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[bookmark: _Toc400980750]List of commonly used abbreviations in this CER
	Abbreviation
	Meaning

	ADME
	absorption, distribution, metabolism, and excretion

	Ae
	recovery of unchanged drug

	AE
	adverse event

	ALT
	alanine aminotransferase

	AMP
	Adenosine 5’-monophosphate

	APSD
	Aerodynamic particle size distribution

	AST
	aspartate aminotransferase

	AUC(0 to 24)
	Area under the concentration-time curve over the once daily dosing interval

	AUC(0-∞)
	area under the concentration time curve extrapolated to infinity

	AUC(0-t) 
	area under the concentration time curve to the last measurable time-point

	AUC(0-t’)
	area under the concentration time curve to the last common measurable time-point

	AUC(0-t)
	Area under the concentration-time curve from time zero (pre-dose) to last time of quantifiable concentration

	BA
	bioavailability

	BD
	Twice daily

	BMI
	Body Mass Index

	CHMP
	Committee for Medicinal Products for Human Use

	CI
	Confidence interval

	CL
	Systemic clearance

	CL/F
	Apparent clearance following inhaled dosing

	Cmax
	Maximum observed concentration

	COPD
	Chronic Obstructive Pulmonary Disease

	CRQ-SAS
	Chronic Respiratory Disease Questionnaire – Self-Administered Standardized

	CYP3A4
	Cytochrome P450 3A4

	DPI
	dry powder inhaler

	EAR
	early asthmatic response

	ECG
	Electrocardiogram

	eNo
	exhaled nitric oxide

	ETD
	ex-throat dose

	EU
	European Union

	FDA
	Food and Drug Administration

	Fe
	fraction of total dose excreted unchanged

	FEV1
	forced expiratory volume in 1 second

	FF
	Fluticasone Furoate

	FF/VI
	fluticasone furoate/vilanterol

	FP
	fluticasone propionate

	FVC
	Forced vital capacity

	GCP
	Good Clinical Practice

	GINA
	Global Initiative for Asthma

	GOLD
	Global Initiative for Obstructive Lung Disease

	GSK
	GlaxoSmithKline Australia Pty Ltd

	GSK233705
	muscarinic receptor antagonist

	GSK573719
	long acting muscarinic receptor antagonist

	GW642444
	vilanterol (long acting beta2 agonist)

	GW642444H
	vilanterol (a-phenylcinnimate salt)

	GW642444M
	vilanterol (triphenylacetate salt)

	GW685698X
	fluticasone furoate (glucocorticoid receptor agonist)

	HPA
	Hypothalamic-pituitary-adrenal

	ICH
	International Conference on Harmonisation

	ICS
	Inhaled corticosteroid

	IMB
	Irish Medicines Board

	IND
	Investigational New Drug

	IOP
	Intraocular pressure

	ITT
	Intent-to-Treat

	IV
	Intravenous

	Kg
	Kilogram

	LABA
	long-acting, beta2-adrenergic agonist

	LAR
	late asthmatic response

	LLQ
	Lower limit of quantification

	LLQ
	lower limits of quantification

	LOCF
	Last observation carried forward

	LOCS III
	Lens Opacities Classification System III

	LogMAR
	Logarithm of the angle of resolution

	MA
	mean absorption time

	Mcg
	Micrograms

	MCID
	Minimal clinically important difference

	Mg
	Milligrams

	MgSt
	magnesium stearate

	MHRA
	Medicines and Healthcare products Regulatory Agency

	MRT
	mean residence time

	NDA
	New Drug Application

	NDPI
	Novel Dry Powder Inhaler

	OD
	 Once daily

	PD
	Pharmacodynamics

	PDCO
	Paediatric Committee of the European Medicines Agency

	PEF
	Peak expiratory flow

	P-gp
	P-glycoprotein

	PIP
	Paediatric Investigation Plan

	PK
	pharmacokinetic

	QTcF
	QT interval corrected for heart rate according to Fredericia’s formula

	QTci
	QT interval individually corrected for heart rate

	Ro
	Observed accumulation

	SABA
	Short-acting beta2-agonist

	SAE
	Serious adverse event

	SE
	Standard error

	t1/2
	terminal phase elimination half-life

	T90
	the time for 90% of the total to be absorbed from the lung

	TED
	total emitted dose 

	Tlast
	time of last observed plasma concentration

	Tmax
	Time of occurrence of Cmax

	ULN
	upper limit of normal

	URTI
	Upper respiratory tract infection

	US
	United States

	VI
	Vilanterol

	VIM
	vilanterol formulated with magnesium stearate

	Vss
	volume of distribution at steady-state

	WHO
	World Health Organisation

	WM
	weighted mean


[bookmark: _Toc400980751][bookmark: _Toc351718900][bookmark: _Toc355338635]Clinical rationale
Inhaled corticosteroid/long-acting, beta2-adrenergic agonist (ICS/LABA) is now established in international treatment guidelines for Chronic Obstructive Pulmonary Disease (COPD) patients with an exacerbation history or severe airflow limitation and in moderate to severe persistent asthma patients for whom treatment with ICS alone is not sufficient [GOLD, 2011; GINA, 2011]. Fixed dose combination inhalers ensure that the LABA is always accompanied by an ICS. This greater efficacy of combination treatment compared with monotherapy with ICS led to the development of fixed dose combination inhalers such as Seretide™/Advair™ (fluticasone propionate plus salmeterol) and Symbicort (budesonide plus formoterol) and beclomethasone/ formoterol. However, currently available ICS/LABA combinations are administered twice daily. It has been demonstrated that compliance with a once daily regimen is greater than with a twice daily regimen [Price, 2010; Toy, 2011]. Prescription refill data suggest that patients only refill 40-50% of their ICS/LABA prescriptions annually [Delea, 2010; Hagiwara, 2010]. Healthcare resource utilisation costs have also been shown to be lower in patients after initiating or switching to a once daily regimen [Toy, 2011; Guest, 2005]. Thus, a once daily ICS/LABA combination has the potential to improve subject compliance, and as a result, overall disease management and the proposed novel fixed-dose combination of Fluticasone furoate/ Vilanterol Inhalation Powder (FF/VI: 100/25µg and 200/25mg) aims to address this.
[bookmark: _Toc400980752]Contents of the clinical dossier
[bookmark: _Toc400980753]Scope of the clinical dossier
FF/VI has been evaluated in two large clinical development programs: one in subjects with asthma and one in subjects with COPD. Both programs were designed taking into consideration regulatory advice and guidance obtained during development and applicable regulatory guidelines[footnoteRef:1] Committee for Medicinal Products for Human Use (CHMP) requires equal emphasis to be placed on symptomatic and lung function endpoints. As neither of the components is approved for asthma or COPD, the program aimed to demonstrate the effectiveness of FF and VI individually, as well as their contribution to the combination and the effectiveness of the FF/VI combination. [1:  The clinical development programmes for FF/VI were designed to comply with the CHMP’ Note for Guidance on Fixed Dose Combination Medicinal Products’ [CPMP/EWP/240/95 Rev.1], the CHMP Note for Guidance on the Clinical Investigation of Medicinal Products in the Treatment of Asthma [CPMP/EWP/2922/01], the CHMP Points to Consider on Clinical Investigation of Medicinal Products in the Treatment of Patients with COPD [CPMP/EWP/562/98] and draft FDA guidance entitled “Guidance for Industry: Chronic Obstructive Pulmonary Disease: Developing Drugs for Treatment” [FDA COPD Guidance, 2007].] 

A total of 79 clinical and clinical pharmacology studies have been completed with FF/VI or its components. The submission contained the following clinical information:
52[footnoteRef:2] clinical pharmacology studies, including 11 studies that have been assessed before. [2:  Sponsor correction: 52] 

population pharmacokinetic analyses.
Phase III pivotal efficacy/safety studies- 3 in asthma (HZA106827, HZA106829, HZA106837) and 4 in COPD patients (HZC112206, HZC112207, HZC102871, HZC102970).
Dose-finding studies; 4 in asthma (3 for FF dose-finding- FFA109684, FFA109685 and FFA1096987); for VI dose-finding- B2C109575) ; 1 in COPD (VI dose-finding only, B2C111045).
other efficacy/safety studies.
other, for example pooled analyses, meta-analyses, Integrated Summary of Efficacy, Integrated Summary of Safety)
[bookmark: _Toc348005685][bookmark: _Toc290846235][bookmark: _Toc400980754]Paediatric data
The submission only included two studies (HZA112776 and HZA102942) that examined the paediatric pharmacokinetic/pharmacodynamic/safety data in children > 12 years.
GSK obtained advice from the CHMP on the paediatric clinical and nonclinical development program for FF/VI for asthma in July 2008. A Paediatric Investigation Plan (PIP), which includes a waiver in children under 5 years of age and a deferral in children aged 5 to 11 years has subsequently been agreed with the Paediatric Committee (PDCO).
[bookmark: _Toc348005686][bookmark: _Toc290846236][bookmark: _Toc272414612][bookmark: _Toc400980755]Good clinical practice
[bookmark: _Toc241374282]All studies were undertaken in accordance with standard operating procedures of the GlaxoSmithKline Group of Companies, which comply with the principles of Good Clinical Practice (GCP). All studies were conducted with the approval of Ethics Committees or Institutional Review Boards. Informed consent was obtained for all subjects, and the studies were performed in accordance with the version of the Declaration of Helsinki that applied at the time the studies were conducted. Regulatory approval was also obtained from the relevant health authority.
[bookmark: _Toc355338639][bookmark: _Toc400980756]Pharmacokinetics
[bookmark: _Ref271018934][bookmark: _Ref271018924][bookmark: _Ref271017296][bookmark: _Toc348005688][bookmark: _Toc290846238][bookmark: _Toc272414614][bookmark: _Toc400980757]Studies providing pharmacokinetic data
Table 1 (below) shows the studies relating to each pharmacokinetic topic.
[bookmark: _Ref272426277][bookmark: _Toc348005858][bookmark: _Toc300307733]Table 1. Submitted pharmacokinetic studies.
	PK topic
	Subtopic
	Study ID
	*

	PK in healthy adults
	Bioavailability
	HZA102934
	BA of FF/VI 

	
	
	B2C106180
	VI PKs following ascending single doses of IV and oral VI and VIM

	
	ADME
	B2C106181
	Metabolic profile of VIM in plasma, urine, duodenal bile and faeces

	
	General PK Single-dose
	B2C10001
	VI PKs after single inhaled doses (12.5-800µg)

	
	Multi-dose
	HZA102928
	Single dose and repeat dose PKs of GW685698X (400-800µg)

	
	
	HZA102936
	VI and FF PKs following administration via NDPI.

	
	Dose-proportiony Single-dose
	HZA102932
	Dose proportionality of FF and equivalence of VI after FF/VI (50/25-200/25µg) via NDPI

	
	Multi-dose
	B2C108784
	PKs of VIM and its metabolites following 50, 200 and 400 µg) administered for 14 days.

	
	Bioequivalence† Single-dose
	DB1111509
	PK of GSK233705 (200µg) and VI (50µg) after single inhaled doses and in combination

	
	
	HZA105871
	PKs of FF and VIM following single individual doses and in combination

	
	Multi-dose
	No Studies
	

	
	Food effect
	No studies
	

	PK in special popn
	Target popn
	
	

	
	Single-dose
	B2C104604
	VIM (25-400µg) PK in persistent asthmatics

	
	
	B2C106996
	PKs of VI and metabolites after VIM (25-400µg) and VIH 100µg in persistent asthmatics

	
	
	B2C101762
	VI PKs after VIH (50-200µg) and salmeterol PKs following salmeterol (50µg) in mild to moderate asthmatics

	
	
	B2C110165
	PKs of VI and its metabolites, VIM (25-100µg) in COPD patients

	
	Alt-Formn
	B2C111401
	VI PKs after VIM/lactose (6.25-100µg) and VIM/MgSt in persistent asthmatics

	

	
	HZA108799
	FF PK after GW685698X 800µg containing magnesium stearate in mild/moderate asthmatic patients

	
	Multi-dose
	B2C106093
	PK of VI and salmeterol following single and repeat doses (25-400µg once daily) and salmeterol (50µg twice daily) in persistent asthmatic subjects

	
	
	B2C108562
	PK of VIH and salmeterol following VIH (100-400µg once-daily) and salmeterol (50µg) in subjects with moderate COPD

	
	Hepatic impairment
	HZA111789
	Hepatic impairment on the PKs of FF and VI

	
	Renal impairment
	HZA113970
	Severe renal impairment on the PK of FF and VI 

	
	Paediatric popn
	HZA112776
	VI PKs in subjects aged 5–11 years

	
	
	HZA102942
	FF PKs in subjects aged 5–11 years

	
	Elderly
	No studies
	

	
	Other popn
	
	

	
	Japanese
	DB1112017
	VI PKs in healthy Japanese males 

	
	
	HZA112018
	FF PKs in healthy Japanese males

	
	
	DB1112146
	PKs of GSK233705 200µg and VI 50µg in healthy Japanese

	
	
	DB2113208
	PKs of GSK573219 500µg and VI 50µg in healthy Japanese 

	
	
	HZA102940
	PKs of FF and VIM when delivered individually and in combination in healthy Japanese

	
	Asian and Caucasian
	HZA113477
	PKs of inhaled FF and IV in healthy Japanese, Korean, Chinese and Caucasian subjects

	Genetic/ gender-related PK
	Gender
	No Studies
	

	
	Other genetic variable
	No Studies
	

	PK interact
	Ketoconazole
	HZA105548
	Interaction b/w ketoconazole and FF/VI in healthy subjects

	
	
	B2C112205
	PKs of VI following co-administration of repeat dose ketoconazole with single dose VIM 

	
	Verapamil
	DB2113950
	Effects of verapamil 240mg on the steady-state PKs of GSK573719 and GSK573719 in combination with inhaled VI

	Popn PK analyses
	Healthy subjects
	2011N130718_00
	VI and FF PPK in healthy subjects

	
	Target popn
	COPD 2011N122282_00 Asthma 2011N130480_00
	PPK in subjects with COPD
FF and VI PPK in subjects with asthma


* Indicates the primary aim of the study. † Bioequivalence of different formulations. § Subjects who would be eligible to receive the drug if approved for the proposed indication. No studies - indicates that no dedicated studies specifically examined this aspect of the PKs.
[bookmark: _Toc388606191]Table 2A lists pharmacokinetic results that were excluded from consideration due to study deficiencies.
[bookmark: _Ref271031346][bookmark: _Toc300307734][bookmark: _Toc388606192]

Table 2A. Pharmacokinetic results excluded from consideration.
	Study ID
	Subtopic(s)
	Reason results excluded

	2011N130478_00
	Cortisol PK/PD
	A significant number of studies included used formulations and delivery methods not intended for marketing

	2011N124806_00
	Heart rate PK/PD
	A significant number of studies included used formulations and delivery methods not intended for marketing


[bookmark: _Toc348005689][bookmark: _Toc300307582][bookmark: _Toc290846239][bookmark: _Toc272414616][bookmark: _Ref269118175][bookmark: _Toc400980758]Summary of pharmacokinetics
Analysis method
During the clinical development program for FF/VI the plasma levels of active drug were determined by a validated and reliable method involving solid phase extraction and high pressure liquid chromatography with tandem mass spectrometric detection. Linearity over the range 10 to 10000 pg/mL was demonstrated for FF and over the range 10 to 15000 pg/mL for VI. The lower ends of the ranges represent lower limits of quantification (LLQ).
[bookmark: _Toc348005691][bookmark: _Toc300307584][bookmark: _Toc290846241][bookmark: _Toc272414618][bookmark: _Ref271189143][bookmark: _Ref271189106]Pharmacokinetics in healthy subjects
[bookmark: _Toc348005692][bookmark: _Toc300307585][bookmark: _Toc290846242][bookmark: _Toc272414619]Absorption
Sites and mechanisms of absorption
The absorption kinetics of FF and VI following inhaled administration of FF/VI 800/100 µg were determined using de-convolution analysis on plasma concentration-time data from Study HZA102934, which was conducted in 16 healthy subjects. The mean absorption time (MAT) of FF was 10.53 h and for VI it was 0.66 h. FF showed longer retention in the lung than VI following inhaled administration with the time for 90% of the total to be absorbed from the lung (T90) on average, 35.2 h and 3.83 h, respectively.
[bookmark: _Toc348005693][bookmark: _Toc300307586][bookmark: _Toc290846243][bookmark: _Toc272414620][bookmark: _Toc241374287]Bioavailability
Absolute bioavailability
One study examined the absolute bioavailability of inhaled FF/VI (Study HZA102934) and a second examined absolute bioavailability of VIM (Study B2C106180). Both studies were conducted in healthy subjects.
In Study HZA102934, following administration of single inhaled dose of FF (800 µg)/VI (100 µg), the average absolute bioavailability of FF when inhaled as the FF/VI inhalation powder relative to IV FF 250 µg was 15% (90% confidence interval (CI): 13–18%). The average absolute bioavailability of VI when inhaled as the FF/VI inhalation powder relative to IV VI 55 µg treatment was 27% (90% CI: 22–35%).
In Study B2C106180, true estimates of the oral and inhaled bioavailability of VI and VIM could not be accurately determined from plasma but based on partial plasma AUC and urinary excretion comparisons, as appropriate, these were estimated to be in the region of less than 2% and 25-30%, respectively.
Bioavailability relative to an oral solution or micronised suspension
Study B2C106181 examined the PKs of a single 200 µg oral dose of radiolabelled [14C] vilanterol in healthy male subjects. VI was well absorbed following oral administration of a solution of vilanterol M-salt. Plasma concentrations of 14C -radioactivity (total drug-related material) reached an average peak level of 2058 pg equiv/mL at 3 h post dose with an average AUC(0-t) of 66015 pg.h/mL. Based on urinary recovery of radioactivity, at least 50.4% of the oral dose was absorbed via the gut.
Bioequivalence of clinical trial and market formulations
The composition and content of the FF/VI blisters used in the bioavailability study, dose proportionality study and all Phase III studies were identical to the composition and content of the blisters proposed for marketing.
Bioequivalence of different dosage forms and strengths
Healthy subjects
Study HZA105871 examined the PKs of FF and VIM when delivered as the FF/VIM combination as a single dose in comparison with the individual components in healthy subjects. Although the AUC(0-∞) could not be derived for the majority of profiles due to erratic plasma concentrations in the terminal elimination phase, based on both AUC(0–t’) and Cmax, the ratio of the adjusted geometric means indicated that the AUC and Cmax of FF were significantly lower, 15% and 17%, respectively, following the FF/VIM combination compared to when FF was administered alone. By contrast for VIM, the ratio of the adjusted geometric means for AUC(0–t’) and Cmax showed no clear evidence of a difference in VIM systemic exposure when delivered as the FF/VIM combination compared with VIM alone.
Target population single-dose
Study B2C104604 compared the PKs of 100 µg dose of VIM and GW642444H (the a-phenylcinnimate salt - VIH) in persistent asthmatic subjects. This study identified that exposure to VI was higher following administration of VIM than after VIH. Cmax of VIM 100 µg compared with the VIH 100 µg was approximately 4.5 fold higher when assessed using the nominal dose and systemic exposure was comparable following VIM 25 µg and VIH 100 µg.
Similar results were observed in Study B2C110165 which examined PKs of VIM and VIH in patients with COPD.
Study B2C111401 evaluated the PKs of VI following single doses of VIM/lactose (6.25, 25 and 100 µg) and VIM/magnesium stearate (MgSt) (6.25, 25 and 100 µg) in persistent asthmatics. Following a 25 µg dose, the AUC(0-t) and Cmax of VIM/lactose was 6.50 pg.h/mL and 22.2 pg/mL, respectively, whereas following VIM/MgSt the values were 92.5 pg.h/mL and 91.7 pg/mL, respectively.
Study HZA108799 evaluated the PKs of FF following single inhaled doses of FF with and without MgSt in mild/moderate asthmatics. This study identified that the AUC(0–t) and Cmax of FF were approximately three times higher following a single inhaled dose of FF 800 µg formulation with magnesium stearate compared with FF 800 µg formulation without magnesium stearate. It should be noted that the formulation of FF to be used in the final market image proposed for commercialisation does not contain MgSt.
Target population repeat dose
Study B2C106093 assessed the PK of VI following single and repeat doses of inhaled VIH (25, 100 and 400 µg once daily) and salmeterol (50 µg twice daily) in persistent asthmatic subjects. VIH accumulated in plasma following once daily dosing for 14 days with Cmax ranging from 70.3 to 91.3 for the 100 µg dose on days 1 and 14, respectively and AUC(0-t) increasing from 72.5 to 91.8 from days 1 to 14, respectively for the same dose. Similar results were identified in patients with COPD (Study B2C108562) with AUC(0-t) following 100 µg VIH once daily increasing from 193 to 276 pg.h/mL on days 1 and 14, respectively and Cmax increasing from 78.9 pg/mL to 92.1 pg/mL, respectively.
0. Bioequivalence to relevant registered products
Not applicable.
0. Influence of food
The sponsor states that "at the clinical dose (≤ 200/25 µg once a day) no clinically relevant effect of food would be expected and therefore a food interaction study was not conducted. It is likely that the majority of an inhaled dose of FF/VI is eventually swallowed and therefore the presence of food in the gastrointestinal (GI) tract has the potential to influence its absorption in to the systemic circulation. Dosing with food can affect the rate and extent of drug absorption. However, any orally absorbed FF and VI from the swallowed portion undergoes extensive first pass metabolism and pharmacokinetic data up to 2000 µg and 100 µg, respectively, given once daily show no capacity limitation on the first pass effect. Data from the absolute bioavailability study show no capacity limitation on the first pass effect for either FF or VI at daily doses of up to 4 times greater than the highest clinical dose of FF/VI. Therefore, even if co-administration with food were to affect the rate and/or extent of absorption of either molecule it would not be expected to result in higher systemic exposure, compared to the fasted state, at the proposed clinical doses of FF/VI."
0. Dose proportionality
Study HZA102932 examined the dose proportionality of FF and equivalence of VI following single dose administration of three strengths of FF/VI (50/25 µg, 100/25 µg and 200/25 µg) via the NDPI in 24 healthy subjects. On average, the Cmax of FF occurred at later times as the FF dose increased: FF/VI 200/100 at 5 minutes, FF/VI 400/100 at 10 minutes and FF/VI 800/100 at 60 minutes. Systemic exposure of FF, based on AUC and Cmax, increased with increasing FF dose. Overall exposure, as measured by AUC(0–t’), was dose proportional, while Cmax increased in a less than proportional manner over the 200 µg to 800 µg dose range. Equivalence of VI exposure across the three FF/VI dosage strengths was demonstrated.
Comment: This study did not examine dose proportionality over a wide range of doses, nor did it examine the proposed dose of FF/VI 100/25 µg.
Study B2C108784 examined the dose proportionality of inhaled VIM (50, 200 and 400 µg) in healthy subjects. VIM was rapidly absorbed into plasma, systemic exposure to VIM increasing with dose. Cmax increased approximately dose proportionally across the dose range 25 µg to 100 µg VIM, however, dose proportionality was not calculated for AUC(0–t) or AUC(0–t') due to insufficient data. Doses of < 25 µg were not evaluated.
0. Bioavailability during multiple-dosing
Not determined.
0. Effect of administration timing
Although the effect of administration timing on the PDs was examined (Study HZA114624) it was not examined for the PKs of FF/VI.
0. [bookmark: _Toc348005694][bookmark: _Toc300307587][bookmark: _Toc290846244][bookmark: _Toc272414621][bookmark: _Toc241374288]Distribution
1. Volume of distribution
Study HZA102934 examined the volume of distribution at steady-state (Vss) following IV dosing of FF and VI. Both drugs were extensively distributed with average Vss of 661 L and 165 L for FF and VI, respectively, which is greater than the total body water for a 70 kg man (42 L).
PK profiles for VI were consistent with rapid distribution into tissues followed by a slower apparent elimination phase (Study B2C106180). Population PK analysis of Phase III data indicated that the plasma VI concentration time profile following administration of FF/VI was described by a three-compartment model with zero-order absorption and first order elimination.
By contrast, the PK disposition of FF was characterised by a 2-compartment model with first order absorption (Ka) and elimination, described by clearance (CL/F), central volume of distribution (V2/F), inter-compartmental clearance (Q/F) and peripheral volume of distribution (V3/F).
1. Plasma protein binding
In vitro plasma protein binding in human plasma of FF was very high with an average value of >99.6% at the lowest concentrations investigated in two studies and was predominantly bound to albumin (96%) and 1-acid glycoprotein (90%). For VI, the in vitro plasma protein binding in human plasma was moderately high with an average value of 93.9% and both plasma protein binding and blood cell binding for VI were independent of concentration. The intravenous PK of FF and VI showed high plasma clearance (on average 65.4 L/h and 108 L/h, respectively).
1. Erythrocyte distribution
Blood cell binding for FF was independent of concentration and the blood cell association was low with a blood-to-plasma ratio of 0.6 for man. Blood cell association was also low for VI with a blood-to-plasma ratio of 0.8 for man.
1. Tissue distribution
Based on the steady state volume of distribution (Vss) values both drugs were extensively distributed into tissues.
0. [bookmark: _Toc348005695][bookmark: _Toc300307588][bookmark: _Toc290846245][bookmark: _Toc272414622]Metabolism
2. Interconversion between enantiomers
Not applicable.
2. Sites of metabolism and mechanisms/enzyme systems involved
Both FF and VI were principally eliminated via hepatic metabolism with little renal elimination. Although FF/VI is delivered directly to the lungs, a large portion of the administered dose is swallowed. For both FF and VI any drug absorbed from the GI tract undergoes first pass metabolism via cytochrome P450 isozyme CYP3A4, whereas, drug absorbed into the systemic circulation is metabolised in the liver and removed by biliary clearance.
2. Non-renal clearance
See Pharmacokinetics in other special population/according to other population characteristic.
2. Metabolites identified in humans
Fluticasone Furoate
The human metabolism of FF was investigated using faeces, urine and plasma samples collected following oral and intravenous administration of [14C]FF to 5 healthy male subjects (Study FFR10008, which was previously reviewed as part of the AVAMYS submission) and the metabolic profiles were reported in a separate study. Therefore, the discussion re: FF metabolism is taken from the sponsor’s Summary of Clinical Pharmacology. The important metabolites of FF in animals and man are summarised in Figure 1.
[bookmark: _Toc348005859]Figure 1. Metabolic scheme for the major in vivo metabolites of fluticasone furoate
[image: ]
The principal route of metabolism was via hydrolysis of the S-fluoromethyl carbothioate group to form GW694301X (M10). Hydrolysis of the S-fluoromethyl carbothioate group was also a major metabolic pathway in vivo in mouse, rat and dog (the species used for toxicology testing). Two other minor drug-related components were assigned in the human faecal extracts which were formed as a result of either defluorination and hydroxylation (M26) or by hydroxylation of GW694301X(M32). Identification of other drug-related material present in human faeces was not practically possible due to the low chemical mass present in the samples.
The principal radiolabelled component in human plasma following intravenous (14C) FF administration was unchanged FF with GW694301X (M10) a minor component. Following oral administration unchanged FF and GW694301X (M10) were both minor components in plasma.
Three minor metabolites (M21, M26 and M32), representing <3% of drug-related material, were characterised in human plasma by chromatography comparisons. Due to the low circulating levels none of these metabolites have been tested for pharmacological activity.
Vilanterol
Study B2C106181 examined the metabolism of VI following oral administration of [14C] VI to 6 healthy male subjects and the metabolic profiles were reported in a separate study. The important metabolites of VI in animals and human are summarised in Figure 2.
[bookmark: _Toc348005860]Figure 2. Putative metabolic scheme for the important metabolites of vilanterol if animals and man.
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The main route of metabolism of VI was by O-dealkylation to a range of metabolites with significantly reduced β1- and β2-agonist activity that included GW630200 and GSK932009. Up to 78% of the recovered dose (in all excreta) was potentially associated with O-dealkylated metabolites which is consistent with the human in vitro metabolism of VI. N-dealkylation (to M20) and C-dealkylation (to M26) were minor pathways in human representing a combined 5% of the recovered dose. O-, N- and C-dealkylation were also routes of metabolism in the rat and dog which were species used for toxicology testing of VI. Unchanged VI in human faeces (5% of the recovered oral radioactive dose) represented either unabsorbed dose or absorbed but unchanged VI (or conjugate) secreted directly into the GI tract or via human bile. Duodenal bile collected using the exploratory EnteroTest device technique contained low levels of radioactivity.
Human plasma metabolites were also mainly the products of O- or C- dealkylation to a similar range of metabolites seen in human urine and in vitro incubations. The largest radioactive chromatographic peaks in human plasma were assigned as GW630200, M26 and a multi-component peak (containing GSK932009 and other O-dealkylated metabolites). GSK932009 and GW630200 were also detected by non-quantitative HPLC-MS (albeit at low concentrations) in human plasma following repeated inhaled administration to healthy.
Active metabolites
FF
GW694301X (M10) has been shown to have negligible pharmacological activity (at least 6000 fold lower) compared with parent FF and could not be detected (LLQ of 20 pg/mL) in plasma following inhaled FF administration to humans at doses up 4 mg (FFA10001).
VI
None of the VI metabolites are considered to be clinically relevant as both GW630200 and GSK932009 have been synthesised, tested and shown to have negligible pharmacological activity against both β1 and β2 receptors.
In addition, following oral administration of [14C] VI (200 µg) in study B2C106181 plasma concentrations of VI metabolites are likely to be considerably greater than plasma concentrations of metabolites produced after administration of the therapeutic inhaled VI dose (25 µg) and even in the presence of these higher metabolite levels, there were no changes in measured vital signs or heart rate which is indicative of a lack of metabolite beta-adrenoceptor activity.
Lastly, in human liver microsome incubations with VI, β2-activity diminished with time in proportion with the loss of VI by metabolism indicating that the β2 activity is due to the presence of parent VI.
Other metabolites
Not applicable.
Pharmacokinetics of metabolites
Healthy subjects
Study B2C10001 examined the PKs of VI and its counter-ion, -phenylcinnamic acid following a range of single inhaled doses in 20 healthy subjects. Both VI and -phenylcinnamic acid were quantifiable in plasma of all subjects at doses ≥ 50 µg VI following inhalation of VI peak plasma concentrations of VI were observed at the first sampling time (5 minutes post dose). Thereafter, plasma concentrations declined rapidly and were generally below the LLQ (30 pg/mL) beyond 6 h post dose. -phenylcinnamic was first quantified in plasma 5 to 20 minutes post dose, rising to maximum observed values 0.3 to 2.0 h post dose. Exposure (Cmax and AUC(0-t)) to both VI and -phenylcinnamic acid increased with dose. Concentrations of the counter-ion, -phenylcinnamic acid, were approximately 35 to 45-fold higher than active compound, VI.
Target population
Study B2C104604 examined the PKs of the VI counter-ion; triphenylacetate following 100 and 200 µg doses of VIM in persistent asthmatics. Following a 100 µg dose of VIM the AUC(0-t) of the counter-ion could not be calculated and the Cmax and Tmax were 1.19 pg/mL and 0.15 h, respectively. Following the 200 µg dose of VIM the AUC, Cmax and Tmax of the counter-ion were 0.426 pg.h/mL, 1.64 pg/mL and 0.14 h.
A second study in asthmatic subjects (Study B2C106996) identified that following administration of VIM 100 µg, the geometric mean Cmax of GI179710 was 1.15 ng/mL and the median of Tmax and Tlast were 0.08 h and 0.25 h, respectively. The geometric mean of AUC(0-t) was 0.29 ng.h/mL. Plasma concentrations of the metabolites, GW630200 and GSK932009, following VIM (25, 50 and 100 µg) and VIH 100 µg treatments were all non-quantifiable.
Similar results were identified in Study B2C110165 which examined PKs of VIM in patients with COPD. Following administration of VIM 25 µg, GI179710 was non-quantifiable in all subjects and only 4/19 profiles had quantifiable GI179710 concentrations (n=1 to 2) following 50 µg VIM (concentration range from non-quantifiable to 1.35 ng/mL) and AUC(0–t) could not be calculated. Following VIM 100 µg, the Cmax, Tmax and Tlast for GI179710 was 1.8 ng/mL, 0.17 h and 0.20 h, respectively. Plasma concentrations of the VI metabolites, GW630200 and GSK932009, following VIM (25, 50 and 100 µg) and VIH 100 µg treatments were all non-quantifiable.
Consequences of genetic polymorphism
Not investigated.
[bookmark: _Toc241374289][bookmark: _Toc348005696][bookmark: _Toc300307589][bookmark: _Toc290846246][bookmark: _Toc272414623]Excretion
In Study HZA102934, the t1/2, (geometric mean [CV%]) following a single inhaled dose of FF/VI (800/100 µg) in healthy subjects was 23.7 (22.6%) h and 2.47 (84.0%) h for FF and VI, respectively.
Routes and mechanisms of excretion
FF metabolites were excreted almost exclusively in faeces with little urinary recovery of radioactivity, that is, < 2%, following both IV and oral administration; therefore no further urinary analysis was undertaken (Study FFR10008).
For VI the metabolites were principally excreted in urine (70% of the recovered radioactive dose, respectively) with smaller component excreted via faeces (30%).
Comment: Given the route of administration why did the studies on clearance not examine the respiratory route as a potential mechanism for FF/VI clearance?
Mass balance studies
FF
Following oral and intravenous administration of [14C] FF to healthy male subjects total radioactivity excreted was on average approximately 101% and 90% of the administered dose by 168 and 264 h post dose, respectively (Study FFR10008).
VI
Only 72% of the administered radioactive dose of VI was recovered in urine and faeces over 7 days post dose; however the elimination of VI drug-related material was essentially complete within 120 h of dosing with less than 0.2% of the administered oral radioactive dose being recovered in the 120 to 144 h and 144 to 168 h urine and faecal post dose collections (Study B2C106181).
Renal clearance
See Pharmacokinetics (in other special population/according to other population characteristic) of this report.
[bookmark: _Toc241374291][bookmark: _Toc348005697][bookmark: _Toc300307590][bookmark: _Toc290846247][bookmark: _Toc272414624]Intra- and inter-individual variability of pharmacokinetics
Two Phase IIb studies (Study FFA109684 and Study FFA109685) examined inter-subject variability following inhaled doses of FF administered once daily in adolescent and adult subjects 12 years of age and older with persistent asthma symptomatic on low to moderate dose ICS therapy. In these studies there was moderate inter-subject variability in the absorption rate constant of FF (ranging from 30% to 36%), population clearance had a between-subject of variability of (48% to 64%) and the volume of distribution had high between-subject variability (132% to 245%).
In Study B2C106180 population PK modelling of the data indicated that the inter-subject variability on clearance following IV and oral doses of VI in healthy subjects was 15.6% and 32%, respectively.
[bookmark: _Toc348005698][bookmark: _Toc300307591][bookmark: _Toc290846248][bookmark: _Toc272414625][bookmark: _Ref271189136][bookmark: _Ref271189131][bookmark: _Toc241374292][bookmark: _Toc400980759]Pharmacokinetics in the target population
Single-dose
Study B2C104604 examined the PKs of VI following single inhaled doses of VIM (25, 100 and 400 µg) in persistent asthmatic subjects. VI was rapidly absorbed into plasma following a single inhaled administration of VIM. Exposure to VI increased with VIM dose. Cmax increased approximately dose proportionally from VIM 25 µg to 200 µg. The AUC(0-t), Cmax and Tmax following a 25 µg dose in persistent asthmatics were 48.2 pg.h/mL, 68.8 pg/mL and 0.195 h, respectively.
[bookmark: _Toc241374293]A second study examined the PKs of VIM in persistent asthmatics (Study B2C106996) also identified that VIM was rapidly absorbed into plasma and systemic exposure to VI increased in an approximately dose proportional manner across the dose range of VIM 25 to 100 µg.
Study B2C110165 examined the PKs of VI following single doses of VIM (25, 50 and 100 µg) in chronic obstructive pulmonary disease (COPD) patients. In this study the Cmax and AUC(0-1) for the three doses of VIM ranged from 78.2 to 260 pg/mL and 58 to 196 pg.h/mL, respectively. VIM AUC(0–1) and Cmax appear to be approximately dose proportional across the 25 to 100 µg dose range.
[bookmark: _Toc348005699][bookmark: _Toc300307592][bookmark: _Toc290846249][bookmark: _Toc272414626][bookmark: _Toc400980760]Pharmacokinetics in other special populations
[bookmark: _Toc348005700][bookmark: _Toc300307593][bookmark: _Toc290846250][bookmark: _Toc272414627]Pharmacokinetics in subjects with impaired hepatic function
Study HZA111789 investigated the effect of varying degrees of hepatic impairment on the PKs of FF and VI following repeat administration of FF/VI. Healthy subjects and subjects with mild or moderate hepatic impairment received FF/VI 200/25 whereas subjects with severe hepatic impairment received FF/VI 100/12.5. On Day 7 mild, moderate and severe hepatic impairment increased the AUC(0 to 24) of FF by 1.34, 1.83 and 1.75 fold, respectively, compared to healthy subjects and increased the Cmax of FF on Day 7 by 1.18, 1.43 and 1.37 fold, respectively. 
For VI, the AUC(0 to 24) on Day 7 was decreased by 34% and 28% in patients with mild and severe hepatic impairment compared to healthy subjects, respectively, and increased AUC(0 to 24) by 33% in patients with moderate hepatic impairment compared to healthy subjects.
Comment: It is not clear why the investigators have used non-inferiority as measure of PK differences in this study and in the following study on renal impairment.
[bookmark: _Toc348005701][bookmark: _Toc300307594][bookmark: _Toc290846251][bookmark: _Toc272414628]Pharmacokinetics in subjects with impaired renal function
Study HZA113970 investigated the effect of severe renal impairment on the PKs of FF and VI following repeat administration of FF/VI (200/25 µg) via NDPI. For FF, the AUC(0 to 24) on Day 7 was lower (9%) in patients with severe renal impairment compared to healthy subjects and the Cmax of FF on Day 7 was 4% lower. In healthy subjects, observed accumulation of FF was on average 86% and 97% for AUC and Cmax, respectively, for repeated dosing compared with single dose administration. Similar extent of accumulation was seen for subjects with severe renal impairment, with values of on average 123% and 105% for AUC and Cmax, respectively, for repeated dosing compared with single dose administration. For VI, the AUC(0 to 24) on Day 7 was higher (1.56 fold; 90% CI 1.27 to 1.92) in patients with severe renal impairment compared to healthy subjects and the Cmax of IV on Day 7 was 1.08 fold higher. For VI in healthy subjects, observed accumulation was on average 84% and 42% for AUC and Cmax, respectively, for repeated dosing compared with single dose administration. Similar extent of accumulation was seen for subjects with severe renal impairment: on average 75% and 30% for AUC and Cmax, respectively, for repeated dosing compared with single dose administration.
[bookmark: _Toc348005702][bookmark: _Toc300307595][bookmark: _Toc290846252][bookmark: _Toc272414629]Pharmacokinetics according to age
Studies HZA112776 and HZA102942 examined in PKs of VI 25 µg and FF 100 µg, respectively, following once daily treatment for 7 to 14 days in subjects aged 5 to 11 years with persistent asthma. The AUC(0-t) for VI following 7 days treatment in the paediatric population was 132.8 pg.h/mL and the Cmax was 97.4 pg/mL. For FF, following 14 days treatment, the AUC(0-t) in the paediatric population was 91.3 pg.h/mL and the Cmax was 24.7 pg/mL.
Comment: No adults were included in this study for comparing PKs in adolescents versus adults. Furthermore, there are no dedicated PK Phase I studies in the present evaluation materials which identify the PKs of VI and FF following 7 and 14 days dosing via Novel Dry Powder Inhaler (NDPI) in adult persistent asthmatics, which would allow for comparison with these paediatric values.
[bookmark: _Toc348005703][bookmark: _Toc300307596][bookmark: _Toc290846253][bookmark: _Toc272414630]Pharmacokinetics related to genetic factors
Not studied.
[bookmark: _Toc348005704][bookmark: _Toc300307597][bookmark: _Toc290846254][bookmark: _Toc272414631]Pharmacokinetics (in other special population/according to other population characteristic)
Race
Studies DB1112017 and HZA112018 investigate the PKs of VI and FF, respectively, following once daily repeat inhaled doses in healthy Japanese male subjects. A further two studies (Studies DB1112146 and DB2113208) examined the PKs of two novel muscarinic receptor antagonists in combination with 50 µg VI in Japanese subjects, whereas, Study HZA102940 investigated the PKs of FF (800 µg) and VIM (50 µg) when delivered individually and in combination as a single dose in healthy Japanese subjects. In this study, based on AUC(0–t’), the ratio of the adjusted geometric means and corresponding 90% confidence intervals showed no clear evidence of a difference in FF AUC when delivered as FF/VIM combination compared with FF alone, whereas the FF Cmax was approximately 19% lower when delivered as the FF/VIM combination compared with FF alone.
For VI AUC(0-t’) the ratio of the adjusted geometric means and corresponding 90% CI indicated that the AUC was 12% higher when the FF/VIM combination was given compared with VIM alone, whereas the Cmax of VI was similar regardless of treatment given.
Study HZA113477 evaluated the PKs of inhaled FF (200 µg and 800 µg) administered for 7 days and when given IV (IV; FF 250 µg) in healthy Japanese, Korean and Chinese subjects compared with PKs in healthy Caucasian subjects. Following 7 days treatment with 200 µg FF the ratio for the adjusted geometric mean of Cmax for Chinese, Japanese, Korean subjects compared to Caucasian subjects was 1.64, 1.37 and 1.78, respectively. For FF AUC(0 to 24) the corresponding ratios were 1.49, 1.27 and 1.44, respectively. For the 800 µg treatment on both Day 1 and Day 8 there was evidence for higher bioavailability in the three Asian groups compared with the Caucasian group with absolute bioavailability ranging from 36% to 55% higher in the Asian populations on Day 8, compared with Caucasian subjects. This was in part explained by the longer retention time of FF in the lungs of the Asian compared to Caucasian subjects, which would allow for longer exposure to active drug.
[bookmark: _Toc348005705][bookmark: _Toc300307598][bookmark: _Toc290846255][bookmark: _Toc272414632][bookmark: _Toc241374294][bookmark: _Toc400980761]Pharmacokinetic interactions
[bookmark: _Toc348005706][bookmark: _Toc300307599][bookmark: _Toc290846256][bookmark: _Toc272414633]Pharmacokinetic interactions demonstrated in human studies
Ketoconazole - a strong CYP3A4 inhibitor
Study HZA105548 examined the effects of ketoconazole 400 mg on the repeat-dose PKs of FF/VI (200/25 µg) in healthy subjects. Repeat dose co-administration of FF/VI with ketoconazole in comparison with FF/VI with placebo resulted in greater FF exposure. Mean FF AUC(0 to 24) and Cmax were increased by 36% (90% CI: 16% to 59%) and 33% (90% CI:12% to 58%), respectively. Mean VI AUC(0-t’) and Cmax were increased by 65% (90% CI: 38% to 97%) and 22% (90% CI: 8% to 38%), respectively.
A second study (Study B2C112205) examined whether co-administration of repeat dose ketoconazole (400 mg) with single dose inhaled VIM (25 µg) affected the single dose systemic PKs of VI in healthy subjects. While there was no treatment effect of ketoconazole co-administration on the VI Cmax the AUC(0–t) of VI was higher (on average 1.9 fold).
Verapamil -a moderate inhibitor of CYP3A4
Study DB2113950 assessed the effects of verapamil 240 mg once daily on the steady-state PKs of inhaled GSK573719 and inhaled GSK573719 in combination with inhaled VI in healthy subjects. There was no evidence of a difference in VI Cmax and AUC when delivered as GSK573719/VI and verapamil combination compared with GSK573719/VI, thereby suggesting no difference in VI systemic exposure. However it should be noted that this study did not directly examine the effects of verapamil on VI PKs when given in the absence of GSK573719 and therefore it is difficult to assess the direct effects of verapamil on VI PKs in this study.
Comments: No drug-drug interaction studies for both FF and VI have been conducted with a short-acting beta 2-agonist such as salbutamol, which would be used as a rescue medication in the event of an acute asthma attack.
[bookmark: _Toc348005707][bookmark: _Toc300307600][bookmark: _Toc290846257][bookmark: _Toc272414634]Clinical implications of in vitro findings
Based on in vitro data, the major routes of metabolism of both FF and VI in human are mediated primarily by CYP3A4, indicating that CYP3A4 substrates and inhibitors may affect the metabolism of both FF and VI.
[bookmark: _Toc388606037]Population PK
Studies 2011N130718_00, 2011N122282_00 and 2011N130480_00 represented PPK analyses in healthy subjects and subjects with COPD and asthma respectively. These studies demonstrated in all three study populations that the plasma FF concentration-time profile following FF/VI could be described by a two-compartment model with first order absorption and first order elimination, whereas, the plasma VI concentration-time profile following FF/VI could be well described by a three-compartment model with zero-order absorption and first order elimination. Following FF/VI 200/25 administration to healthy subjects the population prediction for FF Cmax was 38.1 pg/mL and FF AUC0-24 was 534.4 pg.h/mL  and for VI Cmax was 130.5 pg/mL and VI AUC0-24 was 213.9 pg.h/mL and no covariates other than Study and treatment were identified.
In the COPD population, race was a significant covariate of FF CL/F and the predicted Cmax and AUC0-24 of FF following a dose of 100 µg in patients with COPD was 11.7 pg/mL and 181.8 pg.h/mL. For VI in patients with COPD, meta-analysis identified a decrease (27%) in CL/F over the observed age range for subjects with COPD (41 to 84 years) and a reduction (47%) in inhaled clearance was also predicted over the bodyweight range of 160 to 35 kg. The central volume (V1/F) was found to decrease (30%) with increasing age (41-84 years), to be lower (12%) in females and to be increased with smoking. The predicted Cmax and AUC0-24 of IV following a dose of 25 µg in patients with COPD across all studies was 43.2 pg/mL and 265.7 pg.h/mL.
In the asthma population, the only covariate found to be significant on the CL/F of FF was race. Estimates of FF AUC0-24 for East Asian, Japanese and South Asian subjects were on average 33% to 53% higher compared with subjects of non-Asian heritage. However, the higher systemic exposure identified in the subjects of Asian descent, compared with subjects of non-Asian heritage, was not associated with greater systemic effects on 24 hour urinary cortisol excretion. Comparison of the model predicted systemic FF exposure showed no notable difference between FF/VI or FF treatment. Systemic FF exposure increased in proportion to dose for both FF/VI and FF. For VI in the asthma population, the following covariates were found to be significant: study (HZA106851) on inhaled clearance (CL/F) and the volume of the central compartment (V1/F) and race (East Asian, Japanese and South Asian) on V1/F. However, there is no evidence that this higher VI Cmax results in an effect on observed heart rate (change from baseline) immediately post-dose (studies HA106827, HZA106829 and HZA106839). In addition, there were no notable differences between adults (≥18 years) and adolescents (11-17 years) in the estimates of AUC0-24 or Cmax for both FF and VI.
[bookmark: _Toc348005708][bookmark: _Toc300307601][bookmark: _Toc290846258][bookmark: _Toc272414635][bookmark: _Ref271018755][bookmark: _Ref271018704][bookmark: _Ref269982040][bookmark: _Toc241374296][bookmark: _Toc400980762]Evaluator’s overall conclusions on pharmacokinetics
The clinical development program for FF/VI was designed to comply with the relevant CHMP and FDA guidelines.
Absorption
The mean absorption time of FF was 10.53 h and for VI it was 0.66 h. Following inhalation FF was retained in the lung for longer than VI and the time for 90% of the total to be absorbed from the lung on average was 35.2 h and 3.83 h, respectively.
Distribution
In vitro plasma protein binding in human plasma of FF was very high with an average value of > 99.6% at the lowest concentrations investigated and was predominantly bound to albumin (96%) and 1-acid glycoprotein (90%). For VI, the in vitro plasma protein binding in human plasma was moderately high with an average value of 93.9% and both plasma protein binding and blood cell binding for VI were independent of concentration. The intravenous PK of FF and VI showed high plasma clearance (on average 65.4 L/h and 108 L/h, respectively). Blood cell binding for FF was independent of concentration and the blood cell association was low with a blood-to-plasma ratio of 0.6 for humans. Blood cell association was also low for VI with a blood-to-plasma ratio of 0.8 for humans.
Metabolism
Both FF and VI were primarily eliminated through hepatic metabolism via CYP3A4. The principal route of metabolism for FF was via hydrolysis of the S-fluoromethyl carbothioate group to form GW694301X (M10). Hydrolysis of the S-fluoromethyl carbothioate group was also a major metabolic pathway in vivo in mouse, rat and dog. The main route of metabolism of VI was by O-dealkylation to a range of metabolites. The metabolites of both FF and VI are thought to have negligible pharmacological activity.
Excretion
The t1/2, (geometric mean [CV%]) following a single inhaled dose of FF/VI (800/100 µg) in healthy subjects was 23.7 (22.6%) h and 2.47 (84.0%) h for FF and VI, respectively.
FF metabolites were excreted almost exclusively in faeces following both IV and oral administration. For VI the metabolites were principally excreted in urine (70% of the recovered dose) with smaller component excreted via faeces (30%). Following oral and intravenous administration of [14C] FF to healthy male subjects, total radioactivity excreted was on average approximately 101% and 90% of the administered dose by 168 and 264 h post dose, respectively. Only 72% of the administered radioactive dose of VI was recovered in urine and faeces over 7 days post dose.
Bioavailability
Following administration of a single inhaled dose of FF/VI (800/100 µg), the average absolute bioavailability of FF relative to IV FF 250 µg was 15% (90% CI: 13–18%) and the average absolute bioavailability of VI was 27% (90% CI: 22–35%).
Bioequivalence
In healthy subjects, the AUC and Cmax of FF were significantly lower, 15% and 17%, respectively, following administration, via the NDPI, of the FF/VIM 800 µg/100 µg combination compared to when FF was administered alone. By contrast for VIM, the AUC(0–t’) and Cmax showed no clear evidence of a difference in VIM systemic exposure when delivered via the NDPI as the FF/VIM combination compared with VIM alone. Overall, however, the difference in FF PK is unlikely to be clinically relevant and the PKs of FF and VI were not affected when administered in combination compared to when they were administered as individual components.
The sponsor states that "at the clinical dose (≤ 200/25 µg once a day) no clinically relevant effect of food would be expected and therefore a food interaction study was not conducted."
The Cmax of FF occurred at later times as the FF dose increased and the AUC and Cmax of FF increased with increasing dose. AUC(0–t’), was dose proportional, while Cmax increased in a less than proportional manner over the 200 µg to 800 µg dose range. It should be noted that the proposed doses in the commercial combination product contains either 100 or 200 µg FF.
In healthy subjects, the Cmax of VI increased approximately dose proportionally across the dose range 25 µg to 100 µg. It should be noted that only the 25 µg dose of VI is included in the combination product proposed for commercialisation.
Dose proportionality was not establish over a wide range of doses, in particular proportionality studies did not include 100 µg FF or doses of <25 µg VI.
Both FF and VI were extensively distributed with average Vss of 661 L and 165 L, respectively, which is greater than the total body water for a 70 kg man (42 L).
Target population
In persistent asthmatic subjects VI was rapidly absorbed into plasma following a single inhaled administration of VIM. Exposure to VI increased with VIM dose. Cmax increased approximately dose proportionally from VIM doses of 25 µg to 200 µg. The AUC(0-t), Cmax and Tmax following a 25 µg dose in persistent asthmatics were 48.2 pg.h/mL, 68.8 pg/mL and 0.195 h, respectively.
In COPD patients VIM AUC(0–1) and Cmax appear to be approximately dose proportional across the dose range of 25 to 100 µg
Following 7 days treatment with FF 200 µg/VI 25 in subjects with mild, moderate and severe hepatic impairment the AUC(0 to 24) of FF was 1.34, 1.83 and 1.75 fold higher, respectively, than in healthy subjects and the Cmax of FF was 1.18, 1.43 and 1.37 fold higher, respectively. For VI, the AUC(0 to 24) was decreased by 34% and 28% in patients with mild and severe hepatic impairment compared to healthy subjects, respectively, and increased AUC(0 to 24) by 33% in patients with moderate hepatic impairment compared to healthy subjects.
Special populations
Following seven days treatment with inhaled FF/VI (200/25 µg) the AUC(0 to 24) of FF was significantly lower (9%) in patients with severe renal impairment compared to healthy subjects and the Cmax of FF was 4% lower. However, these impairment-related changes in FF PK are unlikely to be clinically relevant. For VI, the AUC(0 to 24) was significantly higher (1.56-fold) in patients with severe renal impairment compared to healthy subjects and the Cmax was 1.08-fold higher. It should be noted that the effects of haemodialysis were not investigated.
Following 7 days treatment with 25 µg VI in a paediatric population the AUC(0-t) for VI was 132.8 pg.h/mL and the Cmax was 97.4 pg/mL. For FF (100 µg), following 14 days treatment, the AUC(0-t) in the paediatric population was 91.3 pg.h/mL and the Cmax was 24.7 pg/mL.
No direct PK comparison was made between the paediatric populations and an adult population.
In healthy Japanese subjects treated with FF/VIM (800 µg/50 µg) in combination and as single doses the ratio of the adjusted geometric means for AUC(0–t’) showed no clear evidence of a difference in FF AUC when delivered as FF/VIM combination compared with FF alone, whereas the FF Cmax was approximately 19% lower when delivered as the FF/VIM combination compared with FF alone. For VI AUC(0-t’) the ratio of the adjusted geometric means indicated that the AUC was 12% higher when the FF/VIM combination was given compared with VIM alone, whereas the Cmax of VI was similar regardless of treatment given.
Following 7 days treatment with 200 µg FF the ratio for the adjusted geometric mean of Cmax for Chinese, Japanese, Korean subjects compared to Caucasian subjects was 1.64, 1.37 and 1.78, respectively and the corresponding ratios for FF AUC(0 to 24) were 1.49, 1.27 and 1.44, respectively.
Drug-drug interaction
Co-administration of FF/VI with ketoconazole resulted in clinically relevant increases in FF/VI exposure, therefore, FF/VI should not be administered with strong CYP3A4 inhibitors.
It is not clear whether the moderate CYP3A4 inhibitor verapamil affects the PKs of VI.
Population PK
PPK analyses in healthy subjects and the target population identified that the plasma FF concentration-time profile following FF/VI could be described by a two-compartment model with first order absorption and first order elimination, whereas, the plasma VI concentration-time profile following FF/VI could be well described by a three-compartment model with zero-order absorption and first order elimination.
In both the COPD and asthma populations, race was found to be a significant covariate on the CL/F of FF.
In the COPD population, meta-analysis identified decreases in VI CL/F over the observed age range (41 to 84 years) and over the bodyweight range of 160 to 35 kg. The central volume of VI was found to decrease (30%) with increasing age (41-84 years), to be lower (12%) in females and to be increased with smoking.
For VI in the asthma population, the following covariates were found to be significant: study on CL/F and the volume of the V1/F and race on V1/F. In addition, there were no notable differences in Cmax and AUC between adults (≥18 years) and adolescents (11-17 years) for either FF or VI.
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Table 2 (below) shows the studies relating to each pharmacodynamic topic.
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	PD Topic
	Subtopic
	Study ID
	*

	Primary Pharmacology 
Healthy Subjects
	Bronchodilation
	B2C10001
	PD of VI

	
	
	DB1111509
	PD effects of GSK233705 (200µg) and VI (50µg) administered as single doses and in combination.

	
	Topical corticosteroid activity
	ODS10004
	Effect of FF on skin blanching

	
	
	SIG102337
	Effect of FF on skin blanching

	
	
	BGS104270
	Effect of FF on skin blanching

	Target population
	Bronchoprotection
	HZA113090
	Bronchoprotective effect of repeat inhaled doses of FF/VI combination and FF on EAR to inhaled allergen mild asthmatics 

	
	
	HZA113126
	Bronchoprotective effect of repeat inhaled doses of FF/VI combination and FF or VI on EAR and LAR to inhaled allergen mild asthmatics

	
	Time of dosing
	HZA114624
	Time of dosing (AM or PM) on FEV1 following repeat dose FF/VI in patients with persistent bronchial asthma

	
	Bronchodilation in asthmatics
	B2C104604
	Effect of VI on FEV1 and PEF

	
	
	B2C106996
	Effect of VI on FEV1

	
	Bronchodilation in subjects with COPD
	B2C110165
	Effect of VI on FEV1

	
	Alt Formn
	B2C101762
	Effect of single dose VIH on FEV1

	
	
	B2C106093
	Effect of repeat dose VIH on FEV1

	
	
	B2C111401
	Comparison of VIM/lactose and VIM/MgSt

	
	
	HZA108799
	FF containing magnesium stearate on serum cortisol

	
	
	B2C108562
	PD profile of VIH in subjects with moderate COPD

	Secondary Pharmacology
Healthy Subjects
	Serum cortisol
	HZA105871
	Effects of the FF/VIM in combination compared with the individual components

	
	
	102928
	Effects of 14 days repeat dosing with FF (400-800µg once-daily).

	
	Effect on QTcF
	B2C108784
	The extra-pulmonary PD effects of VIM (50-400µg)

	
	
	HZA102936
	The extra-pulmonary PD effects of FF/VIM 200/25µg

	Effect of intrinsic factors on PD Response
	Effect of gender
	No studies
	

	
	Effect of hepatic impairment
	HZA111789
	Hepatic impairment on serum cortisol suppression

	
	Effect of renal impairment
	HZA113970
	Severe renal impairment on cortisol suppression

	
	Race
	
	

	
	Japanese subjects
	DB1112017
	Systemic β-AR effect following once daily repeat doses of VIM.

	
	
	HZA112018
	Serum cortisol following single and repeat doses of FF (200-800µg).

	
	
	DB1112146
	PD effects of GSK233705 200µg and VI 50µg

	
	
	DB2113208
	PD effect of GSK573719 500µg and VI50 µg

	
	
	HZA102940
	Systemic β-AR effects of VIM individually and in combination with GW685698X

	
	Caucasian, Japanese, Korean and Chinese
	HZA113477
	Effects on serum cortisol following repeat dose inhaled FF (200µg)

	
	Effect of age -paediatric popn
	HZA112776
	Repeat-dose VI (25µg) PD

	
	
	HZA102942
	Effect on serum cortisol following repeat-dose FF (100µg)

	PD Interactions
	Ketoconazole
	HZA105548
	Effect of ketoconazole on PD of repeat-dose FF/VI (200/25µg)

	
	
	B2C112205
	Effect of ketoconazole on PD of repeat-dose VI (25µg)

	
	Verapamil
	DB2113950
	Effect of verapamil on inhaled GSK573719 and VI in healthy subjects

	Population PD and PK-PD analyses
	Healthy subjects
	Studies2011N130718_00
	

	
	Target population
	COPD 2011N122282_00 Asthma 2011N130480_00
	


*Indicates the primary aim of the study. § Subjects who would be eligible to receive the drug if approved for the proposed indication. ‡ And adolescents if applicable. No studies - indicates that no dedicated studies specifically examined this subtopic.
None of the pharmacodynamic studies had deficiencies that excluded their results from consideration.
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The information in the following summary is derived from conventional pharmacodynamic studies in humans unless otherwise stated.
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FF
Fluticasone furoate is a synthetic trifluorinated corticosteroid with potent anti-inflammatory activity. The precise mechanism through which fluticasone furoate affects asthma and COPD symptoms is not known. Corticosteroids have been shown to have a wide range of actions on multiple cell types (for example, eosinophils, macrophages, lymphocytes) and mediators (for example, cytokines and chemokines involved in inflammation).
VI
Vilanterol trifenatate is a selective long-acting, beta2-adrenergic agonist (LABA). The pharmacologic effects of beta2-adrenoceptor agonist drugs, including vilanterol trifenatate, are at least in part attributable to stimulation of intracellular adenylate cyclase, the enzyme that catalyses the conversion of adenosine triphosphate (ATP) to cyclic-3’,5’-adenosine monophosphate (cyclic AMP). Increased cyclic AMP levels cause relaxation of bronchial smooth muscle and inhibition of release of mediators of immediate hypersensitivity from cells, especially from mast cells.
Synergy between FF and VI
Steroids activate beta2-receptor gene transcription, resulting in increased beta2-receptor numbers and sensitivity to agonists; moreover LABAs prime the glucocorticoid receptor for steroid-dependent activation and enhance cell nuclear translocation.[footnoteRef:3] These synergistic interactions are reflected in enhanced anti-inflammatory activity, which has been demonstrated in vitro and in vivo in a range of inflammatory cells relevant to the pathophysiology of both asthma and COPD. Airway biopsy studies have also shown the synergy between corticosteroids and LABAs to occur at clinical doses of the drugs in patients with COPD. [3:  Taylor and Hancox Interactions between corticosteroids and β agonists Thorax 2000;55:595-602] 
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[bookmark: _Toc348005714][bookmark: _Toc300307607][bookmark: _Toc290846264][bookmark: _Toc272414642]Primary pharmacodynamic effects
Healthy subjects
	Bronchodilation
Study B2C10001 examined bronchodilation following administration of placebo or VI, over the dose range of 12.5 µg to 600 µg in healthy subjects. At 24 h post dose there was a statistically significant difference between placebo and VI 50, 100, 200, 400 and 600 µg on specific airway conductance (sGaw) values, suggesting that these doses of the drug significantly increased bronchodilation compared with placebo.
	Assessment of topical corticosteroid activity (Skin Blanching)
Three studies (ODS10004, SIG102337 and BGS104270) examined the topical corticosteroid activity of FF applied to the skin compared to other novel corticosteroids by assessing blanching as a marker for the propensity of corticosteroids to cause local vasoconstriction in healthy subjects. The maximum doses of FF examined in these studies ranged from 40 ng to 1 µg, which are 100,000 and 100 times lower, respectively than the recommended inhaled dose of 100 µg FF. Dose related increases in skin blanching (17 to 48 h weighted mean) were produced by topical FF (40, 200 and 1000 ng) (SIG102337). The skin blanching produced by FF 40 ng persisted for up to 24 h compared with placebo (BGS104270) and occurred with a slower onset of action than FP (ODS10004).
Target population
	Bronchoprotection
The bronchoprotective effect of FF/VI against allergen challenge in subjects with asthma was assessed compared to FF in Study HZA113090 and compared to FF and VI in Study HZA113126.
Study HZA113090 evaluated the bronchoprotective effect of treatment with repeat inhaled doses of FF/VI combination (100/25 µg) and FF 100 µg on the early asthmatic response (EAR) to inhaled allergen at 22 23 h post dose in 52 subjects with mild asthma compared with placebo. Following 28 days of treatment with FF/VI (100/25 µg) once daily, the weighted mean reduction from baseline in FEV1 (0 to 2 h) following allergen challenge was 145 mL smaller than following 28 days of placebo treatment. Similarly, a 162 mL smaller reduction in weighted mean FEV1 was seen for FF 100 µg compared with placebo. There was no evidence of a treatment difference in protection of lung function between FF/VI (100/25 µg) and FF 100 µg for any of the derived FEV1 endpoints after allergen challenge suggesting that the effect of FF/VI on the EAR was predominantly due to the FF component.
The maximum decrease in baseline (post saline) FEV1 was 25% after placebo and 13% and 14% after FF/VI (100/25 µg) and FF 100 µg, respectively. The treatment differences compared with placebo were similar for both FF/VI and FF. Whereas the minimum FEV1 (0 to 2 h) was 0.81 L lower than baseline (post saline) following allergen challenge after placebo treatment compared with 0.48 L following allergen challenge after both FF/VI and FF treatment. The treatment difference compared with placebo was the same for both FF/VI and FF (0.33 L). There was no evidence of a treatment difference between FF/VI (100/25 µg) and FF 100 µg for any of the derived FEV1 endpoints.
Study HZA113126 evaluated the bronchoprotective effect of treatment with repeat inhaled doses of inhaled FF/VI combination (100/25 µg), on both the EAR and late asthmatic response (LAR) to inhaled allergen at 1 h post dose in 22 subjects with mild asthma compared with placebo.
Adjusted mean changes from saline for minimum and weighted mean (WM) EAR were greater following FF/VI treatment. Average attenuations of 35.7% and 44.3% were seen for FF/VI treatment compared with VI for minimum and WM, respectively, whereas, for FF/VI against FF, average attenuations of 25.7% and 23.1% were seen for FF/VI treatment compared with FF for minimum and WM, respectively.
For LAR, there was a statistically significant effect (p<0.05) for combination therapy FF/VI compared with placebo as measured by both minimum and WM. Average attenuations of 70.5% and 103.8% were seen for FF/VI treatment compared with placebo for minimum and WM, respectively. Monotherapies FF and VI also showed statistically significant changes compared with placebo in both minimum and WM LAR.
In summary, the greatest effects on the EAR were seen with FF/VI compared with FF or VI alone. Whereas, both FF/VI and FF alone virtually abolished the LAR compared with VI alone which had a smaller effect. This suggests that the effect of FF/VI on the LAR was primarily due to the FF component.
Methacholine challenge
Study HZA113126 also assessed the effects of repeat dose FF/VI, FF and VI on allergen-induced bronchial hyper-reactivity following methacholine challenge 24 h after the last dose (that is, on Day 22). Reduced bronchial hyper-reactivity following administration of FF/VI was indicated by a statistically significant increase in the doubling doses of methacholine required to produce a 20% reduction in FEV1 compared with either placebo, FF alone or VI alone. In comparison with placebo, FF/VI and FF both showed evidence of reduced bronchial hyper-reactivity with significantly greater doses of methacholine required to produce a 20% fall in FEV1. VI alone did not have a significant effect on allergen-induced bronchial hyper-reactivity compared with placebo. However, a significant effect was seen when comparing FF/VI with FF alone indicating some contribution from VI when administered as the FF/VI combination. A significant effect was also seen when comparing FF/VI with VI alone indicating the contribution of FF when administered as the FF/VI combination.
Time of dosing
Study HZA114624 examined the effect of the time of dosing (morning [AM] or evening [PM]) on FEV1 following repeat dose FF/VI (100/25 µg) administered via NDPI in patients with persistent bronchial asthma.
Statistical analysis of FEV1 (L) weighted mean (Day 14; 0 to 24 h) demonstrated clinically significantly higher values for FF/VI (100/25 µg) after both AM and PM dosing compared with placebo, while values were similar for FF/VI (100/25 µg) AM and PM dosing. In comparison with placebo, the average weighted mean FEV1 was 0.377 L and 0.422 L greater with AM and PM dosing, respectively. The difference between AM and PM dosing was -0.044 L.
Both AM and PM pre-treatment FEV1 were clinically significantly higher for FF/VI (100/25 µg) AM and FF/VI 100/25 µg PM compared with placebo, while values were similar for FF/VI (100/25 µg) AM and PM dosing. In comparison with placebo, average AM pre-treatment FEV1 was 0.403 L and 0.496 L greater with AM and PM dosing, respectively. Average PM pre-treatment FEV1, in comparison with placebo, was 0.275 L and 0.309 L greater with AM and PM dosing, respectively. AM and PM pre-treatment FEV1 were both lower with AM dosing compared with PM dosing: for the AM pre-treatment FEV1 the difference was -0.094 L and for the PM pre-treatment FEV1 it was -0.034 L.
In addition, peak expiratory flow (PEF) was significantly higher following both AM and PM dosing with FF/VI over 1 to 14 days compared with placebo. The increases in PEF following FF/VI were rapid in onset (that is, the full effect appeared to be evident after the first dose) and were maintained throughout the 14 day treatment period (that is, with no sign of tachyphylaxis).
Moreover, both AM and PM dosing with FF/VI (100/25 µg) produced clinically significant increases in mean AM and PM pre-treatment PEF. AM and PM mean PEF were both lower with AM dosing compared with PM dosing: for the AM PEF the difference was -25.0 L/min and for the PM PEF it was -3.7 L/min.
FF AMP challenge
Three studies (FFA10022, FFA10026 and FFA10027) that formed part of the earlier AVAMYS submission examined the effects of inhaled FF on Adenosine 5’-monophosphate (AMP) induced bronchoconstriction in subjects with mild asthma. As these studies form part of a previous submission the following summaries are taken directly from the sponsor’s Summary of Clinical Pharmacology.
Single and repeat dose FF significantly reduced airway responsiveness to AMP (assessed two h post dose) compared with placebo as measured by provocative concentration of the stimulus required to achieve this degree of bronchoconstriction (PC20) (FFA10022). Administration of FF 250 µg (3 micron) for 6 days resulted in an increase in the AMP PC20 (doubling dose concentration (95%) CI difference from placebo) of 1.26 (0.46, 2.05). There was no significant difference in the effect on airway responsiveness between FF 150 µg (2 micron) and FF 250 µg (3 micron).
The duration of activity of single dose FF 250 µg administered 2, 14 or 26 h before AMP challenge was determined (FFA10027). FF 250 µg administered 2 or 14 h before AMP challenge significantly reduced airway hyper-responsiveness to AMP increasing the mean AMP doubling dose (95% CI) compared with placebo by 2.46 (1.70, 3.22) and 1.59 (0.83, 2.34), respectively. However, when FF 250 µg was administered 26 h prior to AMP challenge there was no statistically significant effect compared with placebo (0.23 [-0.53, 0.98]). FP 250 µg also significantly reduced hyper responsiveness to AMP at 2 and 14 h post dose (mean AMP doubling dose (95% CI) compared with placebo by 2.32 (1.57, 3.08) and 1.07 (0.30, 1.84), respectively). The difference between FF 250 µg and FP 250 µg at 14 h was not statistically significant. The FF 250 µg dose was considered to probably be too low to demonstrate an effect on airway responsiveness after 26 h when administered as a single dose and repeat dosing would probably be required to reduce airway hyper responsiveness to AMP at this dose level.
The duration of effect of FF on airway responsiveness was assessed by conducting the AMP challenge 2, 12 and 26 h after a single FF 1000 µg dose (FFA10026). The mean AMP PC20 doubling dose (95% CI) was increased by 2.18 (1.13, 3.23), 1.54 (0.48, 2.59) and 1.3 (0.26, 2.34), respectively. In comparison fluticasone propionate (FP) 1000 µg did not significantly reduce airway responsiveness to AMP compared with placebo when delivered 26 h prior to the challenge (mean AMP PC20 doubling dose [95% CI] was 0.33 [-0.69, 1.34]) compared with an increase of 1.72 (0.70, 2.75) when FP was administered 14 h before AMP challenge. These data were considered to indicate a greater duration of activity for FF compared with FP and to suggest that FF was a suitable candidate for development as a once daily inhaled corticosteroid.
Effect on exhaled nitrous oxide
Troµgh exhaled nitrous oxide (eNO) was recorded 24 h after repeat dosing with FF 75 µg and 150 µg (‘2 micron’) and FF 250 µg (‘3 micron’) for 5 days (that is, immediately before dosing on Day 6) (FFA10022). Repeat dose FF significantly reduced eNO by up to 48% with mean eNO (ppb) treatment ratios compared with placebo (95% CI) of 0.52 (0.40, 0.67), 0.67 (0.56, 0.80) and 0.67 (0.56, 0.80), respectively. The study also assessed the effects of repeat dose FP (500 µg BID), which reduced eNO compared with placebo with a treatment ratio of 0.78 (95% CI: 68, 1.01).
The effect of single and repeat dose FF (250 and 1000 µg once daily for 3 days) on eNO (0 to 24h weighted mean, minimum and trough; Day 1 and Day 3) was compared with FP 1000 µg (once daily for 3 days) and placebo (FFA10028). In comparison with placebo, there was no effect of single dose FF or FP on weighted mean or minimum eNO. Repeat dose (3 days) FF 250 µg and 1000 µg reduced both 0 to 24 h weighted mean eNO (ratio to placebo (95% CI): 0.65 (0.59, 0.72) and 0.60 (0.54, 0.65), respectively) as well as 0 to 24 h minimum eNO (ratio to placebo (95% CI): 0.65 (0.58, 0.72) and 0.58 (0.52, 0.64), respectively. In comparison, repeat dose FP 1000 µg weighted mean and minimum eNO 0 to 24 h; ratio to placebo (95% CI) were 0.71 (0.64, 0.78) and 0.68 (0.62, 0.76), respectively. There was some evidence that the duration of effect of FF 1000 µg on eNO was more prolonged compared with FP 1000 µg; at 24 and 72 h post Day 3 dose mean (SD) eNO was 35.9 ppb (20.6) and 24.7 ppb (14.7), respectively after FF 1000 µg and 47.2 ppb (29.8) and 48.7 ppb (33.7), respectively after FP 1000 µg (FFA10028).
Bronchodilation in asthmatics
Two studies (Study B2C104604 and Study B2C106996) examined the onset, duration and extent of bronchodilation following a single inhaled dose VIM (25, 100 and 400 µg) in persistent asthmatic subjects. The results indicated that all doses of VIM provided a rapid and sustained onset of bronchodilation as measured by FEV1. From 5 minutes post dose onwards there were notable increases in FEV1 for all active treatments compared with placebo (95% CIs excluded 0). Differences in adjusted means ranged from 0.184 L to 0.301 L for active treatments at 5 minutes post dose, compared with placebo. The sustained differences between active treatment and placebo were generally of this order until 26 h post dose. Peak expiratory flow rate (PEFR) values also indicated notable bronchodilation at 12 h for all active treatment groups, compared with placebo, and at 24 h post dose for VIM 100 µg and 200 µg (95% CIs excluded 0). It must be noted that doses of <25 µg VI were not examined. Dose effectiveness appears to level off between 25 and 100 µg VI but the minimum effective VI dose has not been adequately evaluated.
Bronchodilation in patients with COPD
The ability of VIM (25, 50 and 100 µg) to induce bronchodilation was also examined in patients with COPD (Study B2C110165). As in the previous studies with asthmatics, FEV1 values COPD patients were higher following all doses of VIM than with placebo. For the 25 µg VIM dose the largest difference from placebo was 237 mL at 6 h post dose. For 50 µg VIM, adjusted mean FEV1 differences from placebo ranged between 175 mL and 292 mL from 10 minutes to 24 h. The maximum adjusted mean difference from placebo of 292 mL was observed at 6 h for 50 µg VIM. Efficacy of 100 µg VIM, as assessed by adjusted mean difference to placebo, ranged from 166 mL to 230 mL from 10 minutes to 24 h. The maximum adjusted mean difference from placebo of 230 mL was observed at 2 h for 100 µg VIM. Generally, 100 µg VIM demonstrated the greatest magnitude in response over placebo in the first 2 h.
Alternate formulations
A number of studies contained in the evaluation materials examined the PD effects of alternate, non-marketed, formulations of FF and VI, these included Study B2C101762, Study B2C106093, Study B2C111401, Study HZA108799 and Study B2C108562.
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Reduced serum cortisol is a common unwanted systemic effect related to exposure to high supra-therapeutic doses of corticosteroids.
Serum cortisol levels
Two studies (Study HZA105871 and Study 102928) examined the effects of FF/VIM in healthy subjects.
Study HZA105871 examined the effect on serum cortisol following administration of FF/VIM combination as a single dose in comparison with the individual components in healthy subjects. In comparison with placebo, the FF/VIM combination decreased 0 to 24 h serum cortisol weighted mean (90% CI) by 14.7% (7.8, 21.1), while the decrease from placebo with FF alone was 24.1% (18.1, 29.6). As expected VIM had no effect on serum cortisol compared to placebo.
Study 102928 investigated the effects of 14 days repeat dosing with FF (400, 600, 800 µg once-daily) containing magnesium stearate on serum cortisol in healthy subjects. The serum cortisol weighted mean indicated that, compared with placebo, there was a reduction in the serum cortisol (0 to 24 h) with FF 400 µg, 600 µg and 800 µg. of 51%, 66% and 69%, respectively.
A further study (HZA102942) examined the effects on serum cortisol following administration of FF 100 µg once daily for 14 days in asthmatic subjects 5 to 11 years of age. In this study serum cortisol levels were 16% lower following dosing with FF than following placebo.
The potential adverse systemic beta-adrenergic effects of therapeutic and supra-therapeutic doses of VI were assessed by measurement of blood (or plasma or serum) potassium and glucose and vital signs (heart rate and blood pressure) in healthy subjects as well as in subjects with renal impairment, hepatic impairment, COPD and asthma (including paediatric subjects).
Two studies examined the effects of FF and VIM on QT, blood pressure and heart rate in healthy subjects.
Study B2C108784 evaluated the extra-pulmonary PD effects of VIM (50, 200 and 400 µg) administered once daily for 14 days in healthy subjects. A clinically relevant increase in weighted mean and maximum heart rate (0 to 4h) between VIM 100 µg and placebo on Days 1 and 7 and in maximum heart rate (0 to 4h) between VIM 25 µg and placebo on Day 1 was observed. However, the increase in maximum heart rate observed between VIM 25 µg and placebo on Day 1 was greater than the response observed between VIM 50 µg and placebo on Day 1. On Days 1 and 7, VIM 50 and 100 µg increased weighted mean and maximum QTc(B) and QTc(F) compared with placebo. VIM 100 µg also increased all four parameters on Day 14 compared with placebo. There were no apparent differences in minimum and weighted mean diastolic blood pressure or maximum and weighted mean systolic blood pressure between any dose of VIM and placebo. Maximum glucose levels were higher after VIM than placebo on Days 1, 7 and 14. There were no differences in minimum or weighted mean potassium between GW642444M and placebo on Days 1, 7 and 14.
Study HZA102936 was a thorough QTc study and examined the secondary PD effects of FF/VIM (200/25 µg and 800/ 100 µg) compared with placebo after 7 days’ dosing in healthy subjects. In this study, all time-matched QTcF mean differences from placebo (0 to 24 h) were less than 5 ms with no upper 90% CI values greater than 10 ms. At a dose representing four times the proposed upper therapeutic FF/VI dose (800/100 µg for 7 days), there was an effect on QTcF during the first h after dosing. The largest mean time-matched difference from placebo was 9.6 ms (90% CI: 7.2, 12.0) seen 30 minutes after dosing. This was the only time point where the upper 90% CI exceeded 10 ms. There was little effect on QTc at both doses of FF/VI: all time-matched mean difference from placebo values were less than 5 ms with no 90% CI values greater than 10 ms. There were no QTcF values >450 ms recorded 0 to 24 h after dosing with FF/VI (200/25 µg or 800/100 µg for 7 days). There were no maximum QTcF changes from baseline >30 ms after dosing with FF/VI (200/25 µg). QTcF changes of 30–60 ms were seen in three subjects (4%) after dosing with FF/VI (800/100 µg) with no changes greater than 60 ms. Increases in time-matched heart rate were seen at both FF/VI doses with maximum effects seen 10 minutes after dosing. This was particularly evident for the FF/VI (800/100 µg) dose where the mean heart rate increased by 17 bpm compared with placebo. In comparison with placebo, mean maximum heart rate (0 to 4h) increased by 4 beats per minute (bpm) and 12 bpm after dosing with FF/VI (200/25 µg and 800/100 µg), respectively, while weighted mean heart rate was increased by 3 bpm and 8 bpm, respectively.
A number of other studies also examined the weighted mean heart rate (0-4h) and the maximum heart rate (0-4 h) following repeat and single doses of VI or VI/FF in healthy subjects (Studies B2C104604, DB1111509, DB1112146, DB2113208, HZA105871 and HZA102940) and in subjects with asthma (B2C106996 and B2C111401) or COPD (B2C110165). The results from these studies are summarised in Table 3A (below). A short summary of the results from studies in healthy subjects and asthma patients that utilised the NDPI is provided below.
[bookmark: _Toc388606197]Table 3A. Heart rate (0-4 h weighted mean and maximum: difference from placebo) Recorded after single and repeat administration of VI or VI/FF in healthy subjects and in subjects with asthma or COPD (B2C108787, B2C106996, B2C110165, B2C104604, DB1111509, DB1112146, DB2113208, HZA105871, HZA102940, B2C111401)
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HR in healthy subjects
Following single doses of 50 µg or 100 µg VI via NDPI in healthy subjects there was a statistically significant increase in maximum heart rate of <9.5 bpm compared to placebo (Table 3A, above). Administration of a single dose of FF/VI in healthy subjects (800/100 µg or 800/50 µg [Japanese subjects]) via the NDPI (Studies HZA105871 and HZA102940) was associated with an increase in mean maximum heart rate (difference from placebo) of <7 bpm. In both studies co-administration of VI with FF did not result in a greater effect on heart rate compared with administration of VI alone.
HR in asthma
In subjects with asthma, a single dose of VI (6.25 µg or 25 µg) administered via NDPI (Study B2C111401) had little to no effect on either weighted mean or maximum heart rate compared with placebo. By contrast, a dose of 100 µg VI resulted small (<6 bpm) but statistically significant increases in weighted mean and maximum heart rate compared with placebo.
[bookmark: _Toc348005716][bookmark: _Toc300307609][bookmark: _Toc290846266][bookmark: _Toc272414644][bookmark: _Toc400980767]Time course of pharmacodynamic effects
In Study HZA114624, FF/VI (100/25 µg) dosed AM and PM to subjects with asthma resulted in clinically significant increases in FEV1 compared with placebo at all time points 0 to 24 h following 14 days of dosing. The bronchodilator effect of VI was assessed in subjects with asthma and subjects with COPD. In asthmatics and subjects with COPD single dose VI (25, 50 and 100 µg) demonstrated efficacy compared with placebo as measured by FEV1 from 30 minutes to 24 h post dose. The bronchodilation produced by VI persisted over the 24 h period: mean FEV1 (difference from baseline) 23 to 24 h after dosing was at least 200 mL greater than placebo for all VI doses suggesting a 24 h duration of action after a single dose.
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For FF, a relationship between FF AUC(0 to 24) and effect on weighted mean serum cortisol over 24 h and 24 h urinary cortisol excretion has been established.
For VIM, both maximum QTcF and maximum heart rate were linearly related to VI Cmax Study HZA102936.
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Hepatic impairment
Study HZA111789 investigated the effect of varying degrees of hepatic impairment on serum cortisol suppression following repeat administration of FF/VI. Healthy subjects and subjects with mild or moderate hepatic impairment received FF/VI 200/25 whereas subjects with severe hepatic impairment received FF/VI 100/12.5. Serum cortisol weighted mean on Day 7 (0 to 24 h) appeared to differ for the subjects with moderate hepatic impairment compared with healthy subjects, and was, on average, 34% lower (90% CI: 11% lower to 51% lower). For the mild hepatic and severe hepatic impairment groups, serum cortisol weighted mean (0 to 24 h) was on average 13% higher (90% CI: 15% lower to 50% higher) and 14% higher (90% CI: 16% lower to 55% higher) respectively, compared with healthy subjects.
Severe renal impairment
Study HZA113970 investigated the effect of severe renal impairment on cortisol suppression following repeat administration of FF/VI (200/25 µg). In this study there was no difference between healthy subjects and patients with severe renal impairment in regard to maximum heart rate (0 to 4 h), minimum serum potassium (0 to 4 h) and serum cortisol levels (0 to 24 h).
Race
Five studies (DB1112017, HZA112018, DB1112146, DB2113208 and HZA102940) examined the PD effects of VIM and FF in healthy Japanese subjects.
These studies identified that following a single dose of FF/VI (800/50 µg) in combination and each of the active components alone in Japanese subjects maximum heart rate over 0 to 4 h was increased compared to placebo by 2.87 bpm following FF, 9.45 bpm following VIM and 6.6 bpm following the combination.
For serum cortisol (0 to 24 h), compared to placebo, FF alone decreased cortisol levels by 0.34 nmol/L and the combination decreased cortisol by 0.29 nmol/L , whereas VIM increased cortisol by 0.08 nmol/L.
There were comparable increases from baseline in weighted mean heart rate following treatment with FF/VIM combination (5.0 bpm) and VIM alone (5.4 bpm).
Weighted mean whole blood potassium (0 to 4 h) was lower for VIM alone than for the other treatments, but placebo and the GW685698X/VIM combination gave similar results.
Study HZA113477 serum cortisol levels following repeat dose inhaled FF (200 µg) in healthy Caucasian, Japanese, Korean and Chinese subjects. There was no evidence for a difference in serum cortisol weighted mean between Caucasians and Chinese or Korean healthy subjects following 7 days of once daily inhaled FF 200 µg. By contrast, there was an average 22% (90% CI: 12–30%) lower serum cortisol weighted mean in Japanese subjects compared with Caucasian subjects.
Paediatric subjects
Two studies (Study HZA112776 and Study HZA102942) examined the PD effects of repeat-dose VI 25 µg and FF 100 µg in asthmatic subjects, aged 5 to 11 years. In Study HZA112776 no statistically or clinically relevant differences between VI and placebo were observed for PD endpoints of maximum heart rate, mean heart rate, maximum QTcF, mean QTcF, maximum glucose, mean glucose, minimum potassium and mean potassium levels. In Study HZA102942, there was an average 16% reduction serum cortisol weighted mean (0 to 12 h), with the true mean ratio ranging from 30% lower to 1% higher, following repeat dosing with FF 100 µg compared with placebo.
[bookmark: _Toc348005719][bookmark: _Toc300307612][bookmark: _Toc290846269][bookmark: _Toc272414647][bookmark: _Toc241374303][bookmark: _Toc400980770]Pharmacodynamic interactions
Ketoconazole
Study HZA105548 examined the PD effects following once daily administration of oral ketoconazole 400 mg with co-administration of inhaled FF/VI (200/25 µg). Co-administration of ketoconazole with FF/VI did not affect maximum heart rate (0 to 4 h) or minimum blood potassium (0 to 4 h) compared to when FF/VI was administered with placebo. By contrast, there was an average 27% reduction in weighted mean serum cortisol following repeat dosing of FF/VI with ketoconazole compared with FF/VI with placebo, with the true reduction (based on 90% confidence interval) likely between 14% and 38%. There was no evidence of a difference following repeat dosing with FF/VI with ketoconazole compared with FF/VI with placebo for minimum diastolic blood pressure (0 to 4 h) or maximum systolic blood pressure (0–4 h); however, maximum QTcF (0 to 4 h) was, on average, 7.55 ms higher following repeat dosing with FF/VI with ketoconazole compared with FF/VI with placebo.
Study B2C112205 examined whether co-administration of repeat dose ketoconazole (400 mg) with single dose inhaled VIM (25 µg) had an effect on the single dose systemic PDs of VIM. There was no evidence of a treatment effect (VIM + ketoconazole versus VIM + placebo) on the 0 to 4 h primary endpoints of maximum and weighted mean heart rate. There was no evidence of a treatment effect (VIM + ketoconazole versus VIM + placebo) on the 0 to 4 h primary endpoints of minimum and weighted mean potassium. For the secondary endpoints of 0 to 4 h maximum QTc(F) or QTc(B) the 90% CIs for the treatment difference included zero. The mean differences were 3.1 and 5.4 ms, respectively. For 0 to 4 h weighted mean QTc(F) or QTc(B) the 90% CIs for the treatment difference did not include zero. The mean differences were 4.7 and 7.0 ms, respectively.
[bookmark: _Toc348005720][bookmark: _Toc300307613][bookmark: _Toc290846270][bookmark: _Toc272414648][bookmark: _Ref269983272][bookmark: _Toc400980771]Evaluator’s overall conclusions on pharmacodynamics
Fluticasone furoate is a synthetic trifluorinated corticosteroid with potent anti-inflammatory activity. Vilanterol trifenatate is a selective long-acting, beta2-adrenergic agonist.
Healthy subjects – primary PD
In healthy subjects, VI over the dose range of 50 µg to 600 µg significantly increased bronchodilation compared with placebo 24 h post dose.
Healthy subjects – secondary PD
FF induced dose related increases in skin blanching in healthy subjects that persisted for up to 24 h compared with placebo and occurred with a slower onset of action than FP.
Two studies examined the effects of FF and VIM on QT, blood pressure and heart rate in healthy subjects. Following administration of VIM (50, 200 and 400 µg) once daily for 14 days in healthy subjects there were clinically relevant increases in weighted mean and maximum heart rate (0 to 4 h) between VIM 100 µg and placebo on Days 1 and 7 and in maximum heart rate (0 to 4 h) between VIM 25 µg and placebo on Day 1. In addition, on Days 1 and 7, VIM 50 and 100 µg increased weighted mean and maximum QTc(B) and QTc(F) compared with placebo. VIM 100 µg also increased all four parameters on Day 14 compared with placebo. By contrast, there were no apparent differences in minimum and weighted mean diastolic blood pressure or maximum and weighted mean systolic blood pressure between any dose of VIM and placebo, whereas, maximum glucose levels were higher after VIM than placebo on Days 1, 7 and 14. In comparison with placebo, the FF/VIM combination decreased 0 to 24 h serum cortisol weighted mean (90% CI) by 14.7% (7.8, 21.1), while the decrease from placebo with FF alone was 24.1% (18.1, 29.6). VIM alone had no effect on serum cortisol compared to placebo.[footnoteRef:4] [4:  Sponsor comment: “These data refer to Study HZA105871 and doses of FF/VI and FF of 800/100 and 800, respectively. These effects on cortisol are only seen at supratherapeutic doses.”] 

Target population – primary PD
In mild asthmatics, following 28 days of treatment with FF/VI (100/25 µg) once daily, the mean reduction from baseline in FEV1 (0 to 2 h) following allergen challenge was 145 mL smaller than following 28 days of placebo treatment. For 100 µg a 162 mL reduction in mean FEV1 was seen for FF 100 µg compared with placebo. The effect of FF/VI on the EAR was predominantly due to the FF component.
For LAR in mild asthmatics, there was a statistically significant effect (p<0.05) for combination therapy FF/VI (100/25 µg) compared with placebo as measured by both minimum and WM. Average attenuations of 70.5% and 103.8% were seen for FF/VI treatment compared with placebo for minimum and WM, respectively. Monotherapies FF and VI also showed statistically significant changes compared with placebo in both minimum and WM LAR.
In mild asthmatics, FF/VI (100/25 µg) reduced bronchial hyper reactivity induced by methacholine. In comparison with placebo, FF/VI and FF both showed evidence of reduced bronchial hyper-reactivity with significantly greater doses of methacholine required to produce a 20% fall in FEV1, whereas, VI alone did not have a significant effect on allergen-induced bronchial hyper-reactivity compared with placebo.
In persistent asthmatics and patients with COPD, VIM provided a rapid and sustained onset of bronchodilation, as measured by FEV1. From 5 minutes post dose onwards there were notable increases in FEV1 for all active treatments compared with placebo (95% CIs excluded 0). The sustained differences between active treatment and placebo were generally of this order until 24 to 26 h post dose.
In asthmatics and subjects with COPD single dose VI (25, 50 and 100 µg) demonstrated efficacy compared with placebo as measured by FEV1 from 30 minutes to 24 h post dose. The bronchodilation produced by VI persisted over the 24 h period: mean FEV1 (difference from baseline) 23 to 24 h after dosing was at least 200 mL greater than placebo for all VI doses suggesting a 24 h duration of action after a single dose.
Target population – primary PD – time of dosing
In subjects with persistent bronchial asthma, statistical analysis of FEV1 (L) weighted mean (Day 14; 0–24 h) demonstrated clinically significantly higher values for FF/VI (100/25 µg) after both AM and PM dosing compared with placebo, while values were similar for FF/VI (100/25 µg) AM and PM dosing.
Both AM and PM pretreatment FEV1 were clinically significantly higher for FF/VI (100/25 µg) AM and FF/VI (100/25 µg) PM compared with placebo, while values were similar for FF/VI (100/25 µg) AM and PM dosing.
In addition, PEF was significantly higher following both AM and PM dosing with FF/VI over 1 to 14 days compared with placebo. The increases in PEF following FF/VI were rapid in onset (that is, the full effect appeared to be evident after the first dose) and were maintained throughout the 14 day treatment period (that is, with no sign of tachyphylaxis).
Target population – secondary PD
The potential adverse systemic beta-adrenergic effects of therapeutic and supra therapeutic doses of VI were assessed by measurement of blood (or plasma or serum) potassium and glucose and vital signs (heart rate and blood pressure) in healthy subjects as well as in subjects with renal impairment, hepatic impairment, COPD and asthma (including paediatric subjects).
For FF, a relationship between FF AUC(0 to 24) and effect on weighted mean serum cortisol over 24 h and 24 h urinary cortisol excretion has been established.
For VIM, both maximum QTcF and maximum heart rate were linearly related to VI Cmax.
Special populations
Serum cortisol weighted mean on Day 7 (0 to 24 h) appeared to differ for subjects with moderate hepatic impairment compared with healthy subjects, and was, on average, 34% lower (90% CI: 11% lower to 51% lower). For the mild hepatic (FF/VI 200/25) and severe hepatic (FF/VI 100/12.5) impairment groups, serum cortisol weighted mean (0 to 24 h) was on average 13% higher (90% CI: 15% lower to 50% higher) and 14% higher (90% CI: 16% lower to 55% higher) respectively, compared with healthy subjects (FF/VI 200/25).
Following repeat administration of FF/VI (200/25 µg) there was no difference between healthy subjects and patients with severe renal impairment in regard to maximum heart rate (0 to 4 h), minimum serum potassium (0 to 4 h) and serum cortisol levels (0 to 24 h).
In asthmatic subjects 5 to 11 years of age serum cortisol levels were 16% lower following dosing with FF 100 µg once daily for 14 days than following placebo Following repeat-dose VI 25 µg or FF 100 µg in asthmatic subjects, aged 5 to 11 years there were no relevant differences between VI and placebo for PD endpoints of maximum heart rate, mean heart rate, maximum QTcF, mean QTcF, maximum glucose, mean glucose, minimum potassium and mean potassium levels, whereas, there was an average 16% reduction serum cortisol weighted mean (0 to 12 h). 
Pharmacodynamic interactions
There was no evidence for a difference in serum cortisol weighted mean between Caucasians and Chinese or Korean healthy subjects following 7 days of once daily inhaled FF 200 µg. By contrast, there was an average 22% (90% CI: 12 to 30%) lower serum cortisol weighted mean in Japanese subjects compared with Caucasian subjects.
Drug interactions
Co-administration of ketoconazole with FF/VI did not affect maximum heart rate (0 to 4 h) or minimum blood potassium (0 to 4 h) compared to when FF/VI was administered with placebo By contrast,
There was an average 27% reduction in weighted mean serum cortisol following repeat dosing of FF/VI with ketoconazole compared with FF/VI with placebo, with the true reduction (based on 90% confidence interval) likely between 14% and 38%. In addition maximum QTcF (0 to 4 h) was, on average, 7.55 ms higher following repeat dosing with FF/VI with ketoconazole compared with FF/VI with placebo.
[bookmark: _Toc348005721][bookmark: _Toc290846271][bookmark: _Toc272414649][bookmark: _Ref271214453][bookmark: _Toc400980772]Dosage selection for the pivotal studies
[bookmark: _Toc348005722][bookmark: _Toc400980773]Asthma
There were 4 dose-ranging Phase II studies including 3 studies which evaluated various fluticasone furoate (FF) doses ranging from 25 to 800 µg (FFA109684, FFA109685 and FFA109687) and 1 study (B2C109575) evaluating vilanterol (VI) doses (ranging from 3 to 50 µg). Effect of time of dose (morning versus evening) and dosing interval (OD versus BD) was evaluated in 3 Phase II studies of FF alone (FFA20001, FFA106783 and FFA11202) and 2 studies of VI alone (HZA113310 and B2C106093).
Comments: There were no dose-ranging studies using the proposed combination inhaler (FF/VI).
[bookmark: _Toc348005723]FF-alone studies
[bookmark: _Toc348005724]AM versus PM and once- versus twice-daily dosing studies (FFA20001, FFA112202 and FFA106783)
FFA20001 was a multi-center, randomised, double-blind, placebo-controlled, parallel group study to evaluate the efficacy and safety of FF 100 µg administered OD either in the AM or the PM, and FF 250 µg administered OD in the PM for 28 days in 575 subjects with asthma. Subjects were symptomatic on SABAs alone and had a mean percentage predicted FEV1 of 81.0% at baseline.
For the primary treatment comparison, the difference between FF100 µg AM and FF100 µg p.m. was 13 L/min (95%CI: 2, 24) suggesting greater improvements in through PEF with morning compared to evening dosing. However, both AM and PM dosing with FF 100 µg resulted in statistically significant improvements in through PEF compared with placebo (19L/min and 16 L/min respectively). Therefore, in terms of comparison with placebo, the 100 µg AM group demonstrated a 3L/min improvement over the 100 µg PM group suggesting that morning and evening dosing were comparable for this endpoint.
Comments: However, in addition to the true treatment effect of FF, the AM through values may have been confounded by the placebo response that was greater in the morning than evening. The width of the confidence interval was slightly wider than the 20L/min width that the study was designed to show due to a higher variability in through PEF (47 L/min) than had been assumed (40L/min).
All FF dosing regimens demonstrated improvements over placebo for the secondary efficacy endpoints of daily AM and PM PEF, percentage of symptom-free 24 h periods and percentage of rescue-free 24 h periods (except withdrawals due to lack of efficacy, of which only three occurred, two in the placebo group and one in the GW685698X 100 µg AM group). Although, GW685698X 250 µg PM had a slightly greater effect on clinic-measured FEV1/PEF, asthma symptom scores 100 µg given either in the morning or evening, these benefits were relatively small and all three active treatments were statistically significantly better than placebo.
FFA112202 was a multi-center, randomised, placebo-controlled, double-blind, cross-over study to assess non-inferiority of through FEV1 with FF 200 µg OD in the PM compared with FF 200 µg (as 100 BD) for 28 days in 190 subjects with asthma. FP (given as 100 twice a day (BD) or 200 once a day (OD)) was included for assay sensitivity and as an active control for comparison against placebo. Subjects were symptomatic on SABAs or non-ICS therapy and had a mean percentage predicted FEV1 of 69.4% at baseline. Subjects meeting the eligibility criteria were randomised to one of 12 sequences outlined in Table 3.
Table 3. Treatment administration
[image: ]
Statistical analyses of the primary endpoint showed that the adjusted treatment difference from Placebo in through FEV1 for FF 200 OD (108 mL; 95% CI 64, 153; p<0.001) was non-inferior to FF 100 BD (98 mL; 95% CI 54, 142; p<0.001). The adjusted treatment difference from placebo in through FEV1 was 87 mL (95% CI 14, 161; p=0.020) and 132 mL (95% CI 59, 205; p<0.001) for the FP 200 OD and FP 100 BD groups, respectively, indicating assay sensitivity. The adjusted treatment difference in FEV1 change from baseline between FF 200 OD and FF 100 BD was 11 mL (95% CI -35, 56; p=0.641) in the Intent-to-Treat (ITT) Population and 0 ml (95% CI -49, 49; p=0.996) in the PP Population.
Comments: Results of this well-conducted study demonstrated that the efficacy of FF200 µg once daily was not inferior to the efficacy of FF 100 µg twice daily. The study also showed that both the once daily and twice daily FF and FP groups had a statistically significantly greater improvement in through FEV1 at Day 28 compared with placebo. The results of the comparative FP treatments provided assay sensitivity and demonstrated that the study was capable of differentiating between once daily and twice daily dosing.
FFA106783 was a multicenter, randomised, double-blind, parallel group, placebo-controlled study to evaluate the relative efficacy and safety of OD and BD dosing and AM and PM dosing of FF (400 µg in AM and PM, 200 µg in AM and PM and 200 µg BD) for 8 weeks in 646 subjects with persistent asthma who remained symptomatic on low-dose ICS (symptomatic on FP 250 µg/day or equivalent at baseline) and had a baseline mean percentage predicted FEV1 of 67.4%. All treatments were delivered by inhalation via the Diskus/Accuhaler. The most common reason for withdrawal from the ITT population was lack of efficacy, which occurred in 21 (21%) subjects in the placebo group and in 7 to 13 subjects (6% to 13%) across the FF groups.
For the primary efficacy endpoint of mean change from baseline in through FEV1 at Week 8, a statistically significant difference was seen with each FF group compared with placebo (124 mL to 315 mL, p ≤ 0.033). The treatment effect exceeded a 200 mL difference (threshold for which the study was powered) for FF400 µg given in the morning or evening or in a divided twice-daily dose but not FF 200 µg given in the morning or the evening. Placebo-adjusted improvements in through FEV1 were comparable for FF 400 PM (240 mL; 95% CI 129, 351) and FF 200 BD (235 mL; 95% CI 123, 346) but improvements were greater for FF 200 BD (315 mL; 95% CI 208, 421) compared with FF 400 AM (202 mL; 95% CI 96, 307). FF 200 AM and PM led to improvements of 174 mL (95% CI 67, 282) and 124 mL (95% CI 10, 238), respectively. The adjusted improvement from baseline in through FEV1 compared with placebo was 202 mL for FF 400 µg given once-daily in the morning and 240 mL for FF 400 µg given once-daily in the evening.
The relative treatment effect of all FF treatment groups were generally lower in the Per Protocol analysis as compared to the primary ITT analysis, however the Per Protocol analysis was consistent with the ITT analysis in the evening dosing group.
Comments: FF400 µg once-daily in the morning, FF 400 µg once-daily in the evening and FF 200 µg twice-daily each resulted in clinically and statistically significant improvements in through FEV1 (≥ 200 mL) after 8 weeks of dosing. Furthermore, FF 400 µg once-daily in the evening and FF 200 µg twice daily resulted in comparable, placebo adjusted improvements in through FEV1 after 8 weeks of dosing (240 mL and 235 mL, respectively).However, 200 µg twice-daily resulted in greater improvements in placebo adjusted through FEV1 than 400 µg once-daily in the morning (315 mL and 202mL, respectively). Furthermore, proposed dose of FF 200 µg once-daily in the morning or evening did not meet the pre-defined threshold of 200 mL in through FEV1 over placebo after 8 weeks of dosing. Interpretation of these results were limited by the fact that the proposed device (NDPI) was not used in the study.
[bookmark: _Toc348005725]Dose-ranging studies (FFA109684, FFA109685 and FFA109687)
Study FFA109684 
FFA109684 was a multi-center, randomised, double-blind, double-dummy, parallel group, placebo-controlled study to evaluate the dose response, efficacy and safety of four dosage regimens of FF (200, 400, 600 and 800 µg) administered once daily in the evening for 8 weeks in 622 adolescent and adult subjects 12 years of age and older with persistent uncontrolled asthma.[footnoteRef:5] A total daily dose of FP 1000 was included for assay sensitivity and to allow assessment of the relative magnitude of response of doses of FF compared with FP. [5:  Asthma uncontrolled on medium doses of ICS (FP >200 µg/day to ≤ 500 (µg/day or equivalent).] 

Mean overall treatment compliance was high and ranged from 93.4% to 96.0% for the Diskus, and 97.8% to 99.7% for the Novel DPI with slightly higher incidence of over-compliance (>100% treatment compliance) for the Novel DPI (26% to 34%) than for the Diskus (5% to 13%). The majority of subjects who were over compliant had compliance levels between 100% and 110%. Very few subjects had compliance values in excess of 110% (approximately 1% of subjects for the Diskus and 3% for the Novel DPI).
Baseline FEV1 was similar across all six treatment groups, with a mean FEV1 ranging from 2.087 L to 2.153 L across the individual treatment groups. At Week 8, the placebo group had a mean decrease in FEV1 from baseline of 0.054 L. All active treatment groups had a mean increase in FEV1 from baseline ranging from 0.155 L in the FP 500 µg group to 0.246 L in the FF 200 µg group. The primary analysis, the test of linear trend[footnoteRef:6] in dose response in through FEV1 at Week 8 including placebo, showed a statistically significant result (95% CI 0.112, 0.333; p<0.001), thus allowing further pair wise comparisons across the treatment groups. Two-sided hypothesis tests of change from baseline in through FEV1 using LOCF demonstrated superiority (p<0.001) relative to placebo of all individual FF doses (275 mL [95% CI: 178, 367] in the FF 200 group, 272 mL [95% CI 178, 367] in the FF 400 group, 264 mL [95% CI 171, 357] in the FF 600 group and 225 mL [95% CI 131, 320] in the FF 800 group). A total daily dose of FP 1000 demonstrated a 198 mL (95% CI 105, 291; p<0.001) adjusted treatment difference compared with Placebo. [6:  The primary treatment comparison was a test for linear dose response in trough (pre-dose and pre-rescue bronchodilator) PM FEV1 at Week 8 across the four doses of FF and placebo in order to demonstrate overall efficacy of FR. Only if this test was statistically significant would each dose of FF be compared with placebo to identify effective doses. The primary linear trend test has approximately 96% power to detect a slope of 0.25 mL/µg (a dose response effect of 200 mL improvement in FEV1 per 800 µg of FF). Additionally, the study has 90% power to detect a difference of 200 mL in pairwise comparisons of change from baseline in trough FEV1 between any active dose and placebo.] 

Over Weeks 1 to 8, subjects in all FF treatment groups and in the FP 500 µg group demonstrated an increase from baseline in PM PEF and AM PEF compared with a decrease from baseline in AM and PM PEF for the placebo group. Mean symptom-free 24 h periods increased over Weeks 1 to 8 and for each time interval in all treatment groups including placebo with the greater increases observed in the FF 200, 400 and 600 µg groups (20.1%, 19.6%, and 18.5%, respectively). Over Weeks 1 to 8, the percentage of rescue-free 24 h periods showed the greatest increases in the FF 800 and 400 µg groups (22.3% and 21.2%) compared to the FF 200 µg, FF 600 µg, and the FP 500 µg BD groups (17.9%, 17.4% and 16.7% change, respectively). Statistically significantly higher percentage of subjects were withdrawn due to lack of efficacy from the placebo group (33%) compared with the active treatment groups (11%, 6%, 10%, 12% and 7% in the FF 200, 400, 600, 800 µg and FP 500 µg BD groups, respectively). The difference in the mean change in percentage of symptom-free days and nights for all active treatment groups was statistically significantly greater than placebo. The FF groups and FP group had a greater mean change from baseline in the percentage of rescue-free days and nights over Weeks 1 to 8 compared with placebo with the largest increases observed in the FF 400 and 800 µg groups (22.4% and 22.6%). Over Weeks 1 to 8, mean 24 h symptom scores decreased to a greater extent in all active treatment groups compared with placebo. Across all FF groups, the mean change from baseline in 24 h symptom scores decreased from 0.5 to 0.7 compared with a decrease of 0.5 in the FP 500 µg group and a decrease of 0.1 in the placebo group.
Comment: A test for linear trend excluding placebo was not significant, and therefore there was no evidence of a dose response between 200, 400, 600 and 800 µg doses of FF. In fact the numerical improvements in through FEV1 were slightly lower for the 400, 600 and 800 µg doses of FF while the incidence of AEs was higher in the FF 600 µg, FF 800 µg and FP 500 µg BD groups. The statistical analyses for all secondary efficacy endpoints (change from baseline in AM and PM PEF and rescue- and symptom-free 24 h periods and number of subjects withdrawn due to lack of efficacy) showed that all active treatment groups had statistically significantly greater improvements compared with placebo. Hence, the doses evaluated in this study appear to be in the flat part of the dose response curve as no definite dose dependent trends were observed.
Study FFA109685
FFA109685 was a multi-center, randomised, double-blind, double-dummy, parallel group, placebo-controlled study to evaluate the dose response, efficacy and safety of FF OD at doses of 100, 200, 300 and 400 µg versus Placebo for 8 weeks in 615 subjects with persistent asthma uncontrolled on low dose of ICS (FP ≤ 200 µg/day or equivalent). A total daily dose of FP 500 was included for assay sensitivity and to allow assessment of the relative magnitude of response of doses of FF compared with FP. Mean overall treatment compliance was high, and ranged from 93.5% to 96.4% for the DISKUS, and 96.5% to 98.6% for the Novel DPI although over-compliance (>100% treatment compliance) was greater for the Novel DPI (20% to 36%) than for the DISKUS (8% to 15%). The majority of subjects who were over compliant had compliance levels between 100% and 110%.
The primary analysis, the test of linear trend in dose response in trough FEV1 at Week 8 including Placebo, showed a statistically significant result (95% CI 0.391, 0.900; p<0.001), thus allowing further pair wise comparisons across the treatment groups. Two-sided hypothesis tests of change from baseline in trough FEV1 using LOCF demonstrated superiority (p<0.001) relative to Placebo of all individual FF doses (207 mL [95% CI 96, 318] in the FF 100 group, 238 mL [95% CI 127, 349] in the FF 200 group, 293 mL [95% CI 182, 404] in the FF 300 group and 279 mL [95% CI 167, 392] in the FF 400 group). A total daily dose of FP 500 demonstrated a 225 mL (95% CI 114, 337; p<0.001) adjusted treatment difference compared with Placebo.
A test for linear trend excluding placebo was not significant, and therefore there was no evidence of a dose response between the 100 µg, 200 µg, 300 µg and 400 µg dosages of FF. Over Weeks 1 to 8, subjects in all FF treatment groups demonstrated a statistically significant increase from baseline in PM PEF compared with a decrease from baseline for the placebo group with smallest increase in the FF 100 µg group (9.1 L/min), while the FF 200, 300 and 400 µg groups had a greater increase in change from baseline in PM PEF (14.8 L/min, 15.1 L/min and 21.0 L/min) which was similar to that of the FP 250 µg BD group (18.2 L/min). Similar changes from baseline were observed for AM PEF.
The statistical analyses for secondary efficacy endpoints showed that all active treatment groups had statistically significantly greater improvement compared with placebo, with the exception of symptom-free and rescue-free 24 h periods. For symptom-free 24 h periods, only the FF 400 µg group and the FP250 µg groups showed statistically significantly greater improvement compared with placebo. For rescue-free 24 h periods, all active treatment groups except the FF 200 µg group showed statistically significantly greater improvement compared with placebo. A statistically significantly higher percentage of subjects were withdrawn due to lack of efficacy from the placebo group (33% of subjects) compared with the active treatment groups (7% to 14% of subjects). Over the 8 week treatment period, mean 24 h symptom scores decreased to a greater extent in all active treatment groups compared with placebo. Over the 8 week study period, the placebo group had a decrease in total daily rescue medication use of 0.5 actuations, while the FF treatment groups had a 1.1 to 1.3 actuation per day decrease in mean total daily rescue medication use. (FP 250 µg group had a decrease of 1.5 actuations).
Comments: Overall, there was no evidence of dose-response between the 100, 200, 300 and 400 µg doses of FF. The numerical improvements in through FEV1 were greater for FF 200 µg than for FF 100 µg at most time points throughout the 8-week dosing interval. FF 200 µg also demonstrated greater improvements in PM (trough) PEF than FF 100 µg. FF 300 µg produced the greatest improvements in through FEV1, but produced almost identical changes to FF 200 µg in PM PEF (change from baseline 14.8 L/min versus 15.1 L/min) and was associated with more reports of dysphonia and pharyngitis than either FF 100 or 200 µg. Furthermore, the efficacy of once-daily FF was similar to the efficacy of FP 250 µg given twice daily for most efficacy parameters. Hence, results of this study suggest that the efficacy and tolerability profile FF 100 µg and 200 µg dosages are considered the most effective doses for this population of asthmatics, although the benefit of increasing the dose to 200 µg from 100 µg is not clear.
FFA109687 was a multi-center, randomised, double-blind, double-dummy, parallel group, placebo-controlled study to evaluate the dose response, efficacy and safety of FF OD at doses of 25, 50, 100 and 200 µg versus Placebo for 8 weeks in subjects with asthma uncontrolled on SABAs or non-ICS therapy. A total daily dose of FP 200 was included for assay sensitivity and to allow assessment of the relative magnitude of response of doses of FF compared with FP. Mean overall compliance for the treatment groups was high, and ranged from 92.4% to 97.0% for the Diskus, and 96.0% to 101.0% for the Novel DPI; over compliance (>100% treatment compliance) was greater for The Novel DPI (23% to 33%) than for DISKUS (6% to 19%). The majority of subjects who were over-compliant had compliance levels between 100% and 110%. Few subjects had compliance values in excess of 110% (<1% of subjects for the Diskus and <3% of subjects for the Novel DPI).
The primary analysis, the test of linear trend in dose response in through FEV1 at Week 8 showed a statistically significant result (95% CI 0.472, 1.559; p<0.001) thus allowing further pair wise comparisons across the treatment groups. The test of linear trend was also significant in the absence of placebo, indicating a dose response across the doses studied. Two-sided hypothesis tests of change from baseline in through FEV1 using LOCF demonstrated superiority (p≤0.033) of all individual FF doses relative to Placebo (129 mL [95% CI 11, 247] in the FF 50 group, 204 mL [95% CI 89, 319] in the FF 100 group and 230 mL [95% CI 111, 349] in the FF 200 group) with the exception of FF 25 (101 mL; 95% CI -18, 221) and FP 100 µg BD (106 mL; 95% CI -10, 223).
The secondary efficacy endpoints of change from baseline in PM PEF and AM PEF showed that all active treatment groups had greater improvements compared with Placebo. Change from baseline in symptom-free and rescue-free 24 h periods demonstrated significantly greater improvements with all active treatment groups compared with Placebo, with the exception of FF 25 µg OD. All active treatment groups, with the exception of FF 25, FF 200 and FP 100 BD showed significantly fewer withdrawals due to lack of efficacy compared with Placebo (15%, 9%, 3%, 5%, 6% and 11% with placebo, FF 25, 50, 100, 200 µg OD and FP100 µg BD groups, respectively). The difference in the mean change in percentage of symptom-free days and symptom-free nights for all active treatment groups except the 25 µg group was statistically significantly greater than placebo. At Baseline, the mean total daily rescue medication use was similar across all treatment groups, averaging approximately 3 to 4 actuations per day. Over the 8 week study period, the decrease in mean total daily rescue medication use (1.1 to 1.6 actuations) was similar across the active treatment groups and placebo over the 8 week study period with the exception of the 200 µg (2.0 actuations).
Comments: Results of this study support the profile of FF as a well-tolerated and effective once-daily inhaled corticosteroid at doses of 50-200 µg per day versus placebo, with evidence of a dose response between the range of 25 µg and 200 µg doses. There was no evidence of a dose response in any of the most commonly reported AEs in the FF groups and the incidence of drug-related AEs reported was low. The results of this study support the selection of FF 50 µg as the lowest effective dose to progress to Phase III studies.
[bookmark: _Toc348005726]Vilanterol (VI) alone studies
HZA113310 was a multicenter, double-blind, placebo-controlled, cross-over study to evaluate the relative effects on through FEV1 compared with Placebo of VI (6.25, 12.5 and 25 OD in the PM and 6.25 BD) for 7 days in 75 subjects with persistent asthma symptomatic on FP ≤ 1000 µg/ day or equivalent at baseline. Overall, treatment compliance was high and similar between the treatment groups for both the AM dosing (>99% in each treatment group) and the PM dosing (>98% in each treatment group). There was a statistically significant (p < 0.001) increase in bronchodilation for all VI doses and dosing regimens compared to placebo on Day 7 with respect to through FEV1[footnoteRef:7] (difference in through FEV1 compared to placebo ranged from 94 to 140 mL). This analysis showed a dose-dependent improvement in through FEV1 for all once-daily doses, with 25 µg OD>12.5 µg OD>6.25 µg OD (placebo subtracted improvement in FEV1 was 94, 102 and 125 ml with 6.25, 12.5 and 25 µg, respectively). All active treatments significantly improved the weighted mean 24 h serial FEV1 compared with placebo with the greatest increase seen in the 25 µg once daily treatment group (185 ml). Results for the weighted mean 24 h serial FEV1 on Day 7 relative to placebo also showed comparable treatment differences between the 12.5 µg once daily group (168 ml) and with the 6.25 µg twice daily group (166 ml), indicating comparable improvements following the same total nominal dose given once daily or divided twice daily. The study demonstrated an observed 19 mL improvement in weighted mean FEV1 over the 24 h period for 25 µg once-daily compared to 6.25 µg twice-daily, but clinical relevance of this difference is not clear. The percentage of subjects obtaining the 200 mL and 12% threshold ranged from 19 to 38% in the active treatment groups over 24 h post dose compared to 12-22% in the placebo group. [7:  Day 7 at trough that is, 23-24 hours post-dosing for all the once daily treatment regimens and at 11-12 hours post-dosing for the twice daily regimen.] 

Comments: Compared to placebo, improvement in through FEV1 with 6.25 µg BD was slightly greater than that seen with 12.5 µg OD (140 and 102 ml, respectively). This study was conducted to substantiate the data supporting VI as an effective once daily inhaled LABA and provided information on whether a lower total daily dose was effective if given twice daily compared with a once daily dosing regimen but it failed to provide conclusive evidence.
B2C109575 was a multicenter, randomised, double-blind, placebo-controlled, parallel group study to evaluate the dose response and efficacy of VI OD in the PM at doses of 3, 6.25, 12.5, 25 and 50 µg versus placebo for 28 days in 607 subjects with asthma symptomatic on FP ≤1000 µg/day or equivalent at baseline.
The sample size of 594 subjects (99 subjects per group) with at least one pre-dose or 23 to 24 h post dose FEV1 assessment on or after nominal Day 7 had 97% power to detect a slope of 4 mL/µg(a dose response effect of 200 mL improvement in FEV1 per 50 µg of FF), assuming a standard deviation of 430 mL based on previous studies and significance declared at the two-sided 5% level. Similarly, there was >99% power to detect slopes of 8 mL/µg (200 mL improvement per 25 µg dose), 16 mL/µg (200 ml improvement per 12.5 µg dose) and 32 mL/ µg (200 mL improvement per 6.25 µg dose). The 3 µg dose was assumed to be a non-effective dose and the study had approximately 96% power to detect a 200 mL effect between this dose and the 50 µg dose, excluding placebo from the dose-response analysis. Mean overall compliance for the treatment groups was high and similar across the treatment groups, and ranged from 98.9% to 107%. The different treatment showed similar baseline disease and demographic characteristics. The incidence of major protocol deviations was similar across all the treatment groups.
The primary analysis, the test of linear trend in dose response in through FEV1, was statistically significant (p=0.003). Two-sided hypothesis tests of change from baseline in the primary endpoint of through FEV1 of each VI dose showed statistically significant superiority of the three highest VI doses (12.5, 25 and 50 µg) compared with Placebo on Day 28 with FEV1 increases of 130 mL (95% CI 30, 230; p=0.011), 121 mL (95% CI 23, 220; p=0.016) and 162 mL (95% CI 62, 261; p=0.001) relative to placebo, respectively; the lower doses of 3 and 6.25 µg were not significantly different from placebo. Consistency of the VI dose-response relationship in terms of the change from baseline in through FEV1 at the end of the treatment period was shown for the different asthma disease severities.
Comment: lt is interesting to note that in patients with more severe asthma (FEV1 predicted >40% ≤65%) showed highest numerical improvement over placebo in the 12.5 and 50 µg groups and not for the proposed 25 µg dose (-49, 37, 109, 72 and 139 mL in VI 3, 6.25, 12.5, 25 and 50 µg groups, respectively). In patients with baseline FEV1 predicted >65% <90%, improvements over placebo in through FEV1 were 149, 161 and 178 mL in the 12.5, 25 and 50 µg groups respectively. Although it is acknowledged that the study was not powered to assess such differences it does highlight the fact that the 12.5 µg dose of VI was not evaluated adequately in Phase III studies although it seemed to show similar efficacy to the proposed 25 µg dose.
Weighted mean FEV1 (0 to 24 h) demonstrated statistically significant (p≤0.023) adjusted treatment differences for all doses of VI compared with Placebo (difference from placebo was 151, 103, 142, 165 and 172 mL in 3, 6.25, 12.5, 25 and 50 µg groups, respectively). All VI doses significantly improved AM and PM PEF. Except for the 3 µg VI dose, for which no statistically significant increase in symptom-free 24 h periods was found, all VI treatments statistically significantly increased the percentage of symptom-free and rescue-free 24 h periods versus placebo over the 28 day treatment period. The greatest improvements were recorded for the 25 and 50 µg VI groups, with a dose-response effect up to 25 µg VI for both symptom-free and rescue-free 24 h periods (22.2% and 28.4%, respectively). No further increments were seen with 50 µg VI. The proportion of subjects obtaining ≥200 mL and ≥12% increase from baseline in FEV1 (0 to 4 h post dose) increased with VI dose on Day 1 (35 to 36% of subjects on 25 and 50 µg VI) and Day 28 (46% of subjects on 25-50 µg VI). A numerically higher percentage of subjects were withdrawn due to lack of efficacy from the 3 µg VI and the placebo group compared with the other VI treatment groups (9%, 12%, 3%, 5%, 4% and 0% in placebo, VI 3, 6.25, 12.5, 25 and 50 µg groups, respectively).
Comments: Overall efficacy of VI was demonstrated by a statistically significant linear trend test in dose response in through FEV1. Once-daily treatment with VI resulted in a sustained 24 h improvement in lung function which was statistically significantly greater than that seen with placebo at 12.5 µg, 25 µg and 50 µg doses, supporting once-daily dosing. Results from this study suggest that VI doses >12.5 µg OD were effective in producing significant improvements in lung function and symptomatic parameters. Although the proposed 25 µg dose did produce slightly better response for the secondary endpoints of symptom-free and rescue-free 24 h periods, this is not enough to justify use of only the 25 µg dose of VI in the Phase III studies, especially since through FEV1 or weighted mean FEV1 (0 to 24h) did not show any difference between the 12.5 and 25 µg doses.
B2C106093 was a multi-center, randomised, double-blind, placebo-controlled, four-way incomplete block cross-over study to evaluate the efficacy and safety of single and repeat (14 day) administration of GW642444H (an earlier form of VI) 25, 100 and 400 OD and a total daily dose of salmeterol (SALM) 100 µg (given as 50 µg bd) versus Placebo in 56 subjects with asthma receiving FP 200 to 500 µg/day or equivalent at baseline. Majority of subjects were male and White with a mean age of 44 years and the mean percentage predicted FEV1 was 76.7% at baseline. The primary efficacy measure was mean change from baseline in through FEV1 on Day 14. On Day 1 and Day 14, the mean treatment difference for through FEV1 from Placebo for each dose of GW642444H was greater than 200 mL (205 mL to 418 mL) (p<0.001). A trend towards a dose response was observed on Days 1, 7, and 14 for the GW642444H treatments. The SALM mean treatment difference from Placebo on Day 1 and Day 14 was 296 mL and 158 mL, respectively (p<0.001). Mean AM and PM PEF values over 14 days were statistically significantly greater for all GW642444H treatment groups and the SALM treatment group (p<0.001) compared with Placebo.
Comment: Results showing dose response for VI (25, 100 and 400 µg) can only be considered supportive as this study did not use the proposed formulation of vilanterol (GW642444M
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The proposed dosage of FF/VI for COPD is 100/25 µg once daily (nominal blister content equivalent to delivered dose of 92/22 µg).
B2C111045 was a Phase IIb, multi-center, randomised, double-blind, placebo-controlled, parallel group study in 602 subjects with COPD to evaluate the dose response, efficacy and safety of five dosage regimens of VI (3, 6.25, 12.5, 25, and 50 µg) to determine the selection of doses for use in further clinical COPD studies.
Majority of the 602 subjects included in the ITT Population completed the study (84% to 92%), Although the withdrawal rate was slightly higher in the placebo group (16%) compared with vilanterol groups (8% to 11%). Overall, the most common primary reason for premature withdrawal was protocol deviation (3%). Overall, 76 subjects (13%) had full protocol deviations and 4 subjects had partial deviations with similar incidence across the treatment groups. The baseline lung function parameters were similar across treatment groups. Fluticasone propionate and budesonide were used most often during the three (run-in, treatment and post-treatment) study periods and were used by similar proportions of subjects across the treatment groups. Mean treatment compliance was high during the study (≥99% in each treatment group) and at least 50% of subjects in each treatment group were 100% compliant. 
The primary analysis[footnoteRef:8] of adjusted mean change from baseline in clinic visit through FEV1 on Day 29 demonstrated statistically significant (p<0.001) differences in favour of vilantaerol for all five doses compared with placebo (92, 98, 110, 137 and 165 ml with 3.25, 6.25, 12.5, 25 and 50 µg, respectively). Clinically relevant differences of ≥100 mL in through FEV1 [Donohue, 2005] were observed in the 12.5, 25, and 50 µg groups, while differences of ≥130 mL (the difference the study was powered on) were observed only in the 25 and 50 µg groups. In the PP analysis, adjusted mean differences compared with placebo of ≥100 mL and ≥130 mL in through FEV1 were only observed in the 25 and 50 µg groups. The results of the repeated measures analysis of the change from baseline in through FEV1 on Day 29 were consistent with those of the analysis of covariance (ANCOVA) analysis using LOCF. [8:  The primary analysis was performed on the ITT Population, using an analysis of covariance (ANCOVA) model with covariates baseline trough FEV1, reversibility stratum, sex, age, smoking status at screening and VI dose. Missing data were imputed (where possible) using last observation carried forward (LOCF). A step-down closed testing procedure was applied, whereby a statistical comparison of the highest vilanterol dose with placebo was initially performed and subsequent comparisons at lower doses continued in a step-down manner only if the preceding comparison was significant at the 5% level.
] 

The adjusted mean change from baseline in 0 to 24 h weighted mean FEV1 values on Days 1 and 28 demonstrated statistically significant (p≤0.003) differences for all five doses of VI compared with placebo (105, 125, 142, 158 and 177 ml, respectively). Clinically relevant differences of ≥100 mL in 0 to 24 h weighted mean FEV1 values were observed on both days at all dose levels except for 3 µg on Day 1. Differences of ≥130 mL were observed on both days only with the 25 and 50 µg doses. On Day 1, a greater proportion of subjects in the active treatment groups (13% to 43%) achieved a ≥12% increase from baseline FEV1 within 5 minutes after dosing compared with the placebo group (3%) and the greatest proportion of subjects achieving this increase was in the 50 µg group. More than half of the subjects in the 25 and 50 µg groups achieved a ≥12% increase within 15 minutes post dose compared with only 8% in the placebo group. Through 4 h post dose on Day 1, only 27% of subjects in the placebo group achieved a ≥12% increase from baseline FEV1 compared with 64% to 81% of subjects in the active treatment groups. Analysis of the time to subjects achieving a ≥12% increase from baseline FEV1 over the first 4 h post dose on Day 1 in each VI dose group compared with the placebo group using a log rank test was statistically significant (p<0.001) with the most rapid onset of effect observed in the 25 µg and 50 µg groups (18 and 16 minutes, respectively). On Day 1, a greater proportion of subjects in all the active treatment groups achieved a ≥100 mL increase from baseline FEV1 within 5 minutes after dosing compared with placebo and the proportion of subjects increased with increasing dose (8%, 19%, 42%, 48%, 60% and 64% in placebo VI, 6.25, 12.5, 25, and 50 µg groups, respectively). The median time to achieve a ≥100 mL increase in FEV1 was the shortest in the 25 and 50 µg dose groups (6 minutes each).
Weighted mean changes from baseline FEV1 (0 to 24 h) on Days 1 and 28 demonstrated statistically significant (p≤0.003) dose-dependent adjusted mean treatment differences for VI compared with placebo.. Repeated measures analysis of serial FEV1 on Days 1, 14, and 28 showed increasing adjusted mean treatment differences from placebo with increasing dose. Compared with placebo, none of the confidence intervals for the adjusted mean differences contained zero except at two isolated timepoints (Day 1 at 23 h and Day 28 predose) with the 3 µg dose. These results support the 24 h duration of effect of VI on pulmonary function improvement. Evidence of the 24 h bronchodilation was also observed in daily morning pre-dose PEF which showed statistically significant (p<0.001) differences in the adjusted mean treatment differences between each dose of VI and placebo. Clinically relevant differences ≥15 L/min were observed in the 12.5, 25, and 50 µg groups; however, the 25 and 50 µg doses produced differences of 21-22 L/min.
The above results were supported by increase from baseline in percentage of rescue-free 24 h periods in all VI treatment groups (12% to 16%) compared with the placebo group (3%); statistically significantly (p≤0.035), greater decreases in mean change from baseline rescue salbutamol use (occasions/24 h) were observed in all VI dose groups (except 6.25 µg) compared with the placebo group with the adjusted mean difference from placebo ranging from ‑0.3 to ‑0.5 occasions per day. Furthermore, the mean change from baseline in percentage of specific (cough, sputum, and breathlessness) symptom-free 24 h periods was generally higher in each of the VI dose groups compared with the placebo group, except for cough in the 6.25 µg group and sputum in the 3 µg group.
Comments: Treatment with vilanterol once daily for 28 days produced statistically significant dose- dependent improvements in pulmonary function compared with placebo. Symptomatic improvement was observed for all VI doses except for 6.25 µg. A sustained, 24 h duration of action of VI throughout the 28-day treatment period was demonstrated at all doses. Results from this study formed the basis for the selection of the VI 25 µg OD dose that was carried into the Phase III program for COPD. However, VI doses of 12.5 to 50 µg appeared to produce significant improvement in lung function and symptomatic endpoints and so the use of only 25 µg dose in the Phase III studies is not justified.
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Study design, objectives, locations and dates
This was a randomised, double-blind, placebo-controlled (with rescue medication), parallel group multi-centre study conducted from 20 August 2010 to 19 October 2011 at 64 centres in 6 countries (Germany, USA, Japan, Poland, Romania, Ukraine). The primary objective of the study was to compare the efficacy and safety of FF/VI Inhalation Powder 100/25 µg and FF 100 µg both administered once daily in the evening in adolescent and adult subjects 12 years of age and older with persistent bronchial asthma over a 12 week treatment period.
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The main inclusion criteria were: male and female outpatients (where female patients are of non-childbearing potential or of childbearing potential using an acceptable method of birth control consistently and correctly), ≥ 12 years old (or ≥ 18 years old in certain countries to meet country regulations), with a current asthma diagnosis for at least 12 weeks: pre-bronchodilator percentage (%) predicted FEV1 of 40-90% with post-albuterol/salbutamol reversibility ≥ 12% and ≥200 mL, using a stable dose of ICS or ICS/LABA combination[footnoteRef:9] for at least 12 weeks prior to screening. Subjects were symptomatic on FP 200 to 500 µg/day or FP/SALM 200/100 µg/day or equivalent at baseline. [9:  All subjects were either to have been maintained on a stable low to mid ICS dose (Fluticasone Propionate (FP) 100 - 250 µg twice daily or equivalent) for at least 4 weeks prior to Visit 1, or to have been maintained on a stable dose of an ICS/LABA low-dose combination product (such as Seretide™/Advair™ 100/50 twice-daily or equivalent via other combination products or via separate inhalers) for at least 4 weeks prior to Visit.] 

Main exclusion criteria were: Subjects with other diagnosed respiratory disorders, exacerbations requiring oral corticosteroids within 12 weeks of screening and other concurrent abnormalities (laboratory, electrocardiogram (ECG) or other medical disorders) that in the opinion of the investigator, would put the safety of the subject at risk through study participation or would confound the interpretation of the efficacy results if the condition/disease exacerbated during the study.
Study treatments
Subjects meeting the randomisation criteria received one of the following three study treatments via a Novel Dry Powder Inhaler (NDPI) once daily in the evening for 84 days (12 weeks): FF/VI Inhalation Powder 100/25 µg; FF Inhalation Powder 100 µg or placebo.
Efficacy variables and outcomes
The co-primary efficacy endpoints were: (1) Mean change from baseline in clinic visit through (pre-bronchodilator and pre-dose) FEV1 at the end of the 84 day treatment period in all subjects, and (2) Weighted mean serial FEV1 over 0 to 24 h[footnoteRef:10] post dose calculated in the subset of subjects performing serial FEV1 at the end of the double-blind treatment period. The Powered secondary efficacy endpoint was ‘mean change from baseline in the percentage of rescue-free 24 h periods during the 12 week treatment period’. Other secondary efficacy endpoints were: Change from baseline in the percentage of symptom-free 24 h periods, Change from baseline in total Asthma Quality of Life Questionnaire (AQLQ (+12)) score and the number of withdrawals due to lack of efficacy during the 12-week treatment period; Weighted mean serial FEV1 over 0 to 24 h and 0 to 4 h post dose calculated in a subset of subjects; Time to onset of bronchodilator effect (the time point when FEV1 first exceeded 12.0% and 200 mL increase over baseline); Mean change from baseline in daily AM PEF and PM PEF averaged over the 12 week treatment period; Change from baseline in Asthma Control Test (ACT) at the end of the 12 week treatment period; Global Assessment of Change at the end of 4, 8 and 12 weeks of treatment; Unscheduled healthcare contacts/resource utilisation (for severe asthma exacerbations and other asthma related health care); Ease of use questions on inhaler at end of 4 weeks of treatment. [10:  24 hour serial FEV1 will include pre-dose assessment within 5 minutes prior to dosing, and post dose assessments after 5, 15, 30 minutes and 1, 2, 3, 4, 5, 12, 16, 20, 23 and 24 hours.] 

FEV1 was measured, electronically by spirometry, in the evening at the clinic at Screening (Visit 1), at the end of Run-in (prior to randomisation) and at the scheduled on treatment clinic visits (Visits 3 through 7). The highest of three technically acceptable measurements were recorded. Subjects were issued an electronic diary (eDiary) for daily use throughout the study from Run-in to Follow up and recorded the following parameters in the eDiary: Morning PEF; Evening PEF; Day-time and night-time asthma symptom scores; Number of inhalations of rescue salbutamol/albuterol inhalation aerosol used during the day and night.
The primary treatment comparisons were FF/VI versus placebo, FF/VI versus FF and FF versus placebo for the co-primary efficacy endpoints of mean change from baseline in Clinic Visit through FEV1 and weighted mean FEV1 over 0 to 24 h at the end of the 84 day treatment period.
Randomisation and blinding methods
Approximately 570 subjects were randomised in a ratio of 1:1:1 to give 190 randomised subjects per arm. Subjects meeting the randomisation criteria were stratified according to their medication ([ICS/LABA combination) at Visit 1 and then randomised to the treatment phase of the study. This was a double-blind study so neither the subject nor the investigator knew which study medication the subject was receiving. This study utilised IVRS for emergency unblinding.
Analysis populations
The Intent-to-Treat (ITT) Population comprised all subjects randomised to treatment and who received at least one dose of study medication and was the primary population for all efficacy and safety analyses (excluding urinary cortisol analyses which had a separate, urinary cortisol (UC) Population. The primary comparisons were supported by the Per Protocol (PP) Population which comprised all subjects in the ITT Population who did not have any full protocol deviations[footnoteRef:11]. Table 4 summarises number of patients in each of the analysis populations. [11:  Protocol deviations could be either full or partial. Subjects with only partial deviations were considered part of the PP Population but from the date of their deviation onwards, their data were excluded] 

Table 4. Summary of Subject Populations[image: ]
Sample size
The sample size calculation assumed a 5% withdrawal rate in the first 2 weeks of the study and a 15% withdrawal rate over the whole treatment period of the study. This ensured 180 subjects per arm for analysis of through FEV1 and % rescue free 24 h periods, and ensured 96 subjects per arm for analysis of weighted mean serial FEV1 over 0 to 24 h in Week 12 in a subset population. The overall power of the study to detect treatment differences across the specified treatment comparisons for the co-primary endpoints and the nominated secondary endpoint was 83%.
Statistical methods
The primary treatment comparisons were between FF/VI versus placebo, FF/VI versus FF and FF versus placebo for the co-primary efficacy endpoints. The primary analyses were performed using Analysis of Covariance (ANCOVA). For the analysis of through FEV1, Last Observation Carried Forward (LOCF) was used to impute missing data. A supporting analysis was also performed using a Repeated Measures Mixed Model. Missing data were not implicitly imputed in this analysis; however, all non-missing data for a subject were used within the analysis to estimate the Day 84 treatment effects. For the co-primary endpoints, estimated treatment differences for treatment comparisons were presented together with 95% Confidence Intervals (CIs) for the mean differences and p-values for comparison. All models used for the efficacy and safety analyses were adjusted for baseline, region, sex, age, and treatment group.
Participant flow
A total of 1110 subjects were screened for this study of which 610 were randomised to treatment and 609 received study medication and were therefore in the ITT population. A total of 515 (85%) completed and 94 (15%) withdrew prematurely. The most common primary reason for withdrawal was lack of efficacy which was higher in the placebo group (16%) compared to the FF 100 and FF/VI 100/25 groups (3% each).
Major protocol violations/deviations
The overall incidence of protocol deviations was 15-18% in the 3 treatment groups and the total number of subjects in the ITT population with inclusion/exclusion criteria deviations reported by the investigator was low (n=23, 4%) with a similar incidence of deviations across the treatment groups (2% to 5%). The number of subjects with full protocol deviations was 63 (10%) with similar percentages across the treatment groups, ranging from 10% to 11%.
Baseline data
Majority of subjects in the ITT population were female (58%), White (84%) with duration of asthma of 11-13 years. The mean age was 39.7 years and 82 subjects (13%) were adolescents (>12, < 18 years). The overall percentage predicted FEV1 was 67.59% at screening, with an improvement to 70.43% at baseline. Subjects had similar reversibility to salbutamol across the treatments, with an overall mean FEV1 reversibility of 28.71%, and absolute reversibility of 614.2 mL. Overall baseline demographics and disease characteristics were similar across treatment groups. Short-acting beta-agonist, salbutamol was the most frequently reported asthma medication taken pre-treatment across all the treatment groups (66% to 72%). ICS taken alone (FP=47-53%; budenoside=20-25%) or in combination with a LABA (FP/salmeterol=24% to 27%; budenoside/ formoterol= 7% to 9%). Overall treatment compliance was high (98.3%) with similar compliance across all treatments (97.5% to 98.8%).
Results for the primary efficacy outcome
Troµgh FEV1 at week 12 showed statistically significant differences (p<0.05) in favour of both the FF/VI 100/25 and FF 100 treatments relative to placebo, but no statistically significant difference was observed between the FF/VI 100/25 and FF 100 treatments. A repeated measures analysis of through FEV1 (adjusted for baseline, region, sex, age, treatment, visit, visit by baseline interaction and visit by treatment interaction) was consistent with the primary analysis and showed statistically significant differences between FF 100 and placebo and between FF/VI 100/25 and placebo at all timepoints with no statistically significant difference between the two active treatments throughout the study (Figure 3). Similar results were observed for the co-primary endpoint of change from baseline in weighted mean FEV1 (0 to 24 h) at week 12 with difference of 116 ml between FF/VI and FF100 treatment groups, but this difference was not statistically significant (p=0.060; 95% CI=-5, 236).
Figure 3. Statistical analysis of change from baseline in through FEV1 (L) using repeated measures (ITT population)
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Results for other efficacy outcomes
The percentage of rescue-free 24 h periods was 13.4% to 15.3% at baseline and increased over Weeks 1 to 12 with the highest percentage observed following treatment with FF/VI 100/25 (50.9%), followed by FF 100 (40.9%) and then placebo (32.8%). The same trend was observed during Follow-up (first 14 days off treatment), with reported values of 58.4% (FF/VI), 51.0% (FF) and 47.6% (placebo). The mean change for FF/VI 100/25 was 19.3% higher than placebo (equivalent to 1.3 rescue-free 24 h periods per week) and the mean change for FF 100 was 8.7% higher than for placebo (equivalent to additional 0.6 rescue-free 24 h periods per week). The treatment difference between FF/VI 100/25 and FF 100 was 10.6% (CI: 4.3 to 16.8), which equated to additional 0.7 rescue-free 24 h periods per week. A low percentage of subjects were withdrawn due to lack of efficacy in the FF/VI 100/25 and FF 100 groups (3% of subjects in each) compared to 16% in the placebo group.
Lung function results: Compared with placebo, the change from baseline in weighted mean 0 to 4 h FEV1 treatment difference for FF/VI 100/25 was 0.134 L on Day 0, rising to 0.297 L on Day 84 and for FF 100, it was 0.257 L on Day 0 rising to 0.397L on Day 84; on day 84 Although both FF/VI and FF produced significantly greater increase compared with placebo, the FF/VI group showed significantly greater increase than FF alone (diff=0.144L, p=0.019; 95%=0.023,0.265). A Subset Analysis of FEV1 (12h post dose) at Visit 7 (Day 84)) showed treatment difference for FF/VI 100/25 relative to placebo was 0.368 L and the treatment difference for FF 100 was 0.212 L; the combination treatment of FF/VI 100/25 produced significantly greater increase compared to FF 100 (diff=0.156 L, 95%CI: 0.024 to 0.288, p=0.021). Majority of subjects in each treatment group reported a bronchodilator effect, which was defined as an increase from baseline of 12% and 200 mL in FEV1 with highest response in the FF/VI group (81%, 66% and 61% in FF/Vi, FF and placebo groups, respectively).
Diary data: The highest change from baseline (3.5 to 5.8%) in the percentage of symptom-free 24 h periods was observed in the FF/VI 100/25 (32.5% and 44.2% during Weeks 1 to 12 and Follow-up, respectively) group compared to the FF 100 (19.5% and 29.8%, respectively) and placebo (15.6% and 30.7%, respectively) groups. The mean change for FF/VI 100/25 was 18.0% higher than placebo (equivalent to additional 1.3 symptom-free 24 h periods per week) and the mean change for FF 100 was 5.8% higher than for placebo (equivalent to additional 0.4 symptom-free 24 h periods per week). The treatment difference between FF/VI 100/25 and FF 100 was 12.1% (CI of 6.2 to 18.1), which equated to additional 0.8 symptom-free 24 h periods per week.
The mean change for FF/VI 100/25 was 33.3 L/min and 28.2 L/min higher than placebo for AM and PM PEF, respectively. The mean change for FF 100 was 18.7 L/min and 15.9 L/min higher than placebo for AM and PM PEF, respectively. The increase was significantly (p<0.001) greater with FF/Vi compared with FF for both AM PEF (diff=14.6 L/min, 95%CI: 7.9 to 21.3) and PM PEF (diff=12.3 L/min, 95%CI: 5.8 to 18.8).
Questionnaires: All treatment groups had similar baseline total AQLQ (+12) scores, ranging from 4.69 to 4.78. The highest total score and the highest score for each individual domain (activity limitation, symptoms, emotional function and environmental stimuli) was seen following treatment with FF/VI 100/25 and the lowest was observed with placebo with greater improvement with FF/VI 100/25 compared with FF 100, Although the difference was not statistically significant (diff= 0.15, 95%CI: -0.01 to 0.30, p=0.059).
Majority of subjects reported mean ACT scores of less than 20 at screening (72% in each treatment group) and at baseline (85-89%) indicating that subjects were not well controlled at the start of the study. At Week 12, the majority of subjects in the FF/VI 100/25 and FF 100 groups had scores of 20 or more (61% and 54%, respectively) compared to a minority in the placebo group (41%).
Utilisation of healthcare resources was extremely low and for those categories where utilisation visits were reported, physician office/practice visits and number of urgent care/outpatient clinic visits, the lowest number of subjects with these visits was observed following FF/VI 100/25 treatment (<1% and 0, respectively) compared to FF 100 (2% and <1%, respectively) and placebo (3% and <1%, respectively).
At Baseline (Week 0) the majority of subjects, with a similar proportion across treatments, were able to use the inhaler correctly (95%); of the remaining subjects who did not use the inhaler correctly after the first instruction, the majority only required one additional instruction session (71%). For those subjects who used the inhaler incorrectly, the most common error was opening the inhaler (58%). By Visit 4 (Week 2), all subjects used the inhaler correctly and this was unchanged at Visit 5, the majority of subjects (91%) rated the inhaler as “easy/very easy” to use and a majority of subjects reported that it was “easy/very easy” to tell how many doses of medication were left on the inhaler (96%).
Comments: Although both FF/VI 100/25 µg and FF 100 µg were statistically significantly better than placebo for both co-primary endpoints of FEV1 at end of study and weighted FEV1 (0 to 24h), there was no significant difference between the two active treatments (FF/VI and FF alone). Furthermore, weighted serial mean FEV1 (0 to 4 h) and (0-12h) did show statistically significant greater improvement with the proposed combination of FF/VI 100/25 compared with FF100 alone. Significant differences in FF/VI 100/25 compared with FF 100 were observed for the powered secondary endpoint of percentage of rescue-free 24 h periods and secondary endpoints of percentage of symptom-free 24 h periods, AM and PM PEF but not for AQLQ.
However, statistical significance was not achieved for all treatment comparisons in the first level of Hierarchy, that is, there was no statistical significant difference between FF/VI and FF for the co-primary endpoints and hence the statistically significant treatment differences between FF/VI and FF for secondary and other efficacy endpoints should be interpreted as descriptive only.
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Study design, objectives, locations and dates
HZA106829 was a Phase III, multi-center, stratified, randomised, double-blind, double-dummy, active-controlled, parallel group study in 586 subjects with asthma. The primary objective of this study was to compare the efficacy and safety of FF/VI inhalation powder 200/25 µg administered once daily (OD) each evening to FF inhalation powder 200 µg administered alone once daily each evening in adolescent and adult subjects 12 years of age and older with persistent bronchial asthma over a 24 week Treatment Period. The secondary objective of this study was to compare the efficacy of FF 200 µg administered once daily each evening with fluticasone propionate (FP) 500 µg administered twice daily (BD).The study was conducted from 10 June 2010 to 18 October 2011 at 63 centres in 6 countries (Russia, US, Romania, Germany, Poland and Japan).
Inclusion and exclusion criteria
These were similar to those described for Study HZA106827. However, subjects in this study were to either have been maintained on a stable ICS dose (FP 500 BD or equivalent) for 4 weeks prior to Visit 1, or were to have been maintained on a stable dose of an ICS/LABA mid-dose combination product (for example, SERETIDE/ADVAIR 250/50 twice daily or equivalent via other combination products or via separate inhalers) for at least 4 weeks prior to Visit 1.
Study treatments
Subjects meeting the eligibility criteria were stratified according to their medication (ICS or ICS/LABA) at Screening. Once stratified, subjects were randomised (1:1:1) to receive one of the following three treatments for 168 days (24 weeks):-FF/VI inhalation powder 200 µg/25 µg via a novel dry powder inhaler (NDPI) once daily in the evening plus placebo Diskus™/ Accuhaler™ twice daily (morning and evening); - FF 200 µg inhalation powder via a NDPI once daily in the evening plus placebo DISKUS/ACCUHALER twice daily (morning and evening); - FP 500 µg inhalation powder via DISKUS/ACCUHALER twice daily plus placebo NDPI once daily in the evening.. Short-acting beta2-agonist (SABA) inhalation aerosol (albuterol/ salbutamol) was provided to be used as needed for symptomatic relief of asthma symptoms during both the Run-in and Treatment Periods.
Efficacy variables and outcomes
These were similar to those described above for study HZA106827 with exception that all endpoints were measured at end of a 168 day (24 week) treatment period compared with 84 days (12 weeks) in Study 827.
Randomisation and blinding methods
These were similar to those described above for Study HZA106827.
Analysis populations
These were mainly similar to those described above for study HZA106827. However, after the blind was broken, a sensitivity analysis was conducted for the co-primary and powered secondary efficacy endpoints that excluded Investigator 040688 (who randomised 48 subjects to the ITT Population) due to GCP issues identified during a sponsor audit.
Of the 586 subjects in the ITT population, 515 (88%) were included in the PP Population. The PP Population was of equal importance to the ITT population in assessing non-inferiority of FF 200 OD to FP 500 BD on change from baseline in clinic visit through FEV1. It was otherwise only used for confirmatory analyses of the co-primary and powered secondary efficacy endpoints.
Sample size
With 188 subjects per arm with a through FEV1 value, this study had 95% power to detect a treatment difference of 150 mL in change from baseline in through FEV1 between the FF/VI combination and FF alone assuming a SD of 405 mL (based on previous studies) and at the 2-sided 5% significance level. From the subset of 60% of randomised subjects, 99 subjects per arm were expected to complete the Treatment Period giving this study 96% power to detect a treatment difference of 175 mL in weighted mean serial FEV1 over 0 to 24 h between the FF/VI combination and FF alone. This assumed a common SD of 325 mL (based on previous studies) and at the two-sided 5% significance level. The overall power of the study to detect treatment differences for both primary endpoints and the nominated secondary endpoint was 92%. Assuming the SD of 405 mL and a 2.5% one-sided significance level, this sample size would give 80% power for the single non-inferiority comparison of FF 200 OD to FP 500 BD on change from baseline in clinic visit through FEV1.
Statistical methods
These were similar to those described above for Study HZA106827. In order to account for multiplicity across treatment comparisons and key endpoints, a step-down testing procedure was applied, whereby the primary treatment comparison was required to be significant at the 0.05 level for both co-primary endpoints, in order to infer on the secondary endpoints, and inference for a test in the pre-defined hierarchy of secondary endpoints was dependent upon statistical significance having been achieved for the previous comparison in the hierarchy of secondary endpoints.
Participant flow
Of the 586 patients in the ITT population (197, 194 and 195 subjects in the FF/VI200/25 OD, FF200OD and FF 500BD groups, respectively), 81% of subjects across the treatment groups completed the study. A slightly higher percentage of subjects withdrew from the FF 200 OD treatment group (25%) compared with the FF/VI 200/25 OD group (14%) and the FP 500 BD group (17%). Lack of efficacy resulted in premature withdrawal of 11% of subjects in the FF 200 OD group, compared with 3% of the FF/VI 200/25 OD group and 9% of the FP 500 BD group.
Major protocol violations/deviations
A total of 18% of the ITT Population had at least one protocol deviation during the study with similar incidence between treatment groups; 71 subjects (12%) having full deviations and 40 subjects (7%) having partial deviations. The most common reasons for full deviations were for failure of inclusion/exclusion criteria with 39 subjects (7%) overall, and failure to comply with treatment (compliance not in the range 80% to 120%) for 27 subjects (5%) overall. The most common partial deviations were for subjects remaining in the study after falling below the PEF stability limit (16 subjects [3%] overall). Subjects with full protocol deviations were completely excluded from the PP Population. Subjects with partial protocol deviations were considered part of the PP Population but their data were excluded from the PP Population analysis from the time of their deviation onwards.
Baseline data
Majority of the subjects were White (84%), female (59%) with duration of asthma ≥10 years (60%). The mean age was 46 years with 23 adolescents (4%) at Screening. The baseline demographics and disease characteristics (including baseline lung function parameters) were similar across treatment groups. The most frequently taken concomitant asthma medications were FP (58% to 64%), salmeterol xinafoate + FP (36% to 41%) and salbutamol (35% to 39%), and the incidence of use was broadly similar across the treatment groups The most common pre-study ICS regimen was ICS + salmeterol (52% overall) and the most frequently used ICS during the Run-in Period of the study was FP (61%) with mean daily FP dose similar over the three groups and ranging from 551.1 to 583.2 µg. Mean overall compliance rate with the NDPI and Diskus/Accuhaler was high and comparable across the treatment groups (97.9% to 98.5%, and 95.2% to 97.0%, respectively); majority of subjects in each treatment group were between 95% and 105% compliant with the use of the NDPI (79% to 84%) and the Diskus/Accuhaler (72% to 76%).
Results for the primary efficacy outcome
Mean baseline pre-bronchodilator FEV1 was well balanced across the treatment groups, ranging from 2.13 L in the FF/VI 200/25 OD group to 2.2 L in the FF 200 OD group. At Week 24, the FF/VI 200/25 group showed a least squares (LS) mean change from baseline improvement in FEV1 of 193 mL greater than the FF 200 OD group and 210 mL greater than the FP500 BD group. This difference was clinically meaningful and statistically significant (p<0.001) for each comparison. The non-inferiority of FF 200 OD to FP 500 BD was demonstrated as the lower bound of the 95% CI for through FEV1 was greater than the predefined non-inferiority margin of -125 mL in the ITT analysis (treatment difference of 18 mL [CI: -66 mL, 102 mL]) with results confirmed in the PP Population (treatment difference of 43 mL [CI: -48 mL, 133 mL]). The increased benefit of FF/VI 200/25 OD versus FF 200 OD and FP 500 BD was evident by Week 2 and was sustained throughout the duration of the study (Figure 4). FF/VI 200/25 also demonstrated significantly greater efficacy than FF 200 for weighted mean FEV1 (0 to 24 h) (adjusted treatment difference 136 mL; 95% CI 1, 270; p=0.048).
Figure 4. Repeated measures analysis of change from baseline in through FEV1 (L) (HZA106829, ITT population)
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Results for other efficacy outcomes
For the weighted mean 0 to 4 h FEV1 measurement, the FF/VI 200/25 OD group showed a statistically significant greater mean improvement of 142 mL compared with FF 200 OD group (p=0.038) and 198 mL greater than the FP 500 BD group (p=0.004. For the 12-h post dose FEV1 at week 24, The adjusted treatment difference was statistically significantly greater for the FF/VI 200/25 OD group compared with the FF 200 OD group (167 mL, p=0.019) and the FP 500 BD group (254 mL, p<0.001).
Over the 24 week Treatment Period, the percentage of rescue-free 24 h periods greatly improved for subjects in all three treatment groups, increasing by the greatest level versus baseline in the FF/VI 200/25 OD group (38.2%), followed by the FP 500 BD group (31.9%) and the FF 200 OD group (26.6%). The FF/VI 200/25 OD group demonstrated a LS mean improvement of 11.7% greater than the FF 200 OD group (p<0.001) and 6.3% greater than the FP 500 BD group (p=0.067). The improvement in percentage of rescue-free 24 h periods equated to 2.7 days per week for subjects receiving FF/VI 200/25 OD compared with baseline. When the FF/VI 200/25 OD group was compared with FF 200 OD and FP 500 BD, this equated to an LS mean difference of 0.8 days per week and 0.4 days per week, respectively. The analysis that excluded Investigator 040688 for the change from baseline in percentage of rescue-free 24 h periods gave consistent results with those obtained from the primary (full ITT) population, Although the FF/VI 200/25 OD versus FP 500 BD comparison became statistically significant (p=0.046 compared with p=0.067 for the full ITT population).
Over the 24 week treatment period, the percentage of symptom-free 24 h periods greatly improved from baseline in all three treatment groups, with the greatest increase observed in the FF/VI 200/25 OD group (29.3%), followed by the FP 500 BD group (24.5%) and the FF 200 OD group (21.0%). The FF/VI 200/25 OD group demonstrated a significant mean improvement of 8.4% greater than the FF 200 OD group (p<0.010), but the 4.9% greater improvement over FP 500 BD group was not statistically significant (p=0.137). At both Week 12 and Week 24, there was little difference between the treatment groups in mean change from baseline in the total AQLQ (12+) score or the individual categories of the AQLQ (‘activity limitation”, “symptoms”, “emotional function” or “environmental stimuli”).
Over Weeks 1 to 24, an increase from baseline in AM PEF was observed in all treatment groups. The FF 200 OD and the FP 500 BD groups again had similar results for mean change from baseline (18.2 L/min and 18.8 L/min, respectively), and the FF/VI 200/25 OD group was higher (51.8 L/min). For Weeks 1 to 24 the adjusted treatment difference for FF/VI 200/25 OD versus FF 200 OD was 33.5 L/min (CI: 25.3 to 41.7 [p<0.001]) and for FF/VI 200/25 OD versus FP 500 BD it was 32.9 L/min (CI: 24.8 to 41.1 [p<0.001]). There was little difference between results obtained for the Week 1 to 12 time interval and the Week 1 to 24 time interval. Similar results were observed for PM-PEF with an LS mean change difference ranging from 24.0 L/min for FF/VI 200/25 compared with FP 500 BD at Weeks 1 to 12, to 30.7 L/min for the comparison against FF 200 OD at Weeks 1 to 24. More patients were withdrawn due to lack of efficacy from both the FF 200 OD (11%) (p=0.003) and FP 500 BD (9%) (p=0.012) groups compared with the FF/VI 200/25 OD group (3%). The statistical analysis of the change from baseline in ACT score showed a treatment difference between FF/VI 200/25 OD and FF 200 OD of 0.9 at Week 12 (p=0.019) and 0.3 at Week 24 (p=0.484) and a treatment difference between FF/VI 200/25 OD and FP 500 BD of 0.9 at Week 12 (p=0.030) and 0.7 at Week 24 (p=0.069).
The statistical analysis of responders based on asthma symptoms showed significant odds ratios for FF/VI 200/25 OD versus FF 200 OD of 1.91 at Week 4 (p=0.015), 1.97 at Week 12 (p=0.033), but not at Week 24 (1.07; p=0.860). For FF/VI 200/25 OD versus FP 500 BD the odds ratios were significant only at week 4 (2.07, p=0.005) but not at Week 12 (1.31, p=0.408) and Week 24 (1.77, p=0.083). Similarly, statistical analysis of responders based on rescue medication showed significant odds ratios for FF/VI 200/25 OD versus FF 200 OD at Week 4 only (2.33, p=0.001), but not at Week 12 (1.39, p=0.234) and Week 24 (0.89, p=0.762). Similar results were observed for FF/VI 200/25 OD versus FP 500 BD.
After the blind was broken and following a site audit a decision was made to conduct sensitivity analyses excluding data from an investigator [information redacted] in the USA because of GCP issues. The sensitivity analysis of the co-primary endpoint of through FEV1 and powered secondary endpoint of rescue free 24 h period gave consistent results with those obtained from the primary (full ITT) population. However, the sensitivity analysis for the co-primary endpoint of weighted mean FEV1 (0 to 24 h) was not consistent with the ITT analysis results; the treatment difference for FF/VI 200/25 versus FF 200 was 78 mL (compared with 136 mL in the ITT Population) and was no longer statistically significant (p=0.230). The treatment difference for FF/VI 200/25 versus a total daily dose of FP 1000 was 124 mL (compared with 206 mL in the ITT Population), which remained statistically significant (p=0.047).
[bookmark: _Toc348005733]Study HZA106837
Study design, objectives, locations and dates
HZA106837 was a Phase IIIa, multi-center,  randomised, double-blind, active-controlled, parallel group study in 2019 subjects with asthma. The objective of this study was to demonstrate that treatment with fluticasone furoate/vilanterol once daily administered in the evening significantly decreased the risk of severe asthma exacerbations as measured by time to first severe asthma exacerbation when compared with the same dose of FF alone administered once-daily in the evening in subjects 12 years of age and older with asthma. The study was conducted from 22 Feb 2010 to 15 Sept 2011 at 167 centres in 11 countries (US, Russia, Romania, Germany, Ukraine, Poland, Japan, Argentina, Mexico, Philippines and Australia).
Inclusion and exclusion criteria
This study included subjects 12 years of age and older with a history of asthma for at least 1 year prior to screening (Visit 1) using fluticasone propionate 200 to 1000 µg/day or equivalent or fluticasone propionate/salmeterol 200/100 to 500/100 µg/day or equivalent for at least 12 weeks prior to Visit 1 and a history of one or more asthma exacerbations that required treatment with oral/systemic corticosteroids or emergency department visit or in-patient hospitalization for the treatment of asthma within 12 months prior to Visit 1. Other inclusion and exclusion criteria were similar to those described for study HZA106827.
Study treatments
Subjects who met the eligibility criteria were required to stop their ICS therapy for the duration of the treatment period and were randomised to receive either FF/VI 100/25 via Novel Dry Powder Inhaler (NDPI) once-daily in the evening or FF 100 via NDPI once-daily in the evening. The duration of the treatment period was variable and was dependent on the number of events (number of subjects with one or more severe asthma exacerbations) that occurred. The study continued until 330 events occurred. Treatment duration was at least 24 weeks and did not exceed 76 weeks for any completed subject. Subjects attended up to 11 on-treatment visits (Visits 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13/End of Study [EOS]) occurring at Weeks 2, 6, 12, 20, 28, 36, 44, 52, 60, 68 and 76. Short-acting beta2-agonist inhalation aerosol albuterol/ salbutamol) was provided to be used as needed for symptomatic relief of asthma symptoms during both the run-in and the treatment periods.
Efficacy variables and outcomes
The primary efficacy endpoint was the time to first severe asthma exacerbation. A severe asthma exacerbation was defined[footnoteRef:12] as deterioration of asthma requiring the use of systemic corticosteroids (tablets, suspension, or injection) for at least 3 days or an in-patient hospitalization or emergency department visit due to asthma that required systemic corticosteroids. Secondary efficacy endpoints included the rate of severe asthma exacerbation per subject per year and change from baseline at Week 36 in evening pre-dose through FEV1. [12:  An adjudication committee was utilized to determine if serious adverse events were classified as respiratory-related and to ensure that all severe asthma exacerbations were captured as defined in the protocol. ] 

Other efficacy endpoints included characterisation of severe asthma exacerbations through exploration of use of rescue medication ±14 days around the onset of a severe asthma exacerbation, change from baseline at Week 12, Week 52 and Endpoint in evening pre-dose through FEV1, proportion of subjects with an Asthma Control Questionnaire (ACQ7)[footnoteRef:13] score ≤0.75 at Week 12 and 36. [13:  The ACQ is a seven item questionnaire which was developed as a measure of patient’s asthma control that can be quickly and easily completed in clinical practice [Juniper, 1999; Juniper, 2000].] 

Randomisation and blinding methods
Subjects who were eligible for the treatment phase were assigned to study treatment following a telephone call to the Interactive Voice Response System (IVRS), in accordance with the computer generated randomisation schedule. The treatments in this study were double-blind. Neither the investigator nor the subject knew which treatment the subject was receiving.
Analysis populations
These were mainly similar to those described above for Study HZA106827.
Sample size
This event-driven study was designed to have 90% power to detect the following reductions (see table below) in the risk of experiencing a severe asthma exacerbation for FF/VI compared with FF.
Table 5. Number of events required to detect selected hazard ratios at various significance levels
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Since subjects were followed for a variable length of time (up to at most 18 months), the following assumptions were made to calculate the approximate number of subjects to be randomised: - 10% of subjects in each treatment group lost to follow-up during one year; -20% of subjects within the FF treatment arm would have one or more severe asthma exacerbation within a year (based on rated observed in ICS-alone arms in similar studies). The proposed sample size of approximately 2000 (1000 per arm) would provide 90% power based on the above assumptions, with a recruitment period of 8.7months and total study duration of approximately 17 months.
Statistical methods
The time to first severe asthma exacerbation was analysed using a Cox proportional hazards regression model, including terms for baseline disease severity (FEV1 measured at randomization), sex, age, and region, for the ITT and PP populations. The rate of severe asthma exacerbations per subject per year over the treatment period was analysed using a negative binomial regression model with log time on treatment as an offset variable. The response variable was the number of on-treatment severe asthma exacerbations experienced per subject. The model included adjustment for effects due to baseline disease severity (FEV1 measured at randomization), sex, age, and region. Change from baseline in Week 12, Week 36, Week 52 and Endpoint evening pre-dose FEV1 was analysed using an ANCOVA model with effects due to FEV1 measured at randomization, sex, age and region. Mean daily rescue albuterol/salbutamol use on the 14 days before and after the onset of a severe asthma exacerbation and mean change from baseline in rescue albuterol/salbutamol use averaged weekly for each subject were plotted. Change from baseline in ACQ7 score at Weeks 12, 36 and Endpoint were summarized and analysed using ANCOVA models with effects due to baseline ACQ7 score, sex, age and region.
In order to account for multiplicity across the primary endpoint of time to first severe asthma exacerbation and the secondary endpoints of rate of severe asthma exacerbations and FEV1, a step-down closed testing procedure was applied. If superiority was concluded for the primary endpoint, then testing was performed for the secondary endpoint of rate of severe asthma exacerbations. If superiority was concluded for rate of severe asthma exacerbations, then testing was performed for the secondary endpoint of FEV1. However, if superiority was not concluded for the primary endpoint, then testing for the secondary efficacy endpoints would be interpreted as descriptive only.
Participant flow
Overall 2019 patients were included in the ITT population (FF/VI= 1009; FF=1010) and majority of the subjects (87%) completed the study. The most common primary reason for withdrawal was withdrawing consent (5%). One subject in the FF/VI 100/25 group was withdrawn due to meeting liver function abnormality protocol-defined stopping.
Major protocol violations/deviations
Overall, 24% of subjects had protocol deviations and the incidence of full and partial protocol deviations was similar across treatment groups. The most frequent full protocol deviation was failure to meet eligibility criteria (8%). Seven subjects (4 subjects in the FF 100 group and 3 subjects in the FF/VI 100/25 group) received an incorrect treatment at some point in the study. Each of these incidents were considered partial deviations.
Baseline data
Majority of the subjects were White (73%) and female (67%) with mean age of approximately 42 years. Adolescents (subjects 12 to 17 years of age) comprised 14% of the ITT Population. Overall, 59% had experienced a duration of asthma of ≥10 years with mean duration of 15.54 years (range: 1 year to 70 years) and all but one subject had an exacerbation in the year prior to study entry. Mean baseline FEV1 percentage predicted was 71.9%. The incidence of co-morbid medical conditions was low (30%) with hypertension (23%) being most common. Majority of subjects enrolled in the study had never smoked (86%).The baseline demographics and disease characteristics (including baseline lung function parameters) were similar across treatment groups. Concomitant asthma medications were taken pre-treatment by 100% of subjects and the most frequently taken concomitant asthma medications were fluticasone propionate, salbutamol, and fluticasone propionate/salmeterol combination. Concomitant asthma medications were taken by a smaller proportion of subjects during treatment with 19% of subjects in the FF 100 group and 16% of subjects in the FF/VI 100/25 group taking a concomitant asthma medication during this period The most frequently taken concomitant asthma medications during double-blind treatment were prednisone and prednisolone used for asthma exacerbations. Mean overall compliance rate was high and comparable across the treatment groups (98.3% in the FF 100 group and 98.0% in the FF/VI 100/25 group). The majority of subjects in each treatment group were between 95% and 105% compliant (84% in the FF 100 group and 83% in the FF/VI 100/25 group).
Results for the primary efficacy outcome
A high rate of agreement was seen between the data entered in the eCRF and the Adjudication Committee for severe asthma exacerbations (>99% in both the FF 100 and FF/VI 100/25 groups). Only instances of corticosteroid use for events other than severe asthma exacerbation identified by investigators were adjudicated by the Adjudication Committee. In those instances, the Adjudication Committee determined that the corticosteroid use met the definition of a severe asthma exacerbation in more instances than the data entered into the eCRF (28% of instances of systemic corticosteroid use in the FF 100 group and 27% of instances of systemic corticosteroid use in the FF/VI 100/25 group).
Comments: The sponsors justify that the above discrepancy may have been due in part to the use of the severe asthma exacerbation definition in the protocol where investigators were asked to use the definition verbatim (corticosteroid use had to be a minimum of 3 days even if IM or IV regardless of potency because of difficulties in standardization across countries) while the adjudicators used medical judgment in determination of IM or IV corticosteroid use for determination of severe asthma exacerbations.
The hazard ratio from the Cox Model (adjusted for the interim analysis) for FF/VI 100/25 versus FF 100 was 0.795 (95% CI 0.642, 0.985) representing a statistically significant 20% reduction in the risk of experiencing a severe asthma exacerbation for subjects treated with FF/VI 100/25 compared with FF 100 (p=0.036). The PP population analysis supported the ITT results (hazard ratio for FF/VI 100/25 versus FF 100 of 0.722; 95% CI 0.548, 0.950; 28% reduction, p=0.020). A sensitivity analysis excluding all subjects enrolled by Investigator 171806 and Investigator 040688 (because of study conduct irregularities at these sites) were consistent with the results seen for the ITT population. Kaplan-Meier cumulative incidence curve for time to first severe asthma exacerbation showed that fewer subjects treated with FF/VI (15.2% [95% CI 13.0%, 17.6%]) had one or more severe asthma exacerbation by 52 weeks than subjects treated with FF alone (19.3% [95% CI 16.9%, 22.0%]), Although difference was not significant with overlapping 95% CI (Figure 5).
Figure 5. Kaplan-Meier plot cumulative incidecen curve for time to first severe asthma exacerbation (HZA106837, ITT population).
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Results for other efficacy outcomes
Over the course of the active treatment period, 200 and 271 exacerbations occurred in subjects treated with FF/VI 100/25 and FF 100, respectively. Exacerbations leading to hospitalization (FF/VI 100/25 versus FF 100: 5% versus 4%) and the mean duration (11.3 versus 11.1 days) were similar between treatment groups and no subjects in either group were intubated due to a severe asthma exacerbation. Few severe asthma exacerbations occurred in the 7 day post-treatment period with slightly higher incidence in FF/VI group (4 versus 1). No clear trends were noted between treatment groups during treatment in the reasons that led to the diagnosis of a severe asthma exacerbation and the most common reasons were worsening of daytime symptoms (67% versus 69%), clinical examination (47% versus 50%), and worsening of night-time symptoms and increasing rescue medication use (40% versus 46%). The rate of severe asthma exacerbations per subject per year was 0.19 in the FF 100 group (approximately 1 in every 5 years) and 0.14 in the FF/VI 100/25 group (approximately 1 in every 7 years). The ratio of the exacerbation rate from the negative binomial analysis for FF/VI 100/25 versus FF 100 was 0.755 (95% CI 0.603, 0.945) representing a statistically significant 25% reduction in the rate of severe asthma exacerbations for subjects treated with FF/VI 100/25 compared with FF 100 (p=0.014). Rescue albuterol/ salbutamol use increased dramatically over the 14 days leading up to an exacerbation and decreased at a similar rate in the 14 days following an exacerbation in both treatment arms for subjects who experienced a severe asthma exacerbation (Figure 6). FF/VI 100/25 consistently demonstrated 83 mL to 95 mL improvements in through FEV1 at Weeks 12, 36 and 52 and Endpoint compared with FF 100, p<0.001 at all timepoints).
Figure 6. Mean daily rescue use (puffs/day) 14 days before and after the onset of a severe asthma exacerbation.
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At baseline, the proportion of subjects with an ACQ7 score >0.75 and an ACQ7 score ≤0.75 was similar between treatment groups. Subjects in the FF/VI 100/25 group were approximately 50% more likely to be well controlled (ACQ7 ≤0.75) at each timepoint than subjects in the FF 100 group. Of subjects who were not well controlled (ACQ7 >0.75) at baseline, a greater percentage became well controlled (ACQ7 ≤0.75) at all timepoints in the FF/VI 100/25 group (35% to 44%) compared with the FF 100 group (27% to 35).
Comments: Results from this well-conducted study showed that FF/VI 100/25 significantly reduced the risk of severe asthma exacerbations by about 20%, significantly improved lung function (trough FEV1) and led to greater asthma control (as assessed by the ACQ7) compared with FF 100 when administered for 24 to 76 weeks. The definition of severe asthma exacerbation used in this study was a robust definition that has been validated by the ATS/ERS Taskforce. In addition, an Adjudication Committee was utilized in this study providing a blinded review to ensure all severe asthma exacerbations were identified and included in the primary measure.
[bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290846277][bookmark: _Toc348005734][bookmark: _Toc241374311][bookmark: _Ref243294291]Other efficacy studies
[bookmark: _Toc290846278][bookmark: _Toc348005735]Study HZA113091
HZA113091 was a Phase III, multi-center, randomised, double-blind, double-dummy, parallel group study to compare the efficacy and safety of FF/VI Inhalation Powder 100/25 µg administered once daily in the evening with FP/salmeterol Inhalation Powder 250/50 µg administered twice daily for 24 weeks in 806 subjects with persistent asthma who were receiving FP 500 µg/day or equivalent at baseline. The study was conducted from 16 June 2010 to 27 July 2011 at 65 centres in the United States, Argentina, Chile, Netherlands, Philippines and South Korea. Patients had an FEV1 of 40-85% of predicted normal and other inclusion/ exclusion criteria were similar to those described for study HZA106827. Demographics were similar in both groups, and the majority of subjects were female (61%) and White (59%; Asian=31%) with a mean age of 43 years and mean percentage predicted FEV1 of 68.4% at baseline. Overall, 89% of the patients completed the study and the main reasons for withdrawal were withdrew consent (FF/VI versus FP/salmeterol: 11.1% versus 11%), lack of efficacy (5% versus 3%) and AEs (1% versus 2%). Overall, a total of 100 (12%) subjects had protocol deviations that were considered to affect interpretation of the efficacy results with slightly higher incidence in the FF/VI group compared with the FP/salmeterol group (10% versus 6%) and these subjects were not included in the PP Population.
The primary endpoint[footnoteRef:14] was weighted mean FEV1 0 to 24 h post dose at the end of the 24 week double-blind treatment period which showed clinically relevant improvements from baseline in weighted mean serial FEV1 (0 to 24 h) of 341 mL and 377 mL in the FF/VI and FP/salmeterol groups, respectively. The difference between FF/VI 100/25 and a total daily dose of FP/SALM 500/100 was not statistically significant (adjusted treatment difference of -37 mL; 95% CI -88, 15; p=0.162). These results were confirmed in the PP population. [14:  This primary analysis was performed using an Analysis of Covariance (ANCOVA) model allowing for the effects due to baseline FEV1, region, sex, age and treatment group. A two-sided 5% risk (significance level) associated with incorrectly rejecting the null hypothesis was considered acceptable for this study.] 

The secondary endpoint of Individual serial FEV1 assessments at the end of the treatment period (including 12-h and 24 h post dose through values) demonstrated sustained 24 h duration of action for both once-daily FF/VI and twice-daily FP/salmeterol treatments at all timepoints; Adjusted mean treatment differences between the FF/VI and FP/salmeterol groups of 2 mL to 58 mL were found, which were not statistically significantly different at any time point (95% CIs included 0, and p>0.05 for the 12 h and 24 h time points), except at 14 h and 16 h post dose where the respective treatment differences of 57 mL and 58 mL in favour of FP/salmeterol had 95% CIs excluding 0 (Figure 7). The onset of bronchodilatory effect was also similar for both treatment groups. At 5 minutes post dose, 100 (25%) subjects in the FF/VI group and 85 (21%) subjects in the FP/salmeterol group had achieved ≥12% and ≥200 mL increase over baseline FEV1. A Kaplan-Meier plot showing the cumulative estimated onset of bronchodilatory effect showed that 50% of subjects in the FF/VI group achieved ≥12% and ≥200 mL increase over baseline FEV1 after 61minutes compared to 59 minutes in the FP/salmeterol group. Log-rank analysis showed that the 2-minute difference between the groups was not statistically significant (p=0.264) There was no difference between the treatment groups for time to onset as measured after the first dosing at the randomisation visit (61min and 59 minutes for the FF/VI 100/25 and FP/salmeterol groups, respectively; Cox proportional hazards analysis p=0.547, hazard ratio 0.948), or the proportion of subjects achieving ≥12% and ≥200 mL increase from baseline at the end of the treatment period in FEV1 at 12 h (FF/VI versus FP/salmeterol: 56% versus 50%) and 24 h (51% versus 50%).
Figure 7. Adjusted mean change from baseline (95%CI) in FEV1 (L) over time at Day 168/Week 24 (ITT population).
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Subjects in the FP/salmeterol group achieved a greater LS mean change from baseline in through FEV1 than subjects in the FF/VI group (300 mL and 281 mL, respectively), Although the difference in adjusted mean of 19 mL was not statistically significant (p=0.485). There was no statistically significant difference between FF/VI 100/25 compared with a total daily dose of FP/SALM 500/100 for the “Other” endpoints of AQLQ score, ACT score or EQ-5D score.
Comments: Although this Phase III study did not show any statistically significant difference between the proposed FF/VI 100/25 µg OD and twice daily dosing with FP/salmeterol 250/50 µg, interpretation was limited due to the study design which lacked placebo control. Furthermore, non-inferiority testing would have been more appropriate for this study. Hence, results from this study can only be considered supportive.
[bookmark: _Toc290846279][bookmark: _Toc348005736]Study FFA112059
FFA112059 was a multi-center, randomised, placebo-controlled, double-blind, double-dummy, parallel group study to compare the efficacy and safety of FF 100 and a total daily dose of FP500 with placebo over 24 weeks in 343 subjects with persistent asthma. The study was conducted from 30 June 2010 to 16 January 2012 at 56 centres in 5 countries (US, Germany, Romania, Poland and Belgium). Subjects were symptomatic on FP 100 to 500 µg/day or equivalent at baseline. Overall, 74% of the subjects completed the study and the incidence of withdrawals was higher in the placebo group (35%) compared with FF 100 OD (19%) or FP250 BD (23%) groups. The incidence of protocol violations was similar in all treatment groups. Majority of subjects were White (79%), female (59%) with mean duration of asthma ≥10years (67%); the mean age was 41 years (13% were adolescents) and mean percentage predicted FEV1 of 72.5% at baseline. Baseline demographics and disease characteristics were similar in all treatment groups. Almost all patients took asthma medication pre-study (98-100%) and the most frequently taken concomitant medications were FP (42% to 48%), salbutamol (34% to 38%) and budesonide (26% to 29%); the incidence of use was similar across the treatment groups.
The primary endpoint was change from baseline in clinic visit through FEV1 at the end of the 24 week treatment period and the primary treatment comparison for this and all other efficacy endpoints was FF100 OD versus placebo. At the end of 24 weeks of treatment, FF100 significantly improved through FEV1 compared with Placebo (adjusted treatment difference 146 mL; 95% CI 36, 257; p=0.009). Similar results were demonstrated for the treatment comparison of a total daily dose of FP 500 to Placebo (adjusted treatment difference 145 mL; 95% CI 33, 257; p=0.011). For the powered secondary endpoint of percentage of rescue-free 24 h periods, significant differences were observed for FF 100 compared with Placebo (adjusted treatment difference 14.8%, 95% CI 6.9, 22.7; p<0.001) and for a total daily dose of FP 500 compared with Placebo (adjusted treatment difference 17.9%; 95% CI 10.0, 25.7; p<0.001). Significant differences were observed for FF 100 compared with Placebo for the secondary endpoints of percentage of symptom-free 24 h periods (adjusted treatment difference 8.9%; 95% CI 1.1, 16.7; p=0.025), total AQLQ score (adjusted treatment difference 0.33; 95% CI 0.09, 0.57; p=0.007) and Asthma Control Test (ACT) score (adjusted treatment difference 1.4; 95% CI 0.4, 2.5; p=0.006). No significant differences were seen in the comparison of FF 100 to Placebo for the secondary endpoints of AM and PM PEF.
Comments: There were no planned statistical comparisons between FF100 OD and FP 250 BD treatment groups. Provided the FF and FP treatment regimens both demonstrated a statistically significant difference relative to placebo; the relative effects of FF and FP were evaluated by assessing the degree of overlap between the 95% CI relating to their treatment differences with placebo which showed comparable efficacy of FF100 OD and FP250 BD.
[bookmark: _Toc290846280][bookmark: _Toc348005737]Study B2C112060
B2C112060 was a multi-center, randomised, stratified, double-blind, double-dummy, parallel group, placebo-controlled study to evaluate the efficacy and safety of VI 25 OD and a total daily dose of SALM 100 compared with Placebo for 12 weeks in 347 subjects with asthma. Subjects were symptomatic on FP 200 to 1000 µg/day or equivalent at baseline. Majority of subjects were female and White with a mean age of 41 years. Mean percentage predicted FEV1 was 68.9% at baseline.
The primary endpoint of change from baseline in weighted mean FEV1 (0 to 24 h) at the end of the 12 week treatment period failed to show a statistically significant difference between placebo and VI 25 (adjusted treatment difference 70 mL; 95% CI -48, 188; p=0.244) or a total daily dose of SALM 100 (adjusted treatment difference -6 mL; 95% CI -124, 113; p=0.926). The placebo response was pronounced (289 mL); however, the reason for this placebo effect is unclear. The inability of SALM, a well-established bronchodilator for the treatment of asthma, to show any improvement on the primary endpoint of weighted mean FEV1 (0 to 24 h) as well as on a number of secondary endpoints such as PM PEF and symptom-free 24 h periods compared with placebo limits interpretation of results from this study.
[bookmark: _Toc348005738]HZA106851
The primary endpoint of the 6-week, randomised, double-blind, parallel group, placebo- and active-controlled study HZA106851 in 185 subjects with asthma was a PD endpoint (effect on HPA axis), FEV1 measurements were performed during the study. FEV1 measurements remained reasonably stable over the course of the study in the Placebo and prednisolone groups, but improved in the two FF/VI groups. At Days 14, 28, and 42 (end of treatment), the FF/VI groups showed greater mean changes from baseline in FEV1 (218 mL to 335 mL) compared with the Placebo (54 mL to 88 mL) and prednisolone (-27 mL to 41 mL) groups.
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc348005739][bookmark: _Toc400980777]Analyses performed across trials (pooled analyses and meta-analyses)
The grouping of efficacy studies included for subject-level integration referred to as the Integrated Asthma Clinical Studies included four parallel-group Phase III studies with FF/VI (HZA106827, HZA106829, HZA106837 and HZA106851) and one parallel-group Phase III study with FF alone (FFA112059) involving 3742 asthma patients. The final formulation/final device (NDPI) was used for all the Integrated Asthma Clinical Studies. Although Study FFA112059 did not include an FF/VI arm, it was included in subject-level integration since it provided information on the comparison of FF 100 with Placebo as well as a total daily dose of FP 500.
Majority of the 3742 subjects with asthma completed the studies (85%), with between 75% and 89% of subjects in any treatment group completing their respective treatment periods. Across the treatment groups, withdrawals were highest in the Placebo and FF 200 groups (25% each) and FP 500 group (23%). Withdrawals were lowest in the FF/VI 100/25 and 200/25 groups (12% and 11%, respectively), with 14% withdrawals reported for FF 100. The most common primary reason for premature withdrawal was ‘lack of efficacy’ (5% overall but highest in placebo group-15%)(Table 6). Majority of the subjects were female (62%), White (79%) with mean duration of asthma ≥10 years (58%) and mean FEV1 68.3% of the predicted normal value (range 39.8% to 112.9%). The mean age ranged between 38 and 47 years with majority aged between 18 and 64 years (80-89%) with relatively few adolescents (12-17-year old subjects) in the FF/VI 200/25, FF 200 and FP 1000groups (≤6%). Baseline demographics and disease characteristics were similar across all treatment groups.
Table 6. Integrated efficacy analyses of pivotal Asthma studies
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LS mean changes for the primary efficacy endpoint of change from baseline in through FEV1 at week 12 showed that the active treatments were approximately two to three times greater (217 to 294 mL) than placebo (118 mL). Comparisons of FF/VI 100/25 and FF 100 with Placebo demonstrated significantly greater improvements with these active treatments (p<0.001). Overall, FF/VI 100/25 also showed significantly greater improvement than FF 100 (p<0.001) (Table 7). Change from baseline in through FEV1 at Week 24 was similar to that seen at Week 12 with all active doses producing greater (145 to 388 mL) improvements than Placebo (23 mL), thus demonstrating that the efficacy of FF/VI and FF was maintained up to 24 weeks (Table 8).
Table 7. Statistical analysis of change from baseline at Week 12 in trough FEV1 (L) (integrated asthma clinical studies, ITT population).
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Table 8. Summary of trough FEV1 (L) at Week 24 (integrated asthma clinical studies, ITT population).
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In the individual Phase III studies, improvements in the percentage of rescue-free 24- h periods were statistically significantly greater for FF/VI (100/25) and FF (100 and 200) compared with Placebo (FF/VI 100/25 versus Placebo [1 study]; FF 100 versus Placebo [2 studies]) and for FF/VI compared with FF (FF/VI 100/25 versus FF 100 [1 study]; FF/VI 200/25 versus FF 200 [1 study]). However, the difference in the percentage of rescue-free 24 h periods for FF/VI 200/25 compared with a total daily dose of FP 1000 was not statistically significant.
Studies FFA112059, FFA109687 and FFA20001 demonstrated statistically significant improvements in percentage of symptom-free 24 h periods for FF 100 compared with Placebo ranging from 8.9% to 20.2%. FF 100 demonstrated a non-significant increase in percentage of symptom-free 24 h periods compared with Placebo (5.8% and 4.2% in Studies HZA106827 and FFA109685, respectively).
In the individual Phase III studies, where improvements in AM PEF were statistically significantly greater for FF/VI, FF and VI compared with Placebo (FF/VI 100/25 versus Placebo [1 study]; FF 100 versus Placebo [1 out of 2 studies]; VI 25 +ICS versus Placebo +ICS [1 study]) and between FF/VI and FF (FF/VI 100/25 versus FF 100 [1 study]; FF/VI 200/25 versus FF 200[1 study]). FF/VI 200/25 provided significantly greater improvements in AM PEF compared with a total daily dose of FP 1000. Similar results were observed for PM PEF.
Statistically significant improvements in total AQLQ were demonstrated for FF/VI 100/25 compared with Placebo (1 study) and FF 100 compared with Placebo (1 out of 2 studies); however, none of the improvements met the Minimal Important Difference of 0.5.
Asthma control was assessed in four Phase III studies; Study HZA106837 using the ACQ and studies HZA106827, HZA106829 and FFA112059 using ACT. Improvement in asthma control was demonstrated for FF/VI 100/25 compared with Placebo (1 study) and FF 100 compared with Placebo (2 studies). In study HZA106837, ACT odds ratio of FF/VI 100/25 compared with FF 100 was 1.50 (95%CI 1.23, 1.82; p<0.001). While there was a small improvement in asthma control for FF/VI 100/25 compared with FF 100 and FF/VI 200/25 compared with FF 200 the difference was not statistically significant.
Efficacy in subpopulations
The primary endpoint of change from baseline in through FEV1 at 2 weeks, 12 weeks and 24 weeks of treatment was summarised by subgroups (by gender, age, race and geographical region) of the Integrated Asthma Clinical Studies to determine if there were differences between subgroups and the overall population of subjects in these studies. Overall among treatment arms, more females (62%, range 40-66%) than males (38%, range 34-60%) participated in the Integrated Asthma Clinical Studies. The majority of subjects were White (79%, range 76-100%) and lived in Other Region (40%, up to 49% of subjects in any treatment group). The majority of subjects were 18-64 years of age (81%, range 80-93%), and 12% (range 4-15%) of subjects were adolescents.
There were no statistically significant interactions of gender, age, race or geographical region by treatment at Weeks 2 or 12 for the primary efficacy endpoint of through FEV1 (no statistical analysis was done at Week 24). The magnitude of treatment effects was larger for females than for males at Week 2, 12 and 24; a noticeably larger response to placebo was observed in males than in females (Table 9). Across all treatment groups, mean changes from baseline in through FEV1 at Week 2, 12 and 24 were greatest in the adolescents group (12-17 years) and lowest in the elderly group (≥65years). No statistical analyses by age subgroup were performed due to small sample sizes in some treatment groups in the adolescents and elderly groups. The mean changes from baseline for the White subgroup reflected those of the ITT Population at Week 2, 12 and 24. Although, mean changes from baseline in the FF/VI 100/25 and FF 100 treatment groups were lower for the African American/African Heritage subgroup than the White subgroup, the small numbers across treatment groups in non-White subgroups precluded meaningful interpretation of data and there was no evidence of a statistically significant interaction of treatment with race subgroup.
Table 9. Statistical Analysis of trough FEV1 (L) at Week 2 by gender subgroup (Integrated Asthma Clinical Studies, ITT population).
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Table 9 continued. Statistical Analysis of trough FEV1 (L) at week 24 by gender subgroup (Integrated Asthma Clinical Studies, ITT population).
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The LS mean changes from baseline were generally similar across geographical regions and reflected those of the ITT Population except for the Placebo arm where the LS mean change from baseline was lower in the Other [ROW] region (USA 80 mL; EU 101 mL; ROW 2 mL; ITT Population 160 mL). Hence, the magnitude of treatment effects for the treatment comparisons of FF/VI 100/25 and of FF 100 to Placebo appeared to be larger in the ROW region than in the overall population.
Similar to the ITT Population, withdrawals in most subgroups (except Placebo in 12 to 17 year olds and FF/VI 100/25 and FF 100 in African Americans) were lowest in the FF/VI 100/25 and FF 100 groups. Compared with the ITT Population, a greater proportion of subgroup subjects in the following treatment groups were withdrawn:
Age: Adolescents 12 to 17 years – FF/VI 100/25 (18% versus 12%), FF 200 (43% versus 25%) 
Race: African American/African Heritage – FF/VI 100/25 (26% versus 12%), FF 100 (25% versus 14%)
Region: USA – FF/VI 100/25 (22% versus 12%), FF 100 (24% versus 14%); Other (ROW) – Placebo (43% versus 25%).
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc348005740][bookmark: _Toc400980778]Evaluator’s conclusions on clinical efficacy for asthma
Dose-ranging studies
The proposed dosages of FF/VI for asthma are 100/25 µg and 200/25 µg once daily. Two doses of FF (100 µg and 200 µg once-daily) and a single VI dose (25 µg once-daily) were selected for the combination product to take into Phase III studies based upon results of four FF and two VI Phase IIb studies in patients ≥12 years of age with persistent asthma. No further dose ranging studies of the fixed dose combination was conducted in the Phase III asthma studies. Three dose ranging studies were conducted which tested a range of FF doses (25 to 800 OD) and FP doses (100, 250 and 500 BD), the strength of which was determined by the severity of the population enrolled in each study (see Table 10 below).
Table 10. Baseline asthma medication and treatment arms: Studies FFA109687, FFA109685 and FFA109684 (ITT Population)
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No dose-response was demonstrated for FF doses ranging from 100-800 µg OD in Phase II studies FFA109684 (200, 400, 600 and 800 µg) and FFA108685 (100,200,300 and 400 µg OD); however, it is important to note that these studies seemed to evaluate FF doses which were in the flat part of the dose-response curve with not much difference in the effects on through FEV1 between these doses. Although results from study FFA108685 did suggest that the 100 and 200 µg OD doses of FF showed the best efficacy and tolerability profile, the benefit of the 200 µg over the 100 µg was not clear. In Study FFA109687, FF 100 and 200 OD met the pre-defined value of 200 mL difference relative to Placebo and had statistically significant mean increases in through FEV1 from baseline compared with Placebo. Both the FF 25 OD and FP 100 BD groups failed to show statistically significant differences relative to Placebo. The FF 50 group failed to meet the pre-defined 200 mL difference from Placebo (129 mL; 95% CI 11, 247) but was statistically significant compared with Placebo (p=0.033). Hence, results from this study justified use of 50 µg as the lowest FF dose to be used in the FF/VI combination in the Phase III studies. Results of the Phase II study FFA112202 demonstrated that FF 200 OD in the PM was non-inferior to FF 100 BD (LS mean treatment difference of through FEV1= 11 mL; 95% CI: -35, 56 in the ITT Population and 0 mL; 95% CI: -49, 49 in the PP Population) indicating similar efficacy following once daily or twice daily dosing with total daily dose of FF 200 µg.
The selection of the VI dose for inclusion in Phase III asthma studies was based upon data available from dose-interval (OD versus BD) and dose-ranging studies. As LABAs are not recommended for the treatment of asthma when used without concurrent ICS therapy, the Phase IIb studies to inform dose selection and dose interval (HZA113310 and B2C109575) for Phase III evaluated the effect of VI in subjects who were also receiving treatment with an ICS. Study HZA113310 evaluated VI doses of 6.25 OD, 12.5 OD, 25 OD and 6.25 BD for 7 days and demonstrated that all VI doses produced statistically significant improvements in pulmonary function compared with placebo, both in terms of through FEV1 (94, 102, 125 and 140 mL improvements over placebo in 6.25 OD, 12.5 OD, 25 OD and 6.25 BD groups, respectively) and weighted mean FEV1 (0 to 24 h) in subjects with persistent asthma. Weighted mean FEV1 is a better measure than through FEV1 to compare relative effects of OD and BD dosing as there are two troughs in a 24 h interval when a drug is dosed BD. In this study, there was minimal difference in weighted mean FEV1 (0 to 24 h) between VI 12.5 OD and 6.25 BD (LS mean difference from placebo was 168 and 166 mL, respectively), demonstrating no advantage for BD dosing over OD dosing for the same total daily dose.
Study B2C109575 evaluated doses of 3 to 50 µg VI OD in subjects with asthma and showed that OD dosing in the PM with VI produced sustained, dose-dependent improvements in lung function, with VI 12.5, 25 and 50 showing statistically significant, improvements in through FEV1 compared with placebo (130, 121 and 162ml over placebo in VI 6.25, 12.5 and 25 µg OD groups, respectively). However, weighted mean FEV1 (0 to 24 h) showed statistically significant improvements over placebo for all VI groups (151, 103, 142, 165 and 172 ml in 3, 6.25, 12.5, 25 and 50 µg groups, respectively). The dose-ranging data of VI in asthma were supported by similar data from study B2C111045 in subjects with COPD following 4 weeks treatment with VI doses of 3 to 50 VI OD. ). There was a dose-dependent increase in through FEV1 in this study (92, 98, 110, 137 and 165 mL with VI 3, 6.25, 12.5, 25 and 50 µg OD).
VI 25 was selected as the optimal dose to progress to Phase III, as greater efficacy across a range of secondary symptomatic endpoints was seen with V1 25 compared to lower doses and no greater efficacy was seen with VI 50 compared to VI 25. However, exclusion of 12.5 µg based on superior efficacy observed for 25 µg in secondary endpoints (% symptom free 24 h and rescue free 24 h periods) in a Phase II study (B2C109575) is not justified. The study was not powered to show a difference in these endpoints. It is likely that the patients have been administered a dose that is greater than that actually required. LABAs may be associated with increased severity of asthma exacerbations in some patients and hence it would be prudent to establish the minimum effective dose in patients with asthma with the option of up-titration if required in individual patients. Dose finding for VI would be required to be demonstrated in the larger Phase III trials, but this was not done as only a single dose of VI (25 µg) was used in all pivotal Phase III studies. Furthermore, as the mono components (FF and VI) are not yet registered for use in asthma, it will be difficult for clinicians to make the transition to the new fixed dose combination product.
Pivotal Phase III studies
The efficacy of VI 25 was further explored in the Phase III program by assessing the contribution of VI to the effect of FF/VI. Three studies analysed the incremental benefit of adding VI to doses of FF 100 or 200 (HZA106827, HZA106829 and HZA106837).
In the pivotal Phase III study HZA106827 (which recruited subjects uncontrolled on low/mid dose ICS or on low dose ICS/LABA), Although both FF/VI 100/25 µg and FF 100 µg were statistically significantly better than placebo for both co-primary endpoints (trough FEV1 at end of study and weighted FEV1 (0 to 24h), there was no significant difference between the two active treatments (FF/VI and FF alone). Hence this study failed to demonstrate efficacy of the VI component in the proposed combination. Significant differences in FF/VI 100/25 compared with FF 100 were only observed for the powered secondary endpoint of percentage of rescue-free/symptom-free 24 h periods, AM and PM PEF (but not for AQLQ) . However, statistical significance was not achieved for all treatment comparisons in the first level of Hierarchy, that is, there was no statistical significant difference between FF/VI and FF for the co-primary endpoints and hence the statistically significant treatment differences between FF/VI and FF for secondary and other efficacy endpoints should be interpreted as descriptive only.
In the Phase III pivotal Study HZA106829 (which recruited subjects uncontrolled on high dose ICS or on mid dose ICS/LABA), at the end of 24 weeks of treatment, compared with FF 200 alone, FF/VI 200/25 significantly improved through FEV1 (adjusted treatment difference 193 mL; 95% CI 108, 277; p<0.001) and weighted mean FEV1 (0 to 24 h) (adjusted treatment difference 136 mL; 95% CI 1, 270; p=0.048). Significant differences in FF/VI 200/25 compared with FF 200 were also observed for the powered secondary endpoint of percentage of rescue-free/ symptom-free 24 h periods, AM and PM PEF but not for AQLQ. After the blind was broken and following a site audit a decision was made to conduct sensitivity analyses excluding data from an investigator [information redacted] in the USA because of GCP issues. The sensitivity analysis of the co-primary endpoint of through FEV1 and powered secondary endpoint of rescue free 24 h period gave consistent results with those obtained from the primary (full ITT) population. However, the sensitivity analysis for the co-primary endpoint of weighted mean FEV1 (0 to 24 h) was not consistent with the ITT analysis results; the treatment difference for FF/VI 200/25 versus FF 200 was 78 mL (compared with 136 mL in the ITT Population) and was no longer statistically significant (p=0.230). Non-inferiority of FF 200 to FP 500 BD (a non-inferiority margin of -125 mL had been pre-defined) was demonstrated for change from baseline through FEV1 in the ITT Population (treatment difference from FP 500 BD = 18 mL; 95% CI -66, 102); these results were supported by the PP Population results. While this study did not include formal treatment comparisons of FF 200 with FP 500 BD on symptomatic endpoints, the similarity in the magnitude of effect on symptomatic endpoints of the two treatment arms supports the efficacy of FF 200.
Results from the well-conducted Phase III study (HZA106837) showed that FF/VI 100/25 significantly reduced the risk of severe asthma exacerbations by about 20%, significantly improved lung function (trough FEV1) and led to greater asthma control (as assessed by the ACQ7) compared with FF 100 when administered for 24 to 76 weeks. The definition of severe asthma exacerbation used in this study was a robust definition that has been validated by the ATS/ERS Taskforce. In addition, an Adjudication Committee was utilised in this study providing a blinded review to ensure all severe asthma exacerbations were identified and included in the primary measure.
Individual study results and subject-level integration of data have demonstrated that FF 100 and 200 are effective in improving lung function and symptomatic endpoints, showing similar efficacy to equivalent doses of FP (250 BD and 500 BD, respectively). Efficacy was not affected by age, gender, race or geographical region.
Additionally, the comparison of FF/VI 100/25 and FP/SALM 250/50 BD showed no significant treatment differences for the primary endpoint of weighted mean FEV1 (24 h) or on asthma control or quality of life endpoints (HZA113091), Although interpretation was limited as it was not a non-inferiority study.
No Phase III studies were conducted comparing FF/VI 100/25 and 200/25; instead subjects on different baseline therapy who would be candidates for either the higher or the lower strengths were recruited into the relevant studies. However, it is not clear how subjects would be titrated to these doses as none of the individual drugs (FF or VI) are registered for treatment of asthma and titration of the FDC was not evaluated in any of the clinical studies.
Overall, the proposed doses of FF/VI 100/25 and 200/25 have provided greater benefit in terms of improvement in lung function parameters of through FEV1, weighted mean FEV1 (0 to 24 h), AM and PM PEF than FF alone in two out of three pivotal Phase III studies (HZA106829 and HZA106837) where this was measured, thus demonstrating the contribution of VI to the combination. FF/VI 100/25 and 200/25 were also significantly better than the equivalent dose of FF monotherapy in improving symptomatic endpoints including 24 h rescue-free/symptom-free periods, time to first severe exacerbation and severe exacerbation rate. The contribution of FF to the efficacy of the combination was shown in an allergen-challenge Study HZA113126 (refer section Primary Pharmacodynamic effects) where FF/VI was significantly better than VI alone in terms of attenuating the early and late phase asthmatic response and also the increased bronchial hyper-responsiveness (BHR) associated with allergen challenge.
[bookmark: _Toc348005741][bookmark: _Toc400980779]COPD
Overall, 11 studies were submitted for COPD including four, Phase IIIa studies with FF/VI Inhalation Powder (HZC112206, HZC112207, HZC102871, and HZC102970) which were considered pivotal studies for the COPD indication. Five studies that provided additional efficacy and safety data were considered supportive; four studies with FF/VI Inhalation Powder (HZC110946, HZC113107, HZC113109 and HZC112352) and one study with VI Inhalation Powder monotherapy (B2C111045).
[bookmark: _Toc348005742]Pivotal efficacy studies
[bookmark: _Toc348005743]24 week study HZC112206 
Study design, objectives, locations and dates
HZC112206 was a Phase III, multi-center, randomised (1:1:1:1:1), stratified, placebo-controlled, double-blind, parallel-group study involving 1622 subjects with COPD. The primary objective of the study was to evaluate the efficacy and safety of FF/VI (50/25 µg), FF/VI (100/25 µg), FF 100 µg, VI 25 µg and when administered via the novel dry powder inhaler (NDPI) over a 24 week treatment period. The study was conducted from 19 October 2009 to 16 February 2011 at 221 centers in 9 countries (Chile, Estonia, Germany, Japan, Korea, Philippines, Poland, Russian Federation and the United States).
Comments: No FF 50 alone treatment group was included in the 24 week studies HZC112206 and HZC112207 and the contribution of VI 25 was assessed by comparing the relevant combination doses with FF 100 and FF 200; as FF 50 was considered to be a no-effect/low effect dose, the sponsors felt that the contribution of VI did not need to be assessed with this dose.
Inclusion and exclusion criteria
The main inclusion criteria were: male or female (non-pregnant/ lactating) aged > 40 years, confirmed diagnosis of COPD with a measured post-albuterol/salbutamol FEV1/FVC ratio of ≤0.70 at Screening, current or past smoker (> 10 pack years), Achieved a score of ≥2 on the Modified Medical Research Council Dyspnea Scale (mMRC) at Screening. The main exclusion criteria were: if subjects had been hospitalised due to poorly controlled COPD within 12 weeks of Screening and/or had poorly controlled COPD (defined as acute worsening of COPD that was managed by the subject with corticosteroids or antibiotics or that required treatment prescribed by a physician) within 6 weeks prior to Screening and/or had experienced a lower respiratory tract infection that required the use of antibiotics within 6 weeks prior to Screening: current diagnosis of asthma. (Subjects with a prior history of asthma were eligible if they had a current diagnosis of COPD); 1-antitrypsin deficiency; Other respiratory disorders: Subjects with active tuberculosis, lung cancer, bronchiectasis, sarcoidosis, lung fibrosis, pulmonary hypertension, interstitial lung diseases or other active pulmonary diseases; patients on long-term oxygen therapy; Subjects with lung volume reduction surgery within the 12 months prior to Screening; Subjects with a chest X-ray (or CT scan) that revealed evidence of clinically significant abnormalities not believed to be due to the presence of COPD.
Study treatments
Following the 2-week Run-In period, eligible subjects were randomised (1:1:1:1:1) to one of the following 5 possible treatments, administered as one inhalation each morning (OD dosing) for 24 weeks: FF/VI Inhalation Powder 50/25 µg and 100/25 µg; FF Inhalation Powder 100 µg ; VI Inhalation Powder 25 µg and Placebo Inhalation Powder. A placebo arm was included in this study to allow for a quantitative assessment of the drug effect of each of the two FF/VI combinations (50/25 µg and 100/25 µg) and the individual components compared with an inactive control. Rescue albuterol use was permitted as needed by all subjects in the study. In addition ipratropium bromide alone was permitted, provided that the subject was on a stable dose from Screening (Visit 1) and remained on the stable dose throughout the study. Albuterol and ipratropium were withheld for 4 h prior to and during spirometry testing at each clinic visit.
Efficacy variables and outcomes
The co-primary efficacy endpoints for this study were: Weighted mean Clinic Visit FEV1 (0-4) h post dose (to evaluate the contribution of VI) on Treatment Day 168 (Visit 11); Change from baseline in Clinic Visit through FEV1[footnoteRef:15] (pre-bronchodilator and pre-dose), (to evaluate the contribution of FF and the 24 h effect of VI) on Treatment Day 169 (Visit 12). [15:  Trough FEV1 on Treatment Day 169 was defined as the mean of the FEV1 values obtained 23 and 24 hours after dosing on Treatment Day 168, measured at Visit 12. ] 

The Dyspnea Domain of the CRQ-SAS[footnoteRef:16] was defined as a secondary endpoint, except in the US where this endpoint was regarded as an “other” endpoint. Other secondary efficacy endpoints for this study were:  Peak FEV1 on Treatment Day 1 and Time to onset (increase of 100 mL above baseline in FEV1) on Treatment Day 1. Other efficacy endpoints were: Time to 12% change from baseline in FEV1 on Day 1; Weighted mean clinic visit FEV1 0 to 4 h post dose on Treatment Days 1, 14, 56 and 84 (added as other endpoint since not explicitly stated in the protocol); Change from baseline in clinic visit through FEV1 on Treatment Days 2, 7, 14, 28, 56, 84, 112 and 140 (added as other endpoint since not explicitly stated in the protocol). Assessment of the following during each week of treatment and over the entire 24 week treatment period:- Percentage of symptom-free 24 h periods, Percentage of rescue-free 24 h periods, Symptom scores (breathlessness, cough and sputum production), Number of occasions rescue albuterol/salbutamol used, percentage of nights with no night time awakenings requiring albuterol/salbutamol, number of night time awakenings requiring albuterol/ salbutamol, Mean AM PEF and CRQ-SAS (total score and other domains). Efficacy endpoints were outlined for the 6-month COPD efficacy and safety studies. [16:  When completing this instrument, subjects rated their experience on a 7-point scale, ranging from 1 (maximum impairment) to 7 (no impairment). The CRQ-SAS questionnaire was administered at Day 1 (baseline), and Days 28, 56, 84, and 168.] 

For the individual studies and for the integrated analyses of HZC112206/HZC112207, the primary treatment comparisons for the 2 co-primary endpoints were:- VI versus placebo;-Each FF/VI dose versus Placebo; Each FF/VI dose versus VI alone. The following comparisons were supportive:-Each FF dose versus placebo; -Each FF/VI dose versus the relevant FF alone dose.
For the individual studies and for the integrated analyses of HZC112206/HZC112207, the primary treatment comparisons for the secondary endpoints were: - Each FF/VI dose versus Placebo. The following comparisons were supportive: VI versus placebo; -Each FF/VI dose versus the relevant FF alone dose; Each FF/VI dose versus VI alone;- Each FF dose versus placebo.
Randomisation and blinding methods
Subjects were centrally randomised using RAMOS, an Interactive Voice Response System (IVRS). Study Medication taken during the 24 week treatment period was double-blind; neither the subject nor the study physician knew which study medication the subject was receiving.
Analysis populations
The ITT Population was the population of primary interest for all efficacy endpoints. The Per Protocol Population was used for confirmatory analyses of the primary efficacy endpoints only.
Sample size
Sample size calculations were based on the co-primary endpoints of post dose FEV1 assessed by weighted mean (WM) over the first 0 to 4 h on Treatment Day 168 and change from baseline in through FEV1 on Treatment Day 169 using an estimate of residual standard deviation of 210 mL (based upon the Phase IIb study B2C111045A of VI in COPD subjects). The sample size of this study had at least 90% power to detect an 80 mL difference between FF/VI and VI in through FEV1 on Day 169 (using a two-sample t-test and two-sided 5% significance level). A 100 mL difference was considered appropriate for comparisons of VI versus placebo and FF/VI versus placebo for both through FEV1 and WM 0 to 4 h FEV1 and of FF/VI versus FF for WM 0 to 4 h FEV1 and this study had at least 98% power to detect this difference.
Statistical methods
As the randomisation was stratified by smoking status at Visit 1, this was included as a covariate to all analysis models. In order to account for multiplicity across treatment comparisons and key endpoints, a step-down testing procedure was applied whereby inference for a test in the pre-defined hierarchy was dependent upon statistical significance having been achieved for the previous tests in the hierarchy[footnoteRef:17]. In addition, for a given FF/VI combination dose, the secondary endpoints (CRQ-SAS dyspnea, peak FEV1, and time to 100 mL change from baseline in FEV1) were nested under the primary endpoints. The primary analysis was performed using mixed model repeated measures (MMRM) and had covariates of baseline FEV1, smoking status (stratum), Day, centre grouping, treatment, Day by baseline interaction and Day by treatment interaction, where Day is nominal. Similar statistical methods were used for analysis of the secondary efficacy endpoints. No formal statistical analysis of sub-groups of the populations was performed. [17:  Specifically, if the defined primary treatment comparisons for the higher FF/VI 100/25 combination dose demonstrated statistical significance at the 5% level across the co-primary efficacy endpoints then the same set of defined primary treatment comparisons for the lower FF/VI 50/25 combination dose across the co-primary efficacy endpoints were tested.] 

Participant flow
Of the 1804 subjects who were screened, 1030 subjects were randomised and received at least one dose of study treatment. Of the 1030 subjects in the ITT population, 983 (95%) were included in the Per Protocol population. Approximately 70% of subjects across the treatment groups) completed the study. Most common primary reason for premature withdrawal was AEs with similar incidence in the FF/VI groups (7% to 8%) and placebo (7%) groups which were lower than in the FF 100 (11%) and VI 25 (12%) groups. Lack of efficacy (mainly due to COPD exacerbations) resulted in premature withdrawal of 6% of subjects in the FF/VI groups compared with 10% of the placebo group and 7% and 9% of the VI and FF groups, respectively.
Major protocol violations/deviations
Approximately one-third of the ITT Population had at least one protocol deviation during the study, with 47 subjects (5%) having full deviations and 89 subjects (9%) having partial deviations; additionally, 275 subjects (27%) had through FEV1 evaluations out of the protocol-defined time window for the assessment. The most common reasons for full deviations were for use of disallowed medication prior to treatment (29 subjects, 3%). The most common partial deviations included disallowed medication use during treatment (78 subjects, 8%). The percentages of subjects with protocol deviations were generally similar across the treatment groups.
Baseline data
Majority of the subjects were White (72%), male (67%), with GOLD Stage II or III at screening (90%; only 10% of the population was GOLD Stage IV) and non-reversible COPD (66%)[footnoteRef:18]. The mean age was 63 years (and the mean body mass index (BMI) of 26.1 kg/m2 suggests that subjects tended to be slightly overweight Baseline demographics, disease characteristics were similar in all 4 treatment groups. However, there was slight imbalance across the treatment groups in baseline FEV1 with lower mean values recorded for the FF 100 group and the FF/VI 50/25 group.  Overall, 97% of the subjects fell into two grades on the mMRC dyspnea scale: Grade 2 (walking slower than others of the same age on level because of breathlessness [67%]) or Grade 3 (stopping to breathe after walking about 100yards or after a few minutes on level [30%]). Overall, 80% of the ITT population had taken COPD medications prior to double-blind treatment (55% had taken short-acting beta2-agonists (55%), short-acting anticholinergics (35%) and long-acting beta2-agonists (32%), long-acting anticholinergics (26%) and inhaled corticosteroids (23%). During the treatment period, 34% of subjects used COPD concomitant medications (30% to 37%) of subjects across with the most common medications being short-acting anticholinergics (24%) during the treatment period, and were used by a higher percentage of subjects in the placebo group compared with the remaining treatment groups. Post-treatment COPD medication use was reported by 51% of the ITT Population, with short-acting anticholinergics (22%), long-acting beta2-agonists (20%), short-acting beta2- agonists (18%) and long-acting anticholinergics (18%) being the most widely used classes of medication. Mean overall compliance to randomised treatment was high during the study (>98% across all treatment groups). Greater than 80% of subjects in all treatment groups were ≥95% to ≤105% compliant to their assigned treatment regimen. [18:  34% of the population was reversible (FEV1 of ≥12% and ≥200 mL following administration of albuterol/salbutamol)] 

Results for the primary efficacy outcome
Compared with placebo, LS mean improvement in weighted FEV1 (0 to 4 h) was statistically significantly (p<0.001) better in the FF/VI 100/25 (placebo adjusted change=173 mL), FF 50/25 (192 mL) and VI 25 (103 mL) groups. Furthermore, the FF/VI 100/25 group demonstrated a statistically significant LS mean improvement of 120 mL compared with the FF 100 group, demonstrating the relative contribution of VI on lung function. Although not designated primary treatment comparisons, both FF/VI groups demonstrated improvements compared with the VI group (p≤0.006) as did the FF 100 group compared with the placebo group (p=0.040) (Table 11).
Table 11. Summary of 0 to 4 h weighted mean FEV1 (L) ITT Population 
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Compared with the placebo group, LS mean change from baseline in through FEV1 was statistically significantly (p<0.001) better in the FF/VI 100/25 (placebo-adjusted change=115 mL) and VI 25 (ml) groups. The FF/VI 100/25 group did not show a statistically significant improvement compared with the VI group. Although there was a numerical improvement of 48 mL As a result of the primary comparison of FF/VI 100/25 against VI not achieving statistical significance at the 5% level for the co-primary endpoint of through FEV1 at Day 169, the restrictions of the step-down testing procedure have not been met and therefore the results of all further statistical analyses were interpreted descriptively. However, the FF/VI 50/25 group showed improvement in LS mean change from baseline through FEV1 compared with both placebo (p<0.001) and the VI group (p=0.025). Although not designated a primary treatment comparison, the FF/VI 100/25 group also demonstrated an improvement in LS mean change from baseline through FEV1 compared with the FF 100 group (p=0.003) (Table 12). After Day 1, both FF/VI groups demonstrated greater improvements versus placebo in both co-primary endpoints (LS mean weighted mean FEV1 0 to 4 h and through FEV1 at day 169) compared with the FF and VI alone groups for the remainder of the 6-month treatment period with no evidence of a dose response between the FF/VI 50/25 and 100/25 groups (Figure 8).
Table 12. Summary of trough FEV1 (L) ITT Population
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Figure 8. Least squares means (95%CI) in 0 to 4 h weighted mean FEV1 (ITT population, Mixed Model repeated measures) and Least squares means change from baseline (95%CI) in trough FEV1 (L) (ITT population, Mixed Model repeated measures).
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Results for other efficacy outcomes
At Day 168, differences were seen in LS mean change from baseline CRQ-SAS dyspnoea scores between FF/VI 100/25 and placebo (0.30, p=0.014) and between FF/VI 100/25 and FF 100 (0.24, p=0.044); for other comparisons p>0.05. None of the treatment comparisons achieved the minimal clinically important difference (>0.5 point improvement) in mean CRQ-SAS Dyspnoea Domain scores. There was no evidence of a dose response between the FF/VI 50/25 and 100/25 groups prior to Day 84, but from Day 84 onward, the magnitude of effect (difference from placebo) was greater for the FF/VI 100/25 compared with the FF/VI 50/25 µg group (Figure 9). At Day 168, the odds of being a responder[footnoteRef:19] compared to a non-responder was 1.57 times greater for VI 25 than placebo (p=0.045) and 2.04 times higher for FF/VI 100/25 than placebo (p=0.002) (p=0.002); for all other comparisons p>0.05. However, none of the treatment comparisons achieved a minimal clinically important difference (>0.5 point improvement) in mean CRQ-SAS Total Score. [19:  Subjects were classified as a responder at a given visit if they had a change from baseline at that visit of >0.5 point improvement (a minimal clinically important difference) for the CRQSAS Dyspnea Domain.] 

Figure 9. Least squares means change from baseline (95%CI) in CRQ-SAS dyspnea domain (ITT population).
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LS mean changes from baseline in peak FEV1 on Day 1 were similar for the placebo and FF 100 groups (106 mL and 118 mL, respectively), but they were higher for the VI 25, FF/VI 50/25, and FF/VI 100/25 groups (247 mL, 253 mL and 245 mL, respectively, p<0.001 versus placebo). There were no differences in the mean peak FEV1 at Day 1 between the FF/VI combination groups and the VI 25 group or between the FF 100 group and placebo.
Overall, 85% of the subjects in the VI 25, FF/VI 50/25, and FF/VI 100/25 groups achieved their first increase of a 100 mL or more from baseline in FEV1within the 5 minute to 4-h post dose time points, while over 50% of the subjects in the placebo and FF 100 groups did not. The median (actual) time to onset was 16 to 17 minutes post-dosing for treatment groups containing VI 25. P-values for differences from placebo in time to onset were <0.001 for the VI 25, FF/VI 50/25, and FF/VI 100/25 groups, as was the difference between the FF/VI 100/25 group and FF 100 group . There were no differences in the time to onset between either FF/VI combination group and the VI 25 group or between FF 100 and placebo (Table 13).
Table 13. Summary of time to 100 mL increase from baseline in 0 to 4 h post dose FEV1 at Day 1 (ITT population) and Log rank analysis of time to 100 mL or more increase from baseline in 0-4 h post dose FEV1 at Day 1 (ITT population)
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The data show that ≥72% of the subjects in the VI 25, FF/VI 50/25, and FF/VI 100/25 groups achieved their first increase of 12% or more from baseline in FEV1 within the 5 minute to 4-h post dose time points, while over 60% of the subjects in the placebo and FF 100 groups did not achieve a 12% increase from baseline in FEV1 at any scheduled post dose time point (up to 4 h post dose). The median (actual) time to a 12% increase was 32 and 30 minutes for the VI 25 and FF/VI 50/25 treatment groups and 59 minutes for the FF/VI 100/25 group.
There were no differences in the time to at least a 12% increase from baseline in FEV1 between either FF/VI combination group and the VI 25 group or between FF 100 and placebo (Table 14).
Table 14. Summary of Time to 12% increase or more from baseline in 0 to 4 h post dse FEV1 at Day 1 (ITT population).
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Log rank analysis of time to 12% increase or more from baseline in 0 to 4 h post dose FEV1 at day 1 (ITT population)
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Other efficacy endpoints
The percentages of symptom-free 24 h periods during Week 1 to 24 were higher in all active treatment groups compared with placebo for all endpoints. Over the entire 24 week period, there were decreases in LS mean values from placebo for the cough scores in the VI 25, FF/VI 50/25, and FF/VI 100/25 groups (differences of -0.13, -0.21 and -0.20, respectively; p≤0.010); mean sputum scores show decreases from placebo (p≤0.021) for the FF/VI 50/25 and FF/VI 100/25 groups and the mean breathlessness scores show decreases from placebo (p≤0.045) for all active treatment groups.
Analyses of the mean number of occasions of rescue medication use show decreases from placebo over the entire 24 week period for all active treatment groups (p<0.001), as well as a decrease in the mean number of occasions of rescue medication use for the FF/VI 100/25 group compared with the FF 100 group (p<0.001). There was also a decrease in the FF/VI 100/25 group compared with the VI 25 group (p=0.001). There was no difference between the FF/VI 50/25 group and the VI 25 group Analyses of the mean number of night time awakenings requiring rescue medication show decreases from placebo over the entire 24 week period for both FF/VI treatment groups (p≤0.001), but no difference (p>0.05) for the FF 100 and VI groups. There was also a decrease in the mean number of night-time awakenings requiring rescue medication for the FF/VI 100/25 group compared with the FF 100 group (p=0.040), as well as a decrease in the FF/VI 100/25 group compared with the VI 25 group (p=0.040). Analyses of AM PEF showed improvements from placebo over the entire 24 week period for all active treatment groups (p≤0.017). There was also a difference in AM PEF between the FF/VI 100/25 group and the FF 100 group (p<0.001).
[bookmark: _Toc348005744]24 week study HZC112207
HZC112207 was similar to study HZC112206 with the only difference between them being that the HZC112206 study included a lower strength (50/25 µg) of FF/VI Inhalation Powder, while the HZC112207 study included a higher strength (200/25 µg) of FF/VI Inhalation Powder and the corresponding strength of FF (200 µg) as a monotherapy arm.
The primary objective of the study was to evaluate the efficacy and safety of once daily dosing with FF/VI 100/25 µg, FF/VI 200/25 µg, FF 100 µg, FF 200 µg , VI 25 µg and placebo when administered via the novel dry powder inhaler (NDPI) over a 24 week treatment period in subjects with COPD. The study was conducted from 19 Oct 2009 to 16 Mar 2011 at 138 centres in 8 countries (Czech Republic, Germany, Japan, Poland, Romania, Russian Federation, Ukraine and the United States). Other features of study design, inclusion/ exclusion criteria, statistical methods were similar to those described for pivotal study HZC112206 above.
Participant flow
Of the 1909 screened subjects, 1224 were randomised and received at least one dose of study medication (ITT population). Of the subjects in the ITT population, 1159 (95%) were included in the PP population. Overall, 75% of patients across all treatment groups completed the study and withdrawal rates were slightly higher in the FF/VI 100/25 group (29%) compared to other active groups but it was similar to the placebo group.
Major protocol violations/deviations
Overall, 31 to 41% of subjects had at least one protocol deviation during the study, with 65 subjects (5%) having full deviations and an identical number having partial deviations; another 359 subjects (29%) had a time-point specific deviation. The most common reasons for full deviations were for overall compliance being < 80% or >120% (27 subjects, 2%) and for use of a medication prohibited in the protocol (22 subjects, 2%). The most common partial deviation was use of prohibited medications (59 subjects, 5%). The percentages of subjects with protocol deviations were generally similar across the treatment groups. Subjects with full protocol deviations were completely excluded from the Per-protocol (PP) Population.
Baseline data
Majority of the subjects were White (94%), male (72%) with irreversible COPD (71%) with duration of COPD of 1 to 5 years (38%) or 5-10 years (30%) and GOLD Stage II or III (90%); the mean age was approximately 62 years and the mean body mass index (BMI) of 26.5 kg/m2 suggests that subjects tended to be slightly overweight. The mean mMRC dyspnea scale score of the ITT Population at screening was 2.4 with the majority (98%) having Grade 2 (walking slower than others of the same age on level because of breathlessness [63%]) or Grade 3 (stopping to breathe after walking about 100 yards or after a few minutes on level [35%]). Overall, baseline demographics and disease characteristics were similar across treatment groups. Although there was slight imbalance across the treatment groups in screening pre-bronchodilator and baseline FEV1 with lower mean values recorded for the FF 200 group and the FF/VI 200/25 group. At baseline the lowest mean value was recorded for the FF/VI 200/25 group (1.311) compared to the highest mean value of 1.387 recorded for the FF 100 group. Adjustments for baseline in the statistical analysis models were defined a priori in the RAP with baseline FEV1 being included as a covariate in the analysis of FEV1 endpoints.
Overall, 88% of the ITT population had taken COPD medications prior to Day 1 of double-blind treatment with the majority having taken short-acting beta2 agonists (62%), Short-acting anticholinergics (34%) and long-acting beta2 agonists (35%), long-acting anticholinergics (24%) and inhaled corticosteroids (24%). During the treatment period, 26% of subjects used COPD concomitant medications, and the use was similar across the treatments (21% to 29%) with short-acting anticholinergics used most commonly (20%). Post-treatment COPD medication use was reported by 39% of the ITT Population, with short-acting anticholinergics (21%), long-acting beta2-agonists (15%), short-acting beta2- agonists (11%), inhaled corticosteroids (9%) and long-acting anticholinergics (9%) being the most widely used classes of medication. Mean overall compliance to randomised treatments was high and similar across treatment groups during the study (>97% across all treatment groups). Greater than 84% of subjects in all treatment groups were ≥95% to ≤105% compliant to their assigned treatment regimen.
Results for the primary efficacy outcome
On Treatment Day 168, clinically meaningful, statistically significant (p<0.001) improvements compared with placebo in weighted mean FEV1 0 to 4 h post dose were demonstrated in the FF/VI 200/25 (209 mL), FF/VI 100/25 (214 mL), VI 25 (185 mL) and FF100 (168 mL) treatment groups. Furthermore, both the FF/VI 200/25 and 100/25 groups showed a clinically meaningful, statistically significant LS mean improvement of 168 mL each compared with the FF 200 and FF 100 groups, respectively which demonstrated the relative contribution of VI on lung function.
On Treatment Day 169, clinically meaningful, statistically significant improvements in through FEV1 compared with placebo were demonstrated in the VI 25 (100 mL) , FF/VI 200/25 (131 mL) and FF/VI 100/25 treatment groups. However, the FF/VI 200/25 and 100/25 groups did not show a statistically significant improvement in LS mean change from baseline through FEV1 compared with the VI group, although there was a numerical improvement of 32 and 48 mL, respectively. As a result of the primary comparison of FF/VI 200/25 against VI not achieving statistical significance at the 5% level for the co-primary endpoint of through FEV1 at Day 169, the restrictions of the step-down testing procedure have not been met and therefore the results of all further statistical analyses are interpreted descriptively. Although not designated a primary treatment comparison, the FF/VI 200/25 and 100/25 groups both also demonstrated an improvement in LS mean change from baseline through FEV1 compared with the FF 200 and FF 100 groups respectively (p<0.001). After Day 1, both FF/VI groups demonstrated greater improvements versus placebo in both co-primary endpoints (LS mean weighted mean FEV1 0 to 4 h and through FEV1 at day 169) compared with the FF and VI alone groups for the remainder of the 6-month treatment period with no evidence of a dose response between the FF/VI 100/25 and 200/25 groups (Figure 10).
Figure 10. Least squares means (95%CI) changes
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Results for other efficacy outcomes
Secondary efficacy endpoints
At Day 168, statistically significant improvements in LS mean change from baseline CRQ-SAS dyspnoea scores were only seen between FF/VI 100/25 and placebo (0.24, p=0.029) and between FF/VI 100/25 and FF 100 (0.36, p=0.001); for all other treatment comparisons p>0.05 with none of the treatment comparisons achieved a minimal clinically important difference (>0.5 point improvement) in mean CRQ-SAS Dyspnoea Domain scores. At Day 168, the odds of being a responder compared to a non-responder was 1.67 times greater for FF/VI 100/25 than placebo (p=0.019); for all other treatment comparisons p>0.05. Although there were slight statistically significant improvements in Total CRQ-SAS scores and the Fatigue and Emotional sub scores with FF/VI 100/25 compared with placebo, none of the treatment comparisons achieved a minimal clinically important difference (>0.5 point improvement).
LS mean changes from baseline in peak FEV1 on Day 1 were similar for the placebo and FF 200 group (120 mL and 127 mL, respectively), and slightly higher for the FF 100 group (145 mL). LS mean changes from baseline in peak FEV1 were higher for the VI 25, FF/VI 100/25, and FF/VI 200/25 groups (266 mL, 271 mL and 261 mL, respectively). P-values for the LS mean differences from placebo in peak FEV1 were <0.001 for the VI 25, FF/VI 100/25, and FF/VI 200/25 groups, as were the p-values for the mean differences between the FF/VI 100/25 group and FF 100 group and the FF/VI 200/25 group and the FF 200 group. There were no differences in the LS mean peak FEV1 at Day 1 between the FF/VI combination groups and the VI 25 group or between FF groups and placebo. These data confirm the contribution of VI to the increase in FEV1 on Day 1.
Overall, 85% or more of the subjects in the VI 25, FF/VI 100/25, and FF/VI 200/25 groups achieved their first increase of at least 100 mL or more from baseline in FEV1 within the 5 minute to 4 h post dose timepoints while more than 40% of the subjects in the placebo and FF 100 and FF 200 groups did not. The median (actual) time to onset was 16-17 minutes post-dosing for treatment groups containing VI 25; P-values for differences from placebo in time to achieve a 100 mL increase in FEV1 were <0.001 for the VI 25, FF/VI 100/25 and 200/25 groups, as were the differences between the FF/VI groups and the respective FF 100 and FF 200 groups. There were no differences in the time to onset between either FF/VI combination group and the VI 25 group or between either FF group and the placebo group.
Other efficacy endpoints
Overall, ≥70% of the subjects in the VI 25, FF/VI 100/25, and FF/VI 200/25 groups achieved their first increase of at least 12% or more from baseline in FEV1 within the 5 minute to 4 h post dose timepoints, while 65% or more of the subjects in the placebo, FF 100 and FF 200 groups did not. The median (actual) time to a 12% increase was 35 and 33 minutes for the VI 25 and FF/VI 100/25 treatment groups respectively and 61 minutes for the FF/VI 200/25 group. P values for differences from placebo in time achieve a 12% increase in FEV1 were <0.001 for the VI 25, FF/VI 100/25, and FF/VI 200/25 groups, as were the differences between the FF/VI groups and FF 100 and FF 200 groups. There were no differences in the time to at least a 12% increase from baseline in FEV1 between either of the FF/VI combination groups and the VI 25 group or between either FF group and the placebo group.
The percentages of symptom-free 24 h periods during Week 1-24 were higher in all active treatment groups compared with the placebo group for all endpoints. In general, the FF/VI 100/25 group had a higher percentage of symptom-free days than the other active treatment groups and placebo (Table 15). Over the 24 week treatment period, the percentage of rescue-free 24 h periods remained essentially unchanged for subjects in the placebo group and FF 100 and FF 200 groups and increased in the other active treatment groups, with the FF/VI groups having the highest percentage of rescue free 24 h periods (Table 16).
Table 15. Percentage of symptom free 24 h periods (ITT population)
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Table 16. Percentage of rescue free 24 h periods (ITT population)
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Analyses of the mean number of occasions of rescue medication use show decreases from placebo over the entire 24 week period for all VI-containing treatment groups (p< 0.001) as well as a decrease in the mean number of occasions of rescue medication use for the FF/VI groups compared with the respective FF group (p<0.002). There was also a decrease in the FF/VI 100/25 group compared with the VI 25 group (p=0.012) but there was no difference between the FF/VI 200/25 group and the VI 25 Group. Over the 24 week treatment period, the percentages of nights with no awakenings requiring rescue medication remained relatively unchanged in the placebo, FF 100 and FF 200 groups, while there were improvements in the VI and FF/VI 100/25 and 200/25 groups. Similarly, analyses of the mean number of night-time awakenings requiring rescue medication show decreases from placebo over the entire 24 week period for both FF/VI treatment groups, the VI group and the FF 100 group (p≤0.012) but no difference (p=0.461) for the FF 200 group (Table 17). Statistical analysis of AM PEF over the 24 week treatment period, showed the AM PEF was higher in all of the active treatment groups compared with the placebo group. There was also an improvement in AM PEF between the FF/VI 100/25 group and the FF 100 group and between the FF/VI 200/25 group and FF 200. There was no difference between either of the FF/VI groups and the VI 25 group in AM PEF over the 24 week treatment period.
Table 17. Percentage of no night time awakenings requiring rescue medication use (ITT population)
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Comments: Both FF/VI treatments provided clinically meaningful improvements compared with placebo and the respective FF monotherapy (comparison between FF/VI 200/25 and FF 200 and between FF 100/25 and FF 100) for both co-primary endpoints. Therefore, these results demonstrate the contribution of VI in the FF/VI combination. The current study was unable to demonstrate statistically the contribution of FF in the FF/VI combination for the co-primary endpoint of change from baseline in through FEV1 on Treatment Day 169 (Visit 12) [the endpoint selected to evaluate the contribution of FF in the combination]. As described earlier, both FF/VI groups showed clinically meaningful improvements in LS mean change from baseline through FEV1 compared with the placebo group. However the comparisons between the two FF/VI groups and the VI 25 group were not statistically significant. While the FF/VI 200/25 group demonstrated a numerically greater improvement in LS mean change from baseline through FEV1 compared with VI 25 group, the difference (32 mL; 95% CI -19, 83; p=0.224) was not statistically significant. Likewise, while the FF/VI 100/25 group demonstrated a numerically greater improvement in LS mean change from baseline through FEV1 compared with the VI 25 group, the difference (45 mL; 95% CI -8, 97; p=0.093) was not statistically significant. It is not unexpected that no FF dose-related effect was seen for either co-primary efficacy endpoint, as it is recognised that spirometry may not be the optimal modality to dose range an ICS in subjects with COPD. However, other secondary endpoints such as dyspnoea domain of CRQ-SAS also failed to show clinically relevant improvements with combination FF/VI over VI alone.
[bookmark: _Toc348005745]52-week study HZC102871 and HZC102970
Study design, objectives, locations and dates
This was a Phase III, multi-center, randomised, double-blind, parallel-group study in 1622 subjects with COPD. The primary objective of this study was to evaluate safety and efficacy of FF/VI 50/25 µg, 100/25 µg and 200/25 µg versus VI 25 µg on the annual rate of moderate and severe exacerbations in subjects with COPD over a 52-week treatment period. All dosing was once-daily in the morning. This study evaluated the contribution of the ICS component on reducing the annual rate of moderate-severe exacerbations when used in combination with a fixed dose of the LABA in subjects with COPD. Secondary objectives in this study were to evaluate long term safety and other efficacy assessments and to further investigate any reported cases of pneumonia in subjects with COPD. The study was conducted from 25 Sept 2009 to 31 Oct 2011 at 167 centres in 15 countries (Argentina, Australia, Canada, Chile, Estonia, Germany, Italy, Mexico, Netherlands, Peru, Philippines, South Africa, Sweden, UK, and USA).
Inclusion and exclusion criteria
The main inclusion criteria were: ≥40 years of age and had a clinical history of COPD in accordance with the definition of the American Thoracic Society/European Respiratory Society, a current or prior history of at least 10 pack-years of cigarette smoking with a post-albuterol/ salbutamol FEV1/ FVC ratio of ≤0.70 of predicted normal and a post-albuterol/ salbutamol FEV1 ≤70% of predicted normal, a documented history of at least one COPD exacerbation in the 12 months prior to screening Visit 1 that required either systemic/oral corticosteroids, antibiotics and/or hospitalisation.
The main exclusion criteria were: current diagnosis of asthma (subjects with a prior history of asthma were eligible if they had a current diagnosis of COPD); 1-antitrypsin deficiency as the underlying cause of COPD; other respiratory disorders; lung volume reduction surgery; chest X-ray revealing evidence of pneumonia or a clinically significant abnormality not believed to be due to the presence of COPD or the presence of a radiographic process that would preclude the determination of pneumonia should it occur during the conduct of the clinical trial; immune suppression or other risk factors for pneumonia; a moderate or severe COPD exacerbation that had not resolved at least 14 days prior to screening or for which the last dose of oral corticosteroids was not at least 30 days prior to screening; pneumonia and/or moderate or severe COPD exacerbation at screening Visit 1; uncontrolled other diseases/abnormalities; carcinoma not in complete remission for 5 years; known or suspected history of alcohol or drug abuse within the last 2 years; medically unable to withhold albuterol/salbutamol or ipratropium for the 4-h period required prior to spirometry testing at each study visit; receiving treatment with long-term oxygen therapy or nocturnal oxygen therapy required for ≥12 h a day; clinically significant sleep apnoea.
Study treatments
Following screening to assess eligibility and a 4 week run-in period during which all subjects received open-label Fluticasone Propionate/Salmeterol (FP/SAL) 250/50 to establish a stable baseline, subjects were randomised (1:1:1:1) to one of the double-blind treatments (FF/VI 50/25 µg, FF/VI 100/25 µg, FF/VI 200/25 µg, or VI 25 µg), delivered via Novel Dry Powder Inhaler (NDPI) once daily in the morning for 52 weeks. Randomisation was stratified based on smoking status.
Efficacy variables and outcomes
The primary efficacy endpoint was the annual rate of moderate and severe exacerbations[footnoteRef:20]. The secondary efficacy endpoints were: [20:  Each COPD exacerbation was categorized by the investigator based on severity as follows: a. Mild: Worsening symptoms of COPD that were self-managed by the subject. Mild exacerbations were not associated with the use of oral corticosteroids or antibiotics; b. Moderate: Worsening symptoms of COPD that required treatment with oral corticosteroids and/or antibiotics; c. Severe: Worsening symptoms of COPD that required treatment with in-patient hospitalization.] 

Time to first moderate or severe exacerbation; Annual rate of exacerbations requiring systemic/oral corticosteroids; Change from baseline in through FEV1 at Visit 11.
Other efficacy endpoints included:
Annual rate of severe exacerbations
Annual rate of all exacerbations (mild, moderate, severe)
Time to onset of multiple moderate and severe exacerbations
Change from baseline in through FEV1 at Visits 3 to 10.
The following were assessed over each 4 week treatment interval and over the entire 52 week treatment period:
Number of night-time awakenings due to symptoms of COPD
Percentage of nights with no night-time awakenings due to symptoms of COPD
Number of occasions of rescue albuterol/ salbutamol used during a 24 h period
Percentage of rescue free 24 h periods
 Mean dyspnea score
Percentage of 24 h periods with increased sputum and with increase in yellow/green sputum colour.
This was a superiority study. The primary comparisons of interest were the pair-wise comparisons of each dose regimen of FF/VI with VI alone for the primary endpoint the annual rate of moderate and severe exacerbations. Inference was restricted by the stepdown multiplicity strategy. All primary comparisons were performed at the 5% significance level and used the ITT Population. Pair-wise comparisons of each dose regimen of FF/VI with VI alone were performed for all secondary endpoints, some other efficacy endpoints and some safety endpoints.
Randomisation and blinding methods
Subjects were randomised using Registration and Medication Ordering System (RAMOS): an automated, IVRS which was used by the investigator or designee to register the subject, andomise the subject and receive medication assignment information. Following the run-in period, eligible subjects were randomised (1:1:1:1) to one of four double-blind treatments delivered by NDPI once daily in the morning for 52 weeks (FF/VI 50/25, FF/VI 100/25, FF/VI 200/25, or VI 25). Randomisation was stratified by smoking status. It was a double-blind study; Neither the subject nor the investigator knew which study medication the subject was receiving.
Analysis populations
The ITT population was the population of primary interest for all efficacy and safety endpoints. The Per Protocol (PP) population was used for confirmatory analyses of the primary efficacy endpoint only. The PP Population comprised 95% (1545 subjects) of the ITT Population.
Sample size
The annual rate of moderate and severe exacerbations in the VI treatment arm was assumed to be 1.4 based on estimates of 1.40 to 1.59 from the salmeterol arms of the FP/SAL combination studies [Kardos, 2007; [Ferguson, 2008]. A study with 390 evaluable subjects per arm had 90% power to detect a 25% reduction in the annual rate of moderate and severe exacerbations on a FF/VI combination arm compared with the VI-alone arm. Calculations were based on a Negative Binomial regression and used a two-sided 5% significance level. No adjustments in the type I error for multiplicity were made due to the step-down testing procedure employed.
Statistical methods
The primary analysis of the primary efficacy endpoint of the annual rate of moderate and severe exacerbations[footnoteRef:21] was performed on the ITT population using a generalized linear model, assuming the Negative Binomial distribution. The response variable was the number of recorded, on-treatment, moderate and severe exacerbations experienced per subject. The explanatory variables were treatment group, smoking status at screening (stratification variable), baseline disease severity (as percentage predicted FEV1) and center grouping. The model also included the logarithm of time on treatment per subject (derived from exposure start and stop) as an offset variable. A supportive analysis was also performed on the ITT population whereby the number of moderate/severe exacerbations was analysed using a Poisson regression model with deviance over-dispersion correction. Both the negative binomial and Poisson analyses were repeated for the PP Population. In order to account for multiplicity across treatment comparisons and key endpoints, a stepdown testing procedure was applied whereby inference for the primary efficacy endpoint for the FF/VI 100/25 combination dose versus VI 25 was dependent upon statistical significance at the 5% level having first been achieved for the primary efficacy endpoints for the FF/VI 200/25 versus VI. For a given FF/VI combination dose, the secondary endpoints were nested under the primary endpoint. Hence, in order to make inferences on the secondary endpoints at a given strength, statistical significance at the 5% level had to have been demonstrated for the primary efficacy endpoint for that combination strength. [21:  The least squares (LS) mean exacerbation rates per year, pair-wise treatment ratios for each FF/VI strength against VI alone, and associated p-values and 95% confidence limits were presented. Percentage reduction in exacerbation rates per year and associated 95% confidence intervals (CIs) were also presented.] 

Participant flow
Of the 2631 subjects who were screened, 1622 subjects were randomised and received at least 1 dose (and were thus included in the intent-to-treat [ITT] population). Of these 1622, 1222 (75%) of subjects completed the study and 400 (25%) of subjects were prematurely withdrawn. The most common primary reason for premature withdrawal was AEs (5-8%) and withdrew consent (4-8%) with similar incidence in different treatment groups. Overall, 42 subjects (3%) withdrew for a primary reason of lack of efficacy with a sub-reason of exacerbation with the highest incidence in the VI and FF/VI 200/25 groups (4%, 2%, <1% and 3% in the VI 25 group, FF/VI 50/25, FF/VI 100/and FF/VI 200/25 groups, respectively).
Major protocol violations/deviations
Overall, a total of 269 (17%) subjects had protocol deviations with 77subjects (5%) having full deviations (that is, excluded from the PP Population) that were most commonly due to a <80% or >120% compliance with the double-blind study medication, failed inclusion, exclusion, or randomisation criteria, or due to taking prohibited medications prior to or at the start of the treatment period. Three subjects (<1%) were excluded from the PP Population due to a moderate or severe COPD exacerbation or pneumonia during the run-in period immediately prior to randomization. For 199 subjects (12%) partial deviations were reported (that is, subjects were considered part of the PP Population but from the date of their deviation onwards, their data were excluded from the PP Population analysis). These deviations were most commonly due to a use of protocol-defined prohibited medication during the treatment period for a duration of time that could potentially have affected the primary endpoint. The incidence of full and partial protocol deviations was similar across the treatment groups.
Baseline data
Majority of the subjects were White (82%), males (59%), former smokers (61%, 39% current smokers) and had a COPD diagnosis for between 1 and <10 years (≥1 and <5 years: 37%; ≥5 and <10 years: 31%); the mean age was 63.6 years (40-90years) and the mean body mass index (BMI) of 26.69 kg/m2 suggesting that subjects tended to be overweight. The study population overall had moderate to severely impaired pulmonary function with mean percentage predicted post-bronchodilator FEV1 of 45.2% (range 12 to 73%) and a mean post-bronchodilator FEV1/FVC ratio of 45.6% (range: 19 to 81%). The demographic and baseline disease characteristics were similar across the treatment groups. Overall, 95% of the ITT population had taken at least one COPD medication pre-run-in, up to 3 months prior to the start of the study and majority of these subjects had taken inhaled corticosteroids (68%), short-acting beta2 agonists (64%) and long-acting beta2 agonists (63%). During the run-in period of the study, 35% of subjects took COPD concomitant medications in addition to their study supplied salbutamol/albuterol rescue medication and run-in FP/SAL; the most common medications included short-acting anticholinergics (26%; all of which contained ipratropium) and short-acting beta2 agonists (7%; most commonly salbutamol, 6%). During the treatment period, of the subjects taking concomitant medications for a moderate exacerbation (40% of all ITT subjects), the majority took an antibiotic and/or a systemic corticosteroid (36% and 32% of all ITT subjects, respectively. Mean on-treatment compliance was high during the treatment phase (≥98.0% in each treatment group) and at least 72% of subjects in any treatment group were ≥95 to ≤105% compliant.
The incidence of COPD medications taken post-treatment (total 52% of subjects) was similar across the treatment groups; inhaled corticosteroids (27%); short-acting anticholinergics (26%; all of which contained ipratropium) and long-acting beta2 agonists (25%) and short-acting beta2 agonists (25%) were used most commonly.
Results for the primary efficacy outcome
Compared with VI 25, statistically significant reductions in rate of moderate/severe COPD exacerbation was observed only with FF/VI 100/25 µg (34%, p<0.001) but not with 50/25 µg (13%, p=0.181) or 200/25 µg (15%, p=0.109). A Poisson analysis of moderate and severe exacerbations (using the ITT population) confirmed the results of the negative binomial analysis above, showing a numerical reduction in the annual rate of exacerbations with an 12% (p=0.148), 31% (p<0.001) and 14% (p=0.116) reduction for FF/VI 50/25, 100/25 and 200/25, respectively. The number of subjects with one or more exacerbations was lowest for the FF/VI 100/25 and 200/25 groups (161 [40%] and 178 [44%], respectively) followed by FF/VI 50/25 and VI 25 (190 [47%] and 203 [50%], respectively).
Comments: As statistical significance was not achieved for the comparison of FF/VI 200/25 versus VI 25 for the primary efficacy endpoint, the statistically significant reduction observed with FF/VI 100/25 can only be inferential and does not provide conclusive evidence for reduction of exacerbation with FF/VI in COPD patients.
Results for other efficacy outcomes
Secondary endpoints:
Time to first moderate or severe exacerbation showed that the FF/VI groups numerically lowered the risk versus VI 25 with the highest improvement in the FF/VI 100/25 group (28% risk reduction [p=0.002]); the risk reduction versus VI 25 was 8% (p=0.430) in the FF/VI 50/25 group and 15% (p=0.114) in the FF/VI 200/25 group (Figure 11).
Figure 11. Kaplan-Meier Plot of time to first moderate or severe exacerbation (ITT population
[image: ]
Compared with the VI 25 group, the annual rate of exacerbations requiring systemic or oral corticosteroids over the 52-week treatment period showed statistically significant reductions in the FF/VI 100/25 (38% reduction, p<0.001), but not in the FF/VI 50/25 (16%, p=0.125) or 200/25 (19%, p=0.064) groups. The number of subjects with one or more exacerbations was lowest for the FF/VI 100/25 group (31%) compared with the VI 25 group (43%), FF/VI 50/25 (38%), FF/VI200/25 )37%) groups. The proportion of exacerbation severities (mild, moderate, and severe) was similar across the treatments with the majority of the exacerbations (82 to 86%) reported as moderate.
During the 4 week run-in period during which all subjects received open-label FP/SAL, lung function (as measured by FEV1 values) improved from screening (pre bronchodilator FEV1 was 1.120 L in the VI 25 group and ranged from 1.141 L to 1.159 L in the FF/VI groups) to baseline (FEV1 was 1.204 L in the VI 25 group and ranged from 1.217 L to 1.234 L in the FF/VI groups). At Week 52, continued numerical improvements were seen when comparing the FF/VI strengths versus VI 25 in LS mean through FEV1: FF/VI 50/25: 41 mL (p=0.011); FF/VI 100/25: 58 mL (p<0.001); FF/VI 200/25: 64 mL (p<0.001).
Other efficacy endpoints
Compared with VI 25, treatment with FF/VI at all strengths provided a numeric improvement in the LS mean annual rate of severe exacerbations, with 28% (p=0.259), 28% (p<0.254), and 21% (p=0.422) reductions for FF/VI 50/25, 100/25 and 200/25, respectively. Consistent with the primary endpoint, only FF/VI 100/25 provided statistically significant reduction in the annual rate of all on-treatment exacerbations (mild, moderate and severe) compared with VI25 (32% reduction, p<0.001), but not FF/VI50/25 (14%,p=0.130) or FF/VI 200/25 (1%; p=0.904). Overall, the most common primary causes of exacerbations were upper respiratory infection (21% in the VI 25 group and 17 to 23% in the FF/VI groups, respectively) and cause of unknown etiology (21% in the VI 25 group and 20 to 22% in the FF/VI groups, respectively). One subject each in the VI 25 and FF/VI 100/25 groups, two subjects in the FF/VI 50/25 group, and eight subjects in the FF/VI 200/25 group had a fatal on-treatment exacerbation, all but one of which were recorded as severe exacerbations (one subject in the FF VI 50/25 group had a moderate exacerbation recorded as fatal and a fatal SAE of myocardial infarction)). Fatal on-treatment pneumonia was also reported for six of these eight subjects in the FF/VI 200/25 group.
The total number of moderate and severe exacerbations during the 1 week follow-up period was similar across the treatment groups during this period (three subjects in the VI 25 group and three to four subjects in the FF/VI groups). One fatal exacerbation (<1%) was reported, in the FF/VI 50/25 group.
Across the 52 week treatment period, FF/VI 100/25 (range 36 to 63 mL, p≤0.009 at all timepoints) and FF/VI 200/25 (range 26 to 71 mL, p≤0.055 at all timepoints) consistently provided the greatest numerical improvement in LS mean change from baseline in through FEV1 versus VI 25. FF/VI 50/25 showed improvements in LS mean change from baseline in through FEV1 versus VI 25 in the range of 4 to 40 mL (p-values in the range of 0.007 to 0.754).
All FF/VI strengths also showed small numerical improvements in COPD symptoms compared with VI 25 as measured by the LS mean number of occasions of rescue albuterol/salbutamol use and the LS mean dyspnea score. Patients treated with FF/VI 100/25 also showed improvements compared with VI 25 in the LS mean number of night-time awakenings due to symptoms of COPD. There was no clear difference between the treatment groups in healthcare utilization for any type of exacerbation.
Comments: Interpretation of results from this study was limited due to failure to demonstrate superiority of FF/VI 200/25 over VI 25 in reducing moderate to severe exacerbations, Although all 3 FF/VI groups (200/25, 100/25 and 50/25) showed numerical improvements over VI25 for the primary and key secondary efficacy endpoints. However, the proposed dose of FF/VI 100/25 did show significant improvements in both primary and secondary endpoints.
Across the treatment groups, few subjects suffered severe exacerbations (30 to 32 subjects per arm, 7 to 8%); the low incidence of severe exacerbations limited interpretation of annual severe exacerbation rates and time to first severe exacerbation.
When examining the percentage reduction of the annual rate of mild, moderate and severe exacerbations versus VI 25, the greatest numerical improvement was noted in the FF/VI 100/25 group (32% reduction [p<0.001]). The percentage reduction versus VI 25 was 14% (p=0.130) for FF/VI 50/25 and no reduction was noted for FF/VI 200/25 (1%; p=0.904). The lack of reduction in the FF/VI 200/25 group was driven by a higher proportion of exacerbations that were mild in this group (30%) compared with the other groups (18% in the VI 25 group, and 19% and 22% in the FF/VI 50/25 and 100/25 groups).
Consistent with the primary endpoint of the annual rate of moderate and severe exacerbations, the greatest numerical improvement in lowering the risk versus VI 25 in the time to onset of multiple moderate and severe on treatment exacerbations was noted in the FF/VI 100/25 group (risk reduction of 32% [p<0.001]). The risk reduction versus VI 25 was 13% (p=0.165) for FF/VI 50/25 and 14% (p=0.129) for FF/VI 200/25.
[bookmark: _Toc348005746]Study HZC102970
This Phase III study was conducted from 25 September 2009 to 17 October 2011 at 183 centres in 15 countries (USA, Denmark, Germany, Italy, Netherlands, Spain, Sweden, UK, Argentina, Chile, Mexico, Peru, Australia, Canada, South Africa). It was identical to Study HZC102871 described above in terms of study design, inclusion/ exclusion criteria, study treatment efficacy endpoints, statistical methods.
Participant flow
Of the 2635 subjects who were screened, 1633 were included in the ITT population. Overall, 73% of the subjects completed the study and the most common reason for premature withdrawal was AEs (122 subjects, 7%) and Withdrew consent (102 subjects, 6%) with similar incidence across treatment groups. Overall, 44 subjects (3%) withdrew for lack of efficacy due to an exacerbation with higher incidence in the VI 25 group (20 subjects, 5%) compared with the FF/VI groups (7 to 9 subjects, 2%).
Major protocol violations/deviations
Overall, a total of 327 (20%) subjects had protocol deviations that could potentially have affected interpretation of the primary efficacy results; 95 subjects (6%) had full deviations (that is, excluded from the PP Population) that were most commonly due to a <80% or >120% compliance with the double blind study medication or due to taking prohibited medications prior to or at the start of the treatment period. The PP Population comprised 94% (1538 subjects) of the ITT Population. For 243 subjects (15%) partial deviations were reported and the most common deviations were due to use of protocol-defined prohibited medication during the treatment period for a duration of time that could potentially have affected the primary endpoint. The incidence of full and partial protocol deviations was similar across the treatment groups.
Baseline data
Majority of the subjects were White (88%), male (56%) with COPD diagnosis of 1 to 10years (≥1 and <5 years: 33%; ≥5 and <10 years: 32%) and were former smokers (55%; 45% were current smokers). The mean age was 63.7 years and the mean body mass index (BMI) of 27.05 kg/m2 suggesting that the subjects tended to be overweight. The study population overall had moderate to severely impaired pulmonary function with mean percentage predicted post-bronchodilator FEV1 of 45.7% (range 13% to 91%) and a mean post-bronchodilator FEV1/FVC ratio of 45.5% (range 17% to 72%). The demographic and baseline disease characteristics were similar across the treatment groups. Overall, 96% of the ITT population had taken at least one COPD medication pre-run-in with the majority having taken ICS (74%), short-acting beta2 agonists (69%) and long-acting beta2 agonists (69%). During the run-in period of the study, 39% of subjects took COPD concomitant medications in addition to their study supplied salbutamol/albuterol rescue medication and run-in FP/SAL; short-acting anticholinergics (27%- all ipratropium) and short-acting beta2 agonists (10%- mostly salbutamol) were used most commonly. During the treatment period, of the subjects taking concomitant medications for a moderate exacerbation (41% of all ITT subjects) the majority took an antibiotic and/or a systemic corticosteroid (37% and 31% of all ITT subjects, respectively). The incidence of COPD medications taken during follow-up (total 57% of subjects) was similar across the treatment groups. The majority of subjects (28%) took LABAs as COPD medication; other medications most commonly taken included ICS and short-acting anticholinergics (all of which contained ipratropium) (27%) and short-acting beta2 agonists (25%). Mean on-treatment compliance was high during the treatment phase (≥98.00% in each treatment group). At least 69% of subjects in any treatment group were ≥95 to ≤105% compliant.
Results for the primary efficacy outcome
For the primary analysis (ITT population using a negative binomial model) of the primary endpoint, compared with VI 25, treatment with FF/VI at all strengths provided a statistically significant improvement in the Least Squares (LS) mean annual rate of moderate and severe exacerbations, with a 19% (p=0.040), 21% (p=0.024) and 31% (p<0.001) reduction for FF/VI 50/25, 100/25 and 200/25, respectively. This was confirmed in the Poisson analysis of moderate and severe exacerbations (using the ITT population) which also showed a statistically significant reduction in the annual rate of exacerbations with an 18% (p=0.037), 19% (p=0.023) and 28% (p<0.001) reduction for FF/VI 50/25, 100/25 and 200/25, respectively. The number of subjects with one or more exacerbations was lowest for the FF/VI 100/25 and 200/25 groups (177 [44%] and 160 [39%], respectively) followed by VI 25 and FF/VI 50/25 (197 and 198, respectively, 48% each). The majority of moderate/severe exacerbations (90% in the VI 25 group and 87 to 90% in the FF/VI groups) were moderate in intensity.
Results for other efficacy outcomes
Secondary endpoints
Compared with VI 25, FF/VI 100/25 and 200/25 statistically significantly lowered the risk for time to first moderate/severe exacerbation (p=0.036 and p<0.001, respectively; hazard ratio of 0.80 and 0.66, respectively, corresponding to a risk reduction of 20% and 34%, respectively) but not for FF/VI 50/25 (13%, p=0.177).
Over the 52 week treatment period, the annual rate of exacerbations requiring systemic or oral corticosteroids showed statistically significant reductions compared with VI25 for FF/VI 100/25 (23%, p=0.041) and FF/VI 200/25 (35%, p<0.001), but not for FF/VI 50/25 (16%, p=0.154). The number of subjects with one or more exacerbations was lowest for the FF/VI 100/25 and 200/25 groups (136 [34%] and 125 [31%] respectively) compared with the FF/VI 50/25 and VI 25 groups (163 [40%] and 160 [39%]). The proportion of exacerbation severities (mild, moderate and severe) was similar across the treatments and majority of the exacerbations (83 to 88%) were reported as moderate.
Pair-wise comparisons for each strength of FF/VI compared with VI demonstrated that, at the end of the 52 week treatment period, there was no statistically significant difference between FF/VI 100/25 or 200/25 versus VI 25 in LS mean through FEV1 (24 mL [p=0.143] and 26 mL [p=0.115], respectively) Treatment with FF/VI 50/25 versus VI 25 showed a numerical improvement of 34 mL (p=0.034).
Other efficacy endpoints
The lowest mean annual rate of severe exacerbations was reported for the VI 25 group (0.13), with mean rates of 0.22, 0.17 and 0.18 for the FF/VI 50/25, 100/25 and 200/25 groups, respectively. Consistent with the primary endpoint, FF/VI 50/25, 100/25 and 200/25 provided numerical improvements in the annual rate of all on-treatment exacerbations (mild, moderate and severe), with a reduction in the annual rate of 15% [p=0.094], 19% [p=0.034] and 31% [p<0.001] versus VI 25, respectively. The incidence of subjects with one or more exacerbations was similar in the VI (54%) and three FF/VI treatment groups (47% to 53%). The proportion of exacerbations which were mild, moderate and severe was similar across the treatments with the majority of exacerbations (63 to 68%) being moderate, 25% to 28% being mild, and 7% to 10% being severe. Fatal on-treatment exacerbations were reported for 4 subjects (2 in VI25 group and 1 each in FF/VI 50/25 and FF/VI 100/25 groups). The number of subjects with one or more moderate exacerbations during the treatment period was lowest for the FF/VI 200/25 group (46%, 44%, 39% and 37% in the VI 25, FF/VI 50/25, 100/25 and 200/25 groups, respectively) and very few moderate exacerbations led to withdrawal, with most withdrawals reported for VI 25 group (4%, 2%, 2% and 2%, respectively). The mean duration of a moderate exacerbation was 13.5 days in the VI 25 arm and 13.6 to 14.5 days in the FF/VI arms. Overall, >98% of all moderate exacerbations in each treatment group had resolved by the end of the study. The number of subjects with one or more severe exacerbations during the treatment period was low across the treatment groups (7%, 7%, 9% and 6%, respectively) and most of these severe exacerbations (≥97%) led to hospitalisation.
Consistent with the primary endpoint of the annual rate of moderate and severe exacerbations, both FF/VI 100/25 and 200/25 provided numerical reductions in the risk versus VI 25 for the time to onset of multiple moderate and severe on treatment exacerbations (risk reductions of 20% [p=0.035] and 28% [p=0.004], respectively). There was an 18% risk reduction [p=0.052] for FF/VI 50/25 versus VI 25.
Additional efficacy data showed that FF/VI at all strengths versus VI 25 improved COPD symptoms as measured by the LS mean number of night-time awakenings due to symptoms of COPD and the LS mean number of occasions of rescue albuterol/salbutamol use. FF/VI 100/25 and 200/25 also showed improvements compared with VI 25 in the LS mean dyspnoea score, mean percentage of 24 h with increased sputum production or increased green yellow sputum production.
Comments: In this study, superiority of FF/VI 200/25 over VI 25 in reducing moderate to severe exacerbations was confirmed and so results of significant reductions with proposed dose of FF/VI 100/25 µg were statistically valid.
[bookmark: _Toc348005747]Other efficacy studies
[bookmark: _Toc348005748]12 week studies comparing FF/VI with FP/salmeterol
HZC113107 was a multi-center, randomised, stratified (reversibility to salbutamol), double-blind, double-dummy, 12-week parallel group study to evaluate the efficacy and safety of treatment with FF/VI 100/25 OD (in the morning) versus FP/salmeterol 500/50 BD on lung function in 528 subjects with COPD. The study was conducted from 9 Feb 2011 to 19 Oct 2011 at 61 centres in 9 countries (Belgium, France, Germany, Italy, Philippines, Poland Russia, Spain and Ukraine). Demographics and baseline disease characteristics were generally comparable across the treatment groups, with exception of slightly greater percentage of current smokers in the FF/VI group (47%) compared to the FP/salmeterol (37%) group. Majority of subjects were White (81%), male (82%), mean duration of COPD >1 and <10 years and the mean age of the ITT population was 63 years (39 to 84years). During the on-treatment period, 25% and 27% of subjects in the FF/VI 100/25 OD and the salmeterol/FP 50/500 BD treatment groups, respectively, used COPD concomitant medications (ipratropium used most commonly: 11% versus 12%). Majority of subjects (>90%) in both treatment groups were ≥90% compliant to their assigned treatment regimen.
The study was unable to demonstrate a statistically significant improvement for the primary endpoint[footnoteRef:22], change from baseline through in 24 h weighted mean FEV1 on Treatment Day 84, for the FF/VI 100/25 OD treatment group compared with the FP/salmeterol 500/50 BD treatment group (diff=0.022 L, 95% CI: -0.018, 0.063, p=0.282). The PP[footnoteRef:23] analysis showed similar results. [22:  The primary analysis used an analysis of covariance (ANCOVA) model. Covariates included baseline FEV1, reversibility stratum, smoking status (at Screening) and treatment. The sample size in this study had 90%power to detect a difference between FF/VI and salmeterol/FP of 60 mL in weighted mean FEV1 at Week 12, assuming a standard deviation of 190 mL and a 2-sided, 5% significance level.]  [23:  The PP Population comprised 89% (468 subjects) of the ITT Population, with 60 subjects in the ITT Population having protocol deviations. ] 

Secondary endpoints were nested under the primary endpoint and because statistical significance was not demonstrated for the primary endpoint, strict statistical inferences could not be made for the secondary and other endpoints. No difference was found between the treatment groups for the median time to onset on Treatment Day 1 (16 and 28 minutes post-dosing for the FF/VI 100/25 OD and FP/salmeterol 500/50 BD treatment groups, respectively) or in the proportion of patients achieved their first increase of ≥100 mL from baseline in FEV1within the 5 minute to 4 h post dose time points (80% and 78%, respectively). Change from baseline in through FEV1 on Treatment Day 85 (24 h assessment at Visit 5) also failed to show significant difference (111 mL and 88 mL, respectively).
Although, there was a clinically meaningful (change of ≥4 points) mean improvement in SGRQ-C Total Score after 12 weeks of treatment for the FF/VI 100/25 OD treatment group (LS mean ‑4.78 versus -3.29 for FP/salmeterol), there was no statistical difference between the treatment groups; 47% and 41% of subjects were classed as responders[footnoteRef:24] in the FF/VI 100/25 OD and salmeterol/FP 50/500 BD treatment groups, respectively. There was a nominal statistical difference in favour of the FP/salmeterol 500/50 BD treatment group, compared with the FF/VI 100/25 OD treatment group, in the percentage of responders for the anxiety/depression dimension of the EuroQol Questionnaire (EQ-5D) at Visit 5 (p=0.049) with no statistical differences between the 2 treatment groups for the other dimensions of EQ-5D.There were no differences seen between the 2 treatment groups for supplemental salbutamol use, IC, serial FVC and weighted mean FVC. From a health resource utilisation perspective, there were very few instances of unscheduled contact due to an exacerbation (3 and 1 cases in the FF/VI 100/25 OD and salmeterol/FP 50/500 BD treatment groups, respectively). No unscheduled home, ICU or office visits were reported. [24:  Subjects were classified as a responder at Week 12 if they had an improvement from baseline of 4 points or more (a minimal clinically important difference) for the SGRQ-C total score.] 

Comments: Both FF/VI 100/25 OD and FP/ salmeterol 500/50 BD demonstrated improvements from baseline in lung function in subjects with COPD. However, the difference between treatments was neither statistically significant nor clinically meaningful. One of the limitations of this study was that it was designed as a superiority study and not a non-inferiority study which would have been more appropriate.
Study HZC113109 was identical in design to HZC113107 with the exception of the comparator being FP/salmeterol 250/50, and safety evaluation additionally included urine cortisol measurements. The study involved 519 patients with COPD and was conducted from 18 mar 2011 to 14 Dec 2011 at 51 centres in 6 countries (Czech Republic, Germany, Romania, Russia, Poland and US). Baseline demographics and disease characteristics were generally comparable across the treatment groups. Majority of subjects were White (97%), male (64%), mean duration of COPD >1 and <10 years and the mean age of the ITT population was 63 years (39‑84 years). During the on-treatment period, 17% and 14% of subjects in the FF/VI 100/25 OD and the FP/salmeterol 250/50 BD treatment groups, respectively, used COPD concomitant medications (ipratropium, 9% in each treatment group was used most commonly).
This study demonstrated a statistically significant improvement for the primary endpoint[footnoteRef:25], change from baseline through in 24 h WM FEV1 on Treatment Day 84, between the FF/VI 100/25 OD treatment group and the FP/salmeterol 250/50 BD treatment group (diff=0.08 L; 95% CI: 0.037, 0.124, p<0.001). No PP sensitivity analysis was performed as 95% of the ITT Population was included in the PP Population. [25:  The primary analysis used an analysis of covariance (ANCOVA) model. Covariates included baseline FEV1, reversibility stratum, smoking status (at screening), country and treatment.90% power to detect a difference between a FF/VI inhalation powder dose and FP/salmeterol inhalation powder of 60 mL in weighted-mean FEV1 at Week 12, assuming a standard deviation (SD) of 190 mL and a 2-sided, 5% significance level.] 

A statistically significant difference was found between the treatment groups for the secondary efficacy parameter of median time to onset on Treatment Day 1 (15 and 30 minutes post dose for the FF/VI 100/25 OD and FP/salmeterol 250/50 BD treatment groups, respectively, p=0.012). Overall, 79% and 76% of subjects in the FF/VI 100/25 OD and FP/salmeterol 250/50 BD treatment groups, respectively, achieved their first increase of ≥100 mL from baseline in FEV1 within the 5 minute to 4 h post dose timepoints.
The LS mean change from baseline through in 24 h weighted-mean FVC on Treatment Day 84 was also statistically significant greater in the FF/VI 100/25 OD group compared with the FP/salmeterol 250/50 BD treatment group (152 mL versus 59 mL, p=0.003). There was no statistical improvement in the FF/VI 100/25 OD treatment group compared with the FP/salmeterol 250/50 BD treatment group for pre-dose IC. There were no differences seen between the two treatment groups for supplemental use of albuterol (salbutamol) and supplemental albuterol (salbutamol) rescue-free days. No QOL measurements were done in this study.
Comments: The current study demonstrated a statistically significant improvement for the primary endpoint, change from baseline through in 24 h weighted-mean FEV1 and also showed significantly faster onset of action for the FF/VI 100/25 group compared with FP/salmeterol 250/50. However, there was no difference in % of responders with >100 mL increase in FEV1 over first 4 h post dose (79% and 76%, respectively) or in supplemental use of albuterol and pre-dose IC.
Study HZC112352 was identical in design to study HZC113109. The study was conducted from 18 March 2011 to 26 January 2012 at 48 centres in 5 countries (Ukraine, South Africa, Spain, Italy, and US). A total of 511 subjects were randomised and included in the ITT Population. Baseline demographics and disease characteristics were generally comparable across the treatment groups. Majority of subjects were White (94%), male (68%), current smokers (47-52%) with duration of COPD <10 years (64%).The mean age was 62 years (41-87 years) and mean BMI of 27.5 kg/m2. During the treatment period, 9% and 7% of subjects in the FF/VI 100/25 OD and the FP/salmeterol 250/50 BD treatment groups, respectively, used COPD concomitant Medications (ipratropium most common: 5% versus 3%). Mean overall compliance to randomised treatment was high during the study with majority of subjects (>90%) in both treatment groups were ≥90% compliant to their treatment regimen.
The study was unable to demonstrate a statistically significant improvement for the primary endpoint, change from baseline through in 24 h WM FEV1 on Treatment Day 84, for the FF/VI 100/25 OD treatment group compared with the FP/salmeterol 250/50 BD treatment group (diff=0.029; 95% CI:-0.022, 0.080, p=0.267;). No PP sensitivity analysis was performed as the PP Population[footnoteRef:26] constituted 94% of the ITT Population. [26:  Overall, 33 subjects (6%) had at least 1 protocol deviation during the study, which resulted in their exclusion from the PP Population (FF/VI vs FP/salmeterol BD: 8% versus 5%) and most common reason for exclusion was due to exacerbation (4% versus 2%).] 

The secondary endpoint was nested under the primary endpoint; therefore, as statistical significance was not demonstrated for the primary endpoint, strict statistical inferences could not be made for the secondary and other endpoints. No differences were found between the treatment groups for the secondary efficacy parameter of median time to onset on Treatment Day 1 (16 and 30 minutes post-dosing for the FF/VI 100/25 OD and FP/salmeterol 250/50 BD treatment groups, respectively; p=0.526). Overall, 76% and 77% of subjects in the FF/VI 100/25 OD and FP/salmeterol 250/50 BD treatment groups, respectively, achieved their first increase of ≥100 mL from baseline in FEV1within the 5 minute to 4 h post dose timepoints. The other efficacy endpoints of pre-dose IC and supplemental salbutamol use/ rescue-free days were similar between the treatment groups.
Comments: Results of this study were not consistent with study 109 above with no statistically significant difference for the primary or secondary endpoints between FF/VI 100/25 and FP/salmeterol 250/50 groups.
[bookmark: _Toc348005749]Other supportive studies
Study HZC110946 was a Phase III, multi-center, randomised, double-blind, placebo-controlled, three-way incomplete block crossover[footnoteRef:27] study to evaluate the effects of once-daily in the morning treatment for 28 days with FF/VI (50/25, 100/25, 200/25 µg) and placebo on lung function in 54 patients with COPD (66% had duration of 1 to 10 years). Using an incomplete block cross-over design (with all subjects receiving placebo and 2 of 3 strengths of FF/VI), it was estimated that a total of 27 subjects with evaluable data from all three periods would provide 90% power to detect a difference of 130 mL between an FF/VI dose and placebo in 0 to 24h weighted mean FEV1 at the two-sided 5% significance level (assuming SD of 123 mL). Majority of the subjects were White (89%), female (54%), current smokers (76-87%) with duration of COPD of 1 to 10 years (66%); the mean age was 57.9 years (44-82 years)and mean BMI was 28.03 kg/m2. [27:  2-week run-in period during which all subjects received placebo to establish a stable baseline, subjects were randomised to receive 2 of the 3 strengths of FF/VI and placebo delivered via an Investigational Product Inhaler. Following the first treatment period, subjects had a 2-week washout period and then received one of the other two regimens for 28 days. Following another 2-week washout, subjects received the final of the 3 regimens for 28 days.] 

The primary analysis was pair-wise comparisons of each of the three FF/VI strengths with placebo for weighted mean serial FEV1 (0 to 24 h) at the end of each treatment period and demonstrated statistically significant increases in FEV1 for FF/VI with LS mean treatment differences of 220 to 236 mL compared with placebo (all p<0.001). For the secondary endpoint of 0 to 25 h serial FEV1, there were increases in the LS mean of 147 to 301 mL (all p<0.001) at each time point compared with placebo (Figure 12). Analysis of peak FEV1 0 to 4 h post dose on Day 28 showed a greater than 200 mL increase in FEV1 compared with placebo for all three FF/VI strengths (all p<0.001).
Figure 12. Change from period baseline in serial FEV1 (0-25 h) over period Days 28 and 29 (ITT population). Treatment differences from placebo.
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Comments: Serial (0 to 24 h) and through measures of FEV1 in this study demonstrated that treatment with FF/VI for 28 days markedly improved lung function overall (weighted mean) and at each time point measured over a 0 to 24 h profile. There was no suggestion of a FF-related dose-response effect for any of the lung function parameters. This was not unexpected over a 4-week treatment period where all strengths of the FF/VI combination contained the same dose of VI. Population dose-response analyses of 0 to 24 h weighted mean FEV1 and through FEV1 at the end of treatment and PD modeling of the time course of FEV1 were not conducted.
[bookmark: _Toc348005750]Analyses performed across trials (pooled analyses and meta-analyses)
Integrated efficacy results were done with pooling of data from the 2 pivotal 24 week studies (HZC112206 and HZC112207) and the 2 pivotal 52-week studies (HZC102671 and HZC102970).
[bookmark: _Toc348005751]24 week studies HZC112206 and HZC112207
In the integrated dataset, the majority of the 2254 COPD subjects (73%) completed the studies; withdrawals were highest in the placebo group (31%), followed by the FF/VI 50/25 (29%), FF/VI 100/25 (28%), FF 100 (27%) and VI25 (26%) groups. The most common primary reason for premature withdrawal was AEs with similar incidence in the FF/VI groups (8% to 9%), the placebo (8%) and the monotherapy FF 100, FF 200 and VI 25 groups (7% -10%. Lack of efficacy as a reason for withdrawal was slightly higher in the placebo group (8%) than the active treatment groups (3% to 6%) and the majority of the premature withdrawals from lack of efficacy were due to COPD exacerbation. Majority of the patients were male (70%), White (89%), current smokers (54%) with irreversible COPD (73%) and mean COPD duration of 1 to 10 years (69%). Overall, 59% of the subjects were <64years, 41% >64 and 22% >70 years) and patients had moderate to very severely impaired airflow obstruction [mean percentage predicted post-bronchodilator FEV1 of 48.1% (range of 14-87%) and mean post-bronchodilator FEV1/FVC ratio of 47.2% (range of 17-88%)].Overall, baseline demographics and disease characteristics were similar across treatment groups with exception of imbalance across the treatment groups in baseline FEV1 with lowest value in the FF/VI 50/25 group (1.195 L) compared with the highest mean value of 1.317 L recorded for the FF200 group.
Results for the integrated analyses for these two studies were consistent with the results for the individual studies for the co-primary endpoints of weighted mean FEV1 (0 to 4 h post dose) at the end of the 6 month treatment period (Table 18) and change from baseline in trough FEV1 after 6 months treatment (Table 19).
Table 18. Statistical analysis of 0 to 4 h weighted mean FEV1 (L) at day 168 (ITT population). Integrated study results: HZC112206 and HZC112207
[image: ]
Table 19. Statistical analysis of trough FEV1 (L) (ITT population). Integrated study results: HZC112206 and HZC112207
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FF/VI (50/25, 100/25 and 200/25) and VI 25 treatment groups demonstrated clinically meaningful and statistically significant improvements in weighted mean FEV1 0 to 4 h post dose compared with the placebo group;
FF/VI 100/25 and 200/25 groups demonstrated clinically meaningful and statistically significant improvements in weighted mean FEV1 0 to 4 h postdose compared with the respective FF group, demonstrating the relative contribution of VI on lung function;
Although not designated as primary comparisons, the FF/VI 50/25 and 100/25 groups demonstrated improvements in weighted mean FEV1 0 to 4 h post dose compared with the VI 25 group (p<0.05), providing evidence of an effect of FF on lung function, albeit small; the p-value for the difference between the FF/VI 200/25 and VI 25 groups was 0.052.
There was no evidence of a dose response between the FF/VI 50/25, 100/25 and 200/25 groups.
All three FF/VI combination groups and the VI 25 group demonstrated statistically significant improvements in the LS mean change from baseline through FEV1 compared with the placebo group. The improvements were generally similar across the FF/VI 50/25, FF/VI 100/25 and FF/VI 200/25 groups, 138 mL 129 mL and 119 mL, respectively.
Consistent with the HZC112206 results, the integrated analysis showed that the FF/VI 50/25 group demonstrated an improvement of 55 mL compared with the VI 25 group (p=0.020).
The FF/VI 100/25 group demonstrated an improvement of 46 mL compared with the VI 25 group (p=0.017), while the p-values for the improvement observed between the FF/VI 100/25 and VI 25 groups (45-48 mL) are 0.093 and 0.082, respectively, for the individual studies.
Consistent with the results of the HZC112207 results, the integrated analysis showed that the 36 mL increase for FF/VI 200/25 compared with VI 25 alone was not statistically significant (p=0.124).
Although not defined as a primary treatment comparison, the FF/VI 100/25 and FF/VI 200/25 groups also showed improvements of 91mL and 123 mL, respectively, compared with the respective FF alone group (p<0.001). There was no evidence of a dose-response relationship between any of the FF/VI groups.
Peak FEV1: Consistent with the results of the individual studies, the integrated analyses showed that compared with the placebo group, clinically meaningful differences in LS mean changes from baseline in peak FEV1 were higher for the three FF/VI groups and the VI 25 group. The differences from placebo were 137 mL (95% CI: 110, 163) to151 mL (95% CI: 110, 163) across the FF/VI groups and 143 mL (95% CI: 125, 177) for the VI 25 group (all p values <0.001). In addition, the integrated results showed that the LS mean changes from baseline in peak FEV1 were higher for the FF/VI 100/25 and FF/VI 200/25 groups compared with the respective FF groups (129 mL [95% CI: 109, 150] and 132 mL [95% CI: 103, 161], respectively; both p<0.001).
Time to onset: The integrated results were consistent with the results of the individual studies; 85% or more of the subjects in the FF/VI (50/25, 100 25 and 200/25) and VI 25 groups achieved their first increase of at least 100 mL or more from baseline in FEV1 within the 5-minute to 4-h post dose timepoints (with more than 40% of the subjects in each of these groups demonstrating an increase of at least 100 mL within 5 minutes of dosing) compared with about 53% in the placebo and FF 100 and FF 200 groups.
CRQ-SAS Dyspnea At Day 168, consistent with the results for the individual studies, the results of the integrated analysis showed differences in LS mean change from baseline CRQ-SAS – dyspnoea scores between the FF/VI 100/25 and placebo groups (0.27; 95% CI: 0.11, 0.43, p<0.001) and between the FF/VI 100/25 and FF 100 groups (0.30; 95% CI: 0.14, 0.46, p<0.001).
Unlike the individual studies, the integrated analysis also showed a difference in LS mean change from baseline between the FF/VI 50/25 and placebo groups (0.21; 95% CI: 0.01, 0.41, p=0.041) and between the FF/VI 100/25 and VI 25 groups (0.17; 95% CI: 0.01, 0.32, p=0.040); this was due to the increased sample size (and so reduced standard error mean [SEM]) for these comparisons in the integrated analysis as the magnitude of the effects were similar to the individual studies. Similar to results of the individual studies, none of the treatment comparisons achieved a minimally clinically important difference (>0.5 point improvement) in mean CRQ-SAS Dyspnoea Domain scores.
In both the HZC112206 and HZC112207 studies, over the entire 24 week treatment period the mean number of occasions of rescue medication use (occasions/24 h) was lower in the FF/VI and VI 25 groups compared with the placebo groups (p<0.001). In addition, in both studies, the mean number of occasions of rescue medication use was lower in the FF/VI 100/25 groups compared with the VI 25 groups (p≤0.012); whereas, there was no difference between the FF/VI 50/25 group and the VI 25 group (HZC112206) or between the FF/VI 200/25 group and the VI 25 group (HZC112207).
[bookmark: _Toc348005752]52 week studies HZC102671 and HZC102970
Of the 3255 patients in this pooled 52 week analysis, majority (74%) completed the study. Withdrawals were highest in the VI 25 group (29%) followed by 25% of subjects in each of the other treatment groups and the most common primary reason for premature withdrawal was AEs with similar incidence across groups (6%-8%). Lack of efficacy as a reason for withdrawal was slightly higher in the VI 25 group (7%) compared with the other treatment groups (3%-4%).Majority of the subjects were male (57%), White (85%), former smokers (56%) with irreversible COPD (70%) and mean COPD duration of 1 to 10 years (67%). Overall, 51% of the subjects were <64years (49% >64 and 27% >70 years). Overall, 10% of subjects in the HZC102871 study were Asian, compared with <1% of subjects in the HZC102970 study. There were no other disparities in any of the race categories between the two studies. The subjects in this integrated analysis showed similar baseline lung function parameters with all patients having moderate to severe airflow obstruction.
The pooled analysis demonstrated that all three strengths of FF/VI provided significantly (p≤0.014) greater reductions in the LS mean annual rate of moderate or severe COPD exacerbations compared with VI 25 treatment alone, with the FF/VI 100/25 group demonstrating the greatest reduction (27%; p<0.001). The percentage reduction in the FF/VI 50/25-treated group (16%; p=0.014) was less than that observed in the FF/VI 100/25-treated group and that there was no efficacy advantage of the FF/VI 200/25 strength over the 100/25 strength.
The pooled analysis demonstrated that subjects in the FF/VI groups demonstrated significantly greater improvements in through FEV1 at Week 52 compared with the VI 25 group, with differences ranging from 38 to 46 mL (p<0.001 for all comparisons) which was consistent with the results for the individual studies.
Time to first moderate or severe exacerbation was a secondary endpoint in the two, 1 year exacerbation studies (HZC102871 and HZC102970). The pooled analysis demonstrated that treatment with FF/VI 100/25 and FF/VI 200/25 significantly lowered the risk of the time to first moderate or severe COPD exacerbation compared with VI 25 treatment (risk reductions of 24 and 25%, respectively [both p<0.001]). Treatment with FF/VI 50/25 also lowered the risk of the time to first moderate or severe COPD exacerbation (risk reduction 11%) compared with treatment with VI 25 alone; however, again the difference was not significant (p=0.114). All three FF/VI treatments significantly decreased the annual rate of COPD exacerbations requiring systemic/oral corticosteroids compared with treatment with VI 25, with the greatest decrease observed in the FF/VI 100/25 group compared with the VI 25 group (30%; p<0.001). The percentage reduction with FF/VI 50/25 (compared with VI) was nearly half that observed with FF/VI 100/25 and there was no efficacy advantage of FF/VI 200/25 over the 100/25 strength.
[bookmark: _Ref347996225][bookmark: _Toc348005753]Efficacy in subpopulations
The population subgroups used for analysis are described separately for the 6 month studies (HZC112206 and HZC112207) and the 12 month studies (HZC102871 and HZC102970). For the 6 month lung-function studies (HZC112206/HZC112207), p-values for continuous covariate and categorical covariate interactions with treatment for 0 to 4 h weighted mean FEV1 and through FEV1 were analysed. For the 12 month exacerbation studies (HZC102871/HZC102970), continuous and categorical interactions for annual rate of moderate and severe exacerbations and through FEV1 were analysed.
Age: There was no evidence of a statistically significant interaction of treatment with age or age group for the primary treatment comparisons of FF/VI versus placebo, VI versus placebo, and FF/VI versus FF, efficacy was demonstrated in both of the age groups (<64 years and >65 years) for change from baseline in 0 to 4 h weighted mean FEV1 and through FEV1 (Although there was a larger treatment effect of the FF/VI 200/25 group relative to placebo or the monotherapy components in the ≥65 group compared to the ≤64 group). For HZC102871 and HZC102970, on-treatment moderate/severe COPD exacerbations did not show any evidence of a statistically significant interaction of treatment with age or age group; the magnitude of effect for all strengths of FF/VI versus VI was greater in subjects ≤64 years of age; however, the direction of treatment effect was the same in the ≥65 age group.
Gender: There was no evidence of a statistically significant interaction of treatment with gender for change in weighted mean FEV1 (0 to 4 h) at Day 168. In general, the magnitude of the effect observed for each strength of FF/VI versus placebo and VI versus placebo was larger in females than in males; however, for the primary treatment comparisons of FF/VI versus Placebo, VI versus placebo and FF/VI versus FF, efficacy was demonstrated in both genders. Similar results were observed for through FEV1 with exception that in the 52 week studies, the magnitude of effect on through FEV1 at week 52 was larger in males. Gender did not have any effect on the reduction of moderate/ severe exacerbations observed with FF/VI in the 52 week studies.
Race: Race did not have any significant effect on the efficacy of FF/VI. There was no evidence of a statistically significant interaction of treatment for White versus all other race groups for weighted mean FEV (0 to 4 h), through FEV1 and rate of moderate/ severe COPD exacerbations. However, the small numbers in the African American and American Indian subgroups precludes drawing any meaningful comparisons with these subgroups.
Smoking status: There was no evidence of a statistically significant interaction of treatment with smoking status (former smokers versus current smokers) for weighted mean FEV1 0 to 4 h, through FEV1 or rate of annual moderate/ severe COPD exacerbations. However, a larger magnitude of effect was observed for all strengths of FF/VI compared with VI in former smokers than in current smokers.
Geographic region: There was no evidence of a statistically significant interaction of treatment with geographical region of US versus non-US and similar levels of efficacy were observed for the across all 3 regions.
Reversibility: There was evidence of a statistically significant interaction at the 10% level at Day 168 of treatment with reversibility (p=0.098) and a larger magnitude of effect on change from baseline in weighted mean FEV1 (0 to 4 h) was observed in reversible subjects across all treatment comparisons compared to non-reversible subjects. This effect was generally consistent across all time points. For the primary treatment comparisons of FF/VI versus placebo, VI versus placebo and FF/VI versus FF, efficacy was demonstrated in both reversible and non-reversible subjects (Figure 13). Similar results were observed for trough FEV1 at 24 (Figure 14) and 52 weeks (Figure 15).
Figure 13. LS means treatment difference (95%CI) in 0-4 h weighted mean FEV1 (L) at Day 168 by reversibility subgroup (HZC112206 and HZC112207)
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Figure 14. LS means treatment difference (95%CI) in trough FEV1 (L) at Day 169 by reversibility subgroup (HZC112206 and HZC112207)
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Figure 15. LS means treatment difference (95%CI) in trough FEV1 (L) Week 52 by reversibility subgroup (HZC102871/HZC102970)
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Percentage predicted FEV1: Consistency of treatment effect across percentage-predicted FEV1 was investigated for the primary efficacy endpoint(s) for each pair of studies. A statistically significant interaction was found for through FEV1 for Studies HZC102871 and HZC102970.
Combined with reduced efficacy in subjects with GOLD categories III and IV; Least square mean differences for the comparisons of FF/VI 50/25, 100/25 and 200/25 versus VI 25 for GOLD stage I+II combined were 0.048L, 0.079L and 0.078L, respectively. For GOLD stage III they were 0.040L, 0.031L and 0.036L, respectively, and for GOLD stage IV they were -0.015L, -0.032L and ‑0.003L, respectively. All other endpoints examined demonstrated no evidence of any statistically significant interaction.
CV risk factors: There was evidence of a statistically significant interaction for weighted mean FEV1 (0 to 4 h) at the 10% level of treatment with CVR subgroup (p=0.090) at Day 168. A smaller effect was observed in subjects with no CVR history compared to those with a CVR history for the FF/VI 200/25 versus placebo and VI 25 component. However, the magnitude of these effects was similar in both subgroup categories for the other two strengths. Similar magnitudes of effect were seen for VI versus placebo for both those with CVR and those with no CVR There was no evidence of a statistically significant interaction of treatment with CVR for through FEV1 or annual rate of moderate/severe exacerbations.
[bookmark: _Toc348005754]Evaluator’s comments on efficacy of FF/VI for indication of COPD
In order to select the appropriate combination doses of FF/VI for the COPD Phase III clinical program, FF and VI doses were selected independently on the basis of separate Phase IIb studies in asthma and COPD. No dose ranging studies with FF monotherapy were conducted in in COPD as patients with COPD demonstrate minimal bronchodilation with inhaled corticosteroids. Dose ranging studies in asthma were used to inform the choice of FF doses for study in the FF/VI Phase III program in COPD. The 25 µg dose of VI was selected based on results of the Phase II study B2C111045. Three doses of FF (50, 100 and 200 µg) in the FF/VI combination were investigated in Phase III COPD studies to determine the appropriate dose for use in patients with COPD. However, only one dose of VI (25 µg) was evaluated in the FF/VI Phase III studies.
HZC112206 and HZC112207 were Phase IIIa, 6 month studies designed to evaluate the efficacy, safety, tolerability, PK and PD profile of two strengths of FF/VI Inhalation Powder administered OD, the individual components (FF and VI) administered OD, and placebo in 2254 subjects with COPD. The studies were randomised, double-blind, placebo-controlled, parallel-group, multi-center studies. Both studies assessed the efficacy of VI 25 as monotherapy and the effect of VI 25 when added to FF 100. The HZC112206 study also assessed the effect of FF 50 and FF 100 when added to VI 25, whereas the HZC112207 study assessed the effect of FF 100 and FF 200 when added to VI 25. All three FF/VI combination groups and the VI 25 group demonstrated statistically significant improvements in the LS mean change from baseline through FEV1 compared with the placebo group. The improvements were generally similar across the FF/VI 50/25, FF/VI 100/25 and FF/VI 200/25 groups, 138 mL 129 mL and 119 mL, respectively. Although not defined as a primary treatment comparison, the FF/VI 100/25 and FF/VI 200/25 groups also showed improvements of 91mL and 123 mL, respectively, compared with the respective FF alone group (p<0.001) Although this was not defined as a primary treatment comparison in both studies. FF 50 µg was not evaluated in these Phase III studies. There was no evidence of a dose response relationship between any of the FF/VI groups. The contribution of VI in the FF/VI combination was demonstrated by the improvements in lung function effects (measured by weighted mean FEV1 0 to 4 h post dose and through FEV1) between subjects who received FF/VI treatment and subjects who received FF alone. The integrated results showed that the LS mean changes from baseline in peak FEV1 were higher for the FF/VI 100/25 and FF/VI 200/25 groups compared with the respective FF groups (129 mL [95% CI: 109, 150] and 132 mL [95% CI: 103, 161], respectively; both p<0.001). Overall, 85% or more of the subjects in the FF/VI (50/25, 100 25 and 200/25) and VI 25 groups achieved their first increase of at least 100 mL or more from baseline in FEV1 within the 5 minute to 4 h post dose time-points (with more than 40% of the subjects in each of these groups demonstrating an increase of at least 100 mL within 5 minutes of dosing) compared with about 53% in the placebo and FF 100 and FF 200 groups. Results of both 6 month lung function studies (HZC112206 and HZC112207) also demonstrated differences in LS mean change from baseline CRQ-SAS dyspnoea scores between the FF/VI 100/25 and placebo groups and between the FF/VI 100/25 and FF 100 groups at the end of the 6 month treatment period Although none of the treatment comparisons achieved the reported minimal clinically important difference (MCID, >0.5 point improvement). Patients treated with the proposed FF/VI 100 /25 µg also had significantly less cough and sputum, required significantly less rescue medication as measured by number of occasions of rescue salbutamol use (per 24 h period) and number of night time awakenings requiring salbutamol (per 24 h period) compared to placebo.
ICSs demonstrate small effects on lung function in subjects with COPD and the most important effects are those on symptomatic endpoints, such as reduction in COPD exacerbations. Therefore, the primary emphasis for evaluation of the contribution of different doses of FF to the FF/VI combination was done in the 1 year exacerbation studies (HZC102871 and HZC102970)[footnoteRef:28] involving 3255 patients with COPD with a post bronchodilator FEV1 of ≤70% predicted and an exacerbation history. Both of the 1 year exacerbation studies showed that all three strengths of FF/VI OD were more efficacious than VI 25 OD alone in reducing the annual rate of moderate and severe COPD exacerbations (the primary [symptomatic] endpoint), thereby demonstrating the benefit of the FF/VI combination and the contribution of FF in the combination. Interpretation of results from Study HZC102871was limited due to failure to demonstrate superiority of FF/VI 200/25 over VI 25 in reducing moderate to severe exacerbations, Although all 3 FF/VI groups (200/25, 100/25 and 50/25) showed numerical improvements over VI25 for the primary and key secondary efficacy endpoints. However, the proposed dose of FF/VI 100/25 did show significant improvements in both primary and secondary endpoints. However, superiority of FF/VI 200/25 over VI 25 in reducing moderate to severe exacerbations was confirmed in the other 52 week Study HZC102970 and so results of significant reductions with proposed dose of FF/VI 100/25 µg were statistically valid. [28:  In the HZC112206 and HZC112207 studies, the incidence of COPD exacerbations was considered a safety endpoint. Unlike the HZC102871/HZC102970 studies, in which subjects who experienced a moderate or severe COPD exacerbation could continue in the study, in the HZC112206 and HZC112207 studies, the protocol required that any subject who experienced a moderate or severe COPD exacerbation be withdrawn from the study.] 

The pooled analysis demonstrated that all three strengths of FF/VI provided significantly (p≤0.014) greater reductions in the LS mean annual rate of moderate or severe COPD exacerbations compared with VI 25 treatment alone, with the greatest reduction observed in the FF/VI 100/25 group the (27%; p<0.001). The percentage reduction in the FF/VI 50/25-treated group (16%; p=0.014) was less than that observed in the FF/VI 100/25-treated group and that there was no efficacy advantage of the FF/VI 200/25 (23 % risk reduction, p<0.001) strength over the 100/25 strength. Time to first moderate or severe exacerbation was a secondary endpoint in the two, 1 year exacerbation studies (HZC102871 and HZC102970). The pooled analysis demonstrated that treatment with FF/VI 100/25 and FF/VI 200/25 significantly lowered the risk of the time to first moderate or severe COPD exacerbation compared with VI 25 treatment (risk reductions of 24 and 25%, respectively [both p<0.001]), while the 11% risk reduction observed in the FF/VI 50/25 group was not significant (p=0.114). All three FF/VI treatments significantly decreased the annual rate of COPD exacerbations requiring systemic/oral corticosteroids compared with treatment with VI 25, with the greatest decrease observed in the FF/VI 100/25 group compared with the VI 25 group (30%; p<0.001). The percentage reduction with FF/VI 50/25 (compared with VI) was nearly half that observed with FF/VI 100/25 and there was no efficacy advantage of FF/VI 200/25 over the 100/25 strength. The data from these studies demonstrated that FF provides a significant contribution to the FF/VI combination, primarily exhibited by the reduction in the annual rate of moderate and severe COPD exacerbations, supported by the reduction in the time to first moderate or severe exacerbation and those exacerbations requiring systemic corticosteroid use, together with small improvements seen in lung function (trough FEV1).
The 24 h bronchodilator effect of FF/VI was maintained from the first dose throughout a one year treatment period with no evidence of loss in efficacy. In the two, 6 month, lung function studies as well as in the two, 1 year exacerbation studies, there was no evidence of a dose response relationship across the FF/VI strengths (50/25, 100/25 or 200/25 µg) for lung function endpoints.
Age, gender, race or geographical regions did not have significant effect on efficacy of FF/VI in terms of effects on lung function (6 month studies) or reduction of COPD exacerbations (12 month studies). Subjects with reversible disease, past smokers, GOLD stage II showed greater treatment effects.
Results of the 5 supportive studies provide further support for the consistency of effects on lung function with FF/VI 100/25 treatment (HZC110946, HZC113107, HZC113109, and HZC112352) and VI 25 treatment (B2C111045). Three 12 week studies compared efficacy of proposed FF/VI 100/25 µg OD with twice daily dosing with FP/salmeterol (500/50 µg and 250/50 µg). The primary efficacy endpoint in these studies was weighted mean FEV1 (0 to 24 h) and proposed FF/VI 100/25 µg OD showed similar efficacy to FP/salmeterol 500/50 µg BD (Study HZC113107) and 250/50 µg BD (Study HZC112352) but was statistically significantly superior to 250/50 µg BD in Study HZC113109. However, the above results can only be considered supportive as the studies lacked placebo control and were not designed to show non-inferiority of FF/VI 100/25 to the approved ICS/LABA combination of FP/salmeterol.
[bookmark: _Toc400980780]Clinical safety
[bookmark: _Toc348005756][bookmark: _Toc400980781][bookmark: _Toc272414659][bookmark: _Toc290846284]Safety for indication of asthma
[bookmark: _Toc348005757]Studies providing evaluable safety data for indication of asthma
[bookmark: _Ref268776745]Evaluable safety data was obtained from 68 completed clinical studies including 8 Phase II, 8 Phase III studies and 52 completed clinical pharmacology studies with FF/VI and/or the individual components and involving over 10,000 subjects with asthma. The cut-off date for the safety data was 15 February 2012. For the assessment of FF/VI safety in asthma, the clinical studies are grouped into four sets: Integrated Asthma Clinical Studies, Non-integrated Asthma Clinical Studies, Ongoing Asthma Clinical Studies, and Clinical Pharmacology Studies. The Integrated Asthma Clinical Studies include all completed parallel-group Phase II and III studies conducted with the final formulation and inhaler, and safety data common to these studies have been integrated. The Non-integrated Asthma Clinical Studies are Phase II and III studies summarised individually and not integrated because they had a different design (for example, crossover study), a unique comparator arm (that is, HZA113091 which is the only study that contains the comparator arm Advair™/Seretide™) or did not use the final formulation and/or inhaler. For the 6 Phase III and 2 clinical pharmacology Ongoing Asthma Clinical studies, limited SAEs data was available.
Safety assessments were conducted in the Integrated and Non-integrated Asthma Clinical Studies. AEs were coded and grouped by System Organ Class (SOC) and Preferred Term using the Medical Dictionary for Regulatory Activities (MedDRA, Version 14.1). Results were displayed in the order of decreasing frequency, both across primary SOC and within primary SOC. The number of subjects with one or more events of any type was also calculated. For long-term studies HZA106837 and HZA106839, on-treatment AEs were presented by time of onset (≤6 months, >6 months). The number of subjects with each AE adjusted for duration of exposure (number of subjects with an event [at least one AE] per 1000 subject-years of exposure) was summarised for on-treatment AEs, most frequent AEs (≥ 3%), serious on-treatment AEs, on-treatment AEs leading to permanent discontinuation of study drug or withdrawal and AEs of Special Interest. AE groups of special interest were defined a priori as AEs which reflect LABA and/or corticosteroid pharmacologic effects (Table 20).
Table 20. Groupings of AEs of special interest
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For the Phase III studies, a standardised definition of severe asthma exacerbation[footnoteRef:29] was used and the time to first on-treatment asthma exacerbation was analysed using a Cox proportional hazards regression model stratified by study, including terms for baseline disease severity (pre-dose FEV1 measured at randomization), region, sex, age and treatment group. The estimated hazard ratios (HRs) for treatment comparisons were presented together with a 95% CI and p-value. The asthma composite endpoint of asthma related hospitalisations, intubations and deaths was determined across the FF/VI program by an independent, blinded adjudication committee. SAE narratives were adjudicated for all asthma studies[footnoteRef:30] that had a VI or VI + ICS treatment arm. [29:  Deterioration of asthma requiring the use of systemic or oral corticosteroids (tablets, suspension, or injection) for at least 3 days or an in-patient hospitalization or emergency department visit due to asthma that required systemic corticosteroids. ]  [30:  Four additional crossover studies were included in the integrated analysis for this endpoint: one Non-integrated Asthma Clinical Study, HZA113310, and three clinical pharmacology studies, HZA113090, HZA113126, and HZA114624.] 

Pivotal studies that assessed safety as a primary outcome included studies HZA106851 and HZA106839 which are described below.
Clinical pharmacology studies: The 52 completed clinical pharmacology studies (Phase I and IIa) were conducted in healthy subjects (including East Asians), subjects with asthma (including paediatric subjects 5-11 years of age), subjects with COPD and subjects with hepatic or renal impairment. Assessments included safety measures, pharmacokinetics, pharmacodynamics, bioavailability and indicators of efficacy including bronchoprotection. Product administration was either single dose or repeat dose of short duration (≤28 days). Many of these studies were performed with either FF or VI alone and administered via earlier product formulations and inhalers other than the NDPI. The proposed NDPI was used in 11 of the clinical pharmacology studies.
[bookmark: _Ref269204367][bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc348005758][bookmark: _Toc400980782]Pivotal studies that assessed safety as a primary outcome
[bookmark: _Toc348005759][bookmark: _Toc290846287]6 Week HPA-Axis Study (HZA106851)
HZA106851 was a Phase III, multi-center, randomised, double-blind, parallel group, placebo- and active-controlled study involving 185 subjects with asthma to assess the effect of 6 weeks of treatment with FF/VI 100/25 (n=56) and FF/VI 200/25 OD (n=56) on the HPA-axis system compared with Placebo (n=58) and prednisolone (n=15). It was conducted from 25 March 2010 to 24 September 2010 at 16 centres in three countries (Poland, Germany and US). The primary objective of this study was to assess the effect of 6 weeks treatment with the two proposed once-daily strengths of inhaled FF/VI on the hypothalamic-pituitary-adrenal (HPA) axis system compared with placebo. A 7 day course of oral prednisolone (10 mg) was included as an active control to ensure sufficient sensitivity of the assay. Pharmacodynamics was evaluated by serum cortisol levels and urinary-free cortisol excretion assessed from the 24 h blood and urine collections. Safety assessments included AE reporting, laboratory evaluations and vital sign assessments.
The primary endpoint for this study was the ratio to baseline of the 0 to 24 h weighted mean serum cortisol at the end of the 6-week treatment period. The primary objective was to show non-inferiority[footnoteRef:31] of each FF/VI dose to placebo on this endpoint. Majority of subjects were male (53%) and White (97%) with a mean age of 35 years and mean percentage predicted FEV1 of 80.2% at baseline. Demographics were similar across the four treatment groups. [31:  Noninferiority would be demonstrated if the lower limit of the two-sided 95% confidence interval (CI) for the geometric mean ratio of each strength of FF/VI and placebo was greater than 0.80. Assuming a standard deviation (SD) of 0.30 based on previous studies, with full data available from 40 subjects on each strength of FF/VI and 40 subjects on placebo, this study would have approximately 90% power to demonstrate non-inferiority. In addition, with 10 subjects on prednisolone, the study would have approximately 90% power to detect a geometric mean decrease in 0 to 24hour weighted mean serum cortisol of ≥30% when comparing prednisolone with placebo.] 

Non-inferiority was demonstrated for the primary endpoint of (0 to 24 h) serum cortisol weighted mean at the end of the 6 week treatment period) as the lower limit of the two-sided 95% CI for the geometric mean ratio of each dose of FF/VI versus placebo was greater than 0.8. Analysis of serum cortisol AUC and through showed numerically lower limits for the 2-sided 95% CIs for the geometric mean ratio of the FF/VI 100/25 and FF/VI 200/25 groups versus placebo AUC: 0.87 and 0.86, respectively; trough: 0.69 and 0.59, respectively, Although non-inferiority criteria were not set for these secondary endpoints. Analysis of the adjusted geometric means showed no statistically significant differences in 24 h urinary cortisol excretion ratio to baseline between the placebo (0.85) and the FF/VI groups (1.08 for FF/VI 100/25 and 0.92 for FF/VI 200/25) but there was a significant difference (p<0.001) between the prednisolone group (0.37) and placebo. Results for serum and urinary cortisol endpoints were as expected for the active control group, prednisolone, with significant suppression at Day 42.
[bookmark: _Toc348005760]Long term safety study HZA106839
HZA106839 was a Phase III multi-center, randomised, double-blind, parallel-group study which assessed the safety and tolerability of 52 weeks of treatment with FF/VI 200/25 and FF/VI 100/25 compared with FP 500in 503 subjects with asthma. Following screening and 2 week run-in period, eligible subjects were required to stop their regular maintenance asthma therapy for the duration of the treatment period and were randomly assigned to receive one of the following 3 double-blind treatments in a 2:2:1 ratio:
FF/VI 100/25 OD plus Placebo BD
FF/VI 200/25 OD plus Placebo BD
FP 500 BD plus Placebo OD
Subjects attended nine on-treatment clinic visits occurring at Weeks 2, 4, 8, 12, 20, 28, 36, 44 and 52. The study was conducted from 19 October 2009 to 12 May 2011 at 45 centers in 4 countries (USA, Germany, Ukraine, and Thailand).
Majority of subjects in the ITT Population were White (67%), female (63%) had asthma for at least 10 years (60%; mean duration of asthma was 15.3 years). The mean age was 39 years (16% being adolescents), mean pre-dose FEV1 was 2.37 L (range: 0.97 L to 5.02 L) and mean percentage predicted FEV1 was 76.3% (range: 50% to 133%) and 21% of subjects had one asthma exacerbation within the prior 12 months. Baseline demographics and disease characteristics were similar across treatment groups. The overall incidence of AEs during treatment was 69%, 66% and 73% in the FF/VI 100/25, 200/25 and FP groups, respectively. While the incidence of AEs was greater in the FP group compared with the two FF/VI groups, the incidence of drug-related AEs (13% to 14%), post-treatment AEs (<1% to 2%), SAEs (<1% to 7%) and withdrawals due to AEs (1% to 6%) was similar across the treatment groups. No deaths occurred during the study.
The FP500 group had higher incidences of AEs during treatment in the Infections and Infestations SOC (43%, 36% and 46% in the FF/VI 100/25, 200/25 and FP groups, respectively) and the ‘Respiratory, thoracic and mediastinal’ SOC (18%, 18% and 25%, respectively). %). The FF/VI groups showed higher incidence of Gastrointestinal AEs (15%, 17% and 10%, respectively); Cardiac AEs were higher in the FF/VI 200/25 group (15%) compared with the FF/VI 100/25 (8%) and FP (7%) groups. The incidence of Nervous system AEs (20% to 29%) and musculoskeletal AEs were similar across the treatment groups (9% to 11%).The most frequently reported AEs during the treatment period across all treatment groups were headache (17% to 23%), upper respiratory tract infection (URTI) (15% to 18%), and nasopharyngitis (9% to 12%). The incidence of headache was slightly higher in the FP group (23%) than in the FF/VI groups (19% and 17%). The FP group also had higher incidences of cough, oropharyngeal pain and respiratory tract infection compared with the FF/VI groups. The FF/VI groups had a higher incidence of oral candidiasis, upper abdominal pain and extrasystoles (FF/VI 200/25 group only) compared with the FP group.
The most frequently reported drug-related AEs included oral candidiasis (1% to 4%), dysphonia (0% to 3%) and extrasystoles (0% to 2%); all occurred with a higher incidence in the FF/VI groups compared with the FP group. There were no deaths reported in the study and 11 non-fatal SAEs were reported for 11 subjects during the treatment period (3 in the FF/VI 100/25 group, 1 in the FF/VI 200/25 group, and 7 in the FP group) and one SAE for one subject (FF/VI 100/25 group) during the post-treatment period. Ten of the 12 subjects had SAEs that resolved. Five subjects were withdrawn from the study due to their SAEs (1 in the FF/VI 100/25 group and 4 in the FP group). Overall, 14 subjects were withdrawn from study drug/ the study due to AEs: 5 in the FF/VI 100/25 group, 3 in the FF/VI 200/25 group, and 6 in the FP group; in 10 of 14 subjects, AEs that led to withdrawal were considered drug-related by the investigator (5 SAEs) All of the non-serious AEs that led to withdrawal resolved.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc348005761]Of the AEs of special interest, cardiovascular effects were most common and occurred with a higher incidence in the FF/VI 200/25 group (18%) compared with the FF/VI 100/25 (12%) and FP (10%) groups and this difference was primarily driven by a higher incidence of extrasystoles in the FF/VI 200/25 group. Supraventricular extrasystoles, ventricular extrasystoles, supraventricular tachycardia, sinus tachycardia, angina pectoris and peripheral edema, which occurred at a low incidence (≤2%), were only noted in the FF/VI groups. One subject in the FF/VI 200/25 group experienced atrial fibrillation. The overall incidence of local steroid effects was similar across the treatment groups (12% to 15%) but the incidence of oral candidiasis was higher in the FF/VI groups (6% and 5%) compared with the FP group (2%) and the incidence of oropharyngeal pain was higher in the FP group (11%) compared with the FF/VI groups (3% and 6%). Hypersensitivity events (for example, rash, urticaria, and allergic dermatitis) only occurred in the FF/VI groups (3% to 5%). Of these events, only one (urticaria) was considered related to study treatment by the investigator. Twelve subjects experienced severe asthma exacerbations during the treatment period: 3 in the FF/VI 100/25 group (1%), 6 in the FF/VI 200/25 group (3%), and 3 in the FP group (3%); 3 of these subjects were hospitalized (1 subject, FF/VI 100/25 group and 2 subjects, FP group); none required intubation. Majority of subjects across the treatment groups in the ITT Population had normal 24 h urine-free cortisol excretion at any visit post-baseline (66% to 77%) A greater proportion of subjects in the FP group (22%) had low 24 h urine-free cortisol excretion at any visit post-baseline compared with the FF/VI groups (6-10%). Similarly, changes from baseline to low at any visit post-baseline also occurred with a higher incidence in the FP group (20%) compared with the FF/VI groups (8% and 6%). A small, but greater proportion of subjects in the FF/VI groups (7% and 8%) tended to have ECG findings of potential clinical importance at any post-baseline visit compared with the FP group (5%) and abnormalities of depolarization were most common. A new finding of sinus tachycardia was reported for 3 subjects in the FF/VI 200/25 group (Table 21). There were no findings of concern for haematology or clinical chemistry parameters, including glucose and potassium levels. There was no evidence of a dose related increase in either IOP or lens opacification and most subjects had little or no change in IOP.
Table 21. ECG findings of potential clinical importance at any time post-baseline (Study HZA106839, ITT population).
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[bookmark: _Toc400980783]Patient exposure
A total of 10,630 subjects received at least one dose of study medication in the FF/VI clinical development program: 7034 in the Integrated Asthma Clinical Studies, 2292 in the Non-integrated Asthma Clinical Studies, and 1304 in the Clinical Pharmacology Studies. Of these subjects, 2652 were treated with FF/VI, 4432 were treated with FF, and 987 were treated with VI (all administered by oral inhalation). As of the 15 February 2012 data cut-off date, 686 subjects ≥12 years of age were participating in the six Ongoing Clinical Asthma Studies. A total of 599 elderly subjects (≥65 to 85 years) were enrolled in the FF/VI Asthma Clinical Development Program: 569 in the Clinical Studies (Integrated and Non-integrated Clinical Studies) and 30 in Clinical Pharmacology Studies (Table 22).
Table 22. Elderly subject exposures in FF/VI asthma clinical studies and adult clinical pharmacology studies (ITT population, Key treatment groups)
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Of the 5944 subjects randomised in the 11 Integrated Asthma Clinical Studies, 5921 (>99%) received at least one dose of study medication (ITT Population). The largest numbers of subjects in the Integrated Asthma Clinical Studies were exposed to FF 100 or FF/VI 100/25 mainly because these treatments were administered in the large, long-term exacerbation study HZA106837 for up to 76 weeks. A total of 5069 subjects were included in the seven key treatment groups of interest in the ITT Population and the majority of subjects were exposed to FF 100 (1544 subjects) or FF/VI 100/25 (1467 subjects). Of the key treatment groups, the fewest number of subjects were exposed to VI 25 + ICS or Placebo + ICS (216 and 218 subjects, respectively) since these treatments were only included in two studies. Treatment exposure varied widely across the key treatment groups from 32 to 1252 subject years. Exposure was greatest for FF/VI 100/25 (1252 subject years) and FF 100 (1128 subject years) followed by FF/VI 200/25 (271 subject years), which was administered in the 1 year safety study HZA106839 (Table 23). In the Non-integrated Asthma Clinical Studies, 403 subjects received FF/VI 100/25, 1119 subjects received total daily doses of FF ranging from 100 to 400 µg and 74 subjects received total daily doses of VI ranging from 6.25 to 25 µg. Median treatment exposure across the Non-integrated Asthma Clinical Studies ranged from 9 days (Study HZA113310) to 169 days (Study HZA113091).
Table 23. Treatment exposure (integrated asthma clinical studies, key treatment groups)
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Across the key treatment groups in the Integrated Asthma Clinical Studies, premature withdrawals ranged from 10% in the VI 25 + ICS group to 28% in the Placebo group. Lack of efficacy was the most common reason for withdrawal, particularly in the Placebo (20%) and FF 200 (10%) groups. Consent withdrawn and protocol deviations were the next most frequent reasons for withdrawal. Subject withdrawals due to AEs were low across the key treatment groups (<1% to 2%). In the Non-integrated Asthma Clinical Studies, majority of the subjects completed treatment (80% to 100%). The most common reasons for withdrawal were lack of efficacy/ asthma exacerbation or withdrawal of consent. Few subjects (1% to 2%) withdrew due to AEs and no subjects were withdrawn due to AEs in studies FFA112202 or HZA113310. Majority of subjects in the key treatment groups in the Integrated Asthma Clinical Studies were White (65% to 77%), female (55% to 65%) (60%) had asthma for ≥10 years; 2% of subjects in the ITT Population had asthma for less than 1 year. The mean duration of asthma was 16 years in the ITT Population majority of subjects in the Non-integrated Asthma Clinical Studies were White (59% to 88%) and female (57% to 68%). The mean age of the study populations was 32 to 45 years (age range 12 to 85 years). Overall, the study populations evaluated for safety of FF/VI were representative of the proposed target population.
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc348005762][bookmark: _Toc400980784]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc348005763]All adverse events (irrespective of relationship to study treatment)
Integrated asthma studies
The overall incidence of AEs was higher in the FF/VI100/25 (58%), 200/25 (54%) and FF 100 (55%) groups compared with FF200 (37%), placebo (27%), ICS+placebo (39%) and VI25+ICS (36%) groups. However, the exposure-adjusted data showed highest incidence for Placebo + ICS and VI 25 + ICS groups compared to the other five treatment groups for most of the common AEs because these groups had the least total subject-years of exposure, thus these two groups are best compared with each other and not with the other treatment groups. Overall, incidence of AEs (exposure-adjusted) was similar in all groups containing FF (FF/VI- 100/25, 200/25 and FF100, 200 groups) and lower than that in the placebo group.
Comments: Since these studies were of disparate durations (6 to 76 weeks) and treatment groups had variable sample sizes (216 to 1544 subjects), the exposure adjusted data are more informative than incidence data for assessment of AEs. Of note, there was limited placebo exposure in the Integrated Asthma Clinical Studies (placebo administered in 6 of the 11 studies) and most subjects were exposed to placebo for less than 16 weeks.
Headache, nasopharyngitis, upper respiratory tract infection (URTI), bronchitis, and oropharyngeal pain were the most commonly reported AEs. Headache, nasopharyngitis, and URTI continued to occur over time, whereas the incidence of other most frequent AEs tended to reach a plateau in the key treatment groups. Compared with the Placebo group, there were fewer subjects in the FF/VI and FF groups with an event per 1000 treatment years for headache, nasopharyngitis (except FF 200), bronchitis, and pharyngitis. However, the incidence (event per 1000 treatment years) of URTI (except FF 200), back pain, influenza, pyrexia, and oral candidiasis was higher in the FF/VI and FF groups compared with the Placebo group. Furthermore, the FF/VI 200/25 group had higher incidence of extrasystoles compared with all the other treatment groups. The number of subjects with an event per 1000 treatment years was higher in the FF 200 group for oropharyngeal pain, cough, sinusitis and dysphonia compared with the Placebo group. The number of subjects with an event per 1000 treatment years was higher in the VI 25 + ICS group compared with the Placebo + ICS group for headache, back pain, allergic rhinitis, and pyrexia. Other than dysphonia and oral candidiasis which were more common at higher doses of FF, there did not appear to be any clear treatment or dose related trends in the occurrence of common AEs. The FP 200, FP 500, and FP 1000 treatment groups also showed a similar AE profile with headache, nasopharyngitis, and URTI being reported most frequently.
With exposure adjusted data, the number of subjects with an event per 1000 treatment years tended to be higher in the Placebo + ICS and VI 25 + ICS treatment groups for most SOCs. The number of subjects with an event per 1000 treatment years in the FF/VI 100/25, FF/VI 200/25, and FF 100 groups was similar or less than the Placebo group in most SOCs except General Disorders and Cardiac Disorders for the FF/VI 200/25 group, mainly due to higher numbers of subjects with pyrexia and extrasystoles per 1000 treatment years in the FF/VI 200/25 group. The number of subjects with an event per 1000 treatment years was higher in the FF 200 group in the Infections and Infestations, Respiratory, Thoracic, and Mediastinal Disorders, Gastrointestinal Disorders, and General Disorders SOCs compared with Placebo, which had a similar number of subject-years exposure. These differences were primarily due to higher numbers of subjects with oropharyngeal pain, cough, dysphonia, toothache, diarrhoea, and pyrexia per 1000 treatment years in the FF 200 group (Table 24).
Table 24. On treatment system organ class AEs (≥3% incidence in any key treatment group) (Integrated asthma clinical studies)
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Non-integrated asthma studies
The most common AEs in the Non-integrated Asthma Clinical Studies were headache, nasopharyngitis, and URTI. Asthma (exacerbation) was the second most common AE reported in Study FFA20001. This event was considered an AE in older clinical studies but is now reported as lack of efficacy, unless the event met the definition of a SAE. There was no dose-relationship in the incidence of AEs with FF or VI. In Studies FFA20001 and FFA106783, which evaluated AM versus PM Dosing with FF, the incidence of AEs was similar across treatment groups with headache more common in FF groups and asthma more common in the placebo group (Table 25). In studies FFA112202 and HZA113310 which evaluated OD versus BD dosing, incidence of AEs was similar for the FF treatment groups (16% to 18%) compared with the Placebo group (14%), but lower for the FP treatment groups (5% to 7%). The most frequently reported AE was URTI, which occurred with a higher incidence in the FF groups (5%) compared with the Placebo group (1%). No subjects in the FP groups experienced URTI (Table 25). The overall incidence of any on-treatment AE in Study HZA113091 was similar in both FF/VI 100/25 and FP/SALM 250/50 treatment groups (53% and 49%) and the most frequently reported AEs were nasopharyngitis (11% each group) and headache (8-10%). The incidence of each of the most frequent AEs was similar between the treatment groups (Table 26). Across the Non-integrated Asthma Clinical Studies, AEs in the Infections and Infestations SOC occurred most often and the incidence was generally similar between the active treatment groups and Placebo. Nasopharyngitis and URTI were the most frequently reported AEs in this SOC. There were no consistent trends in the incidence of AEs in any SOC between the active treatment and Placebo groups. There was no evidence of a dose relationship for any SOC (Table 27).
Table 25. Most frequent AEs (≥3% in any treatment group) on treatment AEs (Study FFA2001, ITT population)
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Table 26. Most frequent (≥3% in any treatment group) on-treatment AEs (Study HZA113091, ITT population).
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Table 27. On-treatment System Organ Class AEs
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[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc348005764]Treatment-related adverse events (adverse drug reactions)
Integrated asthma studies
Across the key treatment groups, the incidence of drug-related AEs ranged from 2% (in the Placebo and VI 25 + ICS groups) to 11% (FF/VI 200/25 group). The incidence of individual AEs was not more than 2% in any treatment group. Dysphonia and candidiasis (combination of oral, oropharyngeal, or unspecified) were the most frequently reported drug-related AEs and occurred predominantly in the FF-containing treatments (Table 28).
Table 28. Most frequent drug related AEs
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Across the key treatment groups, the incidence of drug-related AEs in any SOC was low (≤4%) with the highest incidence being in the Infections and Infestations and Respiratory, Thoracic, and Mediastinal Disorders SOCs and incidence was slightly higher in the FF/VI and FF groups (2% to 4% and 2% to 3%, respectively) compared with the Placebo group (<1% each) possibly because these treatments were administered for a longer duration. The FF/VI 200/25 group had a higher incidence of drug-related AEs in the Cardiac Disorders SOC than all the other treatment groups (Table 29), mainly due to a higher incidence of extrasystoles reported for this treatment group in Study HZA106839, which included Holter monitoring.
Table 29. On-treatment drug-related System Organ Class AEs
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Non-integrated asthma studies
The most common drug-related AEs reported in the Non-integrated Asthma Clinical Studies were headache, dysphonia/hoarseness, and candidiasis. No drug-related AEs were recorded in the VI study HZA113310. Generally, the incidence of drug-related AEs was similar across the Placebo and active treatment groups. In Study FFA106783, the incidence of drug-related AEs was slightly higher with the FF 200 BD dose regimen (12%) compared with FF 400 OD dose regimens (5%, 8%). In the AM versus PM Dosing studies (FFA20001 and FFA106783) and the OD versus BD dosing Study FFA112202, incidence of drug-related AEs was low and similar across treatment groups. None of the AEs reported in Study HZA113310 were considered drug-related. The incidence of drug-related AEs in Study HZA113091 was low and similar between the FF/VI and FP/SALM treatment groups (5% and 4%).
[bookmark: _Toc348005765]Adverse events of special interest
Integrated asthma studies
Across the key treatment groups in the Integrated Asthma Clinical studies, the most frequent types of AEs of Special Interest were local steroid effects (2% to 11%), pneumonia and lower respiratory tract infection (LRTI) (0% to 7%), and cardiovascular effects (1% to 9%). Bronchitis (0% to 5%) and oropharyngeal pain (1% to 4%) were also reported frequently. Pneumonia was reported by a total of 31 subjects (<1%) in the Integrated Asthma Clinical Studies and the incidence was not greater than 1% in any treatment group. For local steroid effects (particularly candidiasis, dysphonia and oropharyngeal pain), the incidence of events (adjusted for exposure) was higher in the FF/VI 200/25 (191.6/1000 subject years) and FF 200 (281.0) groups compared with Placebo (87.8) and the respective lower dose (FF100=94.3 and FF200= 103.8) groups. The incidence of pneumonia (adjusted for exposure) seen with FF/VI 100/25 and FF 100 (9.6 and 8.0/1000 subject years, respectively) was similar to that seen with placebo (8.0/1000 subject years) although a slightly higher incidence of pneumonia was observed in the FF/VI 200/25 and FF 200 arms (18.4/ and 25.5/1000 subject years, respectively). For cardiovascular effects, the incidence of events (adjusted for exposure) was higher in the FF/VI 200/25 group (154.8/1000 subject years) than in the FF/VI 100/25 group (65.5/1000 subject years); this was due to a higher incidence of extrasystoles in Study HZA106839 that included Holter monitoring.
Non-integrated asthma studies
AEs of Special Interest were only categorised for studies using study medication in the final formulation/final inhaler (NDPI), which included one Non-integrated Asthma Clinical Study, HZA113091. In Study HZA113091, the most frequent types of AEs of Special Interest were local steroid effects, LRTI (excluding pneumonia), and cardiovascular effects; the incidence of AEs in each of these categories was low and similar between the treatment groups (<1% to 5%). Oropharyngeal pain and bronchitis were reported most often (2% to 3% in each treatment group). Hypersensitivity events were more frequent in the FF/VI 100/25 group (12 subjects, 3%) compared with the FP/SALM 250/50 group (6 subjects, 1%). LRTI, blood pressure increased, chest discomfort, skeletal injury, and pneumonia were reported in the FP/SALM 250/50 group, but not in the FF/VI 100/25 group.
Teeth effects with FF and ovarian and uterine tumour effects with VI (GW642444M) were observed in some of the nonclinical studies. To investigate whether similar effects could be seen in humans, preferred AE terms related to teeth and ovarian and uterine tumour effects were examined for the Integrated and Non-integrated Asthma Clinical Studies. Based on the FF/VI Phase II and III clinical development program, there is no evidence that the teeth effects seen in rodents have translated into an increased risk in adults or adolescents. The clinical database supports ovarian and uterine effects not being relevant to humans and were rodent specific. Thus, the effects seen in the nonclinical studies have not been substantiated in the clinical studies.
[bookmark: _Toc348005766]Asthma exacerbations
Integrated asthma studies
Subjects treated with FF/VI 100/25 had a 24% reduction in the risk of experiencing a severe asthma exacerbation compared with subjects treated with FF 100 (HR=0.762, 95% CI: 0.618, 0.941, p=0.011). Subjects treated with FF/VI 200/25 had a 59% reduction in the risk of experiencing a severe asthma exacerbation compared with subjects treated with FF 200 (HR=0.415, 95% CI: 0.138, 1.252, p=0.119). This reduction was not statistically significant; however, the number of subjects treated with FF/VI 200/25 and FF 200 were not large enough to enable the detection of a difference in the reduction to the risk of asthma exacerbations.
The hazard ratio from the Cox Model for FF 100 versus Placebo was 0.358 (95% CI: 0.190, 0.675) and for FF 200 versus Placebo was 0.468 (95% CI: 0.246, 0.893), representing a 64% (p=0.002) and 53% (p=0.021) reduction in the risk of experiencing a severe asthma exacerbation for subjects treated with FF 100 and FF 200 compared with Placebo, respectively The hazard ratio from the Cox Model for VI 25 + ICS versus Placebo + ICS was 0.916 (95% CI: 0.264, 3.171), representing a 8% reduction in the risk of experiencing a severe asthma exacerbation for subjects treated with VI 25 + ICS compared with Placebo + ICS (p=0.890).
Non-integrated asthma studies
The definition for severe asthma exacerbations was standardised for all asthma studies at the start of Phase III. For studies conducted prior to the start of Phase III, asthma exacerbations were not necessarily classified as severe and the definitions of asthma exacerbations varied[footnoteRef:32]. Overall, asthma exacerbations occurred more frequently in the Placebo group compared with the active treatment groups. In the AM versus PM Dosing study FFA106783, 29 subjects (5%) experienced asthma exacerbations: 14 subjects (14%) in the Placebo group, 4 subjects (4%) each in the FF 400 AM, FF 200 PM, and FF 400 PM groups, 2 subjects (2%) in the FF 200 AM group and 1 subject (<1%) in the FF 200 BD group. Most of the asthma exacerbations occurred within the first 2 weeks of treatment (18 of the 29 asthma exacerbations) and all but four of the asthma exacerbations had resolved by the conclusion of the study. None of the subjects experiencing exacerbations required hospitalization. [32:  In Studies FFA112202 and FFA106783, a clinical asthma exacerbation was defined as worsening of asthma requiring emergency intervention, hospitalization, or treatment with an asthma medication not allowed by the protocol. In Study HZA113310, an exacerbation was defined as any worsening of asthma requiring treatment with oral/systemic corticosteroids or emergency department visit or in-patient hospitalization for the treatment of asthma. In Study HZA113091, the standardized Phase III severe asthma exacerbation definition was used. Asthma exacerbations were not defined or captured in Study FFA20001.] 

In OD versus BD dosing Study FFA112202, 6 subjects (3%) experienced asthma exacerbations during treatment: 5 subjects (3%) in the Placebo group and 1 subject (<1%) in the FF 200 group Most of the asthma exacerbations occurred within the first 2 weeks of treatment (5 of the 6 asthma exacerbations) and all but two of the asthma exacerbations had resolved by the end of the study. Three of the five asthma exacerbations in the Placebo group and the asthma exacerbation in the FF 200 group were treated with corticosteroids and none of the 6 subjects with asthma exacerbations required emergency room (ER) treatment or hospitalisation. In the other OD versus BD dosing Study HZA113310, 2 subjects (3%) experienced an asthma exacerbation during treatment: 1 subject (1%) in the Placebo group and 1 subject (1%) in the VI 12.5 group. Both asthma exacerbations occurred within the first 2 weeks of treatment and the asthma exacerbation in the VI 12.5 group remained unresolved at study end. Both subjects received treatment with corticosteroids and neither subject required ER treatment or hospitalisation. In Study HZA113091, 22 subjects (3%) experienced a severe asthma exacerbation during treatment: 12 subjects (3%) in the FP/SALM 250/50 BD group and 10 subjects (2%) in the FF/VI 100/25 OD group all of whom received treatment with oral/ systemic corticosteroids. In accordance with the protocol, the majority of these subjects were withdrawn due to their severe exacerbation (8 of 10 in the FF/VI group and 7 of 12 in the FP/SALM group). Six subjects (2 in the FF/VI group and 4 in the FP/SALM group) required treatment in the ER; of these, 1 subject in FF/VI group and 2 subjects in the FP/SALM group were hospitalised. All exacerbations except one in the FF/VI group (subject not hospitalised) were reported as resolved.
[bookmark: _Toc348005767]Asthma composite endpoint
SAE narratives for all asthma studies containing a VI or VI + ICS treatment arm were adjudicated by an independent, blinded adjudication committee which included classification of SAEs as deaths, hospitalisations and/or intubations and then for each category, the adjudication committee determined whether the SAE was respiratory related or not respiratory related.
For SAEs that were considered respiratory related, the adjudication committee further determined the cause: asthma related, COPD related, pneumonia related or other respiratory related. In addition to the seven VI-containing studies included for subject level integration (B2C109575, B2C112060, HZA106827, HZA106829, HZA106837, HZA106389, and HZA106851), four crossover studies were included for integration of adjudicated events because they contained VI doses in the formulation and device used in Phase III studies.
HZA113126, HZA114624, HZA113090 and HZA113310. For these four additional studies, only the first treatment period was integrated. The adjudication results from the Phase III study HZA113091 were not integrated since this study did not have a treatment comparison of interest a VI group) and so results were presented separately.
A total of 93 subjects had on-treatment SAEs that were adjudicated (59 subjects had events not respiratory related and 35 subjects had respiratory related). No SAEs were reported in the VI 25 alone treatment group from Study HZA113126. Of the 35 subjects with SAEs adjudicated as respiratory related, 22 subjects had SAEs adjudicated as asthma related, 11 subjects had SAEs adjudicated as pneumonia related and 3 subjects had SAEs adjudicated as other respiratory related. Three of the SAEs were deaths (2 were adjudicated as not respiratory related; 1 each in the FF/VI 100/25 and Placebo + ICS groups and one was adjudicated as respiratory related-FF 100 group, pneumonia related). A total of 87 subjects reported SAEs that were hospitalisations (54 not respiratory related and 34 subjects were adjudicated as respiratory related) Three subjects had intubations (1 not respiratory related and 2 were respiratory related). No subjects had SAEs that were adjudicated as COPD-related.
Nine subjects in Study HZA113091 had SAEs that were adjudicated; none were deaths or intubations. One subject had an SAE which did not involve hospitalisation, 5 subjects had SAEs that were adjudicated as not respiratory related, and 4 subjects had SAEs that were adjudicated as respiratory related (3 asthma related and 1 pneumonia-related). A total of 8 subjects reported SAEs that were hospitalisations; 4 not respiratory related and 4 respiratory related- 3 of which were asthma related (2 in the FP/SALM group and 1 in the FF/VI 100/25 group) and pneumonia-related for 1 subject (FF/VI 100/25 group).
For the analysis of FF/VI all doses versus non-LABA all doses, the common OR was 0.902 (95% CI: 0.345, 2.389) favouring treatment with FF/VI over treatment with non- LABA containing products. The combined risk difference indicates a slight reduction in the risk of asthma related events for subjects receiving any dose of FF/VI; 2.6 subjects have avoided an asthma related event for every 10,000 subjects treated with FF/VI. For the analysis of FF/VI all doses versus ICS all doses, the common OR was 0.890 (95% CI: 0.341, 2.353) favouring treatment with FF/VI over treatment with non-LABA containing products. The combined risk difference indicates a slight reduction in the risk of asthma related events for subjects receiving any dose of FF/VI; 2.8 subjects have avoided an asthma related event for every 10,000 subjects treated with FF/VI. All CIs for the individual studies contained 0, implying that there were no studies where the analysis suggested FF/VI resulted in a statistically significant increased risk for an asthma related event.
[bookmark: _Toc348005768]Long-term safety
In order to determine if there were differences in the AE profile as time on treatment increased and to identify the occurrence of new AEs that could be associated with increased exposure to study drug, the profile of AEs with an onset ≤6 months was compared with the profile of AEs with an onset of >6 months in the two long-term studies (HZA106839 and HZA106837).
In the long-term safety Study HZA106839, the overall incidence of subjects reporting the onset of an AE during the first 6 months was higher in both the FF/VI 100/25 and FF/VI 200/25 groups (55% and 52%, respectively) compared with those reporting the onset of an AE during the second 6 months (50% and 46%, respectively), especially for headache (<6 months (mths) versus >6 mths: FF/VI 100/25 =16% versus10%; FF/VI 200/25=13% versus 8%), URTI (FF/VI 100/25=12% versus 6%) and back pain (FF/VI 200/25= 6% versus 2%); however, the opposite was seen for the FF/VI 100/25 group with higher incidence of nasopharyngitis (8% versus 4%) and extrasystoles (6% versus <1%). However, it should be noted that Holter monitoring was only performed at Day 1 during the first 6 months but at Week 28 and Week 52 during the second 6 months. In the Exacerbation Study HZA106837, the overall incidence of subjects reporting an onset of an AE during the first 6 months was higher in both the FF 100 and FF/VI 100/25 groups (54% and 53%, respectively) compared with reporting an onset of an AE in the latter part of the study (38% and 41%, respectively), especially for headache (<6 mths versus >6 mths: FF100= 16% versus 6%; FF/VI 100/25 =15% versus 8%) and nasopharyngitis (FF/VI 100/25=12% versus 7%). Overall, no significant trends were observed for increased incidence of overall AEs or specific AEs with increase in duration of treatment.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc348005769][bookmark: _Toc400980785]Deaths and other serious adverse events
Four deaths occurred in the Integrated Asthma Clinical Studies: 2 subjects in the FF 100 group (due to lung cancer occurred post treatment; pneumonia related death), 1 subject in the FF/VI 100/25 group (car accident) and 1 subject in the Placebo group (sudden death). Review of the death narratives suggested that the deaths were not likely to be related to study medication. . No deaths occurred during the conduct of any of the Non-integrated Asthma Clinical Studies. No deaths have occurred in the ongoing asthma clinical studies as of the data cut-off date of 15 February 2012.
In the Integrated Asthma Clinical Studies, 94 subjects in the key treatment groups reported SAEs (<1% to 3% across treatment groups) with the highest incidence occurring in the FF/VI 100/25 group. The most frequent SAE was asthma (exacerbations), reported by 12 subjects in the FF/VI 100/25 group, 9 subjects in the FF 100 group and 1 subject each in the Placebo, FF 200 and VI 25 + ICS groups. The placebo treatment arm was included only in shorter-term studies where the risk of exacerbations was less, while the FF/VI 100/25 and FF 100 treatment arms were included in the exacerbation study (HZA106837) with duration of up to 76 weeks and which, unlike the other studies in the program, recruited subjects with a severe asthma exacerbation history. Two subjects reported SAEs of hypertension: 1 subject (<1%) each in the FF/VI 100/25 and FF 100 groups. Two subjects (<1%) receiving FP 1000 reported SAEs (hemoptysis and hepatitis). Five subjects in the key treatment groups had SAEs that were considered to be related to study medication by the investigator: 1 subject in the FF/VI 100/25 group (severe grade 3 cardiac tachyarrhythmia), 1 subject in the FF/VI 200/25 group (severe grade 3 atrial fibrillation) and 3 subjects in the FF 100 group (severe grade 3 community acquired pneumonia/pleurisy; severe grade 3 acute asthma exacerbation; severe dehydration and chest pain).
In the Non-integrated Asthma Clinical Studies, the only SAE reported for more than one subject was asthma (exacerbation) (5 subjects). This event occurred in subjects in the Placebo, FF 100, FF/VI 100/25, and FP/SALM 250/50 treatment groups. Three subjects experienced cardiovascular SAEs: supraventricular arrhythmia (FF 100 AM group, considered due to prohibited concomitant medications), atrial fibrillation (FF 400 AM group, subject had pre-existing history) and myocardial ischemia (FF/VI 100/25 group, considered triggered by anxiety). Each of these three events resolved before the end of the study and none was considered related to study drug by the investigator.
Five double-blind efficacy and safety studies (HZA113714, HZA113719, FFA115283, FFA115285 and FFA114496) and one open-label safety study in Japanese subjects (HZA113989) were ongoing as of the cut-off date (15 February 2012). At the cut-off date, two SAEs were reported in 1 subject in Study FFA114196 and 20 SAEs were reported in 12 subjects in Study HZA113989. There were no SAEs reported in Studies HZA113714, HZA113719, FFA115283 or FFA115285. Only two of the SAEs reported occurred in more than one subject: pneumonia (one subject receiving FF/VI 100/25 and one subject receiving FF/VI 200/25 in Study HZA113989) and sleep apnoea syndrome (both subjects receiving FF/VI 100/25 in Study HZA113989). One SAE, pneumonia in a 76 year old male in Study HZA113989, was considered drug-related by the investigator. Due to an increase in pneumonia-related events in the Japanese COPD safety study, AEs of pneumonia in Study HZA113989 are described below for full disclosure. AEs were reported by 56 subjects (93%) receiving FF/VI 100/25 (N=60), 86 subjects (92%) receiving FF/VI 200/25 (N=93) and 76 subject (84%) receiving FF 100 (N=90) in Study HZA113989. Pneumonia was reported in this study by 3 subjects (5%) treated with FF/VI 100/25, 4 subjects (4%) treated with FF/VI 200/25 and 1 subject (1%) receiving FF 100.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc348005770][bookmark: _Toc400980786]Discontinuation due to adverse events
In the Integrated Asthma Clinical Studies, 80 subjects in the key treatment groups reported AEs that led to withdrawal (<1% to 2% across treatment groups) which was similar to the incidence of withdrawal due to AEs in the FP treatment groups (2% to 3%). The most frequent AE leading to withdrawal was asthma (exacerbation), reported by 3 subjects each in the FF/VI 100/25 and FF 100 groups and 1 subject each in the Placebo, FF 200 and VI 25 + ICS groups. Other common AEs leading to withdrawal *all <1% incidence) were dysphonia (3 subjects in the FF/VI 100/25 group and 1 subject in the FF 100 group), pneumonia (2 subjects in the FF 100 group and 1 subject in the FF 200 group), oral candidiasis (1 subject each in the FF/VI 200/25 and the FF 100 groups), palpitations (1 subject each in the FF/VI 200/25 and the FF 100 groups), hypertension (1 subject each in the FF/VI 100/25 and VI 25 + ICS groups). No subjects in any of the FP treatment groups reported AEs of dysphonia, pneumonia or oral candidiasis that led to withdrawal.
The incidence of AEs leading to withdrawal in the Non-integrated Asthma Clinical Studies was low (0% to 4%). Two studies had no withdrawals due to AEs (FFA112202 and HZA113310). Overall withdrawal rate due to AEs was 4% in Study FFA20001 and most of the withdrawals (20/24) were due to asthma exacerbation. For the remaining two studies, AEs leading to withdrawal were varied. In Study FFA106783, 11 subjects experienced AEs that led to withdrawal. Each AE leading to withdrawal in this study was a single event. In Study HZA113091, two subjects each were withdrawn for asthma exacerbation and chest discomfort; the remaining AEs were single events. The majority of AEs leading to withdrawal were resolved at the time of the last subject contact.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc348005771][bookmark: _Toc400980787]Laboratory tests
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc348005772]Liver function
In the Integrated Asthma Clinical Studies, 11 subjects exhibited elevated LFTs which were considered of potential clinical concern by the investigator. There were no trends for the occurrence of these abnormalities as the subjects received different study treatments (Placebo, FF, VI, FF/VI, or FP). No abnormal LFTs meeting the predefined criteria for potential clinical concern were observed in Studies HZA106827, HZA106829, HZA106851, FFA112059, FFA109685 or B2C112060. Two subjects in the Non-integrated Asthma Clinical Studies (FP and FP/SALM treatment groups) were withdrawn for liver events. No abnormal LFTs meeting the predefined criteria for potential clinical concern were observed in Studies FFA20001, FFA112202 and HZA113310.
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc348005773]Kidney function
FF/VI did not appear to have any significant effect on renal function (see Other clinical chemistry below).
[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc348005774]Other clinical chemistry
The majority of subjects in the key treatment groups had shifts to normal or no change in clinical chemistry parameters from baseline to any visit post baseline. Changes from baseline (>5% incidence in any treatment group) to high were observed for chloride, cholesterol, GGT, glucose and phosphorus; changes to low were noted in bicarbonate, creatinine and glucose Generally, the percentage of subjects with changes from baseline to outside normal range were similar (≤4% difference) between the active and Placebo groups, except for low bicarbonate in the FF/VI groups (16% to18% versus 7%), low creatinine in the FF/VI groups (7% each versus 2%) and fasting glucose in the FF/VI 100/25 group (11% versus 5% and 6%). For fasting glucose, then incidence of shifts to high was the same as the incidence of shifts to low (13 subjects, 11% each). Overall, there did not appear to be any treatment or dose related effects for any of the clinical chemistry parameters.
Since hyperglycaemia and hypokalemia are known pharmacologic effects of the ICS and/or LABA components, effects on glucose and potassium were closely monitored in the Integrated Asthma Clinical Studies. Since glucose and potassium were collected at different time points across these studies, maximum post treatment glucose values and minimum potassium values over the treatment period were assessed. The majority of subjects across the key treatment groups (78% to 90%) in the 8 studies that included glucose measures either had changes to normal or no change in their glucose value from baseline to any time post baseline. Increases in glucose were observed in 7% (FF 200) to 13% (FF/VI 100/25) of subjects. Although the FF/VI 100/25 group had the largest percentage of subjects with increases in glucose, this group also had the largest percentage of subjects with decreases in glucose (9% versus 3% to 8%). In the Integrated Asthma Clinical Studies, glucose related AEs were reported for a total of 20 subjects: 6 subjects (<1%) in the FF/VI 100/25 group, 4 subjects (<1%) in the FF/VI 200/25 group, 8 subjects (<1%) in the FF 100 group and 2 subjects (<1%) in the FF 200 group. None of these were serious or led to withdrawal. Mean changes from baseline in serum potassium were minimal and ranged from -0.24 to -0.05 mmol/L. In the Integrated Asthma Clinical Studies, an AE of hypokalemia was reported for one subject (FF 100 group). This AE was not serious and did not lead to withdrawal. Glucose and potassium were not analysed in any of the Non-integrated Asthma Clinical Studies but values were obtained as part of the routine laboratory testing. Abnormal values which were deemed clinically significant in the judgment of the investigator were reported as AEs. Very few (4 subjects) glucose related AEs were reported in the Non-integrated Asthma Clinical Studies.
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Toc348005775]Haematology
The majority of subjects in the key treatment groups had shifts to normal or no change in haematology parameters from baseline to any visit post baseline Since the sample sizes of treatment groups were notably different for some analytes, there tended to be variability in the incidence of abnormal changes across the treatment groups making comparisons difficult. The most prominent changes from baseline were to low monocytes in the FF 100 group (30%), FF/VI 100/25 group (20%), and VI 25 + ICS group (20%), and to low haemoglobin in the VI 25 + ICS group (24%). Overall, there did not appear to be any treatment or dose related effect for haematology parameters.
[bookmark: _Toc272414673][bookmark: _Toc290846311][bookmark: _Toc348005776]Analysis of 24 hour urinary cortisol excretion
The Urine Cortisol (UC) Population was included in eight of the 11 Integrated Asthma Clinical Studies; these data were not collected in the two VI studies (B2C109575 and B2C112060) or the long-term exacerbation study (HZA106837). A total of 2308 subjects comprised the UC Population of whom 1804 were in the five key treatment groups of interest: Placebo (412 subjects), FF/VI 100/25 (343 subjects), FF/VI 200/25 (336 subjects), FF 100 (372 subjects) and FF 200 (341 subjects) At the end of treatment, the geometric means for 24 h urinary cortisol excretion were similar to baseline and all geometric mean ratios to baseline were close to 1. Analysis of the adjusted geometric means showed there were no statistically significant differences in 24 h urinary cortisol excretion ratio to baseline between each of the FF groups and Placebo or between the FF/VI groups and FF groups at the end of treatment. The majority of subjects across the treatment groups in the UC Population had normal 24 h urine-free cortisol excretion (84% to 86% at baseline and 84% to 88% End of treatment). Few subjects had a change from baseline to low in 24 h urine-free cortisol excretion and the incidence was similar between the Placebo (3%) and active treatment groups (2% to 4%).
FF/VI and FF had no apparent effect on 24 h urinary cortisol excretion in the Non-integrated Asthma Clinical Studies with the exception of Study FFA112202. In Study FFA112202, the 24 h urinary cortisol excretion ratios (Day 28/Baseline) for the FF 200 groups were slightly lower compared with Placebo and there was a statistically significant difference in the active versus Placebo ratio for both FF groups.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc348005777]Vital signs
Integrated asthma studies: Mean change from baseline in through pulse rate ranged from 5.9 beats per minute (bpm) in the Placebo group to 8.1 bpm in the FF/VI 100/25 group and none of the treatment comparisons were statistically significant. Mean change from baseline in 0-30 minute post dose pulse rate was slightly higher than through pulse rate and ranged from 4.6 bpm in the Placebo + ICS group to 10.1 bpm in the FF/VI 100/25 group. This increase is not unexpected as the post dose time period (0-30 min) corresponds with the Tmax of VI. In Study B2C112060, which compared VI 25 and SALM 100 with Placebo (all with concurrent ICS), no statistically significant differences were observed between the active treatment groups and placebo in 20-30 minute post dose pulse rate, at Day 1.
Mean changes from baseline in through systolic and diastolic blood pressure ranged from 4.8 mmHg in the VI 25 + ICS group to 9.1 mmHg in the FF/VI 100/25 group for systolic blood pressure and -7.4 mmHg in the FF/VI 100/25 group to -4.4 mmHg in the Placebo group for diastolic blood pressure and none of the treatment comparisons were statistically significant. Similar changes were observed for post dose systolic and diastolic blood pressure.
In the Non-integrated Asthma Clinical Studies, changes from baseline in vital signs (pulse/heart rate or systolic and diastolic blood pressure) were minimal across the active and Placebo treatment groups and none of the changes were considered clinically relevant.
[bookmark: _Toc272414675][bookmark: _Toc290846313][bookmark: _Toc348005778]Electrocardiograph
Nearly all subjects in the key treatment groups had QTc(F) values ≤450 ms at baseline and for their maximum measure at trough. The percentage of subjects who had maximum increases ≥30 to <60 ms from baseline was similar between the FF/VI, FF and Placebo groups and similar between the Placebo + ICS and VI 25 + ICS groups. Nearly all subjects in the key treatment groups had QTc(F) values ≤450 ms at baseline and for their maximum measure at 0-30 minutes post dose. The percentage of subjects who had maximum increases ≥30 to <60 ms from baseline was slightly higher in the FF/VI groups (7% to 8%) and the FF 100 group (7%) compared with the Placebo group (1%). The largest percentages of subjects showing this range of increases were observed in the Placebo + ICS (12%) and VI 25 + ICS groups (13%). These two groups had the lowest baseline QTc(F) values (Table 30).
Table 30. Frequency of QTc(F) post dose (integrated asthma clinical studies, key treatment groups)
[image: ]
For post dose heart rate (by ECG), mean values ranged from 69 to 73 bpm at baseline and from 72 to 80 bpm for maximum 0-30 minutes post-baseline. Mean changes from baseline at 0-30 minutes post dose were larger than at through since the measures were obtained at the time of Tmax for VI. Mean changes ≥6 bpm were observed in both FF/VI groups (6.0 and 9.5 bpm) and the VI 25 + ICS group (7.6 bpm) (Table 31).
Table 31. Mean and mean change in post dose heart rate 9bpm) (Integrated asthma studies, key treatment groups)
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Most of the abnormal findings observed at baseline were also seen at any time post dose with the exception of tachycardia (sinus tachycardia ≥110 bpm, for 3 subjects in the FF/VI 200/25 group). This abnormality was not observed in any of the other VI containing treatment groups. Partial bundle branch block and abnormal repolarization were observed in a few more (1 to 5) subjects in the FF/VI 100/25 and FF/VI 200/25 group at any time post dose (multiple ECG recordings) compared with baseline (single ECG recording).
In Study HZA106839, 24 h Holter monitoring was performed in a subset of subjects (≥50% in each treatment group) at selected study centers at screening, Day 1, Week 28 and Week 52. At the post baseline visits, the proportion of subjects having no VEs fluctuated for all three treatment groups (33% to 47% FF/VI 100/25, 40% to 51% FF/VI 200/25, and 44% to 60% FP 500) For subjects who had VEs, the median number of VEs remained low and was similar to screening across the three treatment groups at the post baseline visits (range: 0 to1). In all three treatment groups, the proportion of subjects having >50 VEs (any type), ≥1 ventricular singlet, and ≥1 ventricular couplet at the post baseline visits, as well as the maximum number of VEs, were similar to those observed at screening. A small, but greater proportion of subjects in the FF/VI groups (7 subjects, 6% each group) had treatment-emergent Holter findings of potential clinical importance at any post-baseline visit compared with only one subject in the FP group (2%). Ventricular arrhythmias were observed in both FF/VI groups. Three of the 4 subjects with non-sustained VT experienced a single episode of between 3 and 7 beats while one subject experienced two episodes lasting 3 and 4 beats. There were no events of sustained ventricular tachycardia. Sustained supraventricular tachycardia was observed only in the FF/VI 200/25 group (2 subjects). Sinus pause was observed for 3 subjects in the FF/VI 100/25 group and 1 subject in the FP group, but no subjects in the FF/VI 200/25 group. The longest sinus pause was 2.4 seconds and occurred in the FP group.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc348005779][bookmark: _Toc400980788]Postmarketing experience
There is no postmarketing data as the combination FF/VI or its individual components (FF and VI) are not approved for marketing in any country to date.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc348005780][bookmark: _Toc400980789]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc348005781]Liver toxicity
None
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc348005782]Haematological toxicity
None
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc348005783]Serious skin reactions
None
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc348005784]Cardiovascular safety
Refer sections Vital signs and Electrocardiograph above. 
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc348005785]Unwanted immunological events
None
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc348005786][bookmark: _Toc400980790]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc348005787]Safety in special populations
Safety in the Integrated Asthma Clinical Studies was examined by gender, age, race, and geographical region subgroups. The majority of the ITT Population was aged 18 to 64 years (4869 subjects, 82%), White (4403 subjects, 74%), and female (3669 subjects, 62%). Adolescent (age 12 to 17 years) and elderly (age ≥65) subjects comprised 12% and 6% of the ITT Population, respectively. The largest minority race was Asian (11%) followed by African American/African Heritage and Mixed Race (6% each). Subjects from the Other (ROW) geographic region comprised 41% of the ITT Population. The proportion of subjects from the USA and EU regions was similar (27% and 31%, respectively). Generally, the overall incidences of AEs across the key treatment groups in the gender, age, race, and region subgroups were similar to the incidence in the overall population, with the exception of Asian subjects. A greater proportion of subgroup subjects in the following treatment groups reported higher AE incidences compared with the overall population:
Adolescents (12-17 years): VI 25 + ICS (48% versus 36%)
Elderly (≥65 years): Placebo + ICS (54% versus 39%)
Asian: Placebo (40% versus 27%), FF/VI 100/25 (66% versus 58%), and FF/VI 200/25 (73% versus 54%)
USA: FF/VI 100/25 (66% versus 58%), VI 25 + ICS (44% versus 36%).
Gender: the proportion of females reporting Nervous System AEs (primarily headache) was greater than males in the FF/VI 100/25 (23% versus 13%), FF 100 (19% versus 10%), and VI 25 + ICS (15% versus 5%) groups.
Age: The SOC AE profiles for subjects aged 12-17 years, 18-64 years and ≥65 years in the key treatment groups of the Integrated Asthma Clinical Studies followed a similar trend to the overall population despite the varying sample sizes. There did not appear to be treatment or dose-related effects on the incidence of SOC AEs in adolescents or the elderly. For individual common AEs, a slightly higher incidence (≥3%) of bronchitis, cough, and dysphonia were noted in elderly subjects compared with the overall population in the following treatment groups: Bronchitis: Placebo (5% versus 2%) and FF/VI 100/25 (8% versus 5%); Cough: Placebo (5% versus 1%) and FF/VI 200/25 (7% versus 3%); Dysphonia: Placebo (3% versus <1%) and FF/VI 100/25 (11% versus 3%).
Race: Compared with the overall population, greater proportions of Asian subjects in the Placebo and FF/VI 200/25 groups reported Infections & Infestations (23% versus 14% and 51% versus 30%, respectively) and greater proportions in the FF/VI 100/25 and FF 100 groups reported AEs in the Respiratory, Thoracic, and Mediastinal SOC (24% versus 17% and 25% versus 15%), respectively. However, interpretation was limited by varying and small sample sizes.
Geographical region: In the USA region, a larger percentage of subjects in the FF/VI 100/25 and VI 25 + ICS groups reported AEs in the Infections and Infestations SOC (47% and 20%, respectively) compared with the overall population (40% and 14%, respectively) and fewer subjects in the Placebo + ICS group reported AEs in the Gastrointestinal Disorders SOC (no subjects) compared with the overall population (9%). In the EU region, a larger percentage of subjects in the Placebo + ICS group reported AEs in the Nervous System Disorders SOC (13%) compared with the overall population (7%), fewer subjects in the FF/VI 100/25 and 200/25 groups reported AEs in the Infections and Infestations SOC (34% and 22%, respectively) compared with the overall population (40% and 30%, respectively) and fewer subjects in the VI 25 + ICS group reported AEs in the Respiratory, Thoracic and Mediastinal Disorders SOC (2%) compared with the overall population (8%). In the Other (ROW) region, a larger percentage of subjects in the FF/VI 200/25 group reported AEs in the Infections and Infestations SOC (36%) compared with the overall population (30%) and a larger percentage of subjects in the Placebo + ICS group reported AEs in the Gastrointestinal Disorders SOC (15%) compared with the overall population (9%).
Hepatic/ renal impairment: In Study HZA111789, 7 days of administration of FF/VI 200/25 was well tolerated in 18 subjects with mild to moderate hepatic impairment and FF/VI 100/12.5 was well tolerated in 8 subjects with severe hepatic impairment. One subject (11%) with moderate hepatic impairment treated with FF/VI 100/25 experienced mild nasopharyngitis that was not considered drug-related by the investigator. No other AEs were reported for subjects with hepatic impairment. There were no clinically significant laboratory test results, vital signs or ECG findings in hepatic impaired subjects. In Study HZA113970, 7 days of administration of FF/VI 200/25 was well tolerated in 9 subjects with severe renal impairment (mean [SD] calculated creatinine clearance 26.0±7.8 mL/min). No AEs were reported during the study and no clinically significant abnormalities were noted for any safety parameter.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Ref348004760][bookmark: _Toc348005788]	Safety related to drug-drug interactions and other interactions
Two drug interaction studies were conducted to investigate the pharmacokinetic and pharmacodynamic effects of co-administration of FF/VI (Study HZA105548) or VI (Study B2C1122050) with ketoconazole. The results of Study B2C112205 were consistent with the results of Study HZA105548. The co-administration of VI with ketoconazole did not significantly affect the pharmacodynamics or tolerability of VI in healthy subjects. Concomitant administration of ketoconazole increased VI systemic exposure (AUC) compared with VI and placebo but there was no evidence for an increase in Cmax, consistent with a lack of effect of the proposed FF/VI combination on pharmacodynamic endpoints.
[bookmark: _Toc348005789] 	Pregnancy/lactation; overdose; withdrawal/rebound effects
As of 15 February 2012, 36 pregnancies were reported from the completed FF/VI asthma clinical studies. At that time, the outcome for 7 pregnancies was unknown. Of the 29 known outcomes, 16 pregnancies resulted in live births[footnoteRef:33] (one set of twins), 9 were spontaneous abortions, 2 were stillbirths and 2 were electively terminated. [33:  Of the 16 live births, one neonate had a congenital anomaly (patent ductus arteriosus, ventricular septal defect) and one was premature. For the neonate with the congenital anomaly (FF/VI 100/25 group), there was a family history of ductus as it was also present in the neonate’s sister. The premature baby (FF/VI 100/25 group) had acute respiratory distress syndrome and died 5 days after birth.] 

As of the 15 February 2012 data cut-off date, there were no AE reports of overdose with FF/VI, FF or VI in the asthma clinical development program. There is no evidence for and no anticipation of patient abuse of FF/VI or the individual components FF or VI.
Unless other appropriate asthma medications are prescribed upon discontinuation of treatment, the expected effect of withdrawal of study medication is an increase in signs and symptoms of asthma. The clinical trials in the FF/VI development program were designed with a post treatment follow-up period (1 to 2 weeks in length) to evaluate AEs following discontinuation of study treatment. At this time, subjects were prescribed alternate asthma medication but this information was not captured, which makes interpretation of post treatment AE data difficult. During the post treatment follow-up period, the incidence of AEs was low (<1% to 4%) across all clinical studies. There was no indication of rebound effects, as evidenced by no increase in the frequency of AEs or asthma exacerbations following withdrawal of the study medication. There were no clinically remarkable differences between subjects treated with active therapy (FF/VI, FF or VI) and subjects treated with placebo in the types of adverse events reported following discontinuation of study therapy.
There is no evidence of and no expectation that the use of FF/VI or the components of this combination (FF or VI) affects the ability to drive or operate machinery or to otherwise impair mental ability. There was no indication of an increase in AEs such as somnolence, yawning, fatigue, malaise or lethargy with FF/VI treatment compared with treatment with Placebo and these specific events were reported in7% or fewer subjects in the active and placebo groups.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc348005790][bookmark: _Toc400980791]Evaluator’s overall conclusions on clinical safety in asthma
Evaluable safety data was obtained from 68 completed clinical studies including 8 Phase II, 8 Phase III studies and 52 completed clinical pharmacology studies with FF/VI and/or the individual components and involving 10,630 subjects who received at least one dose of study medication in the FF/VI clinical development program: 7034 in the Integrated Asthma Clinical Studies, 2292 in the Non-integrated Asthma Clinical Studies, and 1304 in the Clinical Pharmacology Studies (Table 32). Of these subjects, 2652 were treated with FF/VI, 4432 were treated with FF, and 987 were treated with VI (all administered by oral inhalation).
Table 32. Total subject exposure in the FF/VI asthma clinical program (completed studies)
[image: ]
Majority of subjects in the key treatment groups in the Integrated Asthma Clinical Studies were White (65% to 77%), female (55% to 65%) (60%) had asthma for ≥10 years; 2% of subjects in the ITT Population had asthma for less than 1 year. The mean duration of asthma was 16 years in the ITT Population majority of subjects in the Non-integrated Asthma Clinical Studies were White (59% to 88%) and female (57% to 68%). The mean age of the study populations was 32 to 45 years (age range 12 to 85 years). Overall, the study populations evaluated for safety of FF/VI were representative of the proposed target population.
Overall, incidence of AEs (exposure-adjusted) was similar in all groups containing FF (FF/VI- 100/25, 200/25 and FF100, 200 groups) and lower than that in the placebo group. Since these studies were of disparate durations (6 to 76 weeks) and treatment groups had variable sample sizes (216 to 1544 subjects), the exposure adjusted data were more informative than incidence data for assessment of AEs. The most common AEs observed were headache, nasopharyngitis, URTI, bronchitis, and oropharyngeal pain. Except for dysphonia and oral candidiasis which consistently occurred at a higher incidence with higher doses of FF alone and in combination, no other AEs had a clear dose relationship. These AEs are common in an asthmatic population and have been documented in various ICS and ICS/LABA prescribing information.
Only 4 deaths were reported in the FF/VI asthma clinical development program (1 in the placebo group, 1 in the FF/VI 100/25 group, and 2 in the FF 100 group); based on adjudication committee assessments, none were asthma related.
Overall, the data from the Integrated and Non-integrated Asthma Clinical Studies with FF/VI and the individual components were well tolerated, with low incidence of SAEs (0% to 3%) and withdrawals due to AEs (0% to 4%). The most frequent SAE was asthma (exacerbations), reported by 12 subjects in the FF/VI 100/25 group, 9 subjects in the FF 100 group and 1 subject each in the Placebo, FF 200 and VI 25 + ICS groups. The placebo treatment arm was included only in shorter-term studies where the risk of exacerbations was less, while the FF/VI 100/25 and FF 100 treatment arms were included in the exacerbation study (HZA106837) with duration of up to 76 weeks and which, unlike the other studies in the program, recruited subjects with a severe asthma exacerbation history. The incidence of withdrawals due to AEs was very low and similar across treatment groups (<1% to 2% across treatment groups) and the most frequent AE leading to withdrawal was asthma (exacerbation), reported by 3 subjects each in the FF/VI 100/25 and FF 100 groups and 1 subject each in the Placebo, FF 200 and VI 25 + ICS groups. Other common AEs leading to withdrawal (all <1% incidence) were dysphonia, pneumonia, oral candidiasis, palpitations and hypertension.
Across the key treatment groups in the Integrated Asthma Clinical studies, the most frequent types of AEs of Special Interest were local steroid effects (2% to 11%), pneumonia and LRTI (0% to 7%), and cardiovascular effects (1% to 9%). Bronchitis (0% to 5%) and oropharyngeal pain (1% to 4%) were also reported frequently. Pneumonia was reported by a total of 31 subjects (<1%) in the Integrated Asthma Clinical Studies and the incidence was not greater than 1% in any treatment group. For local steroid effects (particularly candidiasis, dysphonia and oropharyngeal pain), the incidence of events (adjusted for exposure) was higher in the FF/VI 200/25 (191.6/1000 subject years) and FF 200 (281.0) groups compared with Placebo (87.8) and the respective lower dose (FF/VI 100/25=94.3 and FF100= 103.8) groups. The incidence of pneumonia (adjusted for exposure) seen with FF/VI 100/25 and FF 100 (9.6 and 8.0/1000 subject years, respectively) was similar to that seen with placebo (8.0/1000 subject years) but a higher incidence of pneumonia was observed in the FF/VI 200/25 and FF 200 arms (18.4/ and 25.5/1000 subject years, respectively). For cardiovascular effects, the incidence of events (adjusted for exposure) was higher in the FF/VI 200/25 group (154.8/1000 subject years) than in the FF/VI 100/25 group (65.5/1000 subject years); this was mainly due to a higher incidence of extrasystoles in Study HZA106839 that included Holter monitoring.
Pneumonia was reported by a total of 31 subjects (<1%) in the Integrated Asthma Clinical Studies and the incidence was not greater than 1% in any treatment group. With exposure adjusted data, the number of subjects with an event per 1000 treatment years was similar among the FF/VI 100/25, FF 100 and placebo groups (8.0 each) but a higher incidence was observed in the FF/VI 200/25 (18.4) and FF 200 (25.5) groups. Hospitalisations due to pneumonia were not increased in the higher dose groups. Although no pneumonias which led to hospitalisation were observed in the placebo group compared with 4 events in both groups containing FF 100 and 1 event in both groups containing FF 200, the interpretation of these data are confounded by differences in duration of treatment with maximum treatment duration of 12 weeks for the Placebo group compared with a maximum of 76 weeks in the FF/VI 100/25 and FF 100 groups, 12 months for the FF/VI 200/25 group and 6 months for the FF 200 group.
The addition of the LABA component did not increase the frequency of severe asthma exacerbations requiring hospitalisation as demonstrated by no significant difference in this composite endpoint between the FF/VI group and the ICS group or non-LABA group. In addition, subjects treated with FF/VI 100/25 had a 24% reduction in the risk of experiencing a severe asthma exacerbation compared with subjects treated with FF 100 (HR=0.762, 95% CI: 0.618, 0.941, p=0.011).
For the Asthma Composite Endpoint, there was no significant difference between the FF/VI group and the ICS group or non-LABA group, demonstrating no increased risk when adding a LABA to an ICS. For the analysis of FF/VI all doses versus non-LABA all doses, the combined risk difference indicates a slight reduction in the risk of asthma related events for subjects receiving any dose of FF/VI; 2.6 subjects have avoided an asthma related event for every 10,000 subjects treated with FF/VI.
The incidence of cardiovascular AEs of special interest was higher in FF/VI 200/25 group, primarily due to a higher incidence of terms coding to extrasystoles on Holter recordings performed in the long-term safety Study HZA106839. There were no associated clinical symptoms (for example, palpitations) temporally reported with these extrasystole events. According to current medical literature, in the absence of underlying structural heart disease, ventricular ectopy is not generally regarded as being clinically significant, and does not require treatment unless patients are symptomatic. These Holter findings did not meet the predefined criteria for a potentially clinically important finding.
No apparent effects on ophthalmic examinations, including lens opacification and intra ocular pressure (IOP), were observed with 12 month administration of FF/VI.
With administration of therapeutic doses, no clinically relevant effects on potassium and glucose have been observed in the clinical program to date. No treatment or dose related effects on haematology or clinical chemistry analytes were observed.
The well conducted Phase III, placebo-controlled Study HZA106851 involving 185 asthma subjects showed that 6 weeks treatment with proposed OD dosing with FF/VI 100/25 and 200/25 did not lead to significant suppression of the HPA axis (as determined by serum and urinary cortisol levels). Furthermore, analysis of the Urine Cortisol (UC) Population in 2308 subjects from 8 of the 11 Integrated Asthma Clinical Studies (data were not collected in the two VI Studies B2C109575 and B2C112060 or the long term exacerbation study (HZA106837) showed there were no statistically or clinically significant differences in 24 h urinary cortisol excretion ratio to baseline between each of the FF groups and Placebo or between the FF/VI groups and FF groups at the end of treatment.
Teeth effects with FF and ovarian and uterine tumour effects with VI (GW642444M) were observed in some of the nonclinical studies but these effects have not been substantiated in the clinical studies.
Long-term safety
The Phase III pivotal, long-term safety Study HZA108839 involving 503 asthma subjects demonstrated that long-term safety of the two proposed doses of FF/VI (200/25, 100/25 µg) for asthma was generally comparable to that observed with FP500 with similar incidence of AEs, drug related AEs, SAEs and withdrawals due to AEs. Majority of the AEs were as expected with a steroid and beta agonist inhaler combination and although incidence of some of the AEs (oral candidiasis, abdominal pain and extrasystoles) were slightly higher in the FF/VI groups compared with FP, there were no major safety concerns following 1 year treatment with the proposed combination.
In order to determine if there were differences in the AE profile as time on treatment increased and to identify the occurrence of new AEs that could be associated with increased exposure to study drug, the profile of AEs with an onset ≤6 months was compared with the profile of AEs with an onset of >6 months in the two long term studies (HZA106839 and HZA106837). Overall, no significant trends were observed for increased incidence of overall AEs or specific AEs with increase in duration of treatment. With long-term FF/VI and FF treatment, the incidence of most AEs tended to decline as time on treatment increased.
Examination of AEs by gender, age, race and geographic region subgroups revealed similar trends to the overall population.
At therapeutic doses of FF/VI, no safety signals have been observed for increased incidence of severe asthma exacerbations, adrenal suppression, bone disorders, QT interval prolongation, myocardial ischemia, or metabolic, neurologic, or ocular effects based on results of clinical program to date. Safety observations are in line with the expected drug-class profiles in the populations studied and no new risks have been identified.
[bookmark: _Toc348005791][bookmark: _Toc400980792]Safety for indication of COPD
[bookmark: _Toc348005792]Studies providing evaluable safety data for indication of COPD
Ten Phase IIa-IIIb studies in adult subjects (40 years of age and older) with COPD provided data on safety of FF/VI for treatment of COPD (see Figure 16 below).
[bookmark: _Toc348005863]Figure 16. Key safety studies in FF/VI COPD clinical development program
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Six trials evaluated the FF/VI Inhalation Powder combination across a range of FF doses (50/25, 100/25, 200/25, and 400/25 µg) while one Phase IIb trial evaluated VI Inhalation Powder monotherapy across a range of doses (3 µg to 50 µg). Four of the FF/VI studies also included a VI 25 µg monotherapy arm, and two of the studies included an FF 100 µg or FF 200 µg monotherapy arm. Three additional studies included FF/VI 100/25 arms in comparison to FP/salmeterol 500/50 or 250/50 arms.
Four Phase IIIa studies with FF/VI Inhalation Powder are considered primary studies for the COPD indication; two 6 month lung function Studies HZC112206 and HZC112207) and two 12 month exacerbation Studies HZC102871 and HZC102970. In addition to providing primary efficacy data, the HZC112206 and HZC112207 studies provide safety data (including 24 h urinary cortisol excretion, 24 h Holter monitoring, and 12-lead ECGs), pharmacodynamic (PD) and population PK data over a 6 month treatment period.
Six studies are considered supportive studies for the COPD indication. Two studies, a Phase IIIa Study HZC110946 and a Phase IIa Study HZC111348, assessed FF/VI Inhalation Powder. One additional Phase IIb Study B2C111045 assessed VI Inhalation Powder. In addition to providing supportive efficacy data, Study HZC110946 provides additional safety data (24 h serum cortisol and 12-lead ECG) and 24 h serial PK data. Study HZC111348 provides efficacy data, as well as supportive safety data (including 24 h Holter monitoring and 12-lead ECG) and PK data. Three Phase IIIb Advair/Seretide comparator studies (HZC112352, HZC113107 and HZC113109) evaluated the 24 h spirometric effect (FEV1) of FF/VI (100/25 µg) once daily compared with fluticasone propionate/salmeterol (500/50 µg twice daily in HZC113107 and 250/50 µg twice daily in HZC112352 and HZC113109) over a 12 week treatment period in subjects with COPD.
The Clinical Development Program to support the approval of FF/VI Inhalation Powder in subjects with COPD is further supported by safety data from the Clinical Development Program in asthma (including studies evaluating FF/VI and studies evaluating the FF and VI mono components). The safety data for subjects with asthma are not integrated with COPD data as these are distinct patient populations with different co-morbidities but detailed evaluations of the safety of FF/VI in subjects with asthma is provided in Safety for indication of asthma above.
Safety was assessed in the following datasets:
Subject level integration of Studies HZC112206 and HZC112207 for summaries of overall AEs , SAEs, Fatal AEs, AEs leading to permanent discontinuation of study drug or withdrawal, Most Frequent AEs , AEs of Special Interest, pneumonias, summary of shifts for clinical laboratory tests (including liver function tests (LFT), glucose, potassium), ECG, Holter, urinary cortisol (UC) and vital sign measurements.
Subject level integration of Studies HZC102871 and HZC102970 for summaries of overall AEs , SAEs, Fatal AEs, AEs leading to permanent discontinuation of study drug or withdrawal, Most Frequent AEs , AEs of Special Interest, pneumonias, summary of shifts for clinical laboratory tests (including liver function tests (LFT), glucose, potassium),ECG and vital sign measurements.
Subject level integration of seven COPD Studies (HZC112206, HZC112207, HZC102871, HZC102970, HZC110946, HZC111348, and B2C111045) for summaries of overall AEs , SAEs, Fatal AEs, AEs leading to permanent discontinuation of study drug or withdrawal, Most Frequent AEs , AEs of Special Interest, pneumonias.
Key safety data for Studies HZC110946, HZC111348, and B2C111045 were not integrated and will be described separately as will the safety data for the three Advair/Seretide comparator studies (HZC112352, HZC113107 and HZC113109)[footnoteRef:34]. B2C108562 was conducted to evaluate the safety, tolerability, pharmacodynamics and pharmacokinetics of the H salt of VI compared with salmeterol (the primary formulation of VI studied in the COPD development program was the M salt). [34:  HZC110946 was a four-week crossover study in 54 subjects with differences in frequency and timings of measurements. The dosage of FF/VI in HZC111348 was 400/25, which was not investigated in other studies. B2C111045 was a Phase IIb four week dose ranging study with VI only. HZC112352, HZC113107 and HZC113109 contained differing comparator arms (fluticasone propionate/salmeterol) than other studies.] 

Safety assessments conducted in the 10 COPD clinical Studies: AEs were coded and grouped by System Organ Class (SOC) and Preferred Term using the Medical Dictionary for Regulatory Activities (MedDRA). However, slight differences in the numbers and percentages of a small number of individual AEs between some individual clinical study reports and the integrated summary tables that summarize AEs from multiple studies may have been due to the different versions of the MedDRA dictionary used for the individual CSRs and the integrated database. However, these differences were minimal, affecting only a few AEs that were seen infrequently across the studies. MedDRA versions used in the CSRs and in the safety summary are summarized in Table 33.
Table 33. MedDRA version used in each study
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[bookmark: _Toc348005793][bookmark: _Toc400980793]Pivotal studies that assessed safety as a primary outcome
None.
[bookmark: _Toc348005794][bookmark: _Toc400980794]Patient exposure
In total, 6237[footnoteRef:35] subjects were randomised in the seven integrated studies of the FF/VI COPD clinical development program and majority of the subjects (5518 subjects) were enrolled in the primary COPD studies (HZC112206, HZC112207, HZC102871, and HZC102970). In the ITT Population, 3396 received treatment with the various FF/VI combination dosages (subjects who received more than one dose in HZC110946 were counted more than once and were counted under each strength received), 1727 subjects received treatment with VI alone, 613 with FF alone, and 584 with placebo. Mean exposure ranged from 27.0 to 268.3 days (median 29.0 to 362.0 days) across the treatment groups. The differences in exposure across the treatment groups are a reflection of the different durations of the treatment periods for the individual studies in the integrated population (that is, 4 week Phase IIb and Phase IIa supporting studies and the six-month and one-year Phase IIIa studies). [35:  due to the crossover design of Study HZC110946, in which 54 subjects were enrolled and exposed to multiple strengths of FF/VI] 

Overall, the 6225 subjects randomised and who took at least one dose of study medication in these seven studies provided 3640 subject-years of exposure, with 2377 subject-years of exposure across the various strengths of FF/VI, 860 subject-years of exposure to the various dosages of VI alone, and 237 subject-years of exposure across the dosages of FF alone; placebo exposure was 166 subject-years. A total of 1867 subjects were treated with the various strengths of FF/VI for more than 48 weeks, and 686 subjects were treated with the various strengths of FF/VI for more than 52 weeks. A total of 381 subjects were treated with VI 25 for 48 to 52 weeks, and 209 subjects were treated with VI 25 for 52 weeks or more. The 2254 subjects randomised and who took at least one dose of study medication in the two 6 month Studies HZC112206, HZC112207 provided 870 subject-years of exposure, with 318 subject-years of exposure across the various strengths of FF/VI, 161 subject-years of exposure to VI alone, and 237 subject-years of exposure across the various strengths of FF alone; placebo exposure was 154 subject-years. Overall, the 3255 subjects randomised and who took at least one dose of study medication in the 1 year exacerbation studies HZC102871, and HZC102970 provided over 2700 subject-years of exposure, with 2048 subject-years of exposure across the various strengths of FF/VI and 661 subject-years of exposure to VI alone. In addition, 1558 subjects were enrolled and comprised the ITT Population in the three ADVAIR/SERETIDE comparator studies that were not included in the overall integrated population. Of these 785 subjects received FF/VI and 773 subjects received ADVAIR/SERETIDE. Thus, across the seven integrated studies and the three Advair/Seretide comparator studies, overall, over 7700 subjects comprised the ITT Population in the FF/VI COPD clinical development program, of which over 4150 subjects have been treated with the various strengths of FF/VI.
Of the 6225 subjects in the ITT Population of the seven integrated COPD studies, at least 73% of subjects in each treatment group completed the studies. The percentages of subjects withdrawn from the studies ranged from 3% to 27% across the active treatment groups, proportions that were similar to or lower than the percentage withdrawn from the placebo group (26%). Irrespective of study duration, the most common primary reasons for premature withdrawal were AEs (6 to 9% across treatment groups) and ‘Lack of efficacy’ (4% in active treatment groups versus 6% in placebo group and most commonly due to COPD exacerbation). The percentages of subjects withdrawn prematurely due to other reasons were low and similar across the treatment groups. Similar results were observed in the primary 6 month studies and the 12 month exacerbation studies.
[bookmark: _Toc348005795][bookmark: _Toc400980795]Adverse events
[bookmark: _Toc348005796]All adverse events (irrespective of relationship to study treatment)
Six month pivotal COPD studies (HZC112206/HZC112207): The overall incidence of subjects reporting any on-treatment AE was similar across most active treatment groups (ranging from 45% to 50%) and similar to that reported for subjects in the placebo group (48%), with the exception that subjects in the FF/VI 50/25 group had a slightly higher incidence (55%). The Infections and Infestations SOC had the highest incidence of AEs with highest incidences reported for subjects in the FF/VI 50/25 (30%), 100/25 (28%), FF100 (26%) and FF200 (27%) groups compared to the FF/VI 200/25 (21%) and placebo (22%) groups. AEs that were reported at an incidence of ≥5% within any treatment group included nasopharyngitis (6% to 10%), upper respiratory tract infection (2% to 8%), and oropharyngeal candidiasis (5% in the FF/VI 50/25 group, 3% in the FF 200 group, and <1% to 2% across all other treatment groups). The incidence of Nervous System Disorders (8-11%), Respiratory, Thoracic and Mediastinal Disorders SOC were reported at similar incidences in all active treatment groups (7% to 9%) were reported at a similar incidence in the active treatment groups and in the placebo group. Gastrointestinal disorders occurred at the highest incidence in the FF/VI 200/25 group (10%) and at similar incidences in the remaining active treatment groups (4% to 8%) and placebo (7%) with nausea, diarrhoea, toothache, dyspepsia and vomiting being most common. Nasopharyngitis was the most frequently reported AE and occurred at similar incidences in the active treatment groups (6% to 10%) compared with placebo (8%). Headache occurred at a higher incidence in the VI 25 group (9%) and the incidence of upper respiratory tract infection (URTI) was higher in the FF/VI 50/25 and FF/VI 100/25 groups (8% and 7%, respectively) compared with the remaining active treatment groups (2% to 5%) and placebo (3%). AEs related to oral/oropharyngeal candidiasis[footnoteRef:36] occurred at higher incidences in the FF/VI groups (4% to 10%), the FF 200 group (6%), compared with the FF 100 (3%), placebo (2%) and the VI 25 (2%) groups. Back pain (<1% to 3%), COPD (0 to 3%), hypertension (<1% to 3%) occurred at low incidences across all active treatment groups and at similar incidences compared with the placebo group. Lower respiratory tract infection (LRTI) occurred more frequently in the placebo group (3%) than in the active treatment groups (<1% to 2%). The patterns of exposure-adjusted numbers for the most frequently reported AEs were similar to the patterns described above for the unadjusted incidence of these AEs. [36:  Oropharyngeal candidiasis occurred more frequently in the groups treated with the FF/VI combination (2% to 5%) and the FF 200 group (3%) compared with the FF 100 group (<1%), the VI 25 group (<1%) and placebo (1%). The pattern was similar for oral candidiasis and the highest incidences of oropharyngeal candidiasis and oral candidiasis were in the FF/VI 50/25 group.] 

12 month exacerbation studies (HZC102871/HZC102970): The overall incidence of subjects reporting any on-treatment AE was similar across the FF/VI treatment groups (76% to 77%) and somewhat higher than for the VI 25 group alone (70%). The incidence of reported AEs was highest in the Infections and Infestations SOC with the highest incidences in the FF/VI groups (50% to 55%) compared with the VI 25 group (44%) and included nasopharyngitis (14% to 19%), upper respiratory tract infection (9% to 11%), oral candidiasis (6% in the VI 25 group compared with 9% to 10% in the FF/VI groups), bronchitis (5% to 6%), sinusitis (4% to 6%) and pneumonia (6% in each of the FF/VI groups compared with 3% in the VI 25 group). AEs within the Respiratory, Thoracic and Mediastinal Disorders SOC were reported at similar incidences in all treatment groups (23% to 25%). COPD (6% to 7%), cough (4%), and oropharyngeal pain (4% to 5%) were the most frequently reported events in this category. Musculoskeletal and Connective Tissue Disorders were reported at a similar incidence in all treatment groups (18% to 21%). Gastrointestinal disorders occurred at similar incidences in all treatment groups (15% to 17%) with most common AEs being diarrhoea, nausea, constipation, upper abdominal pain, gastritis, vomiting and gastroesophageal reflux disease. Nasopharyngitis was the most frequently reported AE and occurred at similar incidences in the FF/VI groups (14% to 19%) compared with VI 25 (14%) with an increased risk (lower limit of 95% CI for HR >1) only for the FF/VI 200/25 group compared with VI 25. Compared to the VI25 group, the FF/VI groups showed higher incidence and increased risk of AEs related to oral/ oropharyngeal candidiasis (FF/VI versus VI25: 11-13% versus 7%), pneumonia (6% versus 3%), urinary tract infections (2-4% versus 2%) and pyrexia (2-3% versus 1%). The FF/VI and VI25 groups showed similar incidence of upper respiratory tract infection (FF/VI versus VI 25: 9% to 11% versus 10%), headache (7-8% versus 8%), COPD[footnoteRef:37] (6 to 7% across all treatment groups), back pain [5% to 7%], bronchitis [5% to 6%] and sinusitis [4% to 6%].The patterns of exposure adjusted numbers for the most frequently reported AEs were similar to the patterns described above for the unadjusted incidence of these AEs. [37:  The primary efficacy analysis for these studies was the annual rate of moderate and severe exacerbations of COPD, and thus investigators were discouraged from reporting COPD exacerbations unless they met the definition of an SAE. Thus, the comparisons of this event across treatment groups may be difficult to interpret.] 

Integrated COPD safety (7 studies)
The overall incidence of subjects reporting any on-treatment AE was similar across the FF/VI treatment groups (66% to 70%) and similar to that reported for subjects in the VI 25 group (61%). The overall incidence of subjects reporting any on-treatment AE was lower in the FF 100 and FF 200 groups (49% and 47%, respectively) compared with the FF/VI groups but slightly higher than the incidence in the placebo group (42%). The exposure-adjusted numbers of subjects reporting any on-treatment AE were similar across the FF/VI 50/25, FF/VI 100/25, FF/VI 200/25 and the VI 25 treatment groups (ranging from 933.5 to 990.0 subjects with an event/1000 subject years) and lower compared with the FF 100 and FF 200 groups (1279.6 and 1204.6 subjects with an event/1000 subject years, respectively). The placebo group had the highest exposure adjusted number of subjects reporting any on-treatment AE (1467.7 subjects with an event/1000 subject years). The Infections and Infestations SOC had the highest incidence. Nasopharyngitis was the most frequently reported AE with higher unadjusted incidence in the FF/VI groups (12% to 16%) and the VI 25 group (12%) compared with placebo (6%). However, exposure-adjusted numbers of subjects reporting nasopharyngitis were similar in the FF/VI 50/25, 100/25 and VI25 groups and lower than in the FF/VI 200/25 and placebo groups. Although the unadjusted incidence of headache, the next most frequently reported AE, was similar for all treatment groups, exposure adjusted incidence was higher in the placebo and VI25 groups compared with the FF/VI groups. Exposure adjusted numbers of subjects indicated that URTI occurred at a higher number across the FF/VI groups and the VI 25 group compared with placebo. Numbers of subjects reporting URTI did not appear to be related to dosage, as this event occurred less frequently in the higher FF/VI dosage group compared with the lower dosages. Oral candidiasis was reported at a higher incidence across the FF/VI groups (7% to 8%) compared with the incidence in the VI 25 group (4%) and in the placebo group (<1%), as was oropharyngeal candidiasis (1% to 4% in the FF/VI groups compared with <1% in the VI 25 and placebo groups). Exposure-adjusted numbers of subjects reporting oral candidiasis were also higher for subjects in the FF/VI groups compared with VI 25 and placebo. Oral and oropharyngeal candidiasis did not appear to be related to the dosage of FF. COPD was reported at low and similar incidences in the FF/VI treatment groups (5% to 6%) and the VI group (5%) but at a higher incidence than for placebo (1%). Review of the most frequent AEs in the Infections and Infestations SOC shows that the incidence of sinusitis, pneumonia, bronchitis, influenza, and pharyngitis occurred in higher exposure-adjusted numbers of subjects in the FF/VI groups compared with placebo but in numbers similar to that seen with VI 25. Pneumonia was reported at a higher incidence across the FF/VI groups (4% to 5%) compared with the VI 25 group (2%) and the placebo group (<1%) with similar results for exposure adjusted incidence of pneumonia. There were no clinically important differences for the remaining most frequent on-treatment AEs across the treatment groups.
Comments: In the integrated safety dataset, results must be interpreted with caution and exposure-related incidence are more important due to the longer duration of treatment and hence higher number of subject years of exposure to FF/VI 50/25, 100/25 and 200/25and VI 25 compared with placebo and FF 100 and FF 200. Furthermore, only FF/VI and VI treatment groups were included in the one-year studies in subjects with an exacerbation history and thus more severe disease.
Advair/Seretide Comparator Studies: In Study HZC113107, the overall incidence of subjects reporting any on-treatment AE was similar in both treatment groups (FF/VI100/25 OD versus salmeterol/FP 50/500 BD= 27% versus 26%). The SOCs with the highest frequency of AEs were Infections and infestations (FF/VI 100/25 versus salmeterol/FP 50/500 BD: 8% versus 11%) and nervous system disorders (8% versus 7%). Cardiac disorders occurred in 2% of subjects in the FF/VI 100/25 group, with all individual events occurring in one or two subjects. No cardiac events were reported in the salmeterol/FP 50/500 BD group. Headache was the most frequently reported AE and occurred with similar frequency in both treatment groups (8% versus 7%). The only other AEs reported by at least 3% of subjects in either treatment group during the study were back pain (4% versus 1%), nasopharyngitis (3% versus 5%) and cough (1% versus 3%).
In Study HZC113109, the overall incidence of subjects reporting any on-treatment AE was 25% in both the FF/VI 100/25 and FP/salmeterol 250/50 BD treatment groups. The SOCs with the highest frequency of AEs were Infections and infestations (FF/VI 100/25OD versus FP/salmeterol 250/50 BD=7% versus 9%), Nervous system disorders (7% in both treatment groups) and Cardiac disorders (2% in each group). The most frequent AEs were headache (6% versus 4%) and nasopharygitis (3% in each group).
In Study HZC112352, the overall incidence of subjects reporting any on-treatment AE was 20% in the FF/VI 100/25 treatment group and 23% in the FP/salmeterol 250/50 BD treatment group. The SOCs with the highest frequency of AEs were Infections and infestations (8% versus 12%), Nervous system disorders (6% versus 4%) and Cardiac disorders (<1% in both groups). The most common AEs were headache (5% versus 4%), oropharyngeal candidiasis (2% versus 3%) and oral candidiasis (<1% versus 3%).
[bookmark: _Toc348005797]Treatment-related adverse events (adverse drug reactions)
6 month pivotal COPD studies: The overall incidence of subjects with any on-treatment drug related AE was highest in the FF 200 (13%) and the FF/VI 50/25 (12%) groups compared with the placebo group (8%) and FF 100, VI 25 and the FF/VI 100/25 and FF/VI 200/25 groups 
(8%-10%). Drug-related AEs in the Infections and Infestations SOC were reported at the highest incidence (4-8% overall) and the most commonly reported events considered drug-related were oral candidiasis, oropharyngeal candidiasis and candidiasis. Drug-related Cardiac disorders occurred at very low and similar incidences across all the active treatment groups (<1% to 2%) and placebo (2%) and the most commonly reported events in this category included ventricular extrasystoles, ventricular tachycardia and atrial fibrillation. Drug related AEs within the Respiratory, Thoracic and Mediastinal Disorders SOC were reported at similar incidences across all active treatment groups (<1% to 2%) and placebo (<1%). COPD, dysphonia, oropharyngeal pain, and dry throat were the events reported most frequently in this SOC, and the rates of these events were low across all treatment groups (<1%). Drug-related AEs in the remaining SOCs occurred at low and similar incidences (≤1%) across the active treatment groups and placebo. Oral and Oropharyngeal candidiasis were the only two most frequently occurring drug-related AEs (overall incidence of <1% to 4%) and occurred more frequently in the groups treated with the FF/VI 50/25 (3-4%), 100/25 combinations (1-3%) and the FF 200 group (2%) compared with the VI 25 (<1%), the FF/VI 200/25 (1%) and the FF 100 groups (<1%).
12 month COPD exacerbation studies: The overall incidence of subjects with any drug-related AE was slightly higher in the FFVI 50/25 group (21%) compared with the FF/VI 100/25 and FF/VI 200/25 groups (17%); the overall incidence of subjects with any drug-related AE was higher in all FF/VI groups compared with the VI 25 group (14%). Drug-related AEs in the Infections and Infestations SOC were reported at the highest incidence and the overall incidence of AEs in this SOC was higher in all FF/VI groups (10% to 13%) compared with the VI 25 group (6%) and the most common AEs were oral candidiasis, oropharyngeal candidiasis and pneumonia. Oral candidiasis and oropharyngeal candidiasis occurred at higher incidences in the FF/VI groups (7% to 13%) compared with VI (5% to 6%). However, the occurrence of both oral and oropharyngeal candidiasis did not appear to be related to the dosage of FF he incidence of drug related pneumonia was similar across all treatment groups (<1% to 1%). Drug-related AEs within the Respiratory, Thoracic and Mediastinal Disorders SOC were reported at similar incidences across all active treatment groups (3% to 4%). Dysphonia, oropharyngeal pain, dyspnea, cough, COPD and throat irritation were reported most frequently and the rates of these events were low across all treatment groups (<1% to 1%). Individual drug-related AEs in the remaining SOCs occurred at low and similar incidences (<1%) across the FF/VI treatment groups and the VI 25 treatment group.
Advair/Seretide Comparator Studies: In Study HZC113107, the overall incidence of subjects with any on-treatment drug-related AE was low and similar in the 2 treatment groups (2% and 3% in the FF/VI 100/25 and salmeterol/FP 50/500 BD treatment groups, respectively); the only drug related AEs occurring in more than 1 subject in any treatment group were oral candidiasis and oropharyngeal candidiasis (with increased incidence on salmeterol/FP). Similar results were observed in studies HZC113109 and HZC112352.
[bookmark: _Toc348005798]Adverse events of special interest
6 month pivotal COPD studies: Individual AEs of special interest related to beta-adrenergic stimulation occurred at low incidences across all treatment groups. Cardiovascular effects (including arrhythmias, hypertension, cardiac ischaemia, cardiac failure, QT prolongation) occurred at low and similar incidences in the active treatment groups compared with placebo. There was no indication of increases in blood pressure, tachycardia, palpitations or other cardiac arrhythmias. No increased incidence of tremor was noted. Results of the analyses of the most common (≥3% of subjects in any treatment group) cardiac events (cardiac arrhythmia and hypertension) showed no increased risk (that is, all 95% CI for hazard ratio [HR] include unity) for these events in any treatment group. Local corticosteroid effects including oropharyngeal candidiasis, oral candidiasis and candidiasis tended to occur at higher incidences in the treatment groups with FF alone (4% to 8%) or FF in combination with VI (6% to 12%) compared with VI 25 alone (3%) and placebo (4%). However, these effects did not appear to be dose related as the highest incidences of oropharyngeal and oral candidiasis were noted in the FF/VI 50/25 group (5% and 4%, respectively) and these events occurred at lower incidences in the FF/VI 100/25 and 200/25 groups (2% to 3%). Dysphonia occurred at very low incidences (<1%) across all active treatment groups and was not reported in subjects in the placebo group. Analysis of local steroid effects reported by ≥3% of subjects in any treatment group showed an increased risk (lower limit of 95% CI for HR >1) for local steroid effects in the FF/VI 50/25 group and the FF 200 group compared with placebo and in the FF/VI 50/25 and 100/25 groups compared with VI 25. Lower respiratory tract infections excluding pneumonia occurred at a higher or equal incidence in the placebo group (4%) compared with the active treatment groups (<1% to 4%). The remaining AEs of special interest occurred in <3% of the subjects across all treatment groups.
Overall, there were no remarkable differences among the treatment groups in the incidence of pneumonia in the six month lung function studies (<1% to 2% across all treatment groups). Exposure adjusted numbers of subjects reporting pneumonia were higher for the active treatment groups (37.6 to 48.7 subjects with an event/1000 treatment years) compared with placebo (19.5 subjects with an event/1000 treatment years). Overall, 32 subjects had pneumonia recorded as an AE with a slightly higher incidence in the FF/VI 200/25 and the VI 25 groups (2%) compared with the remaining active treatment groups (1%) and placebo (<1%). In the six month lung function studies, subjects were to be withdrawn if pneumonia (presumptive diagnosis or radiographically confirmed) occurred; 16 of the 32 subjects’ pneumonia was considered serious but there were no pneumonia-related fatalities. Events related to hypersensitivity, such as pruritus and rash, occurred at similar incidences in the active treatment groups (<1% to 2%) and placebo (<1%) and there appeared to be no increased risk of drug associated hypersensitivity. Bone disorders occurred at similar incidences in the active treatment groups (0 to 1%) compared with placebo (<1%), except for a higher incidence in the FF 200 treatment group (2%). Ocular effects and AEs related to decreased cortisol concentrations occurred at similar incidences in the active treatment groups and the placebo group. Effects on glucose were noted at a slightly higher incidence in the FF/VI 100/25 group (2%) compared with placebo (<1%) and the remaining treatment groups (1%). There did not appear to be an increased incidence of potassium abnormalities in any treatment group.
12 month exacerbation studies: Individual AEs of special interest related to beta-adrenergic stimulation occurred at low incidences across all treatment groups. Cardiovascular effects (including arrhythmias, hypertension, cardiac ischaemia, cardiac failure, QT prolongation) occurred at low and similar incidences in the FF/VI treatment groups compared with the VI 25 group. There were no remarkable differences between the FF/VI groups and the VI 25 group in blood pressure, tachycardia, palpitations or other cardiac arrhythmias. The incidence of tremor was low and similar across all treatment groups. Overall, any individual AEs suggestive of LABA effects occurred at low incidences across all treatment groups during the treatment period, although it is difficult to assess LABA related events in these studies as all treatments included VI. Analyses of cardiac arrhythmia, cardiac ischemia and hypertension (events that occurred at an incidence of ≥3% in any treatment group, indicated no increased risk (all 95% CI for hazard ratio [HR] include unity) for these events for any FF/VI strength compared with VI 25. Analyses of cardiac failure showed less risk (95% CI for hazard ratio [HR] did not include unity) for this category for the FF/VI 200/25 strength compared with VI 25. Local corticosteroid effects including oropharyngeal candidiasis (1% to 4%) or oral candidiasis (9% to 10%) occurred at higher incidences in the FF/VI groups compared with VI 25 alone (<1% for oropharyngeal candidiasis and 6% for oral candidiasis). However, these effects did not appear to be related to the dosage of FF, as the highest incidences of oropharyngeal and oral candidiasis were noted in the FF/VI 50/25 group (4% and 10%, respectively) and these events occurred at lower incidences in the FF/VI 100/25 and 200/25 groups. Analysis of local steroid effects indicated an increased risk (lower limit of 95% CI for HR >1) for these events in the FF/VI 50/25 and 200/25 groups compared with the VI 25 group. Dysphonia occurred at low incidences (<1% to 2%) across all the treatment groups, but was most frequent in the FF/VI 200/25 group (2%) compared with the lower FF/VI dosage groups (<1% and 1% in the FF/VI 50/25 and FF/VI 100/25 groups, respectively). There were no AEs related to systemic steroid effects such as hypersensitivity (FF/VI groups versus VI25: 4-5% versus 3%), ocular effects (<1% versus 1%), abnormally raised glucose levels (2-3% across treatment groups), hypokalemia (<1%) and bone disorders (3% versus 1%). Bone fractures were the most common AEs in the bone disorders and its incidence was low in all treatment groups, with a higher incidence in all FF/VI groups (2%) compared with the VI 25 group (<1%). The majority of fractures were due to trauma in the FF/VI 50/25, FF/VI 100/25 and VI 25 groups (68% to 75%) while the majority of fractures were non-traumatic in the FF/VI 200/25 group (62%). There were few bone fractures (a total of 3 subjects, one each in the FF/VI 50/25, the FF/VI 200/25 and the VI 25 group) during the post-treatment period of these studies Although there were more fractures in the FF/VI groups compared with the VI 25 group, fractures customarily associated with corticosteroid use (for example, spinal compression/ thoracolumbar vertebral fractures, hip and acetabular fractures) occurred in <1% of the FF/VI and VI treatment arms. Lower respiratory tract infections excluding pneumonia occurred at similar incidences across all treatment groups (7% to 8%) and analysis showed no increased risk for these events (all 95% CI for hazard ratio [HR] include unity) in the FF/VI groups compared with the VI 25 group. On-treatment AEs associated with the special MedDRA SMQs for cardiac arrhythmias, anaphylactic reaction, angioedema, ischemic heart disease and cardiac failure in the one year exacerbation studies showed similar incidence across treatment groups.
Pneumonia occurred at an incidence of 6% to 7% across the FF/VI treatment groups compared with 3% in the VI 25 group and analysis showed an increased risk (lower limit of 95% CI for HR >1) for time to pneumonia in all FF/VI treatment groups compared with the VI 25 group. There was no indication of a dose response observed between FF/VI 50/25, 100/25 and 200/25 strengths for the overall incidence of pneumonia or for serious pneumonia in the one year exacerbation studies. Exposure adjusted numbers of subjects reporting pneumonia were higher for the FF/VI treatment groups (69.8 to 80.3 subjects with an event/1000 treatment years) compared with the VI 25 treatment group (40.8 subjects with an event/1000 treatment years). In the FF/VI groups, 3% of the subjects had pneumonia that was considered serious compared with <1% of the subjects in the VI 25 group. Exposure adjusted numbers of subjects reporting serious pneumonia ranged from 33.6 to 37.0 subjects with an event/1000 treatment years in the FF/VI groups compared with 12.1 subjects with an event/1000 treatment years for the VI 25 treatment group. Seven subjects had fatal pneumonia reported as an adverse event across the two 1 year exacerbation studies, one subject in the FF/VI 100/25 treatment group and 6 subjects in the FF/VI 200/25 treatment group. The exposure adjusted numbers of subjects with fatal pneumonia in the FF/VI 100/25 group was 1.5 subjects with an event/1000 treatment years compared with 8.8 subjects with an event/1000 treatment years for the FF/VI 200/25 treatment group. Asian subjects, subjects with more severe COPD (that is, GOLD Stages III [30% to <50% predicted FEV1] or IV [<30% predicted FEV1]), subjects with lower BMI (that is, ≤21 kg/m2), subjects with a history of pneumonia at screening and current smokers experienced a higher proportion of pneumonia adverse events; these subgroups also tended to experience a higher proportion of serious pneumonia adverse events. Increased risk (HR ≥2 for all FF/VI doses compared with VI alone) for subjects who were current smokers, those with a prior history of pneumonia (as opposed to those with no prior history), subjects with an FEV1 <50% predicted, and for subjects with a BMI of <25 kg/m2 (as opposed to a BMI >25 kg/m2). Overall, evaluation of subjects with fatal adverse events of pneumonia or who had pneumonia concurrently with a fatal COPD exacerbation indicated that the majority (7 of 8) had a BMI of <25 kg/m2, with 5 having a BMI of <21 kg/m2. The majority (6 of 7 had an FEV1 of <40% predicted, with 4 having an FEV1 of <30% predicted. Four of the 8 subjects had a prior history of COPD exacerbation requiring corticosteroids and/or hospitalisation prior to the fatal event, and all had at least one exacerbation prior to randomisation in the study. In addition, 3 of the 8 subjects had a prior pneumonia event in the study prior to the fatal event and 7 of the 8 subjects had an exacerbations described as an SAE at or prior to the pneumonia event.
Integrated COPD studies: In the integrated COPD database, some of the differences in the occurrence of AEs of special interest across the treatment groups may be a reflection of the many differences in the study design (combination of short-term and long-term studies) and study populations (patients had more severe COPD in the 1 year studies compared with the shorter studies) (Table 34). However, the incidence of pneumonia was also higher in the FDF/VI groups compared to the other treatment groups in the integrated COPD safety database (Table 35).
Table 34. Summary of on treatment AEs
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Table 35. Summary of on treatment pneumonia (All studies ITT population)
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Advair/Seretide Comparator Studies: In Study HZC113107, the most commonly reported AEs of special interest were in the cardiovascular effects category for the FF/VI 100/25 group and in the local steroid effects category in the salmeterol/FP 50/500 BD group. The percentage of AEs in each of the other special interest categories was low and similar across the treatment groups (Table 36). The incidence of pneumonia was low and similar in the 2 treatment groups: 3 subjects had a total of 4 events of pneumonia (1 subject [<1%] and 2 subjects [<1%] in the FF/VI 100/25 and salmeterol/FP 50/500 BD groups, respectively). All 3 subjects had SAEs of pneumonia (3 SAEs of pneumonia in total), which lead to permanent discontinuation of study drug or withdrawal from the study; there were no pneumonia-related fatalities.
Table 36. Summary of on treatment AEs of special interest (reported by ≥2 subjects in any treatment group by preferred term (HZC113107 ITT population)
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In Study HZC113109, the most commonly reported AEs of special interest were in the cardiovascular effects category for the FP/salmeterol 250/50 BD group and in the local steroid effects category also for the FP/salmeterol 250/50 group. The percentage of AEs in each of the other special interest categories was low and similar across the treatment groups (Table 37). One subject in the FF/VI 100/25 group was diagnosed with an AE of tuberculosis that was categorized in the AE of special interest category of “pneumonia.
Table 37. Summary of all categories and on treatment AEs of special interest (reported by ≥2 subjects in any treatment group by preferred term) (HZC 113109 ITT population)
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In Study HZC112352, the most commonly reported AEs of special interest were in the local steroid effects category. The percentage of AEs in each of the other special interest categories was low and similar across the treatment groups (Table 38). Only 2 subjects [<1%] in the FF/VI 100/25 group and 0 subjects in the FP/salmeterol 250/50 BD group), none of which were SAEs and there were no pneumonia-related fatalities.
Table 38. Summary of all categories and on treatment AEs of special interest (reported by ≥2 subjects in any treatment group by preferred term) (HZC 112352 ITT population)
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[bookmark: _Toc348005799]Long-term safety
The long-term safety of FF/VI was evaluated with the data from the 1 year exacerbation studies, as these were the only studies with treatment periods greater than six months. In order to determine if there were differences in the AE profile as time on treatment increased and to identify the occurrence of new AEs that could be associated with increased exposure to study drug, the profile of AEs with an onset of ≤6 months was compared with the profile of AEs with an onset of >6 months. The overall incidence of subjects reporting any on treatment AE during the first six months was similar across the FF/VI treatment groups (66% to 68%) and slightly higher than for the VI 25 group alone (61%). The percentages of subjects reporting AEs with onset after six months were lower across all FF/VI groups (47% to 50%) and also lower for the VI 25 group (40%), and this relationship (that is, lower incidences when onset is after six months) held true within each of the SOCs (Table 39). Overall, there did not appear to be differences in the AE profile across the treatment groups as time on treatment increased. The most frequent AEs that occurred within each SOC were similar whether onset occurred during the first six months of treatment or after six months of treatment. Although there were individual AEs that occurred during the first six months of treatment that did not occur after six months and also individual AEs that occurred after six months of treatment that did not occur during the first six months of treatment, the incidence of these events was very low. There was no pattern of occurrence that would suggest a difference in the AE profile with shorter or longer exposure to the study drug.
Table 39. Summary of on treatment AEs by time of onset (HZC102871/HZC102970 ITT population)
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[bookmark: _Toc348005800][bookmark: _Toc400980796]Deaths and other serious adverse events
Deaths: The occurrence of on-treatment or post-treatment fatal events was low in both the 6 month lung function studies, with no remarkable differences in the incidence of fatal events across the treatment groups with the exception that no fatal events occurred in the FF 200 treatment group. Eleven subjects died during the treatment or post-treatment study periods, 8 (3 in the VI 25 group, 2 in the FF/VI 50/25 group and one each in the placebo, FF/VI 100/25 and 200/25 groups) during the treatment period, and 3 (1 each in the placebo, FF 100 and FF/VI 100/25 group) during the post-treatment follow-up period. None of the fatal events were considered related to treatment by the investigators and most were attributed to ongoing medical conditions. In the 12 month exacerbation studies (HZC102871/ HZC102970), 53 subjects died during the treatment or post-treatment study periods; 43 subjects had fatal events that occurred during the treatment period (29 subjects in Study HZC102871 and 14 subjects in Study HZC102970), and 13 subjects had fatal events during the post-treatment period (9 in Study HZC102871[footnoteRef:38] and 4 in Study HZC102970). Overall, the occurrence of on-treatment or post-treatment fatal events was low (1% to 2%) across both one-year exacerbation studies. With the exception of the occurrence of 6 deaths due to pneumonia in the FF/VI 200/25 group, there were no remarkable differences in the incidence of fatal events across the treatment groups. Overall, 65 fatal events occurred across the seven integrated studies, 11 in the 6 month studies, 53 in the 1 year studies, and one in Study B2C111045. Fatal events occurred at low and similar incidences (2% or less) across all active treatment groups and placebo in the seven integrated studies The exposure-adjusted number of subjects with fatal events was highest in the FF/VI 50/25 group (23.4, 14.3 and 19.5, 19.3, 6.4, 0 and 12 subjects with an event/1000 subject years in the FF/VI 50/25, FF/VI 100/25, FF/VI 200/25, VI 25, FF100, FF200 and placebo groups, respectively) With the exception of a higher exposure-adjusted incidence of fatal pneumonia in the FF/VI 200/25 group compared with the remaining groups (7.8 subjects with an event/1000 subjects years for FF/VI 200/25 compared with 0-1.2 subjects with an event in the remaining treatment groups), there were no remarkable differences in the exposure adjusted numbers for individual fatal events across the treatment groups. There was one death in each of the three ADVAIR/SERETIDE Comparator Studies (HZC113107, HZC113109 and HZC112352); 2 deaths in the FF/VI 100/25 group (congestive cardiac failure and cardiac failure/ respiratory failure/ myocardial infarction) and 1 death in the FP/ salmeterol group (cardio-respiratory arrest), none of which were considered to be related to study treatment. [38:  It is of note that 3 of the 9 subjects with fatal events during the post-treatment period in Study HZC102871 had events that led to death that began during the on-treatment period, but the subjects’ deaths occurred during the post-treatment period.] 

SAEs: In the 6 month COPD studies, the incidence of SAEs was lowest in the FF/VI 50/25 group (3%) and higher in the FF/VI 100/25, FF/VI 200/25 and the VI 25 groups (6%, 7% and 8%, respectively) than for placebo (5%), while the incidence of SAEs was similar for both the FF 100 and FF 200 groups (5%) to that of placebo. COPD exacerbation was the most common SAE reported, with an incidence slightly higher in the VI 25 group (3%) compared with the remaining treatment groups (0 to 2%) and placebo (2%). Pneumonia was the next most frequent SAE, and was reported at a similar incidence across the active treatment groups and placebo (<1% to 1%). All other individual SAEs were reported by <1% of subjects each with no indication of treatment differences. Exposure-adjusted numbers of subjects reporting these individual SAEs followed a similar pattern to the unadjusted incidences. The incidence of on-treatment SAEs that were considered possibly related to study treatment by the investigators was low (10 subjects, <1%); 7 subjects (two each in the placebo, FF/VI 100/25 and VI25 groups, one subject in the FF/VI 200/50 group) experienced a severe exacerbation of COPD considered possibly related to study treatment. Three subjects (one each in the FF/VI 200/25, VI 25[footnoteRef:39] and FF 200 treatment groups) experienced pneumonia that was considered possibly related to study treatment. One additional subject (FF 200 treatment group) experienced atrial fibrillation that was considered possibly related to treatment. [39:  one of these subjects (VI 25 group) experienced a severe COPD exacerbation and community acquired pneumonia (both with the same start and stop date) considered possibly related to the study.] 

In the 12 month COPD studies, the incidence of on-treatment SAEs was similar for all FF/VI treatment groups (15% to 17%) and for the VI 25 group (15%). SAEs within the Respiratory, Thoracic and Mediastinal Disorders SOC were the most frequently reported and were reported at similar incidences across all active treatment groups (7% to 8%). COPD exacerbation was the most common SAE with similar incidence in the FF/VI groups (6% to 7%) and the VI 25 group (6%). The remaining SAEs in this SOC occurred at an incidence of <1% within each individual treatment group. The overall incidence of SAEs in the ‘Infections and infestations’ SOC was higher in all FF/VI groups (4% to 5%) compared with the VI 25 group (2%). Pneumonia was the most frequent SAE in this category, and was reported at a higher incidence across the FF/VI treatment groups (3%) than in the VI 25 group (<1%). All other individual SAEs in this SOC were reported by <1% of the subjects. The incidence of drug-related SAEs was low (<1% to 1%) in all treatment groups with the most common SAEs being pneumonia and COPD exacerbations.
In the integrated COPD studies, the incidence of on-treatment SAEs was similar for all FF/VI treatment groups (12% to 13%) and for the VI 25 group (12%), while it was lower in the placebo group (4%) and the FF 100 and FF 200 treatment groups (5% in each group). COPD exacerbations and pneumonia were the most common SAEs (Table 40). Exposure-adjusted numbers of subjects reporting SAEs within each SOC overall and for the individual SAEs within the SOCs followed a similar pattern to the unadjusted incidences.
Table 40. Summary of on treatment serious adverse events (All studies ITT population).
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Advair/Seretide Comparator Studies: In Study HZC113107, the incidence of on-treatment non-fatal SAEs was low and similar in the 2 treatment groups (FF/VI 100/25 versus salmeterol/ FP 50/500 BD =2% versus 1%). Pneumonia and atrial fibrillation were the only SAEs reported by more than 1 subject in either treatment group (atrial fibrillation was reported by 2 subjects [<1%] in the FF/VI 100/25 group and pneumonia was reported for 1 subject [<1%] and 2 subjects [<1%] in the FF/VI 100/25 and salmeterol/FP 50/500 BD groups, respectively); all other SAEs were only reported for 1 subject overall. In Study HZC113109, the incidence of on-treatment non-fatal SAEs was low in both treatment groups (1% versus 3%) and COPD exacerbation was the only SAE reported by more than 1 subject in either treatment group (3 subjects [1%]) in the FP/salmeterol 250/50 BD treatment group, and none in the FF/VI 100/25 treatment group). Atrial fibrillation was reported by 1 subject (<1%) in both the FF/VI 100/25 and FP/salmeterol 250/50 BD groups; all other SAEs were only reported for 1 subject overall. In Study HZC112352, the incidence of on-treatment non-fatal SAEs was low in both treatment groups (2% versus 1%); the SAE of chronic bronchitis in the FF/VI 100/25 OD treatment group, was the only SAE considered related to study treatment by the investigators.
In the four concluded/ongoing studies, a total of 133 SAEs have been reported. Overall, the types of SAEs reported most frequently in these studies were similar to those reported in the completed clinical studies, with the most frequent SAEs being in the Respiratory, Thoracic and Mediastinal Disorders category. The most common SAE in this category has been COPD (34 events). SAEs in the Infections and Infestations SOC were reported at the next highest frequency, with the majority of these SAEs being pneumonia (15 events). The remaining SAEs in these 4 studies were reported for <3 subjects each, with most individual SAEs being reported for 1 subject each.
[bookmark: _Toc348005801][bookmark: _Toc400980797]Discontinuation due to adverse events
In the 6 month studies, the incidence of AEs leading to permanent discontinuation of study drug or withdrawal was similar across all active treatment groups (9% to 11%) and placebo (9%) with the exception of a slightly lower incidence in the FF 200 group (7%). The SOCs with the highest incidence of AEs being reported as leading to permanent discontinuation of study drug or withdrawal were the Infections and Infestations SOC (3-4%; pneumonia, upper respiratory tract infection and lower respiratory tract infection were the most common events), Cardiac disorders SOC (2-4%; most common events within this category were ventricular tachycardia and ventricular extrasystoles) and Respiratory, thoracic and mediastinal disorders SOC (0-2%; COPD exacerbation most common with higher incidence in placebo group).
In the 12 month studies, the incidence of AEs leading to permanent discontinuation of study drug or withdrawal was similar across all FF/VI treatment groups (6% to 8%) and the VI 25 treatment group (6%). The SOCs with the highest incidence of AEs being reported as leading to permanent discontinuation of study drug or withdrawal were the ‘ Respiratory, Thoracic and Mediastinal disorders’ SOC (COPD exacerbation most common event: 1-2%), ‘Cardiac disorders’ SOC (1% to 2% in the FF/VI treatment groups compared with <1% in VI 25 group; atrial fibrillation and myocardial infarction most common with similar incidences across the treatment groups) and the ‘Infections and Infestations SOC’ (<1%, 1% and 2% in the FF/VI 50/25, 100/25 and 200/25 groups compared with <1% in the VI 25 group; pneumonia most common).
The incidence of any AE leading to permanent discontinuation of study drug or withdrawal from the integrated COPD population was similar across the FF/VI treatment groups (7% to 8%), the VI 25 group (6%), the FF treatment groups (7% to 9%) and placebo (8%). However, exposure-adjusted numbers of subjects were lower for the FF/VI 50/25, 100/25 and 200/25 treatment groups (93.7 to 117.2 subjects with an event/1000 subject years) and the VI 25 group (102.4 subjects with an event /1000 subject years) compared with placebo (264.7 subjects with an event /1000 subject years). In the FF 100 and FF 200 groups, exposure-adjusted numbers of subjects were also lower than exposure-adjusted numbers for placebo (235.5 and 188.2 subjects with an event /1000 subject years, respectively.
Advair/Seretide Comparator Studies: In Study HZC113107, the incidence of AEs leading to withdrawal from the study was low and similar in the FF/VI 100/25 and salmeterol/FP 50/500 BD groups (2% versus 1%); pneumonia was the most common event, Although its incidence was <1% in both treatment groups. In study HZC113109, the incidence of AEs leading to withdrawal from the study was low and similar in the FF/VI 100/25 and FP/salmeterol 250/50 BD groups (2% versus 3%); the Respiratory, Thoracic and Mediastinal Disorders SOC had the highest incidence of AEs being reported as leading to permanent discontinuation of study drug or withdrawal from the study (COPD exacerbation was the most common event, Although it only occurred in the FP/salmeterol 250/50 BD group (3 subjects [1%]). All other AEs leading to permanent discontinuation were only reported for 1 subject overall. Similar results were observed in study HZC112352 (FF/VI 100/25 versus FP/salmeterol 250/50 BD: 2% versus <1%).
[bookmark: _Toc348005802][bookmark: _Toc400980798]Laboratory tests
[bookmark: _Toc348005803]Liver function
Overall, no FF/VI or VI associated liver concerns were observed in the COPD clinical development program. The few episodes of liver abnormalities were generally transient or confounded by concurrent medical problems or concomitant medications.
[bookmark: _Toc348005804]Kidney function
FF/VI did not appear to have any significant effect on renal function.
[bookmark: _Toc348005805]Other clinical chemistry
The percentages of subjects with abnormal laboratory values were low and similar across the treatment period. There were no remarkable differences across the FF/VI groups or between the VI 25 and any FF/VI treatment group in the percentages of subjects with clinical chemistry values outside the normal range at any time post-baseline.
Hypokalemia and hyperglycaemia are recognised systemic effects with beta2 agonists and corticosteroids (hyperglycemia only) and are generally related to systemic exposure. There was no indication from the laboratory evaluations in the COPD program of an effect on glucose or potassium in these studies with inhaled FF/VI.
[bookmark: _Toc348005806]Haematology
The percentages of subject with abnormal haematology values were low and similar across the treatment period. There were no remarkable differences between placebo and any active treatment group in the percentages of subjects with haematology values outside the normal range at any time post-baseline.
[bookmark: _Toc348005807]Urinary and serum cortisol
24 hour urinary cortisol excretion
Urine collection for analysis of cortisol was performed in a subset of subjects at selected sites in the six-month lung function studies (HZC112206 and HZC112207) and in a subset of subjects at selected sites in the two, replicate, Advair/Seretide comparator studies (HZC113107 and HZC112352). Urinary cortisol evaluations were not conducted in the one-year exacerbation studies (HZC102871/HZC102970) or in studies HZC110946, HZC111348, B2C111045 or HZC113107.
In the 6 month studies, 10 subjects were outliers due to decreases from baseline below the lower fence (the 25th percentile minus 1.5 times the interquartile range): three placebo subjects, one VI 25 subject, one FF/VI 50/25 subject, two subjects in the FF/VI 200/25 group, and three subjects in the FF 100 group. These isolated decreases were seen across most treatments including placebo and did not appear to be FF dose-dependent. The adjusted geometric mean urinary cortisol ratios to baseline ranged from a 12% decrease for the FF 100 group to a 1% increase for the FF/VI 100/25 group. There were no statistically significant differences in 24 h urinary cortisol excretion between the FF/VI 100/25 group and the FF 100 group, the FF/VI 200/25 group and the FF 200 group, nor were there any statistically significant differences between any FF/VI combination group and the VI 25 group.
Advair/Seretide Comparator Studies: In Study HZC113109, majority of subjects in both treatment groups in the Urinary Cortisol Population had 24 h urine-free cortisol excretion within the normal range at Week 12 (89% and 95% for the FF/VI 100/25 and FP/salmeterol 250/50 BD treatment groups, respectively). There was little difference between the treatment groups for the proportion of subjects reporting changes from baseline to low at Week 12 (2% and 1% for the FF/VI 100/25 and FP/salmeterol 250/50 BD treatment groups, respectively). Similar results were observed in Study HZC112352 as majority of subjects in both treatment groups in the Urinary Cortisol Population had normal 24 h urine-free cortisol excretion at Week 12 (82% and 88% for the FF/VI 100/25 and FP/salmeterol 250/50 BD treatment groups, respectively) and the proportion of subjects reporting changes from baseline to low at Week 12 was 2% and 4% for the FF/VI 100/25 and FP/salmeterol 250/50 BD treatment groups, respectively.
Serum cortisol: Analysis of serum cortisol was only performed in subjects in Study HZC110946 on Day 28 of each treatment period. Serum cortisol was not assessed any of the other studies. In Study HZC110946, statistical analysis of 0 to 24 h weighted mean serum cortisol over Days 28 to 29 did not show statistically or clinically significant decrease with FF/VI compared with placebo (FF/VI 50/25 µg [4%], 100/25 µg [2%] and 200/25 µg [11%]).
[bookmark: _Toc348005808]Vital signs
In the 6 month COPD studies, changes in vital signs (diastolic, systolic blood pressure and pulse rate) were small and similar across the treatment groups, with no clinically significant differences across the treatment groups. Similar results were observed in the 12 month studies and in the Advair/Seretide comparator studies.
[bookmark: _Toc348005809]Electrocardiograph
In the 6 month studies[footnoteRef:40], there was no statistically or clinically significant difference between treatment groups in the change in Qtc(F) interval change from baseline. The percentages of subjects with one or more prolonged QTc(F) intervals (that is, greater than 450 ms) at any time post-baseline (including scheduled, unscheduled and Early Withdrawal visits) were low and similar across all active treatment groups (3% to 6%) and only slightly higher than placebo (2%). No subjects in any group had a prolonged QTc(F) value >500 ms. Heart rate measured by ECG also failed to show any significant difference between treatment groups. The FF/VI 200/25 group had the highest percentage of subjects with abnormalities of potential clinical importance, and this was true prior to the first dose of treatment and also during the assessment times during treatment. However, the numbers of subjects with an abnormality of potential clinical importance were in general similar across the treatment groups and that the categories of ECG changes of potential clinical importance observed were similar across the treatment groups (Table 41). [40:  Twelve-lead ECGs were conducted for all subjects at Screening, Day 1 (pre- and 10min post dose), Day 84 (pre- and 10min post dose) and Day 168 (pre-dose only since it was anticipated that any effects would be seen by 3 months of treatment) in the six-month lung function studies. ] 

Table 41. Categories of ECG findings of potential clinical importance at any time post baseline (HZC112206/HZC112207)
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In the 12 month studies, the percentages of subjects with one or more prolonged QTc(F) intervals (that is, greater than 450 ms) at any time post-baseline were low and similar across the FF/VI treatment groups (3% to 4%) and the VI 25 treatment group (4%). No subjects in any group had a prolonged QTc(F) value >500 ms. The most common abnormalities of potential clinical importance at Week 12, Week 28 and Week 52 were similar to those noted prior to the first dose and tended to be reported at lower incidences than at pretreatment. The occurrence of other ECG abnormalities, including bradycardia/tachycardia, arrhythmias, abnormalities of repolarization, or conduction defects were noted at low incidences.
24 h Holter monitoring
At the end of the 6 month COPD studies (on Day 168), subjects in the FF/VI 100/25 groups had the highest percentage of subjects with abnormalities of potential clinical importance (8%), and the FF 200 the lowest (0) compared with 6% for placebo and 4% to 5% for the remaining treatment groups. At Day 1, Day 84 and Day 168, the most frequent abnormalities of potential concern were ventricular arrhythmias, most commonly non-sustained ventricular tachycardia that occurred at similar incidences in the active treatment groups compared with placebo, except that the incidence was lower in the FF 200 group. Other abnormalities occurred at low incidences with no clinically importance differences across the treatment groups. Holter abnormalities of potential clinical importance at any time post-randomisation occurred at slightly higher incidence across the FF/VI combination groups (13% -15%) and FF 100 (14%) groups compared with the placebo (10%), VI 25 (11%) and FF 200 groups (6%).
[bookmark: _Toc348005810][bookmark: _Toc400980799]Postmarketing experience
There is no postmarketing data as the combination FF/VI or its individual components (FF and VI) are not approved for marketing in any country to date.
[bookmark: _Toc348005811][bookmark: _Toc400980800]Safety issues with the potential for major regulatory impact
[bookmark: _Toc348005812]Liver toxicity
None.
[bookmark: _Toc348005813]Haematological toxicity
None.
[bookmark: _Toc348005814]Serious skin reactions
None.
[bookmark: _Toc348005815]Cardiovascular safety
Refer sections Vital signs and Electrocardiography above.
[bookmark: _Toc348005816]Unwanted immunological events
None.
[bookmark: _Toc348005817][bookmark: _Toc400980801]Other safety issues
Safety in special populations
AEs by gender: In the 6 month COPD studies, although higher percentages of female subjects reported AEs in most treatment groups, there appeared to be no treatment-related trends in the occurrence of AEs based on gender; similar results were observed in the 12 month studies.
AEs by age: In the 6 month studies, the incidence of AEs was similar to the ITT Population across all age categories except for a slightly higher incidence in older subjects in the FF/VI 50/25 group and VI 25 group; this similar incidence of AEs across the age categories was evident across most SOCs there appeared to be no distinct pattern of differences across the age groups, although small numbers in different subgroups make interpretation difficult. Similar results were observed in the 12 month studies and the most frequent individual AEs (nasopharyngitis, URTI, oral candidiasis) were similar in subjects ≤64 years of age, in subjects ≥65 years of age, and in subjects ≥70 years of age and were similar to those of the ITT Population.
AEs by Race: In the 6 month studies, lower numbers of Non-White subjects limit interpretations regarding AE comparisons across the race subgroups or between the treatment groups compared with the ITT Population. Overall, there was no indication of treatment-related trends in the occurrence of AEs by race among White subjects, while Asian subjects tended to have higher incidence of AEs overall with FF 200 (either monotherapy or in the FF/VI combination). However, these data must be interpreted with caution due to the lower numbers of Asian subjects and the fact that the FF 200 strengths were only included in one of the two 6 month studies that had few Asian sites. Similar results were observed in the 12 month studies.
AEs by reversibility of lung function: In the 6 month studies, there were no notable differences in the occurrence of AEs by reversibility subgroup, with the exception that the reversible subjects in the FF 200 group had a higher incidence of AEs overall compared with the ITT Population. There were no remarkable differences based on reversibility for the incidence of on-treatment SAEs, drug-related AEs or incidence of withdrawals dur to AEs. Similar results were observed in the 12-month studies.
AEs by Percentage Predicted FEV1- GOLD Classification: In the 6 month studies, there was no indication of treatment-related trends in the occurrence of AEs based on GOLD stage, with the exception that there was a higher overall incidence of AEs in GOLD Stage III subjects compared with the ITT Population and GOLD Stage II and IV subjects in the FF/VI 50/25 treatment group and a higher incidence of AEs in GOLD Stage IV subjects compared with the ITT Population and GOLD Stage II and III subjects in the FF/VI 100/25 treatment group. GOLD Stage IV subjects had a higher incidence of on-treatment SAEs in some treatment groups compared with the ITT Population and GOLD Stage II and III subjects most frequent individual AEs were similar in GOLD Stage II, III and IV subjects. There were too few subjects with GOLD stage I to draw meaningful conclusions. Similar results were observed in the 12 month studies with the following exception: GOLD Stages III and IV subjects had a higher incidence of on treatment SAEs compared with the ITT Population and GOLD Stage II subjects, mainly due to a higher incidence of COPD events and pneumonia. The GOLD Stage IV subjects had a higher incidence of AEs leading to premature discontinuation of study drug or withdrawal from the study compared with GOLD Stage II and III subjects in the Vilanterol (VI) treatment group. These higher incidences of events leading to withdrawal (most that were categorized in the Respiratory, Thoracic and Mediastinal Disorders category such as COPD) reflects the severity of disease in the GOLD IV subgroup.
AEs by CV history/risk[footnoteRef:41]: Overall in the 6 month studies, those with and without a CV history/risk had similar AE profiles based on the most frequent AEs within each SOC category compared with the ITT Population. In particular, with the exception of the FF monotherapy groups, the occurrence of AEs was similar for subjects with no CV history/risk factors in the cardiac disorders category (5% to 6%) compared with those with CV history/risk factors in the cardiac disorders category (4% to 9%) in all treatment groups. Subjects with CV history/risk factors treated with either FF 100 or FF 200 had a slightly higher incidence of any AE (8% and 9%, respectively) compared with subjects in these treatment groups who had no CV history/risk factors (4% and 6%, respectively). There were no treatment-related trends in the occurrence of AEs, SAEs or withdrawals due to AEs based on the presence or absence of cardiovascular history/risk factors. Similar results were observed in the 12 month studies. [41:  Cardiovascular history/risk was defined as subjects having at least one of the following past or current medical conditions at screening: coronary artery disease, myocardial infarction, arrhythmia, congestive heart failure, hypertension, cerebrovascular accident, diabetes, or hypercholesterolemia.] 

AEs by BMI (<25 kg/m2 or ≥25 kg/m2): BMI did not affect the incidence of AEs, SAEs or withdrawals due to AEs in the 6 month or the 12 month studies.
AEs by history of pneumonia: In the 6 month studies, subjects with a history of pneumonia had a higher incidence of any AE compared with subjects with no history of pneumonia. This trend was less obvious with the SAEs, drug-related AEs and AEs leading to discontinuation of study drug or withdrawal from the study, possibly due to the lower number of subjects in the history of pneumonia subgroups in these AE categories making it difficult to make meaningful AE comparisons across the subgroups or between the treatment groups compared with the ITT Population. In the 12 month studies, subjects with a history of pneumonia had a higher incidence of any AE, on-treatment SAEs, and on-treatment drug-related AEs compared with subjects with no history of pneumonia. There were no remarkable differences between these subgroups in the incidence of AEs leading to premature discontinuation of study drug or withdrawal from the study. A higher incidence of any AE was observed with FF/VI at any strength versus VI regardless of history of pneumonia subgroup which was similar to that observed in the ITT population. In addition, a higher incidence of any drug-related AE and on-treatment serious AE was observed with FF/VI at any strength versus VI in the prior history of pneumonia subgroup (Table 42). Furthermore, subjects with a history of pneumonia were found to have a greater risk of subsequent pneumonia in this subject population.
Table 42. Summary of on-treatment adverse events by history of pneumonia at screening (HZC102871/HZC102970 ITT population)
[image: ]
AEs by smoking status: In the 6 month studies, there were no treatment related trends in the occurrence of AEs, drug-related AEs, SAEs or withdrawals due to AEs based on smoking status with similar results in the 12-month studies.
AEs by geographical region: In the 6 month studies, there were no treatment-related trends in the occurrence of AEs, drug-related AEs, SAEs or withdrawals due to AEs based on geographical region; the most frequent individual AEs were similar in subjects across the geographical regions, with the European Union reporting a lower incidence of the most frequent AEs. Similar results were observed in the 12 month studies Although subjects from the EU and “Other 1” region tended to report a lower incidence of any AE compared with the ITT Population and subjects in the US and “Other 2” region tended to report a higher incidence of AEs, although the types of events that were reported were similar across all regions within each SOC category events compared with the remaining regions.
[bookmark: _Toc348005818]	Safety related to drug-drug interactions and other interactions
Refer to section Safety related drug-drug interactions and other interactions.
[bookmark: _Toc348005819]	Pregnancy/lactation
No pregnancies occurred in any subject in the COPD clinical development program, and there are no adequate and well controlled studies to assess safety of FF/VI and each of the individual components (FF and VI), in pregnant women. Subjects in the COPD population are less likely to become pregnant since they tend to be older subjects. FF/VI, FF and VI should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. Since there are no data from controlled trials on the use of FF/VI by nursing mothers, a decision should be made whether to discontinue nursing or to discontinue FF/VI, taking into account the importance of FF/VI to the mother.
[bookmark: _Toc348005820][bookmark: _Toc400980802]Evaluator’s overall conclusions of safety of FF/VI in COPD
The study population in the COPD clinical development program was extensive and representative of the overall population of subjects with COPD. Across the ten studies in the COPD clinical development program, over 7700 subjects comprised the ITT Population with over 4150 subjects treated with the various strengths of FF/VI. Overall, there have been over 3800 subject-years of exposure to study medications, with approximately 2500 subject-years of exposure to the various strengths of FF/VI, 860 subject-years of exposure to the various dosages of VI alone, and about 237 subject-years of exposure to the various dosages of FF alone.
The overall incidence of subjects reporting any on-treatment AE in the six-month lung function studies (HZC112206/HZC112207) was similar across most active treatment groups (ranging from 45% to 50%) and similar to that reported for subjects in the placebo group (48%), with the exception that subjects in the FF/VI 50/25 group had a slightly higher incidence of any on-treatment AE (55%). In comparison, the overall incidence of subjects reporting any on-treatment AE was higher in the one-year exacerbation studies (HZC102871/HZC102970), but was similar across the FF/VI treatment groups (76% to 77%) and somewhat higher than for the VI 25 group alone (70%). Across both 6-month and 12-month studies, the most frequently reported AEs included nasopharyngitis, headache and oral/oropharyngeal candidiasis. In the 6-month studies, URTI, back pain and LRTI were also reported. These AEs are common in a COPD population and, with the exception of back pain, have been documented in various ICS prescribing information in asthma and ICS/LABA prescribing information. No notable differences across treatments in the incidence of nasopharyngitis were reported Although the incidence was higher in the 12-month studies, which may have been a consequence of the longer treatment period. The incidence of headache in the 6-month studies was higher in the VI arm than any other treatment group, but no differences were observed between treatments in the 12-month studies where all subjects received VI containing treatments. Not surprisingly, oral/oropharyngeal candidiasis, a local corticosteroid side effect, occurred at higher incidences in the FF containing groups compared with placebo and the VI 25 groups. In general, the incidence of back pain, LRTI and hypertension in the combination arms was similar to or lower than the incidence in the placebo group. In the 12-month studies, pyrexia occurred at a slightly higher incidence in the FF/VI groups (2%-3%) compared with the VI 25 group (1%).
Adverse Events of Special Interest: The main safety concerns with FF/VI relate to the known ICS and LABA effects. Pharmacologic class effects of ICS include bone disorders (osteoporosis, fracture, decreased bone mineral density), HPA axis effects (adrenal suppression, decreased serum cortisol, Cushing’s syndrome), local oropharyngeal effects (candidiasis, hoarseness, irritation/inflammation, cough), pneumonia and ocular effects (cataracts, increased intraocular pressure, glaucoma). Pharmacologic class effects of LABAs include cardiovascular (increased heart rate, prolonged QT interval, cardiac rhythm abnormalities, palpitations, myocardial ischemia), metabolic (low potassium, elevated glucose), and neurologic (tremor) effects. These class effects were proactively addressed in the FF/VI COPD clinical development program through an evaluation of AEs of special interest as well as objective assessments of 24 h serum cortisol, 24 h urinary cortisol, oropharyngeal examinations, chest x-rays, pulse, heart rate, 12-lead ECGs, 24 h Holter monitoring and biochemical bone markers.
Events related to local corticosteroid effects, pneumonia and bone disorders are discussed above. Individual AEs of special interest related to beta-adrenergic stimulation occurred at low incidences across all treatment groups in both the six-month and one-year studies. Cardiovascular effects (including arrhythmias [3% to 5%], hypertension [<1 to 4%], cardiac ischaemia [<1% to 4%], cardiac failure [<1 to 4%], QT prolongation [0 to <1%]) occurred at low and similar incidences. There was no indication of increases in blood pressure, tachycardia, palpitations or other cardiac arrhythmias. The incidence of tremor was low and similar (0 to <1%) across all treatment groups. Results of the analyses of the most common (≥3% of subjects in any treatment group) cardiac events (cardiac arrhythmia and hypertension in the six-month studies and cardiac arrhythmia, cardiac failure, cardiac ischemia and hypertension in the one-year studies) showed no increased risk for these events in any treatment group. Overall, any individual AEs suggestive of LABA effects occurred at low incidences across all treatment groups. However, it is difficult to interpret these effects in the one-year studies since all treatment groups included VI 25 exposure. Lower respiratory tract infections excluding pneumonia occurred at similar incidences across all treatment groups and trended toward a decreased risk in the FF/VI groups compared with VI 25 and FF alone. Events related to hypersensitivity, such as pruritus and rash, occurred at low incidences in the active treatment groups (<1% to 2%) and placebo (<1%) in the six-month studies and at slightly higher incidences in the FF/VI groups (4% to 5%) and the VI 25 group (3%) in the one-year studies. There appeared to be no increased risk of drug-associated hypersensitivity and no reports of anaphylactic reactions that were attributed to FF or VI. In both the six-month and one-year studies, ocular effects occurred at low and similar incidences across all treatment groups, and AEs related to decreased cortisol concentrations occurred at similar incidences across all treatment groups. In the six-month studies, effects on glucose were noted at a slightly higher incidence in the FF/VI 100/25 group (2%) compared with placebo (<1%) and the remaining treatment groups (1%). In the one-year studies, effects on glucose were noted at a similar incidence in the FF/VI groups (2% to 3%) compared with the VI 25 group (2%). There did not appear to be an increased incidence of potassium abnormalities (hypokalemia or blood potassium decreased) in any treatment group across all studies.
Pneumonia: Pneumonia is commonly seen in patients with COPD. Overall, there were no significant differences among the treatment groups in the incidence of pneumonia in the 6-month lung function studies. Pneumonia occurred at a low incidence (<1% to 2% of subjects) across all treatment groups. However, an increased incidence of pneumonia, including hospitalisations, was observed in the 12- month studies in COPD at all strengths of FF/VI compared with VI alone. The incidence of pneumonia was 6%, 6% and 7% for FF/VI 50/25, 100/25 and 200/25, respectively compared with 3% for VI 25, and the incidence of serious pneumonia was 3% in each FF/VI group compared with <1% in the VI 25 group. Risk factors for pneumonia in patients with COPD receiving FF/VI compared with VI were investigated and included current smokers, patients with a history of prior pneumonia, patients with a body mass index <25 kg/m2 and patients with an FEV1<50% predicted. This information is reflected in the proposed labelling. The incidence of pneumonia with FF/VI was similar to the incidence reported in 12-month studies of similar design in patients treated with FP/salmeterol [Ferguson, 2008; Anzueto, 2009]. The percentage of these pneumonias that were serious was comparable for FF/VI (24/65 events, 36.9% to 29/58 events, 50.0%) and for FP/salmeterol (58.9%). However, the hazard ratio between the combination and its respective LABA was higher for FF/VI versus VI 25 (2.8, 3.0 and 2.7 for FF/VI 50/25, 100/25 and 200/25, respectively) than for FP/salmeterol versus salmeterol (1.6) as the percentage of pneumonias that were serious was considerably lower for VI 25 (8/28 events, 28.6%) compared with salmeterol (70.4%). Nine fatal cases with pneumonia were reported during the 1-year exacerbation studies. Of these, seven were reported during treatment with FF/VI 200/25, one during treatment with FF/VI 100/25 and one post-treatment with VI. All 7 cases in the FF/VI 200/25 treatment group were observed in one study (HZC102871) and four of these cases were reported from one site in the Philippines. The number of fatal cases was too small to allow investigation of risk factors for fatal pneumonia. The reason(s) behind the cluster of deaths at one site is unclear.
Bone Disorders: Reduction in bone density, and the subsequent risk of fractures is a potential risk with corticosteroids. In the 12-month studies in COPD the incidence of bone disorders was 1% in the VI 25 group compared with 3% in each of the FF/VI 50/25, FF/VI 100/25 and FF/VI 200/25 groups, respectively. The incidence of bone fractures overall was low in all treatment groups, with a higher incidence in all FF/VI groups (2%) compared with the VI 25 group (<1%). The majority of on-treatment fractures were due to trauma in the FF/VI 50/25 (11/15, 73%), FF/VI 100/25 (13/19, 68%) and VI 25 groups (6/8, 75%) while majority of fractures were non-traumatic in the FF/VI 200/25 group (8/13, 62%). However, fractures customarily associated with corticosteroid use (spinal compression/ thoracolumbar vertebral fractures, hip and acetabular fractures) occurred in <1% of subjects in all treatment arms. Biochemical markers of bone metabolism (carboxy terminal cross-linking telopeptide of bone collagen [CTX] and osteocalcin) were evaluated during study HZC102871. CTX is considered to be a biomarker of bone resorption, and osteocalcin a marker of bone formation and no consistent changes were noted at the end of study compared with baseline across the study period or across the treatment groups for CTX or osteocalcin. However, there was a statistically significant decrease (9%) in serum osteocalcin with FF 200/25.
Fatal Events: Overall, 65 fatal events occurred across the seven integrated studies, 11 fatal events in the six-month lung function studies, 53 fatal events in the one-year exacerbation studies, and one fatal event in Study B2C111045. In addition, three fatal events occurred in the three ADVAIR/SERETIDE comparator studies, two with FF/VI 100/25 and one with FP/salmeterol. Fatal events occurred at low and similar incidences (2% or less) across all active treatment groups and placebo in the seven integrated studies. The most common fatal events were events that commonly occur in an older population of subjects (cardiac disorders that were pre-existing in this population, malignancies) and/or that are frequently seen in subjects with COPD. There was no increased incidence in exposure-adjusted fatal events that were cardiovascular in nature in VI-containing groups. The exposure-adjusted numbers of subjects with fatal events that were CV in nature was 6.5 to 11.7 subjects with an event/1000 subject years on VI containing arms compared with 12.0 subjects with an event/1000 subject years in the placebo group. Overall, the occurrence of on-treatment or post-treatment fatal events was low (<1% in all treatment groups with the exception that no fatal events occurred in the FF 200 group) in both six-month lung function studies (HZC112206/HZC112207). The majority of fatal events were reported in the one-year exacerbation studies (HZC102871/HZC102970), which is perhaps not surprising given this was the longest exposure to treatment and the most severe COPD patient population studied. Overall, the occurrence of on-treatment or post-treatment fatal events was low (1% to 2%) in both one-year exacerbation studies with no apparent differences between the treatment groups. With the exception of the occurrence of 7 deaths due to pneumonia in the FF/VI 200/25 group (see pneumonia discussion above), there were no remarkable differences in the incidence of fatal events across the treatment groups. Overall, none of the fatal events were considered related to treatment by the investigators.
Serious Adverse Events: In the six-month studies, the incidence of SAEs was lowest in the FF/VI 50/25 group (3%) and higher in the FF/VI 100/25, FF/VI 200/25 and the VI 25 groups (6%, 7% and 8%, respectively) than for placebo (5%), while the incidence of SAEs was similar for both the FF 100 and FF 200 groups (5%) to that of placebo. COPD exacerbation was the most common SAE reported, with an incidence slightly higher in the VI 25 group (3%) compared with the remaining treatment groups (0 to 2%) and placebo (2%). Pneumonia was the next most frequent SAE, and was reported at a similar incidence across the active treatment groups and placebo (<1% to 1%). All other individual SAEs were reported by 2 or fewer subjects each with no indication of treatment differences. In the one-year studies, the incidence of on-treatment SAEs was similar for all FF/VI treatment groups (15% to 17%) and for the VI 25 group (15%). COPD exacerbation was the most common SAE reported, with an incidence similar in the FF/VI groups (6% to 7%) compared with the VI25 group (6%). Pneumonia was the next most frequently reported SAE, and was reported at a higher incidence across the FF/VI treatment groups (3%) than in the VI 25 group (<1%). Individual SAEs in the remaining SOCs occurred at low and similar incidences (<1%) across the FF/VI treatment groups and the VI 25 treatment group.
Discontinuations/ study withdrawals due to AEs: The incidence of AEs leading to permanent discontinuation of study drug or withdrawal from the six-month lung function studies was 9% to 11% across all active treatment groups compared with 9% for placebo and lower for the FF 200 group (7%). The incidence of AEs leading to permanent discontinuation of study drug or withdrawal from the one-year exacerbation studies was lower than in the six-month studies but similar across all FF/VI treatment groups (6% to 8%) and the VI 25 treatment group (6%).
Clinical Laboratory Findings/vital signs: Based on the review of shifts with respect to the normal reference range for haematology and clinical chemistry analytes, no trends were observed suggesting an effect of FF/VI or its individual components (FF and VI) on the occurrence of laboratory values outside the normal range. FF/VI did not have any clinically significant effect on Vital Signs, ECG and 24 h Holter monitoring.
Serum and Urinary Cortisol: Analysis of 24 h serum cortisol was performed in subjects in Study HZC110946 on Day 28 of each treatment period which demonstrated decreases in weighted mean serum cortisol levels with FF/VI compared with placebo (FF/VI 50/25 µg [4%], 100/25 µg [2%] and 200/25 µg [11%]) were not statistically significant. These decreases compared with placebo in weighted mean serum cortisol are also not considered to be clinically relevant. Furthermore, 24 h urine collection for analysis of cortisol excretion in a subset of subjects at selected sites in the six-month lung function studies showed no statistically or clinically significant differences from placebo for all active treatment groups. There were also no statistically significant differences in 24 h urinary cortisol excretion between the FF/VI 100/25 group and the FF 100 group, the FF/VI 200/25 group and the FF 200 group, nor were there any statistically significant differences between any FF/VI combination group and the VI 25 group, thus suggesting no increased systemic exposure with the co-administration of VI. Urinary cortisol was also assessed at selected centers in two of the ADVAIR/SERETIDE comparator studies (HZC113109/HZC112352). No statistically significant differences in urinary cortisol excretion were observed. No AEs were reported that would be considered related to decreases in serum cortisol.
Safety in FF/VI - Advair/Seretide Comparator Studies Although the studies were only 12 weeks in duration and do not allow for a detailed safety comparison between them, there were no obvious differences in safety profile between FF/VI and ADVAIR/ SERETIDE in the three comparator studies conducted during the FF/VI clinical development program.
Overall, safety of proposed dose of FF/VI 100/25 µg was evaluated in adequate number of COPD patients for treatment durations up to 1 year and was representative of the target patient population for the proposed combination. Overall, the safety profile was consistent with the expected AEs usually associated with LABA/ICS combination, that is, most frequent AEs were beta-adrenergic agonist AEs or local steroid effects. The only alarming safety concern detected in the COPD clinical program was the higher incidence of pneumonias (including serious and fatal pneumonias) in subjects treated with FF/VI. However, the incidence of pneumonia appeared to be more common in patients with risk factors which have been included in the proposed labelling. It is also reassuring to see that most of these serious AEs of pneumonia were more common in patients treated with FF/VI 200/25 µg which is not the proposed dose for COPD.
[bookmark: _Toc400980803]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc348005822][bookmark: _Toc400980804]First round assessment of benefits
[bookmark: _Toc348005823]Asthma
The benefits of FF/VI (100/25 and 200/25 µg) in the proposed usage for treatment of asthma are:
Once daily treatment with a LABA/ICS combination would potentially improve treatment compliance although this could not be ascertained in the clinical studies. The currently available LABA/ICS combinations need to be administered twice daily.
The proposed doses of FF/VI 100/25 and 200/25 provided greater benefit in terms of improvement in lung function parameters of through FEV1, weighted mean FEV1 (0 to 24h), AM and PM PEF than FF alone in two out of three pivotal Phase III studies (HZA106829 and HZA106837) where this was measured, thus demonstrating the contribution of VI to the combination. FF/VI 100/25 and 200/25 were also significantly better than the equivalent dose of FF monotherapy in improving symptomatic endpoints including 24 h rescue-free/ symptom-free periods, time to first severe exacerbation and severe exacerbation rate. The contribution of FF to the efficacy of the FDC was shown by assessing the efficacy and safety of FF relative to placebo in the Phase III studies and also in an allergen-challenge Phase II study HZA113126 (refer section 5.2.2.1, page 47 of this report) where FF/VI was significantly better than VI alone in terms of attenuating the early and late phase asthmatic response and also the increased bronchial hyper-responsiveness (BHR) associated with allergen challenge.
At therapeutic doses of FF/VI, no safety signals have been observed for increased incidence of severe asthma exacerbations, adrenal suppression, bone disorders, QT interval prolongation, myocardial ischemia, or metabolic, neurologic, or ocular effects based on results of clinical program to date. Safety observations are in line with the expected drug-class profiles in the populations studied and no new risks have been identified.
The addition of the LABA component did not increase the frequency of severe asthma exacerbations requiring hospitalization as demonstrated by no significant difference in the Asthma composite endpoint between the FF/VI group and the ICS group or non-LABA group. In addition, subjects treated with FF/VI 100/25 had a 20% reduction in the risk of experiencing a severe asthma exacerbation compared with subjects treated with FF 100 alone.
[bookmark: _Toc348005824]COPD
The benefits of FF/VI 100/25 µg OD in the proposed usage for treatment of COPD are:
Once daily treatment with a LABA/ICS combination would potentially improve treatment compliance although this could not be ascertained in the clinical studies due to study designs. The currently available LABA/ICS combinations used for treatment of COPD require twice daily administration.
In the two pivotal 6-month studies, the proposed dose of FF/VI 100/25 µg OD showed statistically significant and clinically meaningful improvements in lung function after 24 weeks of treatment with increased adjusted mean through FEV1 [difference from placebo was 129mL and 83 mL with FF/VI 100/25 and VI 25, respectively; FF/VI 100/25–VI 25= 46mL; 95% CI: 8, 83mL, p= 0.017] and adjusted weighted mean peak FEV1 (0 to 4 h) [difference from placebo was 193mL and 145, respectively; FF/VI 100/25-VI 25= 148 ml; 95% CI: 112, 184mL, p< 0.001].[footnoteRef:42] Patients treated with the proposed FF/VI 100 /25 µg also had significantly better dyspnoea scores (Although not clinically relevant), had less coµgh and sputum, required significantly less rescue medication as measured by number of occasions of rescue salbutamol use (per 24 h period) and number of night time awakenings requiring salbutamol (per 24 h period) compared to placebo. [42:  Sponsor comment: “This implies a larger than observed treatment effect and is inconsistent with the Product Information which correctly states that ‘Fluticasone furoate/vilanterol 100/25 µg increased adjusted mean weighted mean FEV1 over 0-4 hours by 148 ml compared to FF alone (95% CI: 112, 184 mL, p< 0.001).”] 

The 24 h bronchodilator effect of FF/VI was maintained from the first dose throughout a one-year treatment period with no evidence of loss in efficacy.
The data from the pivotal Phase III, 52-week studies demonstrated that FF provides a significant contribution to the FF/VI combination. In particular, compared with VI 25 OD alone, treatment with FF/VI 100/25 OD consistently reduced the annual rate of moderate and severe COPD exacerbations, time to exacerbations, rate of exacerbations requiring systemic corticosteroid use and also showed minor improvements in lung function (troµgh FEV1).
Overall, safety of proposed dose of FF/VI 100/25 µg was evaluated in adequate number of COPD patients for treatment durations up to 1 year and was representative of the target patient population for the proposed combination. The safety profile of proposed FDC of FF/VI 100/25 µg OD was consistent with the expected AEs usually associated with LABA/ICS combination, that is, most frequent AEs were beta-adrenergic agonist AEs or local steroid effects.
[bookmark: _Toc300307703][bookmark: _Toc348005825][bookmark: _Toc400980805]First round assessment of risks
[bookmark: _Toc348005826]Asthma
The risks of FF/VI (100/25 and 200/25 µg) in the proposed usage for treatment of asthma are:
In the PK-PD studies, dose proportionality of FF and VI was not evaluated over a wide range of doses and in fact the starting dose in the PK studies was 100-200 µg for FF and >25 µg for VI.
Exclusion of 12.5 µg dose of the LABA-Vilanterol (VI) based on superior efficacy observed for 25 µg in secondary endpoints (% symptom free 24hr and rescue free 24 h periods) in a Phase II study (B2C109575) is not justified. The study was not powered to show a difference in these endpoints. It is likely that the patients have been administered a dose that is greater than that actually required. LABAs may be associated with increased severity of asthma exacerbations in some patients and hence it would be prudent to establish the minimum effective dose in patients with asthma with the option of up-titration if required in individual patients. Dose finding for VI would be required to be demonstrated in the larger Phase III trials, but this was not done as only a single dose of VI (25 µg) was used in all pivotal Phase III studies. Furthermore, as the mono components (FF and VI) are not to be registered for use in asthma, it will be difficult for clinicians to make the transition to the new fixed dose combination product.
Dose-ranging studies for FF showed efficacy in the range of 50-200µg but the dose of 50µg was not evaluated in the Phase III asthma studies. This is especially important because many local steroid effects are dose-related and if a lower dose of 50µg is effective in the combination, then the risks associated with steroid therapy may be reduced.
No Phase III studies were conducted comparing FF/VI 100/25 and 200/25; instead subjects on different baseline therapy who would be candidates for either the higher or the lower strengths were recruited into the relevant studies. However, it is not clear how subjects would be titrated to these doses as none of the individual drugs (FF or VI) are registered for treatment of asthma and titration of the FDC was not evaluated in any of the clinical studies.
The FDC guidelines state that rationale for a FDC development is either FDC shows better efficacy than mono components taken together or lower doses of actives given as FDC offer better risk benefit ratio. The doses of the ICS and LABA selected for the FDC were based on the dose ranging mono component Phase II studies and no dose-ranging studies were conducted with the proposed combination inhaler (FF/VI). Based on the Phase II studies presented it is not clear whether a lower or higher FDC combination would be appropriate.
Evidence for contribution of the VI component to the FDC (FF/VI) was not unequivocal. The pivotal Phase III study HZA106827 (which recruited subjects uncontrolled on low/mid dose ICS or on low dose ICS/LABA) failed to demonstrate statistically significant difference between the two active treatments (FF/VI and FF alone) for the co-primary endpoints of through FEV1 and weighted FEV1 (0 to 24h). As statistical significance was not achieved for all treatment comparisons in the first level of Hierarchy (there was no statistical significant difference between FF/VI and FF for the co-primary endpoints), the significant differences in FF/VI 100/25 compared with FF 100 for the powered secondary endpoint of percentage of rescue-free/ symptom-free 24 h periods, AM and PM PEF should be interpreted as descriptive only. The pivotal study HZA106829 (which recruited subjects uncontrolled on high dose ICS or on mid dose ICS/LABA) showed statistically significant improvements with FF/VI 200/25 µg compared with FF 200 alone in co-primary [troµgh FEV1 and weighted FEV1 (0 to 24h)] and secondary endpoints (percentage of rescue-free/ symptom-free 24 h periods and AM/ PM- PEF) at the end of 24 weeks of treatment. However, a sensitivity analyses (excluding data from an investigator in the USA because of GCP issues) of the co-primary endpoint of weighted mean FEV1 (0 to 24 h) was not consistent with the ITT analysis results and failed to show statistically significant difference between FF/VI and FF200 groups Although results were consistent with ITT analysis for through FEV1 and other secondary endpoints.
Safety issues with use of FF/VI for treatment of asthma such as local steroid effects, systemic corticosteroid effects including effect on growth, bones in adolescents (Although this is being addressed by ongoing studies), cardiovascular effects and pneumonia. The incidence of pneumonia (adjusted for exposure) seen with FF/VI 100/25 and FF 100 (9.6 and 8.0/1000 subject years, respectively) was similar to that seen with placebo (8.0/1000 subject years) although a higher incidence of pneumonia was observed in the FF/VI 200/25 and FF 200 arms (18.4/ and 25.5/1000 subject years, respectively).
The results observed in the Phase III clinical asthma program for the proposed FDC combinations 100/25 or 200/25 µg do not clearly justify the need for both strengths, especially the higher dose as there is no stepping up design included. Furthermore, the higher dose of 200/25 µg was not evaluated in the Phase III study HZA106837 which showed that FF/VI 100/25 significantly reduced the risk of severe asthma exacerbations, improved lung function (trough FEV1) and led to greater asthma control (as assessed by the ACQ7) compared with FF 100 when administered for 24 to 76 weeks.
[bookmark: _Toc348005827]COPD
The risks of FF/VI (100/25 µg) in the proposed usage for treatment of COPD are:
In the dose-ranging study B2C111045 in COPD subjects, all VI doses of 3.25, 6.25, 12.5, 25 and 50 µg OD produced statistically significant improvements over placebo in lung function parameters of through FEV1 (92, 98, 110, 137 and 165 mL with 3.25, 6.25, 12.5, 25 and 50 µg OD, respectively) and weighted mean FEV1 (0 to 24h) (105, 125, 142, 158 and 177ml, respectively). Symptomatic endpoints also showed improvements with all VI doses compared with placebo. Hence, exclusion of 12.5 µg dose of the LABA- Vilanterol (VI) was not justified based on >130 mL improvement over placebo in through FEV1. Dose finding for VI would be required to be demonstrated in the larger Phase III trials, but this was not done as only a single dose of VI (25 µg) was used in all pivotal Phase III studies.
The 52-week Phase III studies showed that incidence of moderate/ severe COPD exacerbations was statistically significantly reduced with all three dose of FF/VI (50/25, 100/25 and 200/25 µg) compared with VI 25 µg. Although risk reduction was slightly greater with the proposed dose of FF/VI 100/25 (27%) compared with 200/25 (23%) and 50/25 (16%), all of them were statistically significantly greater than VI 25 µg. As the sponsor only proposes to register one dose of FF/VI 100/25 µg OD for treatment of COPD, there is no option for titration in an individual patient to a lower or higher dose of the FDC.
As mono components of the proposed FDC (FF and VI) will not be registered for use in COPD, there are no guidelines available for clinicians to make the transition to the new fixed dose combination product.
In the COPD clinical program, most frequent AEs were beta-adrenergic agonist AEs or local steroid effects. There was a higher incidence of pneumonias (including serious and fatal pneumonias) in subjects treated with FF/VI. However, the incidence of pneumonia appeared to be more common in patients with risk factors [current smokers, patients with a history of prior pneumonia, patients with a body mass index <25 kg/m2 and patients with a FEV1<50% predicted] which have been included in the proposed labelling.
[bookmark: _Toc300307704][bookmark: _Toc348005828][bookmark: _Toc400980806]First round assessment of benefit-risk balance
The purpose of this application is to obtain marketing approval for the use of FF/VI (100/25 and 200/25 µg OD by oral inhalation) administered once daily for the regular treatment of asthma in adults and adolescents aged 12 years and older, where use of a combination product (long-acting beta-2-agonist and inhaled corticosteroid) is appropriate; asthma patients who are symptomatic with inhaled corticosteroids and 'as needed' inhaled short acting beta-2-agonist or patients already on both an inhaled corticosteroid and a long-acting beta-2-agonist. The sponsor is also seeking marketing approval of only FF/VI 100/25 µg OD for symptomatic treatment of patients with COPD with a FEV1 <70% predicted normal (post-bronchodilator) in patients with an exacerbation history.
Fixed Dose Combinations of ICS and LABA are well-accepted and recommended treatments for asthma [Global Initiative for Asthma (GINA), 2011] and COPD [Global Initiative for Chronic Obstructive Lung Disease (GOLD), 2011]. Current ICS/LABA combinations, including fluticasone propionate (FP)/salmeterol, beclomethasone/formoterol and budesonide/formoterol, need to be administered twice daily. Hence one of the potential benefits with the proposed ICS/LABA combination of FF/VI is improved treatment compliance due to its once daily dosing regimen. However, the Phase III clinical development program for FF/VI was conducted under double-blind, and where necessary, double-dummy conditions, confounding the assessment of compliance. As a result, the question of whether once-daily FF/VI represents a true patient benefit requires further investigation.
The main limitations of this submission relate to inadequate evaluation of a wide range of doses of FF and VI in the PK-PD or the Phase II dose-ranging studies. Majority of doses evaluated seemed to lie within the flat part of the dose-response curve and hence it is likely that a much higher dose than required was evaluated in the pivotal Phase III studies. The minimum effective dose of VI was not established and only one dose of VI (25 µg OD) was carried forward to the Phase III studies. No dose-ranging studies were done with the proposed combination product in asthma and dose–response information was mainly obtained from studies using FF alone or VI alone.
Furthermore, the individual components of the FDC are not to be registered for use in asthma or COPD and it will be very difficult for clinicians to make the transition to the new FDC product.
Limitations of inadequate dose-response evaluation of the dose of FF and VI in the proposed FF/VI formulation may be acceptable if the proposed drug is of major therapeutic benefit for which no other alternative treatments are available. Since that is not the case with this ICS/LABA formulation, the benefit-risk balance of Relvar Ellipta (FF/VI 100/25 and 200/25 µg OD) given the proposed usage is unfavourable.
[bookmark: _Ref272160564][bookmark: _Ref272161481][bookmark: _Toc272414697][bookmark: _Toc290846334][bookmark: _Toc348005829][bookmark: _Toc400980807]First round recommendation regarding authorisation
Due to the limitations of this submission as outlined above, it is recommended that Relvar Ellipta (FF/VI 100/25 and 200/25 µg OD) be rejected at this stage.
[bookmark: _Toc400980808]Clinical questions
[bookmark: _Toc348005837][bookmark: _Toc400980809]Pharmacokinetics
Given the route of administration why didn't the studies on clearance examine the respiratory route as a potential mechanism for FF/VI clearance. This may be especially important for VI as only 72% of radioactive dose was recovered after 7 days post dosing.
It is not clear why the investigators have used non-inferiority as measure of PK differences in the studies on hepatic and renal impairment. Can the sponsor please justify its use in Studies HZA111789 and HZA113970.
Are there dedicated Phase I PK studies which examine the PKs of VI and FF following 7 and 14 days dosing via NDPI in adult persistent asthmatics, respectively, which would allow for comparison with the paediatric values?
No drug-drug interaction studies for both FF and VI have been conducted with a short-acting beta 2-agonist such as salbutamol, which would be used as a rescue medication in the event of an acute asthma attack. Can the sponsor please justify this omission?
The lowest dose of VI examined in the PK studies was 25 µg. Why have lower doses of VI not been examined?
Although Study HZA102932 examined the dose proportionality of FF and equivalence of VI following single dose administration in healthy subjects, this study did not examine dose proportionality over a wide range of doses, nor was the proposed dose of FF/VI 100/25 µg examined. Can the sponsor please justify why the dose of FF/VI 100/25 µg was not investigated as part of this study?
[bookmark: _Toc348005838][bookmark: _Toc400980810]Pharmacodynamics
1. No PD drug-drug interaction studies for both FF and VI have been conducted with a short-acting beta 2-agonist such as salbutamol, which would be used as a rescue medication in the event of an acute asthma attack. Can the sponsor please justify this omission?
2. Why was the minimum effective dose of VI not established? Can the sponsor please justify why studies only examined the PD effects of VI doses >25 µg which appeared to be in the flat phase of the dose-response curve?
[bookmark: _Toc348005839][bookmark: _Toc400980811]Efficacy
3. Exclusion of 12.5 µg dose of the LABA-Vilanterol (VI) based on superior efficacy observed for 25 µg in secondary endpoints (% symptom free 24hr and rescue free 24 h periods) in a Phase II study (B2C109575) is not justified. The study was not powered to show a difference in these endpoints. It is likely that the patients have been administered a dose that is greater than that actually required. LABAs may be associated with increased severity of asthma exacerbations in some patients and hence it would be prudent to establish the minimum effective dose in patients with asthma with the option of up-titration if required in individual patients. Dose finding for VI would be required to be demonstrated in the larger Phase III trials, but this was not done. Can the sponsors justify use of only a single dose of VI (25 µg) in the pivotal Phase III studies?
4. Although dose-ranging studies for FF suggested efficacy over the range of 50 to 200 µg OD, the 50 µg dose of FF was not evaluated in the Phase III asthma studies. Can the sponsors justify exclusion of the 50 µg FF dose in the FDC in the Phase III asthma clinical studies.
5. The results observed in the Phase III clinical asthma program for the proposed FDC combinations 100/25 or 200/25 µg do not clearly justify the need for both strengths especially the higher dose as there is no stepping up design included. Furthermore, the higher dose of 200/25 µg was not evaluated in the Phase III Study HZA106837 which showed that FF/VI 100/25 significantly reduced the risk of severe asthma exacerbations, improved lung function (trough FEV1) and led to greater asthma control (as assessed by the ACQ7) compared with FF 100 when administered for 24 to 76 weeks. Due to risks associated with the higher dose of ICS (including increased risk of pneumonia), can the sponsors justify the need for the higher dose of FF/VI. Why was the lower strength of FF/VI 50/25 µg not evaluated further in the Phase III asthma studies?
6. In the dose-ranging Study B2C111045 in COPD subjects, all VI doses of 3.25, 6.25, 12.5, 25 and 50 µg OD produced statistically significant improvements over placebo in lung function parameters of through FEV1 (92, 98, 110, 137 and 165 mL with 3.25, 6.25, 12.5, 25 and 50 µg OD, respectively) and weighted mean FEV1 (0 to 24h) (105, 125, 142, 158 and 177 mL, respectively). Symptomatic endpoints also showed improvements with all VI doses compared with placebo (refer Dosage selection for the pivotal studies; COPD). Hence, exclusion of 12.5 µg dose of the LABA-Vilanterol (VI) was not justified based on >130 mL improvement over placebo in through FEV1. Dose finding for VI would be required to be demonstrated in the larger Phase III trials but this was not done as only a single dose of VI (25 µg) was used in all pivotal Phase III studies. Hence, can the sponsors justify selection of only one dose of VI (25 µg) for the pivotal Phase III COPD studies?
7. The 52-week Phase III studies showed that incidence of moderate/ severe COPD exacerbations was statistically significantly reduced with all three dose of FF/VI (50/25, 100/25 and 200/25 µg) compared with VI 25 µg. Although risk reduction was slightly greater with the proposed dose of FF/VI 100/25 (27%) compared with 200/25 (23%) and 50/25 (16%), all of them were statistically significantly greater than VI 25 µg. As the sponsor only proposes to register one dose of FF/VI 100/25 µg OD for treatment of COPD, there is no option for titration to a lower of higher dose of the FDC which may have been effective in an individual patient. Can the sponsor justify this?
8. The individual components of the proposed FDC (FF and VI) will not be registered for use in asthma or COPD but no guidelines are available for clinicians to make the transition to the new fixed dose combination product from their current asthma or COPD therapy. Can the sponsors clarify how the patients are to be initiated on treatment with the proposed FDC?
[bookmark: _Toc348005840][bookmark: _Toc400980812]Safety
None.
[bookmark: _Toc400980813]Second round evaluation of clinical data submitted in response to questions
Only the sponsor’s response and then the evaluator’s comments on the sponsor’s response are shown below. Please refer to Clinical questions above for details of question asked.
[bookmark: _Toc400980814]Pharmacokinetics
Question 1
Sponsor’s response
There are a number of reasons why dosing radiolabel by the inhalation route is not the best or most feasible approach to study clearance for inhaled molecules.[footnoteRef:43] Exhalation of radioactive drug after inhalation administration makes it impossible to reliably determine administered radioactivity that is needed to fully interpret excretion and metabolism data. The low doses of inhaled drugs limit the radioactive dose and leads to biologic samples containing very low concentrations of both metabolite chemical mass and radioactivity, thereby impairing the ability to measure and identify metabolites. Finally, quantitative information derived from an inhalation administration of a radioactive analogue is very unlikely to be representative of the commercial clinical formulation in its device. [43:  Harrell AW, Siederer SK, Bal J et al. Metabolism and disposition of vilanterol, a long acting β2- adrenoceptor agonist for inhalation use in humans. Drug Metab Dispos 41:89–100, January 2013.] 

FF: The mechanism of clearance of FF was studied following intravenous and oral administration, representing the lung deposited and swallowed portions of an inhalation dose, respectively. Since intravenous administration delivers drug directly to the lung (via the heart) prior to any other body organ it can be considered to be representative of the lung dose. The main route of clearance of FF in human and all animal species investigated (both in vitro and in vivo) was via metabolic hydrolysis of the S-fluoromethyl carbothioate group. There was no evidence for metabolism of FF by human lung microsome or s9 preparations suggesting there are no additional routes of clearance following inhaled administration.
VI: The mechanism of clearance of VI was studied following oral administration in a human ADME study. Radiolysis of the [14C] isotope resulted in material which was unstable over the periods required to support manufacture and release of either intravenous or inhalation formulations, effectively ruling out these routes for investigation.
The main route of clearance of VI in human (in vitro and in vivo) was metabolism via Odealkylation. O-dealkylation was also a major route in all animal species investigated. There was no evidence for metabolism of VI by human lung microsomes suggesting there are no additional routes of clearance following inhalation administration.
The precise cause of the relatively low total recovery of radioactivity (72% of the administered radioactivity) is unknown but is likely related to the low sample radioactive and chemical concentrations as a consequence of the low radioactivity and chemical doses administered (see above). The radioactive dose was approximately 25 to 50-fold lower than is typically used in similar experiments and necessitated both liquid scintillation counting and accelerator mass spectrometry as methods of radioassay. Low mass concentrations, in particular, result in radioassay data which would be very sensitive to even low levels of non-specific binding to the apparatus used. The data generated, however, does not support significant clearance of drug related material beyond 7 days post dosing. Elimination of radioactivity was essentially complete by 4 days after dosing (>99% of the recovered radioactivity) with <0.3% of recovered radioactivity being excreted between Days 5 and 7.
Evaluator’s comments on sponsor’s response
The sponsor has misinterpreted the question asked by the PK/PD evaluator. The evaluator was not questioning the mode of drug administration but the fact that expired breath was not collected or examined following drug administration, as this may have contained some of the 28% of radioactive dose not accounted for following VI dosing.
Question 2
Sponsor’s response
For both FF and VI any clinically relevant effects of either hepatic or renal impairment would be anticipated to be as a consequence of increased systemic exposure. Since systemic exposure to both FF and VI drive unwanted systemic class related pharmacodynamic effects it was important to understand if systemic exposure to either molecule was increased in subjects with hepatic or renal impairment to provide dosage recommendations for these populations.
Therefore the approach used in these studies was to look at non-inferiority using pre-defined criteria that would provide information for labelling.
Evaluator’s comments on sponsor’s response
As studies HZA111789 and HZA113970 are dedicated PK studies, the evaluator has used PK parameters, such as AUC and Cmax, in the first round report to determine the changes in systemic exposure resulting from hepatic and renal impairment and he believes that the use of terms such as non-inferiority are misleading in regards to these Phase I trials. More importantly, the evaluator believes that his comments regarding changes to the PI regarding hepatic and renal impairment are still valid.
Question 3
Sponsor’s response
No there are no dedicated Phase I PK studies in adult subjects with asthma. To provide PK data across a broad asthma patient population the characterisation of PK in adolescent/adult subjects with asthma has been conducted on samples collected from Phase II and III efficacy and safety studies. In addition Study HZA106851 includes PK assessments which can be used for preliminary comparison with the paediatric data. However, population pharmacokinetic analysis which uses specific methodology to handle non-quantifiable data provides the definitive PK data for adolescent/adult subjects with asthma. A population PK analysis for paediatric subjects with asthma will be conducted on Phase IIb data and provide definitive data for comparison to adolescent/adults.
Evaluator’s comments on sponsor’s response
Recent studies40 suggest that population PK models may not suffice to predict parameter distributions and drug exposure across paediatric populations. Therefore the evaluator believes that, although extremely useful in the development of paediatric study design, population PK analysis in itself is not sufficient to justify dosage requirements in children. In addition, given that the paediatric studies conducted to date, HZA112776 and HZA102942, have only examined the monotherapies alone the evaluator believes that the use of Relvar Ellipta in the paediatric population should not be approved, at least until the results of the first study of FF/VI in paediatric subjects (HZA112777) are known.
Question 4
Sponsor’s response
Drug-drug interaction studies for FF and VI have not been conducted with a short acting beta-2- agonist such as salbutamol. The metabolism of salbutamol (for example, sulfation) differs from that of FF or VI (CYP3A4 metabolism), while the drug interaction (perpetrator) potential of FF or VI are considered to be negligible at clinical exposures. Perpetrator interactions are rarely a concern for drugs which are administered at extremely low dose levels such as FF (inhaled clinical dose ≤200 µg) and VI (inhaled clinical dose 25 µg).[footnoteRef:44] [44:  Cella et al. Br J Clin Pharmacol. 2011 September; 72(3): 454–464. Cella et al. Br J Clin Pharmacol. 2012 Sep;74(3):525-35.] 

Using the approach recommended by the FDA in its guidance on drug interactions [Huang, 2007], I/Ki ratio values for FF and VI were estimated to be 0.0002 and 0.0003 for cytochrome P450 isozyme CYP3A4, which are both considerably lower than the threshold of concern of 0.1. For FF the resulting I/Ki ratio of 0.002 for the worst case 50% inhibitory concentration (IC50) (in this case 100 nM for OATP1B1) was also considerably lower than the FDA threshold of concern of 0.1 and, therefore, the perpetrator interaction potential of both FF and VI is negligible.
Similar conclusions were made using CPMP guidance. Using the approach recommended by the EMA in its draft guidance [CPMP/EWP/560/95/Rev.1, 2010] the Cmax of FF (<0.2 nM) corresponds to a free concentration of <0.0008 nM (assuming protein binding of 99.6%). The estimated Ki for OATP1B1 (100 nM), as a worse case, is 125,000 fold higher than the unbound Cmax. The Cmax of VI (<0.5 nM) corresponds to a free concentration of < 0.03 nM (assuming protein binding of 93.9%). The estimated Ki for CYP3A4 as a worse case (2 mcM) is 70,000 fold higher than the unbound Cmax. Therefore, further clinical investigation of either FF or VI was not warranted since these values are considerably greater than the threshold of concern in this guidance (<50 fold higher).
The negligible perpetrator interaction potential for CYP3A4 was further substantiated by the lack of pharmacokinetic and pharmacodynamic changes when single supratherapeutic doses of FF and VI (both CYP3A4 substrates) were dosed alone and in combination to healthy subjects (HZA105871 and HZA102940). Both FF and VI are metabolised primarily by CYP 3A4 and since no clinically relevant effect with co-administration of the strong CYP 3A4 inhibitor ketoconazole was seen on the pharmacokinetics of either molecule, no further drug-drug interaction studies were considered necessary.
Evaluator’s comments on sponsor’s response
The sponsor’s answer has provided grounds for not providing PK drug-drug interactions studies with rescue medications commonly used in the treatment of asthma based upon drug metabolism. Therefore the DDI studies in regards to PK interactions between salbutamol and Relvar Ellipta are not warranted.
Question 5
Sponsor’s response
Lower doses of VI have been studied in the Phase IIb dose ranging studies conducted in subjects with COPD (B2C111045) and in subjects with asthma (B2C109575). Both studies evaluated VI doses of 3 µg, 6.25 µg, 12.5 µg, 25 µg and 50 µg. Sparse blood samples for pharmacokinetic analysis were collected pre-dose and within specific windows (2 to 10 minutes, 10 to 30 minutes, 30 minutes to 2 h and 2 to 4 h post dose) from all subjects over 4 visits (Days 1, 7, 14 and 28) in study B2C111045 and pre-dose, between 2 and 10 minutes, between 10 and 30 minutes, between 30 minutes and 2 h and between 2 and 4 h post dose (Day 1 and Day 28) and pre-dose (Day 7) and between 2 minutes and 1 h post dose (Day 14) in study B2C109575. The percentage of samples below the LLQ (30 pg/mL) was high across all time-points and visits following doses of 3-12.5 µg VI in both subjects with COPD (3 µg; ≥97%: 6.25 µg; ≥91%: 12.5 µg; ≥49%) and subjects with asthma ((3 µg; 97%: 6.25 µg; 90%: 12.5 µg; 74%). As a result it has not been possible to characterise the pharmacokinetics of VI at doses below 25 µg. Even at 25 µg VI, concentrations fell below the lower limit of quantification in the majority of samples beyond 2 h following repeat dosing to both subjects with COPD and subjects with asthma as well as healthy subjects.
Evaluator’s comments on sponsor’s response
The sponsor has identified the difficulties in detecting VI in samples following doses of lower than 25 µg and therefore they appear justified in not providing a full PK analysis for these doses.
Question 6
Sponsor’s response
At clinical doses of FF/VI (≤200/25 µg), plasma concentrations of FF are at or below the lower limit of quantification (LLQ: 10pg/mL) and plasma concentrations of VI are only above the LLQ (10 pg/mL) for a transient time post dose (approximately 1 h). In order to produce measurable FF and VI plasma concentrations to provide robust pharmacokinetic data to meet study objectives, some clinical pharmacology studies, including HZA102932, were conducted with supra-therapeutic doses of FF/VI. Due to the linear time-independent pharmacokinetic characteristics of both FF and VI, PK data from higher doses can be extrapolated to the clinical doses.
Evaluator’s comments on sponsor’s response
As in their preceding response, the sponsor has highlighted the difficulties in detecting FF and IV in samples following administration of low doses of both drugs. Therefore, they appear to be justified in not investigating the PKs of the proposed FF/VI (100/25 µg) dose.
[bookmark: _Toc400980815]Pharmacodynamics questions
Question 1
Sponsor’s response
A specific pharmacodynamic drug-drug interaction study with salbutamol and FF/VI was not considered to be necessary based on the pharmacodynamic profile of FF/VI in patients with asthma or COPD as well as on the extensive clinical experience of co-administration of salbutamol and LABA/ICS combinations. Furthermore a pharmacokinetic interaction was considered to be unlikely. However, the potential for chronic use of vilanterol to result in reduced responsiveness to rescue medication (salbutamol) was assessed: no decrease in responsiveness was seen.
Potential for pharmacodynamic interactions
Clinically salbutamol is used extensively as a rescue medication in patients with asthma or COPD who are also receiving LABA/ICS combinations; this has not been associated with safety concerns. FF/VI (100/25 or 200/25) is not associated with marked beta-agonist related systemic pharmacodynamic effects in patients with asthma or COPD and any effects seen are considered to be comparable to those of established SABAs, LABAs or ICS/LABA combinations (see below). Consequently there is no reason to believe that the pharmacodynamic effects of coadministration of salbutamol and FF/VI would be any different or greater than between salbutamol and established ICS/LABAs in widespread clinical use.
Inhaled beta2-agonists can be associated with cardiovascular effects including tachycardia, arrhythmias and QT prolongation. In patients with asthma and COPD the cardiovascular safety profile of FF/VI and VI was broadly consistent with the known pharmacology of LABAs.
Overall FF/VI (100/25 or 200/25) or VI (25) was not associated with clinically significant beta-agonist mediated systemic effects in subjects with asthma or COPD.
Consequently significant pharmacodynamic interactions with salbutamol were not anticipated.
Furthermore, rescue medication (including salbutamol) was used throughout the FF/VI clinical development program. This was not associated with reports of clinically significant interactions.
Potential for pharmacokinetic interactions
A pharmacokinetic drug-drug interaction between salbutamol and VI or FF is considered to be highly unlikely. The metabolism of salbutamol (for example, sulfation) differs from VI or FF (CYP3A4 metabolism) while the drug interaction (perpetrator) potential of FF or VI are considered to be negligible at clinical exposures. The low potential for a pharmacokinetic drug interaction between FF/VI and salbutamol is also discussed in the Response to Pharmacokinetic Question 4.
Potential development of tolerance to bronchodilatory responsiveness
A potential concern with chronic use of LABAs is that they could lead to a decreased responsiveness to beta-agonist rescue medication (that is, the development of tolerance). This was specifically studied in the Phase II study B2C109575 by assessing the ability of subjects with asthma to respond to salbutamol (400 µg) pre-treatment and 24 h after the first and last dose of 4 weeks of treatment with VI (3 to 50 µg). The results showed that tolerance to the bronchodilator effects of salbutamol had not developed over the 28-day treatment period.
Evaluator’s comments on sponsor’s response
The sponsors have adequately addressed the issue of salbutamol drug interaction in their response.
Question 2
Sponsor’s response
The minimum effective dose of VI was established separately both in subjects with asthma and in subjects with COPD. The efficacy, safety, tolerability, systemic pharmacodynamics and pharmacokinetics of VI were studied over a wide dose range including doses <25 µg.
Efficacy
The dose-response relationship for VI efficacy was fully evaluated in two Phase II studies in both asthma (B2C109575 Asthma) and COPD (B2C111045 COPD). These studies described the efficacy of VI over a wide dose range (3 to 50 µg) and established VI 25 µg as the optimal dose for assessment in FF/VI in phase III studies both asthma and COPD (see Response to Efficacy Question 1 and Response to Efficacy Question 4).
Systemic pharmacodynamic effects
The systemic pharmacodynamic effects of VI were examined across a wide dose range from 3 µg to 100 µg. In early clinical pharmacology studies (that is, prior to Phase II) the GW642444H salt was administered at doses as low as 12.5 µg which was equivalent to a VI dose of 3 µg based on the approximately four-fold lower exposure for GW642444H compared with VI (MAA). A single dose of VI 6.25 µg was also studied in an early clinical pharmacology study in subjects with asthma (B2C111401).
[bookmark: _GoBack]These VI doses <25 µg were without significant systemic pharmacodynamic effects. In the repeat dose (28 day) phase II VI studies in asthma (B2C109575 Asthma) and in COPD (B2C111045 COPD) a wide range of doses were studied (3 to 50 µg). These studies also included assessment of post dose systemic pharmacodynamic effects of VI in the relevant patient populations including measurement of QTcF, blood pressure, pulse rate and blood potassium and glucose around Tmax (as the systemic pharmacodynamic effects of LABAs are known to be related to Cmax rather than AUC).
The results demonstrated that there were no clinically relevant effects of VI on any of these parameters at any of the doses studied. Based on these data, and following the selection of the VI 25 µg dose for phase III studies, the pharmacodynamic effects of VI at doses <25 µg were not studied further as they would not be anticipated to be any greater than the minimal effects seen with VI 25 µg. In the later clinical pharmacology studies VI was administered either as FF/VI or VI alone at doses from 25 to 100 µg. VI 25 µg was typically studied where it was important to generate pharmacodynamic and/or pharmacokinetic data at the clinical dose (for example, in the FF/VI renal and hepatic impairment studies). Higher VI doses up to 100 µg were administered in a number of studies to fully characterise the pharmacodynamic profile of VI, typically to meet regulatory requirements for pharmacodynamic safety data at high exposures (for example, in the FF/VI Thorough QT study [HZA102936]).
Pharmacokinetics
The pharmacokinetics of VI at doses below 25 µg were evaluated in the VI Phase II studies in subjects with asthma (B2C109575) and COPD (B2C111045). However, the pharmacokinetic data was limited despite the sensitive assay used: for example after dosing with 12.5 µg VI for 28 days VI plasma concentrations were below the assay lower limit of quantification in approximately 90% of the samples collected between 30 min and 2 h post dose in both populations. Consequently it was necessary to administer VI doses >25 µg (up to 100 µg) in a number of studies to produce robust pharmacokinetic data (for example, in the FF/VI Absolute Bioavailability study [HZA102934]).
Evaluator’s comments on sponsor’s response
Please see the clinical evaluator’s responses to the sponsor’s answers to Efficacy Question 1 and Efficacy Question 4.
[bookmark: _Toc400980816]Efficacy questions
Question 1
Sponsor’s response
The sponsors (GSK) believe that it was appropriate to progress a single 25 µg dose of VI into Phase III as this represented the optimal dose based on the following:
Dose selection should be based on collective evidence across all endpoints rather than relying on a single endpoint and the weight of evidence across multiple endpoints indicates a strong trend towards improved efficacy with VI 25 compared to VI 12.5. In the Phase IIb study B2C109575, a numerical benefit for VI 25 was seen compared to that seen with the VI 12.5 dose in 15 out of the 17 endpoints analysed, (Table 43). In particular, the effect seen on symptom and rescue free 24 h periods with the VI 25 dose was approximately double that seen with the VI 12.5 dose. The difference of 10% in symptom free 24 h periods and 14% rescue free 24 h periods would be considered as a clinically relevant difference [Svedsater, 2013]. The VI 50 dose was not considered for progression to Phase III as no incremental benefit was seen for this dose over the VI 25 dose. The absolute change from baseline in serial FEV1 (L) 0 to 4 h (ITT Population) on Day 1 and Day 28 and clearly demonstrates greater bronchodilation with the VI 25 dose compared with VI 12.5 (Figure 17). Additionally dose dependent improvements were seen, with the greater improvements observed in the 25 µg compared to the 12.5 µg dose in the proportion of subjects achieving ≥200 mL and ≥12% increase in FEV1 on Day 1 and Day 28 (Figure 18). In conclusion, assessment of VI’s effect on through FEV1 suggested that a dose of VI 12.5 µg QD might also be efficacious. However, a comparison of the serial FEV1 time curves showed a numerically greater effect for the 25 µg QD dose.
Table 43. Summary of primary/secondary/other efficacy end points for VI 12.5 and VI 25 doses
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Figure 17. Absolute change from baseline in serial FEV1 (L) 0 to 4 h (ITT Population) Day 1 (tope panel) and Day 28 (bottom panel)
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Figure 18. Proportion of subjects obtaining ≥ 200 mL and ≥12% increase from baseline FEV1 (L) 0-24 h
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Results in the Phase III head to head study of FF/VI 100/25 QD versus FP/salm 250/50BD (HZA113091) suggest that the VI dose is conservative and they do not suggest that VI 25 is supratherapeutic. This view was confirmed by the FDA in their briefing document for the Pulmonary Allergy Drugs Advisory Committee Hearing on FF/VI (April 17th, 2013). In HZA113091, examining the profile of FF/VI and Salm/FP over the first 4 h after first dose where neither the FF nor the FP components would be expected to have such an acute effect on FEV1, the initial time curves can be viewed as a comparison of the two LABA components and showed the effect of VI to be similar but not greater than the effect of salmeterol (Figure 19), which indicates a conservative choice of VI dose.
Figure 19. Phase III Study HZA113091. Raw mean change from baseline (95%CI) on FEV1 (L) over time after first dose (ITT).
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The TGA’s have asserted that it is likely that patients have been administered a dose that is greater than that actually required and as LABAs may be associated with increased severity of asthma exacerbations in some patients it would be prudent to establish the minimum effective dose in patients with asthma with the option of up-titration if required in individual patients. In response to the above assertion, the sponsors state that from a safety perspective there was no evidence of pharmacologically predictable effects such as an increase in heart rate, blood glucose and effects on blood pressure or potassium levels with the VI 25 dose compared with 12.5 µg in Study B2C109575. GSK has also conducted a large exacerbation study, HZA106837, comparing the effect of FF/VI 100/25 and FF 100 on time to first severe asthma exacerbation and also annual rate of severe exacerbations.[footnoteRef:45] This study was set up to determine efficacy and also to assess if there was incremental risk with the addition of VI to FF. The study showed that FF/VI significantly reduced time to first severe exacerbation by 20% (95% CI 2,36; p=0.036) and reduced annual severe exacerbation by 25% (95% CI 5,40; p=0.014) compared to FF alone. SAE narratives for all asthma studies containing a VI or VI + ICS treatment arm were adjudicated by an independent, blinded adjudication committee. A total of 93 subjects had on-treatment SAEs that were adjudicated; of these 22 SAEs were adjudicated as being asthma related. There were no asthma related deaths or intubations on FF/VI. A common odds ratio (OR) was calculated for the asthma composite endpoint (asthma hospitalization, intubation or death) for the treatment comparison of interest. For the analysis of FF/VI all doses versus non-LABA all doses, the common OR was 0.902 (95% CI: 0.345, 2.389) favouring treatment with FF/VI over treatment with non-LABA containing products. The combined risk difference indicates a slight reduction in the risk of asthma related events for subjects receiving any dose of FF/VI; 2.6 subjects have avoided an asthma related event for every 10,000 subjects treated with FF/VI. For the analysis of FF/VI all doses versus ICS all doses, the common OR was 0.890 (95% CI: 0.341, 2.353) favouring treatment with FF/VI over treatment with ICS containing products (Table 44). The combined risk difference indicates a slight reduction in the risk of asthma related events for subjects receiving any dose of FF/VI; 2.8 subjects have avoided an asthma related event for every 10,000 subjects treated with FF/VI (Figure 20). The CI contains 0, implying that the analysis suggests FF/VI does not result in a statistically significant increased risk for an asthma related event. [45:  A severe exacerbation was defined as an exacerbation requiring treatment with systemic corticosteroid for at least 3 days or a hospital admission or emergency room visit for asthma that required treatment with systemic corticosteroid.] 

Table 44. Statistical analysis of Composite Asthma Endpoint (ITT population)
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Figure 20. Asthma Composite End point, On-treatment by Study and Overall: FF/VI containing all doses versus ICS All doses
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Evaluator’s comments on sponsor’s response
Efficacy in the Phase IIb study B2C109575 was powered to show differences between each dose of VI and placebo for the primary endpoint of through FEV1 (pre bronchodilator and pre-dose) at the end of the 28 day treatment period. Statistically significant improvements in through FEV1 compared with placebo were found for the 12.5 µg, 25 µg and 50 µg VI doses, with mean treatment differences compared with placebo of 130 mL (p=0.011), 121mL (p= 0.016) and 162 mL (p= 0.001), respectively, despite a placebo effect of 147mL versus baseline. For the secondary/other endpoints, statistically significant effects versus placebo were seen at both the 12.5 µg and 25 µg doses for all endpoints except withdrawals due to lack of efficacy (Table 45). The sponsors have stated that the 10 to 15% greater response in secondary efficacy endpoints of symptom-free and rescue-free 24 h periods is clinically relevant (Svedstar, 2013). However, it is important to note that in the referred study (Svedstar), the minimal important difference (MID) in symptom and rescue-free 24 h periods in this preliminary study was determined by interviews with only 15 asthma patients using anchor-based methods in two asthma trials evaluating fluticasone furoate/vilanterol (FF/VI), HZA106827 and HZA106829. Hence, the exclusion of 12.5 µg dose of the LABA-Vilanterol (VI) based on superior efficacy observed for 25 µg in secondary endpoints (% symptom free 24 h and rescue free 24 h Periods) in a Phase II study (B2C109575) is not justified.
Table 45. Phase IIb study B2C109575. Summary of primary/secondary/other efficacy endpoints for VI 12.5 and VI 25 doses
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The sponsors argue that the effect of VI 25 µg is similar but not greater than the effect of salmeterol 50 µg in Study HZA113091 following comparison of the FEV profile of FF/VI and Salm/FP as the initial time curves over the first 4 h can be viewed as a comparison of the two LABA components as neither the FF nor the FP components would be expected to have such an acute effect on FEV1 (Figure 21). Although the Phase III study HZA113091 did not show any statistically significant difference in the initial FEV1 time curves over the first 4 h between the proposed FF/VI 100/25 µg OD and twice daily dosing with FP/salmeterol 250/50 µg, interpretation was limited due to the study design which lacked placebo control. Furthermore, non-inferiority testing would have been more appropriate for this study.
Figure 21. Phase III study HZA113091. Raw mean change from baseline (95%CI) in FEV1 (L) over time after first dose (ITT)
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A large exacerbation study, HZA106837 showed that FF/VI (100/25 µg) significantly reduced time to first severe asthma exacerbation by 20% (95% CI 2,36; p=0.036) and reduced annual severe exacerbation by 25% (95% CI 5,40; p=0.014) compared to FF (100 µg) alone. However, interpretation was limited due to wide 95% confidence intervals. Furthermore, the other proposed dose of FF/VI 200/25 was not evaluated in this study. Furthermore, it would have been especially useful to evaluate if a lower dose of VI (12.5 µg) would have offered similar benefits but this was not done. Furthermore, the secondary endpoints of exacerbations leading to hospitalisation (FF/VI 100/25 versus FF 100: 4% versus 5%) and the mean duration of exacerbations (11.1 versus 11.3 days) were similar between treatment groups. The incidence of severe asthma exacerbations in the 7 day post treatment period was low but slightly higher in FF/VI compared with FF alone group (4 versus 1).
SAE narratives for all asthma studies containing a VI or VI + ICS treatment arm were adjudicated by an independent, blinded adjudication committee and a common odds ratio (OR) was calculated for the asthma composite endpoint (asthma hospitalisation, intubation or death) for the treatment comparison of interest. The combined risk difference indicates a slight reduction in the risk of asthma related events for subjects receiving any dose of FF/VI but it is important to note that only 2.8 subjects have avoided an asthma related event for every 10,000 subjects treated with FF/VI. Furthermore, these results are mainly driven by favourable results for FF/VI in the 52 week safety Study HZA106839; the results were favourable for ICS alone compared to FF/VI combination in Study HZA106837 and vice versa in pivotal Study HZA106829, with no difference between FF/VI and ICS alone for all other studies (Figure 22). However, in the 52 week safety Study HZA106839, 12 patients experienced severe asthma exacerbations: 3 in the FF/VI 100/25 group (1%), 6 in the FF/VI 200/25 group (3%), and 3 in the FP group (3%). Hence the supposed benefit of reduction in severe asthma exacerbations is not observed with the FF/VI 200/25 dose which is also proposed for use in asthma.
Figure 22. Asthma composite end point, on-treatment, by study and overall; FF/VI containing all doses versus ICS all doses.
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Question 2
Sponsor’s response
FF100 and 200 were selected as the doses for progression into Phase III for use in combination with VI based on the results of three dose ranging studies. Doses lower than 100 µg were not progressed into Phase III as they were not judged to be sufficiently efficacious to use with a LABA. International guidelines stipulate the place of an ICA/LABA as step up therapy for use when a patient is insufficiently controlled on ICS monotherapy. These patients will have more resistant asthma and require correspondingly greater efficacy from the ICS component of the combination therapy.
In the three dose-ranging studies which assessed doses of FF from 25 µg to 800 µg, the lowest dose to demonstrate statistically significant benefit on the primary endpoint of change from baseline in through FEV1 compared to placebo was FF 50. However the effect of FF 50 (129 mL) was approximately half that seen with FF 100 and was less than the 200 mL treatment difference for which the study was powered (Table 46), while both the 100 and 200 µg strengths showed a benefit in excess of the 200 mL. Additional support for not progressing FF 50 to be used in combination with VI comes from the post hoc analysis by baseline lung function in Study FFA109687 which showed FEV1 improvements relative to placebo of 69, 36, 267 and 190 mL with 25, 50, 100 and 200 µg FF doses, respectively (Table 47).
It is important to ensure that the dose of ICS combined with a LABA has adequate efficacy in order to avoid the masking of worsening inflammation by the LABA component. The sponsor believes that both the pre-specified and post-hoc analyses suggest that FF 100 is the lowest minimal effective dose in subjects with moderate persistent asthma and that FF 50 does not constitute an adequate dose of ICS to use in combination with a LABA. However, the sponsor does recognise that different ICS strengths may be appropriate for different severities of asthma and GSK has shared with the TGA that FF 50 was taken into Phase III for use as an ICS monotherapy for patients on SABA only with milder asthma (FEV1 >60% predicted normal). In these studies which have since reported following the original submission, FF50 failed to show replicate efficacy in milder asthma. Consequently, FF 50 is also not being progressed as a strength in the development of FF as a monotherapy.
Table 46. Statistical analysis of change from baseline in trough FEV1 at Week 8 (LOCF) (FFA 109685 and FFA109687, ITT population).
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Table 47. Statistical analysis of change from baseline in trough FEV1 at Week 8 (LOCF) by asthma severity (ITT population).
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In the Phase II studies with FF, significant cortisol suppression was not seen at FF doses lower than 600 µg. Furthermore, there was little difference in the incidence of the most common adverse events between the 50, 100 and 200 µg doses in FFA108687 (Table 48).
Therefore from a safety perspective there were no concerns selecting FF100 and FF200 over FF50 for progression into Phase III.
Table 48. Most common AEs (3% or greater incidence in any treatment group) (FFA109687, ITT population)
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Evaluator’s comments on sponsor’s response
Of the 3 FF dose-ranging studies (FFA109684, FFA109685 and FFA109687), FF dose of 50 µg was only evaluated in study FFA109687 (which evaluated doses of 25, 50, 100 and 200 µg); study FFA109684 only evaluated FF doses of 200, 400, 600 and 800 µg while study FFA109685 evaluated FF doses of 100, 200, 300 and 400 µg. Hence, 2 of the 3 dose-ranging studies only evaluated FF doses in the flat part of the dose-response curve. In study FFA109687, the primary endpoint of trough FEV1 showed numerically greater improvement with 200 µg FF compared to 50 µg with placebo-subtracted difference of 101, 129, 204 and 230 mL with 25, 50, 100 and 200 µg FF, respectively (Table 49). However, all the secondary endpoints of change from baseline in PM PEF (Table 50), AM PEF (Table 50), percentage of symptom-free 24 h periods (Table 51), rescue-free 24 h periods (Table 52) and withdrawals due to lack of efficacy (Table 53) were numerically similar or worse in the 200 µg FF group compared with the 50 µg FF dose group. Overall, results of the primary and secondary efficacy endpoints from study FFA109687 indicated the selection of FF 50 µg as the lowest effective dose to progress to Phase III studies and this was also mentioned in the CSR of this study submitted by the sponsors. It is interesting to note that the sponsors have stated that ‘Dose selection should be based on collective evidence across all endpoints rather than relying on a single endpoint’ while justifying their decision to not evaluate the 12.5 µg dose of VI, but have not considered the same for the FF dose selection.
The sponsor has recognised that different ICS strengths may be appropriate for different severities of asthma and states that FF 50 was taken into Phase III for use as an ICS monotherapy for patients on SABA only with milder asthma (FEV1 >60% predicted normal). In these studies which have since reported following the original submission, FF50 failed to show replicate efficacy in milder asthma. The evaluators cannot comment on results of this study as the sponsors did not submit this study for evaluation as part of the S31 response. Hence, the issue of lack of evaluation of 50 µg FF in Phase III asthma studies has not been clarified adequately.
Table 49. Statistical analysis of change from baseline in trough FEV1 at Week 8 (LOCF)-FFA109687 ITT population and Linear trend test of change from baseline in trough FEV1-FFA109687 ITT population
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Table 50. Statistical analysis of change from baseline in PM PEF (L/min)-FFA109687 ITT population and Statistical analysis of change from baseline in AM PEF (L/min)-FFA109687 ITT population
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Table 51. Statistical analysis of change from baseline in percentage of symptom free 24 h periods-FFA109687 ITT population
[image: ]
Table 52. Statistical analysis of change from baseline in percentage of rescue free 24 h periods-FFA109687 ITT population
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Table 53. Statistical analysis of withdrawals due to lack of efficacy[image: ]
Question 3
Sponsor’s response
The sponsors have acknowledged that the FF/VI asthma Phase III program did not include a step up design. However, patient populations recruited into two of the three pivotal studies differed in terms of baseline medication. In HZA106827, which assessed the 100/25 strength, patients were required to be uncontrolled on low to mid dose ICS or low dose ICS/LABA. In HZ106829, which assessed the higher strength of 200/25 patients were required to be uncontrolled on high dose ICS or mid dose ICS/LABA. Thus, the strength of FF/VI which patients would receive will be based on their baseline medication. To facilitate initiation of combination therapy, the company proposes a table of recommended doses for inclusion in the Dosage and Administration section of the PIGSK believes the data support approval of both the FF/VI 100/25 and 200/25 strengths.
The lower strength of FF 50 was not studied as part of the FF/VI combination in Phase III since GSK believes that FF 100 is the minimally effective dose in moderate asthma (as discussed in  sponsor’s response to Question 2 above).
FF 200 was developed in combination with VI as asthma guidelines [GINA, National Asthma Council (NAC) Australia] and prescribers support multiple doses of ICS and ICS/LABA combination products to ensure that strengths to treat different severities of asthma are available. In Phase II, there was evidence of a greater benefit of FF 200 compared to FF 100 especially in a post hoc analysis by baseline FEV1 (see response to Question 2 above).
Additionally, in a new Phase III study with FF monotherapy, which has reported since the original submission, patients treated with FF 200 had a 77 mL benefit in through FEV1 and were 42% more likely to be well controlled compared to patients treated with FF 100; the treatment difference in patients uncontrolled on high dose ICS at baseline was 132mL (-0.124, 0.388).
The higher dose of FF/VI was not evaluated in HZA106837 as the objective of that study was to assess the incremental benefit and risk of adding VI to FF. However, both FF/VI 100/25 and 200/25 were included in the long term safety study, HZA106839. In this study, there was minimal incremental risk with FF/VI 200/25 over 100/25 with regard to adverse events of special interest related to ICS use.
GSK has conducted additional data analyses to understand the risk of pneumonia with FF/VI including a comparison to the risk with other ICS/LABAs, namely fluticasonepropionate/salmeterol (FP/salm). In order to comprehensively evaluate the pneumonia risk, the sponsor has analysed 17 studies (14 of which were included in the original submission to the TGA plus three additional FF monotherapy studies which have since reported). GSK believes it is important to include the additional FF monotherapy studies as they provide additional information for the FF 200 strength and placebo and thereby facilitate understanding the risk with the higher strength, as highlighted by the TGA. Data is presented for FF, FF/VI and also for the FP groups that were included as comparator groups in the FF/VI and FF program.
The integrated analysis was performed of all FF/VI asthma studies regardless of duration and patient population. Pneumonia, as an adverse event of special interest, was defined by a set of MedDRA terms (Table 54) that were considered to be associated with an infectious aetiology. To maximise the information, available data is also presented for all FF 100 containing (FF 100 and FF/VI 100/25) arms combined, all FF 200, all FP 100 BD, all FP 250 BD and all FP 500 BD containing arms combined. The number of pneumonia events (ranging from 0.2% in placebo to 1.1% in FF/VI 200/25 group) and all serious pneumonia events (0 to 0.3%) were low in all treatment groups. Although there were some numerical differences across treatment groups, the 95% CIs for both incidence and exposure adjusted incidence were wide, showing the variability of the data for this low frequency event. The 95% CIs overlapped for all treatment groups including placebo (Table 55).
Table 54. MedDRA preferred terms[image: ]
Table 55. Summary pf Pneumonia AEs (17 asthma study integration)
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A similar integration was also performed for all FP/salm asthma studies using the same MedDRA terms to help put the data seen with FF/VI into context. The FP/salm integration included all parallel group, controlled trials of ≥ 4 weeks duration that included a licensed dose of FP/salm in the EU for the treatment of asthma (not in combination with another drug) and included a non-FP/salm (or non-salmeterol + FP) comparator arm, in asthma subjects aged ≥12 years. The incidence of pneumonia in asthma was low in all treatment groups in both the FF/VI and the FP/salm integrated data sets. In the asthma program, the incidence of pneumonia for FF containing (that is, FF and FF/VI) groups was within the same range of incidences seen with other ICS. Importantly, the highest incidence seen in the FF/VI 200/25 group (18.4 subjects with an event per 1000 patient years) was very similar to the highest incidence (19.7 patients with an event per 1000 patient years) seen in FP/salm 250/50 BD group in the integration of the FP/salm studies (Table 56).
Table 56. Summary of Pneumonia AEs in Asthma
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All FF 200 containing treatment groups showed similar incidences to that published for budesonide and FP. A published large meta-analysis of studies with placebo, budesonide and fluticasone propionate has demonstrated similar rates of pneumonia to those identified in the FF development program (19.8 per 1000 patient years across all studies, 18.1 and 17.1 per 1,000 patient years across subset of studies with both inhaled corticosteroids, respectively) [O'Byrne 2011].While, an increased incidence of pneumonia with higher doses of ICS cannot be ruled out the absolute risk of pneumonia with FF-mono appears to be very small and consistent with other ICS.
The overall data in subjects with asthma from both direct and indirect comparisons suggests that the incidence of pneumonia for FF/VI is similar to the incidence observed following treatment with a marketed ICS/LABA FP/salm. GSK therefore believes the risk of pneumonia with FF/VI 200/25 is not different from other marketed ICS/LABA products and thus should not preclude approval for the FF/VI 200/25 strength. The sponsors conclude that the safety of FF/VI 200/25 as a second strength, particularly considering the risk of pneumonia, does not preclude its use in patients whose disease severity warrant its use. The risk of pneumonia with FF/VI 200/25 is not different from other marketed ICS/LABA products.
Evaluator’s comments on sponsor’s response
Inclusion of the new table in the proposed PI would help address issues regarding transferring patients from other ICS/ LABA therapy to the proposed FF/VI treatment.
The sponsor believes that FF100 is the minimally effective dose in moderate asthma and lower doses 50 µg were not judged to be sufficiently efficacious to use with a LABA. However, of the 3 FF dose ranging studies (FFA109684, FFA109685 and FFA109687), FF dose of 50 µg was only evaluated in study FFA109687 (which evaluated doses of 25, 50, 100 and 200 µg) and results of the primary and secondary efficacy endpoints from this study indicated the selection of FF 50 µg as the lowest effective dose to progress to Phase III studies (refer to evaluators comments to sponsor’s response to Question 2 above). This 50 µg dose of FF was not taken forward in any of the Phase III studies included in the original submission, Although GSK has mentioned that FF 50 was taken into Phase III for use as an ICS monotherapy for patients on SABA only with milder asthma (FEV1 >60% predicted normal). In these studies which have since reported following the original submission, FF50 failed to show replicate efficacy in milder asthma. The sponsors did not submit this data for evaluation by the TGA. Hence, this data should be submitted for review in order to address the issues regarding lack of adequate evaluation of 50 µg FF in Phase III asthma studies.
The sponsors suggest that there is evidence from Phase IIb of improved efficacy with FF 200 compared to FF 100. However, as discussed above, results of the Phase II study FFA109687 showed that the 200 µg dose was numerically better than 100 µg for through FEV1, PM/ AM PEF but failed to show any numerical benefits for other secondary endpoints (Tables 49 to 53).
Overall, results of the primary and secondary efficacy endpoints from Study FFA109687 indicated the selection of FF 50 µg as the lowest effective dose to progress to Phase III studies.
The sponsors need to submit the additional data from a new Phase III study with FF monotherapy, which has been reported since the original submission, in which it is claimed that patients treated with FF 200 had a 77 mL benefit in through FEV1 and were 42% more likely to be well controlled compared to patients treated with FF 100; the treatment difference in patients uncontrolled on high dose ICS at baseline was 132mL (-0.124, 0.388).
In response to the TGA’s question regarding the fact that the higher dose of 200/25 µg was not evaluated in the Phase III study HZA106837, the sponsors mentions that both FF/VI 100/25 and 200/25 were included in the long term safety Study HZA106839 which showed minimal incremental risk with FF/VI 200/25 over 100/25 with regard to adverse events of special interest related to ICS use. However, it was noted that the incidence of cardiovascular AEs (12% and 18% with FF/VI 100/25 and 200/25, respectively) and incidence of asthma exacerbations (1% and 3%, respectively) was numerically higher in the FF200/25 group compared with the FF/VI 100/25 group (Clinical safety, Long term safety study HZA108839). Based on the new analysis of pneumonia events provided by the sponsors, the risk of pneumonia with FF/VI 200/25 does not appear to be different from other marketed ICS/LABA product.
Furthermore, the 200 µg dose of FF was associated with higher incidence of local steroid effects and pneumonia in the safety analysis involving Integrated Asthma clinical studies. For local steroid effects (particularly candidiasis, dysphonia and oropharyngeal pain), the incidence of events (adjusted for exposure) was higher in the FF/VI 200/25 (191.6/1000 subject years) and FF 200 (281.0) groups compared with Placebo (87.8) and the respective lower dose (FF/VI 100/25 =94.3 and FF100= 103.8) groups. The incidence of pneumonia (adjusted for exposure) seen with FF/VI 100/25 and FF 100 (9.6 and 8.0/1000 subject years, respectively) was similar to that seen with placebo (8.0/1000 subject years) but a higher incidence of pneumonia was observed in the FF/VI 200/25 and FF 200 arms (18.4/ and 25.5/1000 subject years, respectively). Due to the above concerns and lack of unequivocal evidence for increased benefit with the 200 µg dose of FF, the evaluators still feel that a lower 50 µg dose of FF should have been evaluated further. Based on the evidence provided in this submission, the 100 and 200 µg doses of FF selected by the sponsors are not justified.
Question 4
Sponsor’s response
In undertaking dose-ranging for VI in COPD, GSK aimed to identify and select a dose at the inflection of the steep part of the FEV1 dose response curve, which also had an acceptable safety profile. Study B2C111045 was powered to detect a 130 mL difference in the point estimate in trough FEV1; a point estimate of 130 mL implies that there is a 50% chance that the treatment effect exceeds 130 mL and a 50% chance that it is below 130 mL. This treatment difference was selected to allow demonstration of an effect size similar in magnitude to that obtained with tiotropium bromide (a long-acting anticholinergic). Furthermore, selection of 130 mL allowed the company to select a dose where the probability of the treatment effect exceeded 100 mL was 80% (assuming an SD of 250 mL) GSK consulted the United States Food and Drug Administration (FDA) regarding the design of the B2C111045 study during the Pre- Investigational New Drug (IND) Application Meeting on 31 January 2007 (with follow-up teleconference on 05 February 2007), prior to initiation of the study on 21 February 2008.
The B2C111045 study demonstrated an increase in through FEV1 with increasing dose. The maximum effective dose was not demonstrated. The greatest efficacy was seen with the 50 µg dose. Based upon the primary and secondary endpoints, as well as the safety profile, 25 µg was considered an appropriate dose to progress in the FF/VI combination for the Phase III COPD Clinical Development Program. Although all VI doses were statistically significantly different from placebo for the primary endpoint of through FEV1, compared with placebo, adjusted mean treatment differences of ≥130 mL (the treatment difference on which the study was powered) were only observed with VI 25 and VI 50 but not with lower doses. Also, a post hoc analysis based on subjects’ reversibility to salbutamol at Screening was conducted to further evaluate the effect of VI, since the COPD population is comprised of reversible and non-reversible subjects. This analysis demonstrated that in the non-reversible population (subjects with FEV1 change after salbutamol of <200 mL or ≥200 mL increase that was <12% from pre salbutamol baseline; 64% of the subjects), only subjects in the VI 25 µg and VI 50 µg groups achieved a clinically relevant 100 mL improvement in adjusted mean change from placebo in trough FEV1 (mean treatment differences compared with placebo of 113 mL [95% CI: 47, 180] and 118 mL [95% CI: 52, 183], respectively). In the VI 12.5 µg group, while subjects in the reversible population demonstrated a clinically meaningful improvement in through FEV1 of 162 mL [95% CI: 76, 249] on Day 29 compared with placebo, in the non-reversible population, the response (77 mL [95% CI: 11, 143]) was less than half of that observed in the reversible population (Figure 23).
Figure 23. Adjusted mean differences (95%CI) from placebo in change from baseline in trough FEV1 (L) at Day 29 in subjects with COPD (ITT population and non-reversible population): VI dose ranging study in COPD (B2C111045).
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Furthermore, in addition to the traditional analysis, the probability of each treatment difference
(VI versus placebo) being >100 mL and > 130 mL increase from baseline in through FEV1 on Day 29 was a pre-specified supplemental analysis of the primary endpoint. The value of 100 mL in trough FEV1 was included in this analysis as such an improvement is viewed as clinically meaningful [Cazzola, 2008, Donahue, 2004]. In further support of the 25 and 50 µg doses, this analysis demonstrated that probabilities for a >100 mL increase were more than 90% with both the 25 µg and 50 µg doses, but much lower (<64%) for the 3, 6.25 and 12.5 µg doses (Figure 23). Differences of ≥130 mL (the difference the study was powered on) on Day 29 were observed only with the 25 and 50 µg doses.
In the two, Phase III, 6 month, placebo-controlled, efficacy and safety studies in 2,254 subjects with COPD (HZC112206 and HZC112207), VI 25 µg OD was well-tolerated with a similar safety profile to placebo. The frequencies of any on-treatment AE, AEs leading to study drug discontinuation or withdrawal from the study, serious AEs (SAEs) and fatal events were similar between the VI 25 µg containing groups and the placebo group.
Evaluator’s comments on sponsor’s response
The explanation provided by the sponsors for consideration of VI25 µg only for the Phase III COPD trials is acceptable, especially following results of the post-hoc analysis in patients with non-reversible COPD and increased likelihood of responding with clinically significant improvement in lung function with the 25 µg dose of VI.
Question 5
Sponsor’s response
HZC102970 and HZC102871 are the first dose ranging studies that were conducted with an ICS/LABA combination product to evaluate an effect on exacerbation reduction in subjects with COPD. While the integrated data from both studies demonstrated statistically significant reduction in the annual rate of moderate and severe exacerbations for all three FF/VI strengths compared with VI (23% (95% CI: 12, 34; p<0.001), 27% (95% CI: 16, 37; p<0.001) and 16% (95% CI: 4, 27; p=0.014) for FF/VI 200/25, 100/25 and 50/25, respectively), this was not the case in the individual studies. In HZC102970, all three FF/VI strengths FF/VI 50/25, 100/25 and 200/25 did demonstrate a statistically significant (p≤0.040) and clinically relevant reduction in the annual rate of moderate and severe exacerbations compared to VI 25 (19%, 21%, and 31%; respectively). However, in Study HZC102871, the reduction in the annual rate of moderate and severe exacerbations for FF/VI 50/25, 100/25 and 200/25 was 13%, 34% and 15%, respectively with only the 100/25 dose demonstrating a reduction with a nominal p-value <0.05 (p<0.001). Thus, only the FF/VI 100/25 strength demonstrated a robust treatment effect in both studies (Figure 24).
Figure 24. Treatment differences (95%CI) for the annual rate of moderate and severe COPD exacerbations (ITT population): individual and integrated study results-1 year exacerbation studies (HZC102970 and HZC102871).
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The primary endpoint analysis from the 1 year exacerbation studies and selection of the FF/VI 100/25 strength was also supported by the individual and integrated analysis for the secondary endpoints of time to first moderate or severe COPD exacerbation (Figure 25) and annual rate of COPD exacerbations requiring systemic/oral corticosteroids (Figure 26). An examination of the data from the sub-group populations of subjects from the integrated databases, specifically those subjects with less severe COPD (as defined by a milder airflow obstruction or less frequent history of exacerbations) who might benefit from a lower strength of FF/VI and subjects with more severe disease (as defined by a more severe airflow obstruction or by a higher historical exacerbation frequency) who might benefit from a higher strength of FF/VI, also confirmed that the 100/25 dose is the optimal dose. In the non-frequent exacerbators in the year prior to screening, only FF/VI 100/25 µg produced a significant and clinically relevant reduction compared with VI alone (19%; p=0.031) and was almost double the reduction observed with the FF/VI 50/25 dose (10%, p=0.293). In the frequent exacerbator population, all strengths of FF/VI significantly reduced the moderate/severe exacerbation event rate by 21%, 31% and 28% versus VI; however the higher strength 200/25 offered no incremental benefit over the 100/25 strength. Subjects with less severe COPD (FEV1 ≥50% of predicted) treated with lower strength FF/VI 50/25 failed to demonstrate a statistically significant reduction in exacerbations while both the 100/25 and 200/25 strengths demonstrate both a clinically relevant and statistically significant reduction in exacerbations. For the 30%≤FEV1<50% predicted group only the FF/VI 100/25 strength demonstrated a statistically significant and clinically relevant reduction in exacerbations. For subjects with the most severe COPD (FEV1<30% predicted group) all strengths demonstrated statistically significant and clinically relevant reductions in exacerbations with the 100/25 strength demonstrating the highest reduction in exacerbations and no incremental benefit with the 200/25 strength.
Figure 25. Kaplan-Meier plot of time to first on treatment moderate or severe COPD exacerbations (ITT population): integrated study results-1 year exacerbation studies (HZC102970 and HZC102871).
[image: ]
Figure 26. Treatment differences (95%CI) for the annual rate of COPD exacerbations requiring systemic/oral corticosteroids (ITT population):integrated study results-1 year exacerbation studies (HZC102970 and HZC102871).]
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Known side effects of corticosteroids were of special interest in the COPD RELVAR program. These included systemic corticosteroid effects, bone disorders, local steroid effects, pneumonia, LRTI, effects on glucose and hypersensitivity. There was an increased incidence of AEs in the local steroid effect special interest group (candidiasis and dysphonia) and in the incidence of pneumonia and bone disorders for the FF/VI groups versus VI alone. There was no indication of increased AE incidence with any of the FF/VI strengths versus VI alone for the other AE special interest groups examined. Importantly, there were no discernible differences in the FF/VI 100/25 group compared with the FF/VI 50/25 group for any event of the special interest group indicating that there is no increased safety risk with the 100/25 strength compared to the 50/25 strength.
The sponsors acknowledge the existence of individual variability and response, however a subpopulation could not be identified that would preferentially benefit from either the lower (50/25) or higher (200/25) FF/VI dose.
Evaluator’s comments on sponsor’s response
The explanation provided by the sponsors for selection of the FF/VI 100/25 µg dose for treatment of COPD is acceptable. The lower dose of FF/VI 50/25 µg did not appear to be effective in patients with less severe disease who may have been candidates for the lower dose, while the higher dose of 200/50 µg did not have provide any additional benefit and was in fact associated with increased safety risks.
Question 6
Sponsor’s response
For COPD: Both GOLD and COPDx do not recommend long-term monotherapy treatment with ICS therefore the lack of availability of FF monotherapy should not present an issue for clinicians treating patients with COPD. However, it is well accepted that an ICS combined with a LABA is more effective than the individual components [GOLD, 2013]. As reduction in exacerbations represents the main symptomatic benefit of the combination, the proposed COPD indication reflects the patient population studied in the 1 year studies and not the broader patient population in the 6 month studies who did not have an exacerbation history. This is consistent with recommendations of treatment guidelines, which recommend inhaled corticosteroid containing products should be used in patients with severe or very severe airflow limitation or patients with frequent exacerbations despite long acting bronchodilators [GOLD, 2013 COPDx 2011].
Although VI monotherapy is not marketed it should be noted that as discussed in Response to Question 4, the improvements observed following treatment with VI are broadly consistent to those observed with other approved long-acting bronchodilators. In three 12 week COPD studies (HZC113107/HZC113109/HZC112352) and one 24 week asthma study (HZA113091), which directly compared FF/VI and Seretide, no statistically or clinically relevant differences were observed in terms of through FEV1 or serial lung function. Since immediate effects on lung function are primarily driven by the beta-agonist and in COPD the contribution of the corticosteroid in terms of improving lung function is limited this suggests that the bronchodilatory effects of salmeterol 50 µg bd and vilanterol 25 µg OD are comparable.
The effect of VI on exacerbation rates is also very similar to the effect of salmeterol on exacerbation rates in two SERETIDE 250/50 studies SCO40043/SC0100250 (Anzueto, 2009; Ferguson, 2008) which are identical in design to the two 1 year studies HZC102970/HZC102871). In the pooled data from SCO40043/SCO100250, the annual rate of moderate and severe exacerbations in patients treated with salmeterol was 1.58 which is higher than the annual rate of moderate and severe exacerbations in the VI group in the pooled data from HZC102970/HZC102871 suggests VI monotherapy is at least as effective as a marketed long-acting bronchodilator in reducing exacerbations.
Together these data suggest the effect of vilanterol 25 µg administered once daily is comparable to well established long acting beta-2- agonists and muscarinic antagonists. The sponsor contends that FF/VI 100/25 is an appropriate treatment for any COPD patient who exacerbates despite treatment with long-acting bronchodilators. Nevertheless, the sponsor recognises that the ICS/LABAs are not intended to be used as first line therapy and therefore proposes to modify the indication as follows:
‘Relvar is indicated for the symptomatic treatment of patients with COPD, with a FEV1 <70% predicted normal (post-bronchodilator) and an exacerbations history despite regular bronchodilator therapy.’
For Asthma: Inhaled corticosteroids are considered the most effective anti-inflammatory treatment for all severities of persistent asthma [GINA, 2011]. Treatment with ICS controls asthma symptoms, improves quality of life and lung function, decreases airway.
Hyper responsiveness, controls airway inflammation, and reduces the frequency and severity of asthma exacerbations, thereby reducing asthma morbidity and mortality. The dose of ICS is selected based on the severity of the patient’s asthma. However, add-on therapy with another controller, in particular inhaled LABA, is preferred to increasing the dose of ICS to achieve asthma control. The addition of a LABA to an ICS improves symptom scores, decreases nocturnal asthma symptoms, improves lung function and reduces the number of asthma exacerbations [Ducharme, 2010]. Inhaled LABA therapy may be associated with increased risk of serious asthma related events (including hospitalisation, intubation and death) and so should not be used as monotherapy in asthma [GINA, 2011], therefore lack of availability of VI monotherapy should not present an issue for clinicians treating patients with asthma.[information redacted] The subject populations for the Phase III studies were chosen to be representative of the intended patient population for an ICS/LABA combination based on subjects having asthma not controlled on ICS alone or on ICS/LABA combinations. Subjects recruited to HZA106827 were uncontrolled on low dose ICS/LABA or low to mid dose ICS alone (Table 57) whereas subjects recruited to HZA106829 were uncontrolled on mid dose ICS/LABA or high dose ICS alone (Table 58).
Table 57. ICS and ICS/LABA dosage table
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Table 57 continued. Summary of ICS usage Pre-treatment (ITT population)
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Table 58. ICS and ICS/LABA dosage table
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Table 58 continued. Pre-study and run-in ICS medications (HZA106829, ITT population).
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The data from Studies HZA106827/HZA106829 indicate that the efficacy of FF 100 OD daily is not different from FP 250 BD and FF 200 OD is non-inferior to FP 500 BD. This is further supported by study HZA113091 in asthma subjects that compared FF/VI 100/25 once daily with FP/salmeterol 250/50 twice daily over 24 weeks and showed no significant difference between treatments on lung function or symptomatic endpoints. This suggests that clinicians can view the dose of FF as equivalent to 5X the total daily fluticasone propionate dose for asthma patients.
To facilitate initiation of combination therapy the company proposes to add a table to the prescribing information which has been devised based on the doses of prior therapies which were permitted in HZA106827/HZA106829 as well as the evidence of comparability to marketed products described above.
Evaluator’s comments on sponsor’s response
The explanation given by sponsors for treatment of COPD and the change to the proposed indication for treatment of COPD are acceptable with a minor change.
‘Relvar is indicated for the symptomatic treatment of patients with COPD, with a FEV1 <70% predicted normal (post-bronchodilator) and history of exacerbations despite regular bronchodilator therapy.’
The proposed new table in the PI would help provide some guidelines to clinicians on dosing for treatment of asthma. However, this is not enough to overcome the reservations the evaluators have regarding the overall benefit-risk profile of Relvar Ellipta for treatment of asthma (as discussed in Second round assessment of benefit-risks balance).
[bookmark: _Toc400980817]Second round benefit-risk assessment
[bookmark: _Toc400980818]Second round assessment of benefits
Asthma
After consideration of responses to clinical questions, the benefits of FF/VI (100/25 and 200/25 µg) in the proposed usage for treatment of asthma are:
Once daily treatment with a LABA/ICS combination would potentially improve treatment compliance Although this could not be ascertained in the clinical studies. The currently available LABA/ICS combinations need to be administered twice daily.
The proposed doses of FF/VI 100/25 and 200/25 provided greater benefit in terms of improvement in lung function parameters of through FEV1, weighted mean FEV1 (0 to 24h), AM and PM PEF than FF alone in two out of three pivotal Phase III studies (HZA106829 and HZA106837) where this was measured, thus demonstrating the contribution of VI to the combination. FF/VI 100/25 and 200/25 were also significantly better than the equivalent dose of FF monotherapy in improving symptomatic endpoints including 24 h rescue-free/ symptom-free periods, time to first severe exacerbation and severe exacerbation rate. The contribution of FF to the efficacy of the FDC was shown by assessing the efficacy and safety of FF relative to placebo in the Phase III studies and also in an allergen-challenge Phase II study HZA113126 where FF/VI was significantly better than VI alone in terms of attenuating the early and late phase asthmatic response and also the increased bronchial hyper-responsiveness (BHR) associated with allergen challenge.
At therapeutic doses of FF/VI, no safety signals have been observed for increased incidence of severe asthma exacerbations, adrenal suppression, bone disorders, QT interval prolongation, myocardial ischemia, or metabolic, neurologic, or ocular effects based on results of clinical program to date. Safety observations are in line with the expected drug class profiles in the populations studied and no new risks have been identified.
COPD
After consideration of responses to clinical questions, the benefits of FF/VI 100/25 µg OD in the proposed usage for treatment of COPD are:
Once daily treatment with a LABA/ICS combination would potentially improve treatment compliance. Although this could not be ascertained in the clinical studies due to study designs. The currently available LABA/ICS combinations used for treatment of COPD require twice daily administration.
In the two pivotal 6 month studies, the proposed dose of FF/VI 100/25 µg OD showed statistically significant and clinically meaningful improvements in lung function after 24 weeks of treatment with increased adjusted mean through FEV1 [difference from placebo was 129mL and 83 mL with FF/VI 100/25 and VI 25, respectively; FF/VI 100/25–VI 25= 46 mL; 95% CI: 8, 83mL, p= 0.017] and adjusted weighted mean peak FEV1 (0 to 4 h) [difference from placebo was 193mL and 145, respectively; FF/VI 100/25-VI 25= 148 ml; 95% CI: 112, 184mL, p< 0.001]. Patients treated with the proposed FF/VI 100 /25 µg also had significantly better dyspnoea scores (Although not clinically relevant), had less cough and sputum, required significantly less rescue medication as measured by number of occasions of rescue salbutamol use (per 24 h period) and number of night time awakenings requiring salbutamol (per 24 h period) compared to placebo.
The 24 h bronchodilator effect of FF/VI was maintained from the first dose throughout a one-year treatment period with no evidence of loss in efficacy.
The data from the pivotal Phase III, 52-week studies demonstrated that FF provides a significant contribution to the FF/VI combination. In particular, compared with VI 25 OD alone, treatment with FF/VI 100/25 OD consistently reduced the annual rate of moderate and severe COPD exacerbations, time to exacerbations, rate of exacerbations requiring systemic corticosteroid use and also showed minor improvements in lung function (trough FEV1).
Overall, safety of proposed dose of FF/VI 100/25 µg was evaluated in adequate number of COPD patients for treatment durations up to 1 year and was representative of the target patient population for the proposed combination. The safety profile of proposed FDC of FF/VI 100/25 µg OD was consistent with the expected AEs usually associated with LABA/ICS combination, that is, most frequent AEs were beta-adrenergic agonist AEs or local steroid effects.
[bookmark: _Toc400980819]Second round assessment of risks
Asthma
After consideration of responses to clinical questions, the risks of FF/VI (100/25 and 200/25 µg) in the proposed usage for treatment of asthma are:
In the PK-PD studies, dose proportionality of FF and VI was not evaluated over a wide range of doses and in fact the starting dose in the PK studies was 100-200 µg for FF and >25 µg for VI.
The FDC guidelines state that rationale for a FDC development is either FDC shows better efficacy than mono components taken together or lower doses of actives given as FDC offer better risk benefit ratio. There were no studies which assessed the clinical equivalence of proposed FDC of FF/VI with concurrent therapy with FF and VI.
The doses of the ICS (FF) and LABA (VI) selected for the FDC were based on the dose ranging mono component Phase II studies and no dose-ranging studies were conducted with the proposed combination inhaler (FF/VI). Exclusion of 12.5 µg dose of the LABA Vilanterol (VI) based on superior efficacy observed for 25 µg in secondary endpoints (% symptom free 24 h and rescue free 24 h periods) in a Phase II study (B2C109575) is not  justified. The study was not powered to show a difference in these endpoints. LABAs may be associated with increased severity of asthma exacerbations in some patients and hence it would be prudent to establish the minimum effective dose in patients with asthma with the option of up-titration if required in individual patients. Dose-ranging studies for FF showed efficacy in the range of 50 to 200µg but the dose of 50 µg was not evaluated in the Phase III asthma studies.
Evidence for contribution of the VI component to the FDC (FF/VI) was not unequivocal. The pivotal Phase III study HZA106827 (which recruited subjects uncontrolled on low/mid dose ICS or on low dose ICS/LABA) failed to demonstrate statistically significant difference between the two active treatments (FF/VI 100/25 and FF 100 alone) for the co-primary endpoints of through FEV1 and weighted FEV1 (0 to 24h). As statistical significance was not achieved for all treatment comparisons in the first level of Hierarchy (there was no statistical significant difference between FF/VI and FF for the co-primary endpoints), the significant differences in FF/VI 100/25 compared with FF 100 for the powered secondary endpoint of percentage of rescue-free/ symptom-free 24 h periods, AM and PM PEF should be interpreted as descriptive only.
The pivotal Study HZA106829 (which recruited subjects uncontrolled on high dose ICS or on mid dose ICS/LABA) showed statistically significant improvements with FF/VI 200/25 µg compared with FF 200 alone in co-primary [trough FEV1 and weighted FEV1 (0 to 24h)] and secondary endpoints (percentage of rescue-free/ symptom-free 24 h periods and AM/PM‑PEF) at the end of 24 weeks of treatment. However, a sensitivity analyses (excluding data from an investigator in the USA because of GCP issues) of the co-primary endpoint of weighted mean FEV1 (0 to 24 h) was not consistent with the ITT analysis results and failed to show statistically significant difference between FF/VI and FF200 groups Although results were consistent with ITT analysis for through FEV1 and other secondary endpoints.
Safety issues with use of FF/VI for treatment of asthma include local steroid effects, systemic corticosteroid effects including effect on growth, bones in adolescents (Although this is being addressed by ongoing studies), cardiovascular effects and pneumonia. The incidence of pneumonia (adjusted for exposure) seen with FF/VI 100/25 and FF 100 (9.6 and 8.0/1000 subject years, respectively) was similar to that seen with placebo (8.0/1000 subject years).Although a higher incidence of pneumonia was observed in the FF/VI 200/25 and FF 200 arms (18.4/ and 25.5/1000 subject years, respectively).
A large exacerbation study, HZA106837 showed that FF/VI (100/25 µg) significantly reduced time to first severe exacerbation by 20% (95% CI 2,36; p=0.036) and reduced annual severe exacerbation by 25% (95% CI 5,40; p=0.014) compared to FF (100 µg) alone but the other proposed dose of FF/VI 200/25 was not evaluated in this study; it would have been especially useful to evaluate if a lower dose of VI (12.5 µg) would have offered similar benefits but this was not done. Furthermore, the secondary endpoints of exacerbations leading to hospitalization (FF/VI 100/25 versus FF 100: 4% versus 5%) and the mean duration of exacerbations (11.1 versus 11.3 days) were similar between treatment groups. Furthermore, the incidence of severe asthma exacerbations in the 7 day post treatment period was low but slightly higher in FF/VI compared with FF alone group (4 versus 1).
Long-acting beta2-adrenergic agonists (LABA) such as vilanterol, one of the active ingredients in RELVAR ELLIPTA, increase the risk of asthma related death. A placebo controlled trial with another LABA (salmeterol) showed an increase in asthma related deaths in subjects receiving salmeterol. This finding with salmeterol is considered a class effect of all LABA, including vilanterol. An analysis of asthma related serious events (deaths, hospitalisations and intubations) was done for all asthma studies containing a VI or VI+ICS treatment arm showed a slight reduction in the risk of asthma related events for patients receiving any dose of FF/VI compared to non-LABA (all doses) or ICS (all doses). However, the risk reduction was quite minimal as only 2.6 to 2.8 patients avoided an asthma related event for every 10,000 patients treated with FF/VI. Overall, evidence for safety of the proposed doses of FF/VI (100/25 and 200/25 µg) in treatment of asthma is not conclusive.
COPD
After consideration of responses to clinical questions, the risks of FF/VI (100/25 µg) in the proposed usage for treatment of COPD are:
In the COPD clinical program, most frequent AEs were beta-adrenergic agonist AEs or local steroid effects. There was a higher incidence of pneumonias (including serious and fatal pneumonias) in subjects treated with FF/VI. However, the incidence of pneumonia appeared to be more common in patients with risk factors [current smokers, patients with a history of prior pneumonia, patients with a body mass index <25 kg/m2 and patients with a FEV1<50% predicted] which have been included in the proposed labelling. It is also reassuring to see that most of these serious AEs of pneumonia were more common in patients treated with FF/VI 200/25 µg which is not the proposed dose for COPD.
[bookmark: _Toc400980820]Second round assessment of benefit-risk balance
Asthma
The purpose of this application is to obtain marketing approval for the use of FF/VI (100/25 and 200/25 µg OD by oral inhalation) administered once daily for the regular treatment of asthma in adults and adolescents aged 12 years and older, where use of a combination product (long-acting beta-2-agonist and inhaled corticosteroid) is appropriate; asthma patients who are symptomatic with inhaled corticosteroids and 'as needed' inhaled short acting beta-2-agonist or patients already on both an inhaled corticosteroid and a long-acting beta-2-agonist.
Fixed Dose Combinations of ICS and LABA are well accepted and recommended treatments for asthma [Global Initiative for Asthma (GINA), 2011]. Current ICS/LABA combinations, including fluticasone propionate (FP)/salmeterol, beclomethasone/formoterol and budesonide/formoterol, need to be administered twice daily. Hence one of the potential benefits with the proposed ICS/LABA combination of FF/VI is improved treatment compliance due to its once daily dosing regimen. However, the Phase III clinical development program for FF/VI was conducted double-blind and where necessary, double-dummy conditions, confounding the assessment of compliance. As a result, the question of whether once-daily FF/VI represents a true patient benefit requires further investigation.
Evidence for contribution of the LABA (Vilanterol) component to the FDC (FF/VI) was not unequivocal. The pivotal Phase III Study HZA106827 failed to show statistically significant difference between FF/VI 100/25 and FF 100 alone for both co-primary endpoints (trough FEV1 at end of study and weighted FEV1 (0 to 24h) limiting interpretation and validity of the significant differences observed between FF/VI and FF for the secondary endpoints of percentage of rescue-free/symptom-free 24 h periods, AM and PM PEF. The Phase III pivotal study HZA106829, at the end of 24 weeks of treatment, FF/VI 200/25 significantly improved the co primary endpoints [trough FEV1 and weighted mean FEV1 (0 to 24 h)] and the secondary end points (percentage of rescue-free/ symptom-free 24 h periods, AM and PM PEF) compared with FF 200 alone. However, these results were not robust and conclusive as the sensitivity analysis for the co-primary endpoint of weighted mean FEV1 (0 to 24 h) was not consistent with the ITT analysis results.
Another limitation of this submission relates to inadequate evaluation of a wide range of doses of FF and VI in the PK-PD or the Phase II dose-ranging studies. No dose-ranging studies were done with the proposed combination product in asthma and dose–response information was mainly obtained from studies using FF alone or VI alone. Majority of doses evaluated seemed to lie within the flat part of the dose-response curve and hence it is likely that a much higher dose than required was evaluated in the pivotal Phase III studies. The minimum effective dose of VI was not established and only one dose of VI (25 µg OD) was carried forward to the Phase III studies. FF dose of 50 µg was also not evaluated especially considering that asthma patients tend to be younger including adolescents and the known risks of long-term steroid therapy.
A major safety concern with vilanterol is linked to the selection of an appropriate dose, because beta-2 adrenergic bronchodilators, particularly at high doses, have the safety concerns of severe asthma exacerbations and asthma related deaths in patients who use these drugs to treat the symptoms of asthma. Long-acting beta2-adrenergic agonists (LABA) such as vilanterol, one of the active ingredients in Relvar Ellipta, increase the risk of asthma related death. A placebo-controlled trial with another LABA (salmeterol) showed an increase in asthma related deaths in subjects receiving salmeterol. A 28 week, placebo controlled US study comparing the safety of salmeterol with placebo, each added to usual asthma therapy, showed an increase in asthma related deaths in patients receiving salmeterol (13/13,176 in patients treated with salmeterol versus 3/13,179 in patients treated with placebo; RR 4.37, 95% CI 1.25, 15.34). This finding with salmeterol is considered a class effect of the LABA, including vilanterol, one of the active ingredients in Relvar Ellipta. No study adequate to determine whether the rate of asthma related death is increased with Relvar Ellipta has been conducted. Overall, evidence for safety of FF/VI in treatment of asthma is not conclusive.
There were no studies which assessed the clinical equivalence of proposed FDC of FF/VI with concurrent therapy with FF and VI. The individual components of the FDC are not to be registered for use in asthma although the sponsor has mentioned to the TGA that there are some data on FF monotherapy for treatment of asthma. The above limitations of the proposed FF/VI formulation may have been acceptable if the proposed drug was of major therapeutic benefit for which no other alternative treatments are available. Since that is not the case with this ICS/LABA formulation, the benefit-risk balance of Relvar Ellipta (FF/VI 100/25 and 200/25 µg OD) given the proposed usage for treatment of asthma is unfavourable.
Treatment of COPD
The sponsor is also seeking marketing approval of FF/VI 100/25 µg OD for the modified indication of:
‘Relvar is indicated for the symptomatic treatment of patients with COPD, with a
FEV1 <70% predicted normal (post-bronchodilator) and history of exacerbations despite regular bronchodilator therapy.’
Fixed Dose Combinations of ICS and LABA are well-accepted and recommended treatments for COPD [Global Initiative for Chronic Obstructive Lung Disease (GOLD), 2011]. Current ICS/LABA combinations, including fluticasone propionate (FP)/salmeterol, beclomethasone/formoterol and budesonide/formoterol, need to be administered twice daily. Hence one of the potential benefits with the proposed ICS/LABA combination of FF/VI is improved treatment compliance due to its once daily dosing regimen. However, the Phase III clinical development program for FF/VI was conducted under double-blind, and where necessary, double-dummy conditions, confounding the assessment of compliance. As a result, the question of whether once-daily FF/VI represents a true patient benefit requires further investigation.
Dose-ranging studies for the proposed FF/VI FDC were conducted in both COPD and asthma patients. The regulatory precedence of performing dose ranging and dose regimen studies for bronchodilators in asthma patients has been established in order to demonstrate a large separation between doses, because the range of response is greatest in a bronchoresponsive population, such as patients with asthma. A COPD population, with some degree of fixed obstruction, has a smaller response range to a bronchodilator. The regulatory precedence of performing dose ranging and dose regimen studies in patients with asthma was followed in the development of indacaterol, a LABA that was approved for marketing in the United States in 2011 as a bronchodilator in patients with COPD.
The COPD efficacy data showed contribution of each component present in the proposed ICS LABA FDC (Relvar Ellipta) and also showed that the FDC (FF/VI) provides a clinically meaningful benefit over each single ingredient present in the combination (FF and VI). FF/VI showed benefit over fluticasone furoate alone in lung function, and a benefit over vilanterol alone in COPD exacerbations.
The benefit vilanterol provides to the combination FF/VI product is demonstrated through a comparison of FF/VI 100/25 to FF 100 in the two 24 week lung function trials (2206 and 2207).
In both trials, FF/VI 100/25 demonstrated a statistically significant improvement in FEV1 0 to 4 h compared to FF 100 monotherapy. The efficacy of the VI mono component is also demonstrated in the same 24 week lung function trials through a comparison of VI to placebo.
Both trials demonstrate a statistically significant improvement for VI compared to placebo.
The benefit FF provides to the combination product is demonstrated by the comparison of FF/VI 100/25 to VI 25 in the exacerbation trials and lung function trials. A statistically significant improvement in the annual rate of exacerbation for FF/VI 100/25 compared to VI 25 is seen in one of the 52 week exacerbation trials with the other trial demonstrating a numerical improvement with a nominal p-value <0.05. While the second trial demonstrated a similar treatment effect, the improvement was not statistically significant based on the statistical hierarchical testing procedure. In addition to the exacerbation data, a consistent numeric improvement in through FEV1 is demonstrated for FF/VI 100/25 compared to VI 25 monotherapy in both 24 week lung function trials as well as in the two 52-week exacerbation trials. The data do not support an efficacy advantage for doses higher than FF/VI 100/25 in terms of exacerbations or lung function.
In the COPD clinical program, most frequent AEs were beta-adrenergic agonist AEs or local steroid effects. In terms of risk, the common adverse event profile for FF/VI in COPD is similar to other ICS/LABA products in COPD. In terms of serious events, an increase in FF dose-related risk for pneumonia was seen in the FF/VI development program. There was a higher incidence of pneumonias (including serious and fatal pneumonias) in subjects treated with FF/VI.
However, the incidence of pneumonia appeared to be more common in patients with risk factors [current smokers, patients with a history of prior pneumonia, patients with a body mass index <25 kg/m2 and patients with a FEV1<50% predicted] which have been included in the proposed labelling. It is also reassuring to see that most of these serious AEs of pneumonia were more common in patients treated with FF/VI 200/25 µg which is not the proposed dose for COPD. Pneumonia has been seen in other ICS/LABA development programs and current product labelling for other ICS/LABA product contains warning language regarding this risk. No direct comparison to an approved product of adequate treatment duration to assess pneumonia has been performed to directly assess the risk of pneumonia of FF/VI compared to approved products.
Overall, the benefit-risk balance of Relvar Ellipta (100/25 µg QD) given the proposed usage for treatment of COPD is favourable.
[bookmark: _Toc400980821]Second round recommendation regarding authorisation
It is recommended that Relvar Ellipta (100/25 µg QD) be approved for the proposed COPD indication of:
‘Relvar is indicated for the symptomatic treatment of patients with COPD, with a FEV1 <70% predicted normal (post-bronchodilator) and history of exacerbations despite regular bronchodilator therapy.’
This approval is subject to incorporation of suggested changes to the draft PI.
It is recommended that the submission for marketing approval for Relvar Ellipta (100/25 and 200/25 µg QD) be rejected for the indication of regular treatment of asthma in adults and adolescents aged 12 years and older.
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ICS and ICS/LABA Dosage Table

Asthma Therapy

Entry Medication HZA 106827

Total Daily Dose
ICs
Fluti ionate CFC/HFA
Mglcasone propionate 200mog to 500mcg
Fluticasone propionate DPI 200 to 500mcg
Beclomethasone dipropionate DPI 400 to 800mcg
Beclomethasone dipropionate HFA
MDI (QUAR) 200mcg to 400mcg
Beclomethasone dipropionate HFA
MDI (Cleni) 400mcgto 1000mcg
Budesonide DPI/MDI 400 to 800mcg
Flunisolide 1000mcg to 2000meg
Flunisolide HFA MDI 320 to 640mcg
Triamcinolone acetonide MDI 1000 to 2000meg
Mometasone furoate DPI 200 to 400mcg
Ciclesonide HFA MDI 100mcg to 400mcg
Combination treatment
FP/salmeterol HFA MDI or DPI 200/100mcg
BDP/formoterol HFA MDI 200/12mcg
BUD/formoterol HFA MDI 320/18mcg
BUD/formoterol DP| 400/12 or 400/24mcg

Summarv of ICSai1eane Pratreatment (ITT Panulatiany |
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= =L
Summary of ICS-usage Pre-treatment (ITT Population)

Number of subjects n (%)

Placebo FF 100 FFIV1 100/25 Total
N=203 N=205 N=201 N=609
Pre-study ICS regimen 203 205 201 609
ICS alone 119 (59%) 122 (60%) 120 (6%) 361 (59%)
ICS + salmeterol 60 (30%) 57 (28%) 54 (27%) 171 (28%)
ICS + formoterol 24 (12%) 26 (13%) 27 (13%) 77 (13%)
Number with an identified
Run-inICS 203 205 201 609
Fluticasone propionate 108 (53%) 114 (56%) 112 (56%) 334 (55%)
Mean total daily dose (mcg) 3223 336.9 343.2 3343
Range 176-500 125-500 100-1000 100-1000
Beclomethasone dipropionate 30 (15%) 31 (15%) 25 (12%) 86 (14%)
Mean total daily dose (mcg) 3220 2435 2312 2673
Range 160-1000 160-750 100-400 100-1000
Budesonide 48 (24%) 47 (23%) 53 (26%) 148 (24%)
Mean total daily dose (mcg) 4896 504.7 457.0 482.7
Range 100-800 200-800 100-800 100-800
Flunisolide 1 (<1%) 0 0 1(<1%)
Mean total daily dose (mcg) 500.0 500.0
Range 500-500 500-500
Triamcinolone acetonide 0 0 0 0
Mometasone furoate 5(2%) 9 (4%) 3 (1%) 17 (3%)
Mean total daily dose (mcg) 260.0 2378 220.0 2412
Range 200-400 200-440 220-220 200-440
Ciclesonide 11 (5%) 4(2%) 8(4%) 23 (4%)
Mean total daily dose (mcg) 2982 3200 310.0 306.1
Range 160-400 320-320 160-400 160-400
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ICS and ICS/LABA Dosage Table

Entry Medication HZA106829

(ST UHECE Total Daily Dose
Ics
Fluticasone propionate CFC/HFA MDI 2>1000mcg
Fluticasone propionate DPI =1000mcg
Beclomethasone dipropionate DPI >1200mcg
Beclomethasone dipropionate HFA MDI (QVAR) =800mcg
Beclomethasone dipropionate HFA MDI (Clenil) >1200mcg
Budesonide DPI/MDI >1600mcg
Flunisolide >2000mcg
Flunisolide HFA MDI >640mcg
Triamcinolone acetonide MDI =1750mcg
Mometasone furoate DPI =800mcg
Ciclesonide HFA MDI =800mcg
Combination treatment
FP/salmeterol HFA MDI or DPI 500/100mcg
BDP/formoterol HFA MDI 400/24mcg
BUD/formoterol HFA MDI 640/18mcg
BUDf/formoterol DPI 800/24mcg
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Pre-study and Run-In ICS Medications (HZA106829, ITT

Population)
FF 200 0D FFIVI 200/25 FP 500 BD Total
Parameter N=194 0D N=197 N=195 N=586
Pre-study ICS regimen 194 197 195 586
ICS alone 44 (23%) 47 (24%) 49 (25%) 140 (24%)
ICS + salmeterol 102 (53%) 106 (54%) 98 (50%) 306 (52%)
ICS + formoterol 48 (25%) 44 (22%) 48 (25%) 140 (24%)
Number with an identified
Run-inICS 194 197 195 586
Fluticasone propionate 115 (59%) 126 (64%) 117 (60%) 358 (61%)
Mean total daily dose (mcg) 551.1 583.2 5778 5711
Range 440-1000 220-1500 220-1000 220-1500
Beclomethasone dipropionate 37 (19%) 28 (14%) 27 (14%) 92 (16%)
Mean total daily dose (mcg) 1002.2 1154.6 1053.0 1063.5
Range 160-1500 400-1500 400-1500 160-1500
Budesonide 34 (18%) 37 (19%) 42 (22%) 113 (19%)
Mean total daily dose (mcg) 864.7 854.1 858.6 858.9
Range 400-1600 400-1600 400-1600 400-1600
Flunisolide 0 1(<1%) 1(<1%) 2 (<1%)
Mean total daily dose (mcg) - 500.0 500.0 500.0
Range - 500-500 500-500 500-500
Triamcinolone acetonide 0 0 0 0
Mometasone furoate 3 (2%) 0 2(1%) 5 (<1%)
Mean total daily dose (mcg) 880.0 - 880.0 880.0
Range 880-880 - 880-880 880-880
Ciclesonide 5 (3%) 5 (3%) 6 (3%) 16 (3%)
Mean total daily dose (mcg) 5120 496.0 586.7 535.0
Range 320-800 320-800 160-800 160-800
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Metabolic Scheme For The Major In Vivo Metabolites Of Fluticasone
Furoate

Key:
HP: Human Plasma; HF: Human Faeces

DP: Dog Plasma; DB: Dog Bile ; DF: Dog Fagces

RP- Rat Plasma; RB: Rat Bie; RF: Rat Faeces

Hollow arrow represents a component observed in plasma assigned by retention time alone, which represens less
than 5% of sample radioacivily.

Boxed armows represent metabolic route identified in humans
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Putative Metabolic Scheme for the Important Metabolites of
Vilanterol in Animals and Man
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Bold arrow represents major metabolic pathway
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Heart Rate (0-4 h Weighted Mean And Maximum; Difference From Placebo) Recorded After Single And Repeat
Administration Of VI or VIFF In Healthy Subjects And In Subjects With Asthma Or COPD [B2C108784,
B2C106996, B2C110165, B2C104604, DB1111509, DB1112146, DB2113208, HZA105871, HZA102940, B2C111401]

Study Treatment | Vidose (mcg) | Treatment | Weighted mean04h | Maximum 0-4h Heart
(population) (inhaler) duration (days) | Heart rate (bpm): rate (bpm): Difference
Difference from placebo | ffom piacebo (95% C)
(95%CI)
B2CT067E4 DISKUS % T 382(0.56,823) 546 (250, 16.43]
(Healthy) 50 1 261(480,7.02) 445(252, 1.43)
100 1 561(1.25,99) 1485 (7.98, 21.73)
2 7 133 (304,5.70) 339(237,9.16)
50 7 337 (4.00,7.74) 385(1.92,962)
00 7 6.19(1.83, 10.50) 963 (334, 15.32)
2 1 123(330,577) 152 (760, 455)
50 1 095 (549, 359) 294 (902 3.14)
100 1 366(082.8.13) 239(:360.8.39)
B2C106%%5 DISKUS 25 1 06(14,25) 32(72,08)
(Astma) 50 1 09(09.27) 21(16,58)
100 1 43(2562) 51(13.89)
B2CT10165 DISKUS 25 1 064 (277,408) 207 (201,6.14)
(coPD) 50 1 0.45(285,37¢) 175 (568, 2.18)
100 1 238(237,7.14) 0.11(586,563)
B2CT04604 DISKUS % 1 0.46(185,2.76) 044 (364,452)
(Healthy) (+celotiose | 100 1 501(292,709) 647280, 10.14)
octacetate) | 200 1 699(4.9,909) 1031 (661, 14.01)
DB1111503 (Heaty) NDPL 50 1 295(105,485) 589(146, 1032
DB1112146 (HealnyiJapanese] NDPI 50 1 418(2.15,621) 704(477,931)
DB2113208 (Healty) NDP! 50 1 28(020,054) 46(05.87)
HZAT0S871 (Heathy) NDFT 100 T WD 588 (349, 1027)
100 (- FF 1 N 565(2.35, 834
800mog)
TZATOR0 TR £l T D 95627, TIEE)
(Healiyiapanese) 50(FF 1 ) 660 (234, 1085)"
800mog)
BZCiTTaT TR 525 T 125239209 038 (282 361)
(Astma) 5 1 042 (1.78,261) 174(1.45,653)
00 1 3899(1.77.602) 501 (281,901)
TR 23 T 057 (28,150 07 (3528
o 5 1 084(1.34,303) 147 (1.72,458)
magnesum | 100 1 286(073,4.99) 39(079,701)
stearae)
AT NOPI BeER0 |7 261635 3907517
(Healty) 00(-FFR0) |7 75(66,85) 24(112,138)!
]

20108754 anaysed using epeated meacures model wih e ffecsfor reament day, baeline, eaiment by-day nd bacelne.by-day
Infractons. For al the tues, anaysed using e flcts model wih e fics for reament and prod, baseine covartes, and ubjecs
fted 2 a random effect

ND —Not Determined.
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AM Dosing PM Dosing
Treatment? DISKUS A Novel DPI A DISKUS B DISKUS C Novel DPI B

(morning) (morning) (evening) (evening) (evening)
GW685698X subjects used a Novel Dry Powder Inhaler in the AM and PM as follows:
GW685698X NA Placebo NA NA 200 mcg
200mcg OD
GW685698X NA 100 mcg NA NA 100 mcg
100mcg BD
Placebo NA Placebo NA NA Placebo
Fluticasone propionate subjects used a DISKUS Inhaler in the AM and 2 DISKUS Inhalers in the PM as follows:
Fluticasone Placebo NA 100 mcg 100 mcg NA
Propionate
200mcg OD
Fluticasone 100 mcg NA 100 mcg Placebo NA
Propionate
100mcg BD
Placebo Placebo NA Placebo Placebo NA

Batch numbers were GW685698 100 mcg: R318097; GW685698 200 mcg: R318100; Placebo to match GW685698:
071143291; FP: R349337; and Placebo to match FP: R295468.
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Summary of Subject Populations

Number of Subjects, n(%)

Placebo
N=203

FF 100
N=205

FFIV1100/25
N=201

Total
N=609

Total
Randomised

Intent-to-Treat (ITT)

Per Protocol (PP)

Urinary Cortisol (UC)

FF PK
VIPK

203
203 (100)
181 (89)
136 (67)
NA
NA

205
205 (100)
184 (90)
156 (76)
187
NA

202
201 (>99)
181 (90)
153 (76)
185
178

1110
610

609 (>99)
546 (90)
445 (73)
372

178

Source: Table. 5.1, Table 8.1 and Table 8.4

Note: Subject 7610 was randomised in error but did not receive study drug.

Note: Subject 6073 was not randomised but received treatment (FF 100) in error.

These subiects are not included in the ITT nanulation
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LS Mean Change From Basaline and 95% CI (L)

Statistical Analysis of Change from Baseline in Trough FEV; (L)
Using Repeated Measures (ITT Population)
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LS Mean Change From Baselne and 95% CI (L)
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Repeated Measures Analysis of Change from Baseline in Trough
FEV1 (L) (HZA106829, ITT Population)

2 4 8 12 16 20
Week of Study

Treatment > FF 200 OD @89 FF/vi 200125 OD B8 P 500 BD

24
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Probability of Event (%)
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Kaplan-Meier Cumulative Incidence Curve for Time to First Severe
Asthma Exacerbation (HZA106837, ITT Population)

Kaplan-Meier Cumulative Incidence Curvé for Time to First Severe Asthma Exacerbation

ISR
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Treatment group: FF 100 ———-—— FFV1 10025
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Mean Daily Rescue Use (puffs/day) 14 Days Before and After the Onset of a Severe Asthma Exacerbation

401

Mean Daily Rescue Use (puffs/day)

1.0 I —
05
00
14 7 0 7 14
Days Surrounding a Severe Asthma Exacerbation
Group BH5H Exacerbations - FF 100 (n=183] s = Exacerbations - FF/VI 100/25 (n=152)
B84 No Exacerbations - FF 100 (n=752;

&-A— No Exacerbations - FF/VI 100/25 (n=802)
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Adjusted Mean Change from Baseline (95% CI) in FEV; (L) over Time
at Day 168/Week 24 (ITT Population)

o

= —— .y

* Fﬁ S

-3

8

w

o

0 2 £ 6 8 10 12 14 15 13 20 22 24
m FF/VI 10025meg 0D
FP/Sam 250/S0mcg BD Time (hours)

Source data: Figure 6.13.

Note: Analysis performed using ANCOVA with covariates of baseline FEV1, country, sex, age and treatment. Analysis
was performed separately for each planned time point.

Serial FEV1 measurements were taken at pre-dose, 5, 15 and 30 minutes, and 1, 2, 3, 4, 11, 12, 12.5, 13, 14, 16, 20,

23 and 24 h post-dose.

Subjects were allowed to rest between the 4h and 11h timepoint.
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Number (%) of Subjects

Placebo FFIVI FENI FF100 | FF200 | FP500 | FP 1000
N=376 100/25 200/25 N=1329 | N=194 | N=114 N=195
N=1266 N=253
Total completed 281(75) | 1118(88) | 224(89) | 1140(86) | 146(75) | 88(77) | 161(83)
Total Withdrawn 95(25) | 148(12) | 29(11) | 189(14) | 48(25) | 26(23) | 34(17)
Primary Reasons for Withdrawal
Lack of Efficacy 56 (15) 21(2) 6(2) 43(3) 21(11) | 14(12) 18(9)
Sub reasons:
Asthma worsening 10(3) 1(<1) 0 0 2(1) 0 4(2)
requiring additional
asthma medication
Below FEV; stability limit | 13 (3) 2(<1) 0 4(<1) 6(3) 1(<1) 3(2)
Below PEF stability limit | 19 (5) 5(<1) 5 10 (<1) 9(5) | 1009 7(4)
Exacerbation 15(4) 13(1) 0 20(2) 5(3) 2(2) 1(<1)
Exceeded rescue 7(2) 0 0 3(<1) 1(<1) 0 1(<1)
medication use
No sub reasons 4(1) 2(<1) 1(<1) 6(<1) 1(<1) | 1(<1) 302
Withdrew consent 16 (4) 58 (5) 402 62 (5) 13(7) 303) 7(4)
Protocol deviation 9(2) 20(2) 3(1) 28(2) 5(3) 3(3) 5(3)
Sub reasons:
Lack of adherence 0 9(<1) 0 8(<1) 0 1(<1) 0
Pregnancy 0 8(<1) 2(<1) 5(<1) 0 1(<1) 1(<1)
Prohibited medication 2(<1) 2(<1) 0 9(<1) 2(1) 0 0
use
No sub reasons 7(2 3(<1) 1(<1) 6(<1) 3(2) 1(<1) 4(2)
Adverse event 4(1) 17 (1) 703) 212 302 303 2(1)
Investigator discretion 6(2) 12(<1) 8(3) 16 (1) 4(2) 3(3) 1(<1)
Lost to follow-up 4(1) 1(<1) 1(<1) 12(<1) 2(1) 0 1(<1)
Study closed/terminated 0 8(<1) 0 7(<1) 0 0 0
Subject reached protocol- 0 1(<1) 0 0 0 0 0
defined stopping
criteria
Sub reasons:
Liver function test 0 1(<1) 0 0 0 0 0

abnormality
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Statistical Analysis of Change from Baseline at Week 12 in Trough
FEV; (L) (Integrated Asthma Clinical Studies, ITT Population)

Placebo FF/VI 100/25 FF 100 FP 500
(N=318) (N=1210) (N=1329) (N=114)
Week 12 Trough FEV, (L)
n' 306 1201 1314 107
LS Mean (SE) 2.366 (0.0268) 2.542 (0.0122) 2465 (0.0111) 2475 (0.0474)
LS Mean Change 0.118 (0.0268) 0.294 (0.0122) 0.217 (0.0111) 0.227 (0.0474)
(SE)
Difference vs. Placebo
LS Mean 0.176 0.099
Difference
95% CI 0.115,0.237 0.041, 0.158
_p-value <0.001 <0.001
Difference vs. FF
LS Mean 0.077
Difference
95% Cl 0.045, 0.109
_p-value <0.001

Source: Table 2.18

Studies included: FFA112059, HZA106827, HZA106837. ANCOVA model with terms for baseline FEV+, geographical

region, gender, age, treatment group and study.

1. Number of subjects with analysable data at Week 12.
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Summary of Trough FEV, (L) at Week 24 (Integrated Asthma Clinical
Studies, ITT Population)

Placebo FFNI FENVI FF 100 FF 200 FP 500 FP 1000
N=115 100/25 200/25 N=1124 N=194 N=114 N=195
N=1009 N=197

Trough FEV,
n 13 1001 193 112 187 109 191
Mean 2.352 2.527 2538 2419 2426 2.524 2310
SD 0.7957 0.7919 0.8564 0.7998 0.8551 0.8352 0.7694
Median 2.310 2410 2.340 2.320 2.290 2420 2.160
Min. 0.76 0.75 1.00 0.77 0.70 0.78 0.90
Max. 4.57 5.98 5.37 543 4.94 5.09 492
Change from baseline
n 13 1001 187 111 186 107 190
Mean 0.023 0.310 0.388 0.207 0.218 0.145 0.173
SD 0.4671 0.4304 0.4738 0.4224 0.4951 0.4021 0.3902
Median -0.060 0.240 0.280 0.120 0.155 0.040 0.085
Min, -1.13,1.60 | -0.89,2.80 | -0.76,2.54 | -1.58,2.34 | -1.28,2.32 | -0.67,248 | -1.13,1.93

Source: Table 2.23
Studies included: FFA112059, HZA106829, HZA106837. Baseline is defined as the pre-dose FEV1
measurement at the randomisation clinic visit.
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Statistical Analysis of Trough FEV, (L) at Week 2 by Gender
Subgroup (Integrated Asthma Clinical Studies, ITT Population)

Female Placebo FFN1100/25 | FF1200/25 FF 100 FP 500
N=206 N=808 N=23 N=878 N=72
n! 197 803 23 866 68
LS Mean (SE) 2319 | 2505 (0.0134) | 2.444 (0.0809) | 2414 (0.0128) 2429
(0.0279) (0.0492)
LS Mean Change 0030 | 0215 (0.0134) | 0.154 (0.0809) | 0.124(0.0128) 0139
(SE) (0.0279) (0.0492)
Column vs. Placebo
Difference 0.185 0.094
95% CI (0.123,0.247) (0.033,0.155)
p-value <0.001 0.003
Column vs. FF 100
Difference 0.091
95% CI (0.057,0.125)
p-value <0.001
Male Placebo FFNI100/25 | FFIVI200/25 FF 100 FP 500
N=170 N=458 N=33 N=451 N=42
n! 165 452 33 446 37
LS Mean (SE) 2465 | 2.610(0.0178) | 2.606 (0.0701) | 2519 (0.0178) 2479
(0.0301) (0.0633)
LS Mean Change 0.176 0.320(0.0178) | 0.316 (0.0701) | 0.229 (0.0178) 0.189
(SE) (0.0301) (0.0633)
Column vs. Placebo
Difference 0.145 0.053
95% Cl (0.076,0.213) (-0.014,0.121)
p-value <0.001 0.123
Column vs. FF 100
Difference 0.091
95% CI (0.045,0.138)
p-value <0.001
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Analysis of Trough FEV; (L) at Week 12 by Gender Subgroup
(Integrated Asthma Clinical Studies, ITT Population)

Female Placebo FFIVI 100/25 FF 100 FP 500
N=197N=197N=178 N=777 N=878 N=72
n! 171 774 867 69
LS Mean (SE} 2.281(0.0340) 2,500 (0.0154) 2410 (0.0143) 2.43¢ (00555
LS Mean Change 0.033 (0.0340) 0.252(0.0154) 0.162 (0.0143) 0.191(0.0555
(SE)
Column vs. Placebo
Difference 0.218 0.128
95% Cl (0.143,0.294) (0.055,0.201)
p-value <0.001 <0.001
Column vs. FF 100
Difference 0.000
95% CI (0.051,0.129)
p-value <0.001
Male Placebo FFIVI 100/25 FF 100 FP 500
N=139 N=433 N=451 N=42
n! 135 427 447 38
LS Mean (SE] 2,500 (0.0377) 2,619 (0.0208) 2566 (0.0201) 2536 (00710
LS Mean Change 0.252 (0.0377) 0.371(0.0208) 0.318 (0.0201) 0.288 (0.0710
(SE)
Column vs. Placebo
Difference 0.119 0.066
95% CI (0.035,0.204) (-0.016,0.148)
p-value 0.005 0114
Column vs. FF 100
Difference 0.053
95% CI (-0.000,0.107)
p-value 0.051
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| p-value

I
Trough FEV; (L) at

. |
Week 24 by Gender Subgroup

Gender Change from baseline trough FEV;
subgroup
Female Placebo FFIVI FFVI FF FF FP FP
100/25 200125 100 200 500 1000
N=68 N=661 N=116 N=752 N=113 N=72 N=116
n 67 659 110 743 107 69 114
Mean 0.009 0.274 0.326 0.170 0.145 0117 0.149
sD 04129 0.3834 0.3766 0.3498 0.4131 0.2925 03223
Min. -1.13 -078 -0.30 0.92 -1.28 -0.31 -1.13
Max. 1.12 1.77 1.93 1.89 1.59 0.98 114
Male Placebo FFNI FFIVI FF FF FP FP
100/25 200/25 100 200 500 1000
N=47 N=348 N=81 N=372 N=81 N=42 N=79
n 46 342 i 368 9 38 76
Mean 0042 0.381 0477 0284 0318 0197 0.208
sD 0.5406 0.5020 0.5785 05324 0.5763 0.5493 04744
Min. -0.91 -0.89 -0.76 -1.58 -1.20 -0.67 -0.64
Max. 1.60 280 254 234 232 248 1.93

Source: Table 2.24
Studies included: FFA112059, HZA106829, HZA106837. Baseline is defined as the pre-dose FEV1 measurement at
the randomisation clinic visit.
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Placebo | FF N ]
100 25 50125 100125
N=207. =208 N=205 N=206 N=206
Day
04 Visghted iean n W | W | @ | w5 | 2
Ven | 1255 | tiee | otz | 13w | i
S0 | odsey | oaes | oz | osos | 052
Medan | 1205 | ii15 | a7 | 1am | 1298
wn | 03 | ox | o | o4 | oz
Max 279 281 3 270 342
Change fom Saseine n W[ w6 | 2 | 26 | 2%
vean | 0023 | oo | oms | o | o
s0 | oo | otor | o1xs | ot | ou
Medsn | 001 | 0025 | o060 | 0188 | 0149
vn | 02 | 03 | 00 | 1o | 0%
v | o | oss | o7 | 0 | om
Day 168
04 h Visghied ean B FE I T BT A B
Ven | 1297 |t | taw | 1430 | 147
S0 | o | oswr | osws | oses | osies
Medon | 128 | 19 | 1357 | 1385 | 1440
Mo | o9 | o4t | oso | os | oar
M | 2% | as | 2@ | sor | sw
Change from Baseline: n 139 145 144 146 151
vean | 002 | oo | orm | o2 | oxs
s | o | oz | o223 | oz | 02268
Meden | 0026 | 0060 | o012 | 0215 | o177
vn | 04 | 049 | 045 | o5 | 02
v | os | e | i | s |
Statistical Analysis of 0-4 h Weighted Mean FEV; (L) at Day 168 (ITT
Population)
Placebo FF i FFVI FRVI
100 2 50125 100125
N=207 N=206 N=205 N=206 N=206
Day 168
o 207 0% 205 205 206
n 139 145 144 145 151
LS Mean 1238 1202 1341 1430 1412
LS Mean Change 002 0,080 0129 0218 0200
(SE9 ©ote4) | (o182 | (0182 | (0181 | (00179
Column vs Placebo
Difterence 0053 0103 0192 0173
95% Cl (0.003,0.104) | (0.052.0.153) | (0.141,0.243) | (0.123.0.204)
p-value 0.040 <0.001 <0.001 <0.001
Column v FF 100
Difference 0120
95% CI (0.070,0.170)
palue <0.001
Column vs V1 25
Difterence 0090 0071
95%Cl (0:039,0.140) | (0.021.0.121)
p-value <0.001 0.008

Source Data. Teble 6,05

1. Number of subjects with analysable data for 1 or more timepaints
2. Number of subjects with analysable data t the given imepeint
3 SE applies to both LS Mean and LS Mean Change.
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Summary of Trough FEV; (L) (ITT Population)

Placebo | FF v FNT | FRNT
100 2 5025 | 10025
Ne2o7 | Ne2os | Ne20s | Ne2os | Ne20s
Day2
Trough FEV: n 03 21 7% 03 i)
Mean | 4251 | ifet | 13 | 135 | 1379
SD | 0453 | 04410 | 0523 | 0445 | 0512
Medan | 1200 | 1150 | 1320 | 1315 | 1315
Min 04t 0k | 03 048 038
Max 269 212 | 3% | 261
Changs from Baseline n 203 21 199 202
Mean | 0024 | oo | 019 | 02 | 012
SD | of234 | 0138 | 0158 | 01%67 | 01629
Medan | 0025 | 0030 | 0135 | 015 | 013
Min 035 | 03 | 051 | 02 | 42
Max 049 o4 | oes | om 068
Day 168
“Trough FEV: n 73 3 5 5 %
Mean | 1302 | 1265 | 1381 | 1 | 14w
SD | 04565 | OSt61 | 052 | 042 | 0558
Medan | 1265 | 1200 | 1295 | 1285 | 135%
Min 040 041 047 | 080 045
Max 25 321 341 307 345
Change rom Baseline n 13 143 143 4 146
Mean | 003 | 0089 | o | 0180 | 0157
SD | o0fes | 02843 | 0254 | 02%1 | 02615
Meden | 0035 | 0045 | 0090 | 08 | 0115
Min 046 | 048 | 083 | 043 | 03
Max 083 164 180 13 176
Statistical Analysis of Trough FEV, (L) at Day 169 (ITT Population)
Placebo FF Vi FN FEVT
100 25 5025 10025
Ne207 N=208 Ne205 N=206 =208
Day 168
o 205 %2 a2 204 206
" 3% 143 143 4 146
LS Mean 1268 1282 1316 1378 1354
LS Mean Change 0037 0070 0103 0166 0151
s8] (001%9) | (0019%) (00196) (00196) (001s4)
Colurmn v Placebo
Diference 0033 0067 0129 0115
95% CI (00220088 | (0.0120.21) | (00740.184) | (0.0800.169)
prralue 0241 o017 <0001 <0001
Colurmn vs FF 100
Diference 0082
95% CI (00280.138)
prvalue 0003
Columnvs V125
Diference 0062 0048
95% CI (0.0080.17) | (0.0060.102)
prialue 0025 0082
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Least Squares Means (95% Cl) in 0-4 h Weighted Mean FEV; (ITT
Population; Mixed Model Repeated Measures)
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Least Squares Means Change from Baseline (95% CI) in CRQ-SAS
Dyspnea Domain (ITT Population)
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Note: Analysis performed using a repeated measures model with covariates of treatment, smoking status at screening (stratum),
baseline (derived scores at Day 1 pre-dose), centre grouping, Day, Day by baseline and Day by treatment interactions.
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Summary of Time to 100 mL Increase from Baseline in 0-4 h Post-
Dose FEV, at Day 1 (ITT Population)

Placebo FF Vi FFVI FFVI
100 25 50/25 100/25
N=207 N=206 N=205 N=206 N=206
Day 1, n (%)
n 207 206 205 205 206
5 min 15(7) 16 (8) 92 (45) 85 (41) 88 (43)
15 min 20 (10) 14 (7) 29 (14) 34 (17) 39 (19)
30 min 11(5) 5(2 22(11) 22 (11) 13 (6)
1h 12(6) 18(9) 12 (6) 12 (6) 16 (8)
2h 14 (7) 22 (11) 12 (6) 14 (7) 94
4h 18(9) 22 (11) 8(4) 7(3) 10 (5)
Censored! 117 (57) 109 (53) 30 (15) 31(15) 31(15)

Source Data: Table 6.43

Note: Baseline is defined as the mean of the two assessments made 30 minutes pre-dose and immediately pre-dose
on Day 1

1. Censored is defined as a subject who had at least one post-dose FEV1 on Day 1 but did not achieve a 100 mL or

more increase from baseline at any scheduled time-point at which FEV was assessed up to and including 4 hrs.
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Log-Rank Analysis of Time to 100 mL or More Increase from
Baseline in 0-4 h Post-Dose FEV, at Day 1 (ITT Population)

Placebo FF VI FFIVI FFIVI
100 25 50/25 100/25
N=207 N=206 N=205 N=206 N=206
Day 1
n 207 206 205 205 206
Number of Events, n (%) 90 (43) 97 (47) 175 (85) 174 (85) 175 (85)
Number Censored’, n (%) 117 (57) 109 (53) 30 (15) 31 (15) 31(15)
Median Time (min) NA NA 16 17 17
Column vs Placebo
p-value 0.697 <0.001 <0.001 <0.001
Column vs FF 100
p-value <0.001
Column vs VI 25
p-value 0.762 0.848
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Summary of Time to 12% Increase or More from Baseline in 0-4 h
Post-Dose FEV, at Day 1 (ITT Population)

Placebo FF Vi FFIVI FFIVI
100 25 50/25 100/25
N=207 N=206 N=205 N=206 N=206

Day 1, n (%)

n 207 206 205 205 206
5 min 94 5(2) 64 (31) 67 (33) 61 (30)
15 min 8(4) 9(4 29 (14) 30 (15) 27 (13)
30 min 7(3) 5(2 19 (9) 15(7) 13 (6)
1h 13 (6) 11(5) 18 (9) 21 (10) 17 (8)
2h 11(5) 21(10) 13 (6) 14 (7) 18 (9)
4h 17 (8) 24 (12) 13 (6) 5(2) 13 (6)
Censored' 142 (69) 131 (64) 49 (24) 53 (26) 57 (28)
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Placebo FF Vi FFIVI FFIVI
100 25 50/25 100/25
N=207 N=206 N=205 N=206 N=206
Day 1
n 207 206 205 205 206
Number of Events, n (%) 65 (31) 75 (36) 156 (76) 152 (74) 149 (72)
Number Censored, n (%) 142 (69) 131 (64) 49 (24) 53 (26) 57 (28)
Median Time (min) NA NA 32 30 59
Column vs Placebo
p-value 0.357 <0.001 <0.001 <0.001
Column vs FF 100
p-value <0.001
Column vs VI 25
p-value 0.989 0.366

Source Data: Table 6.46
Note: Baseline is defined as the mean of the two assessments made 30 minutes pre-dose and immediately pre-dose
on Day 1
1. Censored is defined as a subject who had at least one post-dose FEV+1 on Day 1 but did not achieve a 100 mL or
more increase from baseline at any scheduled time-point at which FEV1 was assessed up to and including 4 hrs.
If more than 50% of subjects are censored, median time to a 12% increase in FEV1 is not given.





image29.png
LMo 5% 0
EREEE

B

02

015

010

005

LS Mean (86% CI) Change #om Baseline

205

Least Squares Means (95% Cl) in 0-4 h Weighted Mean FEV: (ITT
Population; Mixed Model Repeated Measures)

Tt e B 168
Day of sty
o Plcebo N 4 eI 10025
o FFi00 5wz o FEMI2002s

Least Squares Means Change from Baseline (95% Cl) in Trough
FEV; (L) (ITT Population)

2714 B % a 2 140 169

Day of Sty

® Placebo & FF200 & FFVI 10025

o FF100 oz + FFVI20025





image30.png
Percentage of Symptom-Free 24 Hour Periods (ITT Population)

Placebo |  FF FF Vi FFVI FFVI
N=205 100 200 2% 10025 | 200125
N=204 | N=203 | N=203 | N=204 | N=205
Total Symptom-Free
Baseline n 205 203 201 03 204 204
Mean 31 31 29 18 26 23
sD 1567 | 1413 | 1473 | 1096 | 1434 | 1403
Median 00 00 00 00 00 00
MinMax | 0100 | 0-100 | 0-100 | 0400 | 0100 | 0-100
Week 1-24 n 200 201 201 201 201 204
Mean 37 42 55 45 68 60
D 1576 | 1609 | 1844 | 1584 | 2146 | 1901
Median 00 00 00 0.0 00 00
MinMax | 0100 | 0-100 0-99 099 0400 | 0400
Cough-Free
Baseline n 205 203 201 203 204 204
Mean 140 17 135 123 134 119
D 3% | 2780 | 2071 2018 | 379 | 2879
Median 00 00 00 00 00 00
MinMax | 0100 | 0100 | 0-100 | 0400 | 0100 | 0100
Week 1-24 n 200 201 201 201 201 204
Mean 142 168 17.5 161 187 184
sD 864 | 2092 | 3188 | 3085 | 3341 3141
Median 00 00 00 0.0 00 00
MinMax | 0400 | 0400 | 0400 | 0400 | 0400 | 0100
Sputum-Free
Baseline n 205 202 201 203 204 203
Mean 194 198 219 177 195 183
SD 363 | 3608 | 3807 | 361 3793 | 3605
Median 00 00 00 0.0 00 00
MinMax | 0400 | 0400 | 0-100 | 0400 | 0100 | 0-100
Week 1-24 n 200 201 201 201 201 203
Mean 185 220 26 197 29 214
D 321 3684 | 707 | 3897 | 3786 | 3350
Median 00 00 00 0.0 00 0.0
MinMax | 0400 | 0100 | 0100 | 0400 | 0100 | 0-100
Breathlessness-Free
Baseline n 205 208 201 203 204 204
Mean 65 75 83 47 55 82
D 2155 | 2180 | 428 | 1910 | 2024 | 2433
Median 00 00 00 0.0 00 0.0
MinMax | 0100 | 0100 | 0-100 | 0400 | 0100 | 0100
Week 1-24 n 200 201 200 201 201 204
Mean 65 1041 14 77 14 127
sD 193 | 2442 | 2677 | 2105 | 2732 | 2873
Median 00 00 00 00 00 00
MinMax | 0100 | 0100 | 0100 | o400 | o100 | 0100
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Table 7.8.13:

Percentage of Rescue-Free 24 Hour Periods (ITT Population)

Placebo FF FF vi FFNI FFVI
N=205 100 200 25 100125 | 200/25
N=204 N=203 N=203 N=204 | N=205
Week -1 (Baseline)
Rescue-Free n 205 201 200 201 201 202
24 h Periods Mean 374 382 40.7 3.7 319 38.8
SD 4229 43.16 4337 42.93 40.84 44.04
Median 143 143 143 0.0 0.0 143
Min 0 0 0 0 0 0
Max 100 100 100 100 100 100
Week 1-24
Rescue-Free n 200 200 200 201 201 204
24 h Periods Mean 395 40.0 44.0 435 489 513
SD 41.09 41.83 42.90 42.00 41.39 4272
Median 213 16.3 294 313 527 555
Min 0 0 0 0 0 0
Max 100 100 100 100 100 100
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Percentage of No Night-Time Awakenings Requiring Rescue
Medication Use (ITT Population)

P FF Vi VT | PRI
Paceo | o0 | a0 2% 10025 | 20025
N=204 N=203 N=203 N=204 N=205
Wesk -1 (Baseline)
No Night Time: n 20 22 | 20 | 201 201 202
Awakenings Men | 785 | 7e0 | 74 | 7 | 727 | 744
SD | 49 | se7 | B2 | aes | a9 | W5
Medan | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Min 0 0 [ 0 0 0
Max 100 w00 | 10 | 100 100 100
Wesk 124
No Night Time n 3 | 18 | 20 701 g
Awakenings Ve | 774 | 7es | 786 | sto | 86 | 812
SD | w24 | mes | B | e | 0@ | 261
Median 975 982 994 294 994 100.0
Min 0 0 [ 0 0 0
Ve 100 w00 | 10 | 100 100 100





image33.png
OE N B B A

Provaney ofraving s ModSev Exacertatan ()

o 4 8 £ 8 »® B @ B B @ M @ o
Teme since Randomisaton (Wesks)
Trestment grove. s vz v 10025 £em 005

i
e

‘Soutcedata Fure 803
Corfidence intervais are presented at Weeks 13, 26, 39 and 52 ony.





image34.png
»

2

n

1

"

2

0

(1) e 3ouspyLOY) 5455 e 0GRl U BB

Time (hours)

& FEVIT0025

» FEMIS02E





image35.png
FENI | FENI | FENI | VI FF FF
Day 168 PLA | 5025 | 10025 | 20025 | 25 | 100 | 200
N=412 | N=206 | N=410 | N-205 | N=408 | N=410 | N-203
G a2 | 205 | 49 | 25 | 407 | 409 | 23
w 26 | 146 | 27 | 18 | 304 | 29 | 182
LS Mean 1291 | 1503 | 1484 | 1480 | 1436 | 1336 | 1311
LS Mean Change 0009 | 0220 | 0201 | 0197 | 0183 | 0053 | 0028
(SEpP (0.0133) | (00190) | (00131) | (0.0184) | (00130) | (00131) | (0.0185)
Differance vs PLA 0212 | 0193 | 0489 | 0.45 | 0.045 | 0020
95%Cl (0.167, | (0156, | (0144, | (0108, | (0008, | (0025,
0257) | 0230) | 0233) | 0481) | 0082) | 0065
pvalve <0001 | <0001 | <0001 | <000t | 0016 | 0385
Difference vs VI 25 0067 | 0048 | 0044
95%Cl (0022, | (0012, | (0000,
0112) | 0084) | 0088)
pvalie 0004 | 0009 | 0052
Difference vs FF 100 0.148
9%l o112,
0.184)
pvalue <0001
Difterence vs FF 200 0169
95% C.I. (0118,
0219
palve <0.001





image36.png
FFNI FFIVI FFIVI \l FF FF
Day 169 PLA 50/25 100/25 | 200/25 25 100 200
N=412 | N=206 | N=410 | N=205 | N=408 | N=410 | N=203
n! 407 204 406 204 404 404 202
n? 278 144 283 153 293 291 155
LS Mean 1.304 1443 1433 1423 1.387 1.342 1.301
LS Mean Change 0.021 0.159 0.149 0.140 0.104 0.058 0.017
(SE)* (0.0137) | (0.0197) | (0.0136) | (0.0191) | (0.0134) | (0.0135) | (0.0191)
Difference vs PLA 0.138 0.129 0.119 0.083 0.038 -0.004
95% ClI (0.092, | (0.091, | (0.073, | (0.046, | (0.000, | (-0.050,
0.185) | 0.167) | 0.165) | 0.121) | 0.075) | 0.043)
p-value <0.001 | <0.001 | <0.001 | <0.001 0.050 0.880
Difference vs VI 25 0.055 0.046 0.036
95% ClI (0.009, | (0.008, | (-0.010,
0.102) | 0.083) | 0.082)
p-value 0.020 0.017 0.124
Difference vs FF 100 0.091
95% ClI (0.053,
0.129)
p-value <0.001
Difference vs FF 200 0.123
95% ClI (0.071,
0.175)
p-value <0.001
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LS Means Treatment Differences (95%Cl) in Trough FEV1 (L) at Day
169 by Reversibility Subgroup (HZC112206 / HZC112207)
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Special Interest AE Groups and Subgroups

Bone Disorders

Cardiovascular Effects’
Acquired Long QT
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Pneumonia
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ECG Findings of Potential Clinical Importance at Any Time Post-
Baseline (Study HZA106839, ITT Population)

Number (%) of Subjects
ECG Abnormality at Any Time Post- FFNVI1001250D | FF/VI200/25 0D FP 500 BD
baseline'2 N=201 N=202 N=100
n with ECG data 199 198 100
‘Any abnormality of potential cin imporance 37) 15(8) 5(5)
‘Abnormalities of depolarization 7(4) 7(4) 2(2)
Left anterior hemiblock 302) 6(3) 2(2)
Incomplete right BBE? 2(1) 32 0
Left posterior hemiblock 1(<t) 0 0
Incomplete left BBB 1(<t) 0 0
Abnormalities of repolarization 30 32 2(2)
ST depression 2(1) 201 2(2)
ST elevation 0 1(<1) 0
ST-T wave abnormalities. 1(<1) 0 0
Myocardial infarction, old 2(1) 32 0
Sinus tachycardia (>110 bpm) 0 3@ 0
1+ degree AV block (PR interval >240 msec) 0 0 1(1)
Conduction abnormality’ 1(<1) 0 0

Source: Table 6.31
1. Baselne = Screening Visit

2. Includes assessments at scheduled (Weeks 2, 12, 28, and 52 where ECGs were obtained approrimately
10 minutes post dose ), unscheduled. and Early Withdrawal vsits

3. BBB = bundle branch block

4. Accessory pathway (Wolf-Parkinson-White, Lown-Ganong-Levine)
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Number (%) of Subjects'

Study Grouping/ FENI | PRI Placebo ViZs

Elderly Subgroup Placebo | 10025 | 200/25 | FF100 | FF200 | +icS | vi2s | sics

Clinical Studiesi, N 300 670 | 455 | 18% | 782 | 232 0 231
6574 years 20 | 16 | 286) | 876) | 47(6) | 1205 0 15(6)
7584 years B(<) | 13t | 0| M| 3t | 1) |0 1(<1)
285 years 0 0 0 ) 0 [) 0 0

Clinical Pharmacology

Studies®, N 682 104 | o0s | 0 % 0
8574 years 15(2) 0 76) 0 2(1) [l 0 0
7584 years 1< |0 0 0 0 0 0 0
285 years 0 0 0 0 0 0 0 0

Source: Table 3.02, Table 1120, Table 122, and Table 12.14
1. Subjects who perticipated in more than one study zre counted more than once. For the two crossover stucies

(FFA112202 and HZA113310), only the first treatment period was used for counting subjects.
2. Clinical studies include all Integrated Asthma Clinical Studies and Non-integrated Asthma Clinical Studies

3. For crossover studies in the Clinical Pharmecology program, if a subject was exposed to more than one treztment.
in different periods they contribute to each treatment
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FENVI FFVI Placebo | VI25

Study Drug Placebo | 100125 | 20025 | FF100 | FF200 | +ICS | +ICS
Exposure N=680 | N=1467 | N-d55 | N-1544 | N=489 | N-218 | N=216
n with data il 1467 454 1542 486 218 216
Total Subject

Years' 12535 | 125188 | 21135 | 112783 | 11744 | 347 | 3242
Exposure (days)

Mean 676 | 3116 | 2163 %74 %3 539 5438
(SD) @01) | (13952) | (124.8) | (15841) | (s627) | (30.04) | (2938)
Median 57 361 170 350 57 31 3
Min, Max 3172 | 1543 | 138 | 1.5%9 | 318 | 1,03 | 503
Range of Exposure (uks), n (%)

Tdaytodwks | 109(16) | 26(2) | 18(4) T3 | 418) | 57(28) | 52(24)
>4t08 179(28) | 77(5) | 60(13) | 107(7) | 118(24) | 55(25) | 5B(27)
> 81012 22(31) | 84(9) 3(<h) | 203(13) | 162(33) | 44(20) | 50(23)
>12t016 9314 | 13119 | 120 | 1359 8(2) | 62(28 | 56(26)
>161020 7(1) B(<t | 4t | BN | 3t 0 0
>20t024 20() s(<t) | 74(16) | 493) | 71015 0 0
>241028 48(7) 8(<t) | 100(22) | 62(4) | 83(17) 0 0
>28t032 0 15(1) 8(2) 9<)| 0 0 0
>321036 0 06 | At | | o 0 0
>351040 0 16(1) 2(<t) 7<) o 0 0
>40t0 44 0 7<) | 1) 7<) o 0 0
>44t048 0 55(4) 3(<t) | 48(3) 0 0 0
>481052 0 381(26) | 68(15) | 307(20) 0 0 0
>52 0 646(44) | 100(22) | 537(35) 0 0 0
Source: Table 118

1. Sum across subjects of (reatment stop date - treatmen statdate +1) cvided by 365.25
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Number (%) of Subjects

FENL | PRV Placebo | VIZ5
Placebo | 100125 | 200125 | FF100 | FF200 | +ICS +ICS
SystemOrganClass | N=680 | N-1467 | N-d55 | N=1544 | N-4gg | N-218 | N-216
Any AE 184(27) | 857(s8) | 247(s4) | 842(35) | 181(37) | 84(39) | 78(36)
Infections & Infestat. 93(14) | 568(40) | 135(30) | 553(3) | 107(22) | 33(15) | 30(14)
Nervous System 48(1) 281 (19) B4(14) | 250(18) | 36(D) 18(7) 23(11)
Respiratory 375 | 24307 | STy | 227(15) | 429 | 18®) | 176)
Gastrointestinal 24 | 71012 | 4710 | 159(10) | %61 | 199 | 105
Musculoskeletz! 8@ | 18511 | 7@ | 1400 | 9@ | 106 | 126
General Disorders 8() | 67 | 2808 634 | 1202) 40 709
Injury, Poisoning,
Proced. Complicatons | 8(1) | 67(5) | 17(4) 85(4) 4 | 8@ 70
Skin'subcutansous “E | os2@ | 2 4503) 5(1) 2(<t) | 2(<h)
Investigations 3t | T | 100 36() 3t |t |3
Cardizc 4 | R | B0 1701) 4Gt |30 1<)
Eye 4 |4 | 1@ Q) 3(<1) 0 [)
Exposure Adjusted!
FENT | PRV Placebo | VIZ5
Placebo | 10025 | 20025 | FF100 | FF200 | +ICS +ICS
Subj Vrs= | Subj Yrs= | Subj Yrs= | SubjYrs= | Subj Vrs= | SubjYrs= | SubjYrs=
SystemOrganClass | 1253 | 12616 | 213 | 1125 | 1174 22 324
Any AE 6T | 6847 | 9103 | 7468 | 15412 | 26114 | 24060
Infectons & Infestat. 7419 | 4698 | 4075 | 4%05 | 9111 | 1059 | 54
Nervous System 39 | 245 | 259 | 217 3085 4974 | 7095
Respiratory 252 | 12 | 2101 2013 3575 5596 | 5244
Gastointestinel 214 | 1%6 | 1732 | 1410 3065 5907 | 3085
Musculoskeletal 1436 | 1238 | 1384 | 1242 1618 3109 | 3702
General Disorcers 638 55 | 1032 559 1022 1244 | 2159
Injury, Poisoning,
Proced. Complcations | 638 535 a1 576 £ 87 | 2159
Skin'subcutaneous 17 ne 74 408 26 522 617
Investigations 29 28 39 319 25 311 925
Cardiac 319 20 | 1253 151 41 93 308
319 28 405 22 25 0 0

Eye
Source: Table 201 and Table 202

1. Numbers represent the number of subjects with an event per 1000 subject-years of exposure.
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Adverse Events (Study FFAZ0UUT, ITT Fopulation) |

Number (%) of Subjects
Adverse Event Placebo FF 100 AM FF 100 PM FF 250 P
(Preferred Term) N=143 N=143 N-148 N=141
Any AE 37(26) 36(25) 39(26) 32(23)
Headache 65(4) 13(9) 10(7) 10(7)
Asthma 11(8) 503 6(4) 0
Nasopharyngitis 5(3) 43 6(4) 403
Hoarseness 1(<1) [) 2(1) 40)

Most Frequent (>=3% in Any Treatment Group) On-Treatment
Adverse Events (Study FFA106783, ITT Population)

Number (%) Subjects
FF200 | FF200 | FF400 | FF400 | FF 200
Adverse Event Placebo | AM Pl AM M BD
(Preferred Term) N=101 | N=105 | N=103 | N=111 | N=113 | N=113
Any AE 2B(28) | 364 | 32(31) | 43(39) | 35(31) | 3B(34)
Headache 56) | 88 | 7() | 109 | 76) | 98
Nasopharyngtis 4@ | 8@ | 8@) 3@ | 76) | 66)
Bronchits 20 | 16 | 3@ | 4@ | 4@) 0
Pharyngolaryngeal pain 1<) | 20 | 30 20) | 1) | 30

Upper respiratory tract infection | 2(2) 3(3) 2(2) 2(2) 1(<1) 1(<1)
0

Dysphonia 1<l | |1 | 20 |30
Rhiniis 0 4 | 1) | o 1<) | 2
Rhinii allergic 1<) | 20 | 3@ 0 0 1(<1)
Diziness 0 303) 0 200 | 1| o
Influenza 2() 0 1<) | 30) 0 0
Pharyngitis 4@ | 209 0 0 0 0
Respiratory tract infection 0 1<ty 0 3031 1(<t) o

Most Frequent (>=3% in Any Treatment Group) On-Treatment
Adverse Events (Study FFA112202, ITT Population)

Number (%) of Subjects

Adverse Event Placebo | FF2000D | FF 100BD | FP2000D | FP100BD

(Preferred Term) N=187 N=140 N=142 N=42 N=43

Any AE 26(14) | 22(16) | 26(18) 2(5) 30
Upper respiratory tractinfection | 2(1) 76 706 0 0

Most Frequent (>=3% in Any Treatment Group) On-Treatment
Adverse Events (Study HZA113310, ITT Population)

Number (%) of Subjects

{Adverse Event Placebo | V16.250D | VI625BD | VI1250D | VI 250D

(Preferred Term) N=74 N=73 N=74 N=73 N=73

ny AE 13(18) | 5(7) 76 46) 5()
Nasopharyngitis 0 1) 101) 203 101)
Upper respiratory tractinection 101) 0 364) 0 0
Road iraffc accident 0 0 0 0 304
Back pain 2(3) 0 0 [ [}
Headache 101) 2(3) 101) 0 0
Rhinits perennial 0 2(3) 0 0 [}
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Number (%) of Subjects

Adverse Event FFIVI100/25 0D FPISALM 250/50 BD

(Preferred Term) N=403 N=403

Any AE 213 (53) 198 (49)
Nesopharyngitis 48(11) 48(11)
Headache 34(8) 41(10)
Upper respiratory tract infection 2(6) 16(4)
Cough 15(4) 13(3)
Back pain 11(3) 11(3)
Oropharyngeal pain 11(3) 92
Sinusis 12(3) 72)
Pyrexia 13(3) 5(1)
Productive cough 11(3) 5(1)
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On-Treatment System Organ Class Adverse Events (>=3% Incidence
in Any Treatment Group) (Study FFA20001, ITT Population)

Number (%) of Subjects
Placebo | FF100AM | FF100PM | FF 250 PM
System Organ Class N=143 N=143 N=148 N=141
Infections and Infestations 12(8) 9(6) 12(8) 16(11)
Respiratory 13(9) 13(9) 14(9) 7(5
Nervous System 7(5) 14 (10) 13(9) 12(9)
Gastrointestinal 2(1) 4@) 403) 4Q)

On-Treatment System Organ Class Adverse Events (>=3% Incidence
in Any Treatment Group) (Study FFA106783, ITT Population)

Number (%) of Subjects
FF200 | FF200 | FF400 | FF400 | FF200
Placebo AM PM AM M BD
System Organ Class N=101 | N=105 | N=103 | N=111 | N=113 | N=113
Infections and Infestations 15(15) | 24(23) | 20(19) | 19(17) | 16(14) | 18(18)
Nervous System 70 10 (10) 77 12(11) 7(8) 10(9)
Respiratory 2(2) 10(10) | 12(12) 5(5) 6(5) 11(10)
Musculoskeletal 1(<t) 1<) | 3@ 8(7) 1(<1) 5()
Investigations 1(<1) 44 1(<1) 5(5) 33 4(4)
Skin/subcutaneous 1(<1) 2(2) 5() 1(<1) 202 1(<1)
General Disorders 0 1(<1) 33) 2(2) 202 0
Cardiac 0 1(<1) 0 3(3) [ 202
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1 On-Treatment System Organ Class Adverse Events (>=3% Incidence
in Any Treatment Group) (Study FFA112202, ITT Population)

Number (%) of Subjects

Placebo FF2000D | FF100BD | FP2000D | FP 100 BD
System Organ Class N=187 N=140 N=142 N=42 N=43
Infections nd Infestations 13(7) 12(9) 13(9) 0 12
Gastrointestinal 6(3) 0 4(3) 0 1(2)
Respiratory 42 1(<1) 6(4) 12 0
Nervous System 2(1) 403 0 0 12
On-Treatment System Organ Class Adverse Events (>=3% Incidence
in Any Treatment Group) (Study HZA113310, ITT Population)
Number (%) of Subjects
Placebo | VI6.250D | VI6.25BD | VI1250D | VI250D
System Organ Class N=74 N=73 N=74 N=73 N=73
Infections and Infestations. G 3(4) 34) 203 203)
Respiratory 3(4) 34) 0 203 0
Injury, Poisoning, and Procedural 0
Complications 203 0 1(1) 34)
Nervous System (1) 203) 2(3) 0 0
Eye 0 0 2(3) ] 0
Musculoskeletal 233 0 0 0 0

On-Treatment System Organ Class Adverse Events (>=3% Incidenc
in Either Treatment Group) (Study HZA113091, ITT Population)

Number (%) of Subjects
FFIVI 100125 OD FP/SALM 250/50 BD

System Organ Class N=403 N=403
Infections and Infestations 124 (31) 112 (28)
Respiratory 52 (13) 42(10)
Nervous System 42(10) 44(11)
Gastrointestinal 2(8) 38(9)
Musculoskelstal 25 (6) 35(9)
‘General Disorders 18(4) 19 (5)
Injury, Poisoning, and Procedural Complications 12(3) 17 (4)
Skin/subcutaneous 19(5) 72
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Most Frequent (>5 subjects Across the Key Treatment Groups)
Drug-Related Adverse Events (Integrated Asthma Clinical Studies,

ITT Population)
Number (%) of Subjects

Drug-Related FENI | FFNI Placebo | VI25
Adverse Event! Placebo | 100225 | 200125 | FF100 | FF200 | +CS | +CS
(Preferred Term) N=680 | N=1467 | N=455 | N=1544°| N=489 | N=218 | N=216
AnyDrugrelated AE | 16(2) | 111(8) | 48(11) | 102(7) | 30(6) | 12(6) | 5(2)
Dysphonia 2(<1) | 20(1) 8(2) | 10(<h)| 6(1) | 2(<1) 0
Oral candidiasis 0 7)) | 1@ | rEy| o4e) | o 0
Headache 20<t) | 2(<t) | (<) | 171 0 0 1(<1)
Oropharyngeal

candidiasis 1(<1) 3N | 7 7|7 0 0
Oropharyngeal pain | 2(<1) s(<t) | 0 o) | 1<) | 2(41) 0
Cough 2(<t) 8(<t) | 0 4= | 1=y | o 0
URTI 0 s<t) | 0 56| 0 0 0
Throat ritation 0 <t |0 2(<t) | 2(<) | 1(<) 0
Nausea 1(<1) 2(<t) | 2(<n) | @] 26| 0 0
Palpitations 0 2(ct) | 3(<t) | A | )| 1| o
Laryngitis 0 1<) |26 | 4|0 0 0
Nasopharyngitis 1<t | 3(<) 0 2(<t)| 0 0 0
Candidiasis 0 3t | 1| 2| 0 0 0
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On-Treatment Drug-Related System Organ Class Adverse Events
(>=1% Incidence in Any Key Treatment Group) (Integrated Asthma

Clinical Studies)
Number (%) of Subjects
FENI | FFIVI Placebo | VI25
Placebo | 100125 | 200/25 | FF100 | FF200 | +ICS | +ICS

System Organ Class N=680 | N=1467 | N=455 | N=1504 | N-489 | N-218 | N-216
Any drug-related AE 16(2) | 111(8) | 48(11) | 102(7) | 30(6) | 12(6) | 5@
Infections and Infestations | 3(<1) | 38(3) | 20(4) | #@) | 11(2) 0 0
Respiratory 6(<t) | 380 | 8@ | B@ | 0@ | 50 0
Nervous System 2(<1) | 15(1) 1<) | 242 4(<1) 0 2(<1)
Gastrointestinal 1<) | 4| 5(1) | 2(<h)| 3(<t) | 2(<t)| 0
Cardiac 1<) | 9(<t)| 12(3) 20<t)| A<ty | 2(<t) | A<ty
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Number (%) of Subjects

Timepoint/ FEIVI FRVI Placebo | VIZ5
QTc(F) Category | Placebo | 100125 | 20025 | FF100 | FF200 | +ICS +ICS
(msec) N-203 | N-40z | N-399 | N-205 | N-194 | Ne02 | N=101
Baseline n 203 02 399 205 3 02 01
<450 199(98) | 401(>99) | 398(>69) | 205(100) | 193(>99) | 102(100) | 101 (100)
>450 10 <=480 40 1<) 0 0 1<) 0 0
4800 <=500 0 0 1<) 0 0 0 0
>500 0 0 0 0 0 0 0
Wax 030 min
Post dose?3, n 8 278 389 89 194 102 101
<450 82(99) | 272(98) | 385099 | 85(%) | 192(89) | 102(100) | 99(s8)
>450 to <=480 (1) 60 4(1) 409) 2(1) 0 20)
4800 <=500 0 0 0 0 0 0 0
>500 0 0 0 0 "0 0 0
Wax Change from
Baseline,n 8 278 389 89 194 102 101
<60 0 0 0 0 0 0 0
=50to <-30 1(1) 0 5(1) 0 1<) | 20 0
27(33) s7@N) | 0@ | 3@ | 7569 | 202 | 18(1)
>=0to <30 54(65) 198(72) | 267 (69) 52(58) 115(59) | 66(65) 70(69)
>3 to <60 (1) 218 27(7) 6(7) 3@ | 1202 | 13013
>260 0 1<) 0 0 0 0 0
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FENI | FFNI Placebo | Vi25
Placebo | 10025 | 20025 | FF100 | FF200 | +ICS | +ICS
Visit N-203 | N=402 | N-399 | N-205 | N-194 | N-102 | N-101
Baseline. n 203 02 300 205 104 102 101
Mean e | 714 7 4 | 723 628 682
(SD) 1186 | 1119 | 1174 | 11es | 1138 | 1087 | 1071
Min, Max 43,105 | 46,107 | 45,107 | 46,109 | 46,119 | 42.105 | 40.%6
Max 0-30 min post
baseline?, n 83 278 380 80 104 102 101
Mean 750 | 804 78 786 | 723 735 765
(SD) 1080 | 1040 | 1186 | t18s | 1028 | 1084 | 1116
Min, Max 50,103 | 55,107 | 52,119 | 51.102 | 46,102 | 30.97 | 52,105
Max chg 0-30 min
post-baselinez, n 83 278 389 80 104 102 101
Mean 21 95 60 29 0.0 37 76
(SD) 677 | 994 | 101 | 68 | 773 | 828 794
Min, Max 4025 | 22,38 | -27.5 | -10.25 | 32,30 | 14,26 | 925

‘Source: Table 2,62 and Table 2.64
1. Baseline i the last recorded value before dosing on Day 1.

2. Postbaseline includes scheduled, unscheduled, and early withdrawal visis that are post-dose.

Note: Includes studies B2C109575, HZA106827 (subset of subjects), HZA106829 (subset of subjects), and
HZA106839
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Total Subject Exposures in the FF/VI Asthma Clinical Program

(Completed Studies)
Total Subject Exposures’
All Other

Study Grouping Total? FENVE P VB | Treatments®
Integrated Studies® 7 7034 1922 2742 620 1750
Non-integrated Studies®” 202 403 1072 61 756
Clinical Pharmacology®

Adult (1875 years) 1249 327 592 279 923

Pediatric (5-11 years) 55 0 2% pid 51
Program Total 10,630 2652 a3 %87 3480

‘Source: Table 1.01, Table 301, Table 112, Table 113, Table 12.27. and Table 12.28

1. Numbers provided are not unique subjects (i.., subjects who participated in more than one diiical study are
counted mare then once)

2. Includes subjects treated with at least one dose of any study medication (placebo, active, or comparator) given
by any route of administration

3. Allorally inhaled doses studied (regardless of inhaler used)

4. Does not indlude subjects treated with the H-salt formulation (GWB42444H)

5. Includes placebo, comparators, GW842444H, and FFIVI, FF, and VI administered via routes not being
developed (e.g., IV, oral, cutaneous)

6. For the two crossover studies (FFA112202 and HZA113310), only the first reatment period was used for
counting subjects

7. Integrated and Non-integrated Studies included adolescent and adult subjects (=12 years of age)

8. For crossover studies in the Glinical Pharmacology program, ff a subject was exposed o more than one
treatment i different periods they contribute to each treatment
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Study B2C111045 and Study HZC111348
Study HZC110946

Study HZC112206 and Study HZC112207
Study HZC102871 and Study HZC102970
Study HZC113107. Study HZC113109 and
Study HZC112352

Summary of Safety Tables

MedDRA Version 1.1
MedDRA Version 13.0
MedDRA Version 13.1
MedDRA Version 14.1
MedDRA Version 14.1

MedDRA Version 14.1
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Summary of On-Treatment Adverse Events of Special Interest (All Studies ITT Population)

Placebo FRIVI FRIVI FEI vi FF FF
5025 100125 200125 % 100 200
N=584 N=1060 N=1249 N=1047 N=1327 N=410 N=203
Events of Special Interest, n (%)
Local Steroid Effects 73) 166 (16] 148 (12) 153(15) 110 (8) 18 (4) 7@
Pneumonia and LRTI: LRI Excluding Preumonia 803) 60(5) 70(8) 85(6) 76(6) 15(4) 63
Cardiovasculer Effects: Cardiac Arthythmia 30(5) 3(4) 4804 00) 50(4) 200 1“0
Pneumonia and LRTI. Preumonia 3(<1) 51(5) 57(5) 59(6) 34(3) 6(1) 3(1)
Cerdiovasculer Effects: Hypertension 1@ 70 00 374 30(2) 8() 73
Hypersensitvity 8(1) 39(4) 45(9) 313 3() 6(1) 3(1)
Cerdiovasculer Effects: Cardiac Ischasmia 1@ E36) 20 20 29() 8(2) 2(<1)
Cardiovascular Effects: Cardiac Failure 4(<1) 23(2) 29(2) 17(2) 37(3) 2(<1) 0
Effects on Glucose 8(1) 212) 20 50 2() 5(1) 3(1)
Bone Disorders 4(<1) 2(2) 32(3 2@ 13(<1) 3(<1) 42
Oculer Effects 1<) 8(<h) 13(1) 7(<1) 10(<1) 3(<t) 0
Effects on Potassium 2(<1) 5(<1) 1(<1) 3(<1) 8(<1) 1(<1) 0
Tremor 1<) 1<) 3(<1) 2(<1) 3(<1) 1(<1) 0
Systemic Steroid Effects 2(<1) 2(<1) 1(<1) 0 1<) 0 0
Cerdiovascular Effects: Acquired Long QT 0 0 2(<1) 0 0 0 0
Cerdiovascular Effects: Sudden Deatn 0 0 ) 0 1(<1) 0 0

‘Summary of On-Treatment Adverse Events Associated with Special MedDRA Queries of Interest (SMQs) (All

Studies ITT Population)
Placebo FFNI FFV FEVI ] FF FF
50125 10025 20025 2% 100 200
N=584 N=1060 N=1249 N=1047 N=1327 N=410 N-203
Events of Special Interest, n (%)
“Anaphylaciic reaction 25 @) 109 (10) 9B@) B16) 105 8] 7] 503)
Cardiac arthythmies 346) 434 55(4) 30) 52(4) 23(6) 16(6)
Angioedema 3(<t) 43() 4(4) 30(3) 40) 3(<t) 3(1)
Cardiac filure 4(<1) 31(3) 32(3) 21(2) 4303) 4(<1) 0
Ischemic heart disease 4(<1) 20) 17(1) 21(2) 27(2) 4(<1) 2(<t)

Source Data: Table 2.162

Studies included are HZG112206, HZC 112207, HZG102871, HZG102970, HZG110946, HZC111348, B2G111045
Note: VI3, V16.25, VI 12.5 and VI 50 and FF/VI 400/25 treatment groups are not shown due to the small number of subjects in each group. The data for these groups are
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Summary of On-Treatment Pneumonia (All Studies ITT Population)

Placebo FENI FENI FRIVI i FF FF
50/25 100725 20025 2% 100 200

N=584 N=1060 N=1249 N=1047 N=1327 N=410 N=203

Subjects with Pneumonia

n (%) 3(<1) 51 s7(5) 59(5) 1@ 5(1) 3(1)

Per 1000 treatment years 180 54 582 767 410 382 378

Subjects with Severe! Pneumonia

n (%) 0 7@ 19(2) 5() 10(<1) 1<) 1(<1)

Per 1000 treatment years 0 24 27 325 120 64 125

Subjects with Serious Peumonia

n (%) 1<) 5@ %) %(2) 13(<1) 3(<1) 2(<1)

Per 1000 treatment years 60 325 311 338 157 1941 251

Subjects with Fatal Pneumonia

n (%) 0 0 1<) 6(<l) 0 0 0

Per 1000 treatment years 0 0 12 78 0 0 0

‘Source Data: Table 2.12

‘Studies included are HZC112206, HZC112207, HZC102871, HZC102970, HZG110948, HZC111348, B2C111045

1. Severe pneumonia was based on the investigator's discretion on a scale of mild, moderate or severe as indicated for adverse events

Note: VI3, V16.25, VI 12,5 2nd VI 50 and FF/VI 400125 treatment groups are not shown due to the small number of subjects in each group. The data for these groups are
shown in Table 2.12. Only one pneumonia occurred in any of these treatment groups. One subject (<1%) had severe pneumonia considered serious in the VI 125 group in

‘Study B2C111045 (See Section 2.1.4.3.4).

Note: Within each category, exposure-adusted frequency is calculated as (1000 * Number of subjects with pneumonia) divided by (Total durafion of exposure in days /

365.25). Pneumonia events were taken from the adverse event pages only.
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Number (%) of Subjects

FFIVI Salmeterol/FP
Special Interest Term 100/25 50/500 BD
Preferred Term, n (%) (N=266) (N=262)
Cardiovascular effects 9(3) 1(<1)
Hypertension 2(<1) 1(<1)
Atrial fibrillation 2(<1) 0
Tachycardia 2(<1) 0
Local steroid effects 3(1) 10 (4)
Oral candidiasis 2(<1) 4(2)
Oropharyngeal candidiasis 0 3(1)
Oropharyngeal pain 0 3(1)
Hypersensitivity 2(<1) 2(<1)
Pruritus 2(1) 0
Lower respiratory tract infections excluding 2(<1) 0
pneumonia
Pneumonia 1(<1) 2(<1)
Pneumonia 1(<1) 2(<1)
Ocular effects 1(<1) 1(<1)
Tremor 1(<1) 0
Effects on glucose 0 2(<1)
Hyperglycaemia 0 2(<1)
Bone disorders 0 1(<1)
Effects on potassium 0 0
Systemic steroid effects 0 0
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Number (%) of Subjects

FFIVI FP/salmeterol
Special Interest Term 100/25 250/50 BD
Preferred Term (N=260) (N=259)
Cardiovascular effects 6(2) 9(3)
Chest pain 2(<1) 0
Palpitations 2(<1) 0
Hypertension 0 3(1)
Local steroid effects 4(2) 10 (4)
Oropharyngeal pain 3(1) 2(<1)
Oral candidiasis 1(<1) 5(2)
Oropharyngeal candidiasis 0 2(<1)
Hypersensitivity 3(1) 2(<1)
Rash 2(<1) 1(<1)
Lower respiratory tract infections excluding 2(<1) 2(<1)
pneumonia
Bronchitis 2(<1) 2(<1)
Bone disorders 1(<1) 1(<1)
Effects on glucose 1(<1) 1(<1)
Effects on potassium 1(<1) 0
Pneumonia 1(<1)! 0
Tremor 1(<1) 0
Ocular effects 0 0
Systemic steroid effects 0 0
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Number (%) of Subjects

FFIVI FP/salmeterol
Special Interest Term 100/25 250/50 BD
Preferred Term (N=259) (N=252)
Local steroid effects 10 (4) 21(8)
Oropharyngeal candidiasis 4(2) 7(3)
Oral candidiasis 2(<1) 703)
Throat irritation 2(<1) 1(<1)
Cardiovascular effects 6(2) 2(<1)
Chest pain 2(<1) 1(<1)
Hypertension 2(<1) 0
Pneumonia’ 3(1) 0
Pneumonia 2(<1) 0
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FFIVI50125 FFIVI 100125 FFIVI 20025 Vizs
N=820 N=B06 N=B11 N=818

<6Months | >6Months | <6Months | >6Months | <6Months | >6Months | <6Months | >6Months
System Organ Ciass, n (%)
Any Event 530(66) | 387(&7) | S41@r) | 401(0) | 549(68) | 403(30) | 500(61) | 330(40]
Infectons and Infestations 318(3) | 20eQn) | R1¢0) | B7(2) | M@y | 86() | T3 189 (23)
Respiratory, Thoracic and Mediastinal Disorders 152 (19) 81(10) 135 (17) 85(11) 125(15) 98(12) 151(18) 69(8)
Musculoskeletal and Connective Tissue Disorders 101 (12) (8) 132 (16) 58(7) 12(14) () 126 (15) 60(7)
Gastrointestinal Disorders 114 (14) 416) 9(12) 50(6) (1) 481(6) 83(10) 50(6)
Nervous System Disorders 90 (11) 334 71(9) 36 85(10) 2703y 9 (11) 378)
General Disorders and Administraion Site Condtons | 76 (9) 230 67(8) 44 48(6) 2(4 60(7) 2(4)
Injury, Poisoning and Procedurel Gompiications 445 34 42(5) 45(6) 47(8) 30(4) 294) 20)
Skin and Subcutaneous Tissue Disorders 375 20) 41(3) 16(2) 2904 17(2) 354 7(<h)
Investigations 35(4) 200 2%0) 219 3208 213 24) 20)
Vascular Disorders 354 152 314 18(2) 2709 200 24 172
Cardiac Disorders 2133 19(2 1602 2%(3) 25(3) Q) %03 25(3)
Metabolism and Nutiton Disorders 20 19(2) 20) 20 2(3) 200) 503 18(2)
Psychiatric Disorders 25() 15(2) 2914) 15(2) 42 12(1) %) 172)
Eye Disorders 15(2) 14 17(2) 1402 14(2) 15(2) 12(1) 10(1)
Neoplasms benign, malignant and unspecified 142 16(2) 9(1) 7(<1) 18(2) 12(1) 132) 10(1)
Ear and Labyrinth Disorders 14(2) 8(<1) 10(1) 13(2) 15(2) 7<) s (1) 3(<t)
Renal and Urinary Disorders 10(1) 9(1) 8(<1) 9(1) 12(1) 7(<1) 15(2) 8(<)
Slood and Lymphatic System Disorders 10(1) 7<) 9(1) 9(1) 4(<1) 8(<1) 8 (<) 3(<)
Immune System Disorders 10(1) 4(<1) 14(2) 5(<) 7(<1) 5(<1) 7(<1) 0
Reproductive System and Breast Disorders (<) 4(<t) 5(<t) 6(<t) 7<) (<t} 7(<) 5(<)
Surgical and Medical Procedures 3(<t) 5(<1) 7<) 5(<1) 7(<1) 4(<1) 4(<t) 3(<)
Hepatobiiary Disorders 3(<t) 3(<) 2(<t) 9(1) 3(<t) 4(<t) 5(<) 4(<t)
Endocrine Disorders 11(<1) 3(<1) 3(<1) 3(<1) 3(<1) 0 2(<1) 1<)
Congenital, Familial and Genetic Disorders 0 0 0 0 1) 0 1<) 0
Sociel Circumstances 1(<t) 0 0 0 0 0 0 0
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Placebo FENI FEVI FEIVI vi FF FF
50125 100125 20025 25 100 200
N=412 N=206 N=410 N=205 N=408 N=410 N=203
System Organ Class, n (%)
Any Event! 21(9) 142(13) 45 (12) 139 (13) 157(12) 20) 10(5)
Respiratory, Thoracic and Mediastinal Disorders 8(1) 59(6) 72(6) 666) 72(5) 2(<1) 2(<1)
Infections and Infestations 2(<1) 35(3) 45(4) (4 25(2) 4(<t) 3(1)
Cerdiac Disorders 3(<1) 15(1) 19(2) 12(1) 18(1) 2(<1) 2(<1)
Neoplasms benign, malignant and unspecifid (inc! 2(<1) 13(1) 8(<1) 16(2) 13(<1) 4(<1) 0
cysts and polyps)
Gastrointestinal Disorders 2(<1) 11(1) 7(<t) 10(<1) 1<) 2(<1) 0
Nervous System Disorders 0 8(<1) 10(<1) 7(<1) 9(<1) 4(<t) 2(<1)
Injury, Poisoning and Procedural Complications 3(<) 11(1) 7(<1) 4(<t) 8(<1) 1<) 1(<1)
Vascular Disorders 0 4(<1) 3(<1) 5(<1) B(<1) 1(<1) 0
Musculoskeletal and Connective Tissue Disorders 0 3(<1) 2(<1) 4(<t) 5(<1) 2(<1) 0
General Disorders and Administration Site Conditions | 1(<1) 4(<1) 3(<1) 2(<1) 4(<1) 1(<1) 0
Metabolism and Nutrition Disorders. 1(<1) 3(<t) 3(<t) 2(<t) 4(<t) 1(<1) 1(<1)
Hepatobiliary Disorders 0 2(<1) 6 (<)) 0 4(<t) 0 0
Renal and Urinary Disorders 1<) 4(<1) 1(<1) 1<) 4(<1) 0 0
Blood and Lymphatic System Disorders 0 0 3(<1) 1<) 1<) 1(<1) 0
Psychiatric Disorders 0 0 2(<1) 1(<1) 1(<1) 0 0
Reproductive System and Breast Disorders 0 0 0 0 4(<t) 0 0
Ear and Labyinth Disorders 0 1(<1) 0 0 1(<1) 1(<1) 0
Immune System Disorders 0 2(<1) 0 0 1(<t) 0 0
Endocrine Disorders 0 0 1(<1) 1<) 0 0 0
Eye Disorders 0 0 1(<1) 1<) 0 0 0
Investgations 0 0 2(<1) 0 0 0 0
Skin and Subcutaneous Tissue Disorders 0 0 2(1) 0 0 0 0
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Placebo FFVI FFVI VD v FF FF
50025 100125 200125 25 100 200
N=412 N=206 N=410 N=205 N=408 N=410 N=203
Category, n (%)
Any Abnormalty 57(14) 26(14) 50(12) 3(17) 49(12) 2411 28 (14)
Tachycardia 4(<1) 301) 5(1) 6(3) 2(<1) 6(1) 1(<1)
Ventricular arthythmias 1(<1) 0 0 0 0 0 0
Supraventricular arthythmias 2(<1) 0 3(<1) 0 2(<1) 3¢<1) 1(<1)
Atrioventricular Block 4(<1) 1(<t) 1(<1) 0 2(<1) 3(<1) 1(<1)
Bundle Branch Block 1) 5(3) 8(2) 70) 3(<h) 70) 4(2)
Right Bundle Branch Block 9(2) 5(2) 5(1) 5(2) 2(<t) 6(1) 2(<1)
Left Bundle Branch Block 1(<1) 1<) 2(<1) 1(<1) 1(<h) 1(<1) 2(<1)
Bifascicular Block 1(<1) 0 1(<1) 1(<1) 0 0 0
Partial bundle branch block 23(8) 12(6) 22(5) 16(8) 22(5) 16 (4) 12(8)
Abnormalties of repolarization 8(2) 3 1) 6(3) 123) 2 5Q)
Myocardial Infarction 1) 5(2) 11@3) 4@) 8(2) 70 5(2)
Myocardial nfarction (old) 113 5(2) 10 4Q) 6(1) 7@ 52)
Non Q-wave 0 0 0 0 1(<1) 0 0
Anterior 0 0 0 0 1(<t) 0 0
Inferior 0 0 1<) 0 0 0 0
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FFIVI FFNI FFIVI Vi
50125 100/25 200125 25
N=820 N=806 N=811 N=818
Any Adverse Event
ITT Population 620/820 621/806 622811 575/818
(76) (77) (77) (70)
History of peumonia 1771204 1621195 1461169 1361172
@87) (83) (88) (79)
No history of pneumonia 443616 450611 476/642 439/646
72) (75) (74) (68)
Any Drug-Related Adverse Event
ITT Population 169/620 134805 140811 13816
1) 17) 7) (14)
History of pieumonia 621204 48/195 44/169 31172
(30) (25) (28) (18)
No history of pneumonia 107/616 86/611 96/642 82/645
7 (14) (15) (13)
On-Treatment Serious Adverse Events
ITT Population 135/820 123/806 124/811 126/818
“7) (15) (15) (15)
History of pneumonia 45/204 44/195 41169 31172
(22) (23) (24) (18)
No history of pneumonia 91/616 79/611 83/642 95/646
(15) (13) (3) 15)
Adverse Events Leading lo Permanent Discontinuation of Study Drug or Withdrawal from the Study
ITT Population 53/820 62/806 61/811 45/818
(6) () () 8)
History of pneumonia 10/204 15/195 16/169 10172
(5) (8) 9 (8)
No history of pneumonia 43516 47611 45/642 35645
) (8) (U] (5)
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Summary of primary/secondarylother efficacy endpoints for VI
12.5 and VI 25 doses

Statistical Analysis of Change

from baseline compared to VI 12.5meg VI25 meg
placebo (95%CI)

Trough FEV: (L) 0.130 (0.030, 0.230) 0‘1101_2%';’13’

0-24hr wm Day 1(L) 0130 (0.049, 0211) "'193.2%')112'

0-24hr wm Day 28 (L) 0142 (0,052, 0232) "'16: 2;‘;')"77'

PM PEF (L/min)

285 (17.7, 39.3)

336 (229, 44.2)

AM PEF (L/min)

323 (221, 42.6)

36.2 (261, 46.4)

Sym free 24 hr periods

12.7 (3.6, 21.8)

222 (133,312)

Rescue free 24 hr periods

14.7 (5.4, 24.0)

284 (193, 37.6)

FEV; wm 0-4 hrs Day 1 (L)

0173 (0.097, 0.249)

0.226 (0.151,

0302)
FEV, wm 0-4 hrs Day 28 (L) 0.160 (0068, 0.052) | %205 (0415

0.295)
Max inc in FEV, wm 0-4 hrs 0.209 (0.128,
Doy 1 (1) 0155 (0,073, 0.236) )
Max inc in FEV; wm 04 hrs 0.176 (0.085,
Day 28(L) (95%C1) 0.137 (0.044, 0.230) 0.268)
Peak post dose FEV; Day 28 0.177(0.085,
I 0.138 (0.045,0.231) 0.268)

% sym free, nights

99 (L8, 183)

17.1 (88, 25.4)

% sym free, days

114 (2.3, 20.4)

203 (114,29.2)

% rescue free, nights

114 (3.0,19.9)

241 (157, 32.5)

% rescue free, days

10.9 (1.7, 20.0)

256 (1656,34.7)

% withdrawal due to lack of
efficacy

5%

4%

Source: B2C109575 CSR, Module 5

Both Vi doses were significant compared with placebo for all endpoints except withdrawals due to

lack of efficacy.

Shaded cell indicate numerical benefit of VI 25 mcg over VI 12.5 mcg
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Absolute Change from Baseline in Serial FEV, (L) 0-4 hours (ITT
Population), Day1 (top panel) and Day 28 (bottom panel)
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Proportion of Subjects Obtaining >200 mL and >12% Increase

from Baseline FEV (L), 0-24 h
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Figure 10.
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after first dose (ITT)





image69.png
(ITT Population)

Non-LABA Ics FFIVI Non-LABA | VI Containing
AllDoses | All Doses All Doses All Doses All Doses
N=2036* N=1728 N=1964 N=22683 N=2195%
Any asthma related event!, n (%) 10 (<1) 10(<1) 11(<1) 10 (<1) 12 (<1)
No asthma related event,n (%) | 2026 (>99) | 1718 (>09) | 1953(>09) | 2258 (>09) | 2183 (>99)
Exposure (subject yrs) 13414 12912 1625.3 13736 1558.1
FF/VI and Vi vs. Non-LABA
Common Odds Ratio 0.902 0.995
95% CI 0.345,2.389 0.391,2592
Zelen Day p-value? 1.000 1.00
Mantel-Hanszel Risk Difference -0.026 0.026
95% CI -0.533, 0.482 -0.435, 0.486
Peto One-Step Odds Ratio 0.953 1.053
95% CI 0.394,2.307 0.445,2.494
FFVIand Vi vs. ICS
Common Odds Ratio 0.890
95% CI 0.341,2.353
Zelen Day p-value? 1.000
Mantel-Hanszel Risk Difference -0.028
95% Cl -0.589, 0.532
Peto One-Step Odds Ratio 0.953
95% CI 0.394,2.307

Source: Table 2.34

1. One or more asthma-related hospitalization, intubation, and/or death

2. Test for homogeneity of odds ratios. Small p-values indicate heterogeneity.

3. Data from Vl-containing studies: B2C109575, B2C11060, HZA106827, HZA106837, HZA106839,
HZA106851, including 4 additional VI crossover studies HZA113090, HZA113126, HZA113310, and

HZA114624

4. Data from studies: HZA106827, HZA106829, HZA106837, HZA106839, HZA106851, HZA113090,

HZA113126, HZA114624
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Asthma Composite Endpoint, On-Treatment, by Study and
Overall: FF/VI Containing All Doses vs. ICS All Doses

Favours FEVT [ Fammics
HzA108827 . 0000 (ne.ne)
HzA108820 | — 0257 (0.760.0.246)
HzA108837 | —— 0.208 (-0.420.1.085)
i
izat0se30 . ; 1752 (4.538.1.035)
HzA106851 (3 0000 (ne.ne)
HZA112000 [ 0000 (ne.ne)
!
HZA113128 4+ 0.000 (ne.ne)
HZA114624 L] 0000 (ne.ne)
Combined < ——— -0.028(-0.562.0.532)
T T T T T + T T
5 4 E] 2 4 0 1 2

Risk Difference (%) and 85% CI

Note: For crossover studies, the first treatment period is integrated
Note: Risk difference and 95% Cl based on the Mantei-Haenszel method. n.e. = not estimable
FFIVI All Doses includes FF/VI 100125 and FF/VI 200/25.

ICS All Doses includes FF 100. FF 200 and P 1000.

Combined estimates are stratified on study.
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