_proc = H5N1 Thiomersal Free processed antigen; (2) TC_proc = H5N1 Thiomersal Contained process.
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AS03, full-dose ASO3
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HSN1/AS03 Group Control Group p value*

Analysis 1 _Data Only N = 7224 N = 2408

Subjects with Any AES1/pIMD 14 1 0.137
Analysis 2 Data Only N = 9873 N = 2408

Subjects with Any AES1/pIMD 16 1 0223
Analysis 1 HSN1/AS03 vs. Recent Trials Dataset N =7224 N=11721

Subjects with Any AES1/pIMD 14 18 0.585
Analysis 2 HSN1/AS03 vs. Recent Trials Dataset N = 9873 N=11721

Subjects with Any AES I/pIMD 16 18 1.00
Analysis 1 HSN1/AS03 vs. All Control Data N = 7224 N = 14129

Subjects with Any AES1I/pIMD 14 19 0.357
Analysis 2 HSN1/AS03 vs. All Control Data N = 9873 N = 14129

Subjects with Any AES I/pIMD 16 19 0.609

* Fisher’'s exact test
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*case-coverage design **self-controlled case series

References: Final Study Report VAESCO, ECDC Technical report, Oct. 2012, hitp-//ecdc europa.eu: 2 Nohynek H,
PLoS One 2012; *MPA case inventory study 2011 htip://www lakemedelsverket.se; “Department of Health Ireland
2012, http://www_dohc ie; *Dauvilliers Y, Brain 2013; *Miller E, BMJ 2013; "http://www lakemedelsverket se/; The
authors reported an AR of 4.0 additional cases per 100,000 vaccinated children/ adolescents per year (in a 2 years

study period)
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