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OBJECTIVE
The purpose of this drug class review to compare the commercially available combined inhaled corticosteroid/long-acting beta-agonist inhalers (ICS/LABA).
Table 1:  Combination Inhaled Long-acting Beta-Agonist/Corticosteroid Agents available in the U.S

	Generic
	Brand (Manufacturer)
	Strengths(ICS/LABA)

& Formulations
	FDA approval date
	Latest Patent Expiration

	Fluticasone/salmeterol
	Advair

(Glaxo Smith Kline)
	100/50, 250/50, 500/50 (DPI)

45/21, 115/21, 230/21 (HFA-pMDI)
	August 24, 2000 (DPI)

June 8, 2006 (HFA-MDI)
	September 1, 2011

June 1, 2021

	Budesonide/formoterol
	Symbicort

(Astra-Zeneca)
	80/4.5, 160/4.5 (HFA-pMDI)
	July 21, 2006
	September 26, 2017

	Mometasone/formoterol
	Dulera

(Merck)
	100/5, 200/5 (HFA-pMDI)
	June 22, 2010
	May 21, 2020


DPI=dry powder inhaler; HFA=hydrofluoroalkane; pMDI=pressurized metered dose inhaler
FDA-APPROVED INDICATIONS
Advair Diskus is indicated for 

1. Maintenance treatment of asthma in patients 4 years of age and older

2. Maintenance treatment of airflow obstruction and reducing exacerbations in patients with chronic obstructive pulmonary disease (COPD).  Only Advair 50/250 is approved for COPD.
Advair HFA is indicated for maintenance treatment of asthma in patients 12 years of age and older
Symbicort is indicated for 
1. Maintenance treatment of asthma in patients 12 years of age and older
2. On 3/6/09, the U.S. Food and Drug Administration (FDA) approved Symbicort 160/4.5 mcg twice daily for maintenance treatment of airflow obstruction in patients with COPD, including chronic bronchitis and emphysema. 
Dulera is indicated for

1. Treatment of asthma in patients ≥ 12 years old (NOT indicated for relief of acute bronchospasm)
DOSING/ADMINISTRATION
The pMDIs are given as 2 inhalations twice daily while the DPI is given as 1 inhalation twice daily.

Table 2:  Dosage of ICS/LABA

	Advair (DPI)
	1 inhalation twice daily (morning and evening)

	Advair (HFA-MDI)
	2 inhalations twice daily (morning and evening)

	Symbicort (HFA-MDI)
	2 inhalations twice daily (morning and evening)

	Dulera (HFA-MDI)
	2 inhalations twice daily (morning and evening)


METHODS
There are many trials in asthma comparing the combination product to its individual components or to placebo.  Only head-to-head trials comparing Advair, Symbicort, and Dulera were used to determine efficacy in asthma.  MedLine search and Clinical trials register were used to identify trials.  It should be noted that several head-to head trials utilized administration of Symbicort in a manner that is not part of their current labeling.  For example, 3 trials used Symbicort for “as-needed” symptom control in addition to regular maintenance dosing. 14-15, 17 Also, 2 trials compared adjustable maintenance dosing of Symbicort to fixed-dose Symbicort and fixed-dose Advair.18-19
In 6 head-to-head trials the Turbuhaler was the delivery system used for Symbicort. The Turbuhaler product is not marketed in the U.S.  The product available in the U.S. uses the HFA pressurized metered dose inhaler delivery system.  Trials have shown the efficacy and safety of Symbicort metered dose inhaler and Symbicort Turbuhaler to be similar; therefore, studies using Symbicort Turbuhaler versus Advair were considered a valid comparison.1
There are no head-to-head trials comparing Advair and Symbicort for maintenance treatment of COPD.  Therefore, only published trials with similar design comparing the combination product to their respective individual components were included in this review.  Seven trials are included in this review; 4 with Advair24-27 and 3 with Symbicort21-23.  Only Advair 50/250 is approved for use in COPD; however, 3 of the 4 trials used Advair 50/50024-25, 27.  For the remainder of this review Symbicort will be referred to as budesonide/formoterol (BUD/FOR), Advair as fluticasone/salmeterol (FTC/SAL), and Dulera mometasone/formoterol (MF/FOR). Currently, MF/FOR is not approved for COPD.  There are 2 trials that have been completed; however, results are not available at this time.
PHARMACOLOGY AND PHARMACOKINETICS
The effects of beta2-adrenoeceptor agonists are partly attributable to stimulation of intracellular adenyl cyclase, the enzyme that catalyzes the conversion of adenosine triphosphate (ATP) to cyclic-3’, 5’-adenosine monophosphate (cyclic-AMP).  Increased cyclic-AMP levels leads to relaxation of bronchial smooth muscle and inhibition of release of mediators of immediate hypersensitivity from cells, such as mast cells.4-6
Based on in vitro data, salmeterol has higher beta2-selectivity than formoterol.  Formoterol is considered a full agonist and salmeterol is considered a partial agonist; however, this does not appear to have a clinical impact.
Formoterol has an onset of action similar to albuterol.  The onset of action of salmeterol is 10-20 minutes.  This should not be of significant clinical consequence because these drugs are intended for maintenance treatment and not for acute symptoms.4-6 
Table 3: Pharmacokinetics of ICS and LABAs3-6, 42
	
	Budesonide
	Fluticasone
	Mometasone
	Formoterol
	Salmeterol

	T1/2 (h)
	2.8
	7.8
	25
	10
	5.5

	Lung Deposition
	15-18% (MDI)
	20% (DPI), 15% (HFA)
	
	
	

	Oral Bioavailability
	11%
	< 1%
	< 1%
	Virtually undetectable plasma concentrations
	Virtually undetectable plasma concentrations

	Protein Binding
	88%
	90%
	98-99%
	31%-64%
	~96% (average across various doses)

	Metabolism
	via CYP3A4 into 2 metabolites (<1% activity of parent compound)


	via CYP3A4 into a metabolite with negligible activity


	via CYP3A4
	Primarily metabolized by O-demethylation (via CYP2D6 and CYP2C) then conjugated into inactive metabolites.  Secondary pathways include deformylation and sulfate conjugation
	Extensively metabolized by hydroxylation via CYP3A4



	Excretion
	60% urine as metabolites and remainder feces 
	> 95% feces
	Feces (74%)

Urine (8%)
	62% urine, 24% feces
	60% feces, 25% urine


EFFICACY (SINGLE-DOSE OR SHORT-TERM TRIALS)
Asthma

In a single dose 3-way crossover study (n=33) comparing FTC/SAL 100/50mcg (via Diskus), BUD/FOR 160/4.5mcg (via breath actuated device), and placebo, both active treatments were better than placebo and there was no significant difference between FTC/SAL and BUD/FOR for the primary outcome of mean change in FEV1 from baseline at 16 hours post dose (difference –0.02; 95%CI -0.10, 0.06).7
Fluticasone/salmeterol 250/50mcg (via Diskus) was compared to BUD/FOR 4.5/160mcg (via Turbuhaler) in a single-dose crossover study.  There was no difference between groups in FEV1 AUC2-12hrs, maximum FEV1, and change in FEV1 12 hours post-dose.  Although not statistically significant, time to maximum FEV1 was shorter with BUD/FOR (225 vs. 247 minutes).8
Single doses of BUD/FOR 160/4.5mcg (via Turbuhaler), BUD/FOR 320/9.0mcg (via Turbuhaler) and FTC/SAL 250/50mcg (via Diskus) were compared in a cross-over fashion.9 As would be expected FEV1 at 3 minutes and average over 15 minutes post-dose was greater with both doses of BUD/FOR than FTC/SAL.  Time to half maximum FEV1 and the time where a 15% increase in FEV1 within 60 minutes of the dose was observed were shorter with BUD/FOR.
The onset of bronchodilation after a methacholine challenge was compared between BUD/FOR 160/4.5mcg (1or 2 inhalations via Turbuhaler) to FTC/SAL 250/50mcg via Diskus and placebo in a cross-over study (n=27).10 Improvement in FEV1 3 minutes post-dose was faster with both doses of BUD/FOR compared to FTC/SAL.  Median recovery times to 85% of baseline FEV1 were 3.3, 2.8, 8.9, and >30 minutes for BUD/FOR 160/4.5mcg, BUD/FOR 320/9mcg, FTC/SAL, and placebo respectively.  Again, this is not unexpected as it is known that formoterol has a faster onset of action.
In a 4 week crossover study comparing FTC/SAL 100/50mcg  (via Diskus) and BUD/FOR 4.5/160mcg (via breath-actuated device), there was no significant difference between groups in slope of decline in FEV1 2-24 hours post-dose, FEV1 area under the curve, and change from pre-dose FEV1 and 12 hours post-dose.7
COPD

The FEV1 at 5 minutes was compared in a randomized, double-dummy, cross-over single dose study of BUD/FOR 160/4.5mcg, FTCSAL 250/25mcg, albuterol 100mcg, and placebo (n=90).11 All drugs were administered as 2 inhalations as a single dose via a HFA pMDI. FEV1 values were obtained over 180 minutes post-dose and change from baseline in FEV1 at 5 minutes was the primary outcome.  The change in FEV1 at all time points was greater with all active treatments vs. placebo.  Improvement in FEV1 at 5 minutes was greater with BUD/FOR and albuterol than with FTC/SAL.  At 180 minutes the FEV1 was significantly greater with both combination products compared to albuterol.  There was no difference in the peak increase in FEV1 and FEV1 over 180 minutes with any of the active treatments.  All active treatments significantly improved inspiratory capacity (IC) compared to placebo.  The maximal increase in IC was statistically significantly greater with BUD/FOR vs. FTC/SAL.  The time to perception of onset of effect was approximately 10 minutes earlier with BUD/FOR and albuterol compared to FTC/SAL.  
In a randomized single-blind, cross-over study, FTC/SAL 250/50mcg (via Diskus) and BUD/FOR400/12mcg (via Turbuhaler) were compared in patients with moderate-severe, but stable COPD (n=16).12 All patients were on regular treatment with a LABA, but not with an ICS. FEV1 values were obtained over a 12 hour period post dose.  Time to maximum improvement in FEV1 occurred at 120 and 300 minutes for BUD/FOR and FTC/SAL respectively. Peak increase in FEV1from baseline was 0.29L [95%CI 0.21-0.37L] for FOR/BUD and 0.32L [95%CI 0.23-0.41L] for FTC/SAL.   The only time points were change in FEV1 was significant greater with BUD/FOR over FTC/SAL was at 120 and 260 minutes.  There was no significant difference in AUC0-12h or changes in heart rate between the 2 agents. 
Single dose of BUD/FOR320/9mcg (via Turbuhaler) was compared to FTC/SAL 500/50mcg (via Diskus) in a randomized, double-blind, doubled-dummy cross-over fashion in COPD patients (n=27) and healthy volunteers (n=28).13   For both steroids, the plasma concentration was lower in COPD patients than in healthy volunteers.  The mean AUC for fluticasone over budesonide was 20% in patients with COPD and 18% in healthy volunteers.  In the COPD group, there was a tendency towards increased AUC for budesonide relative to fluticasone with increasing lung obstruction and increasing number of pack-years smoked.  The percent estimated lung deposited dose was evaluated using expectorated sputum.  Fluticasone was expectorated over a longer period and the expectorated amount of fluticasone was higher than budesonide suggesting that budesonide is more rapidly absorbed in airway tissue than fluticasone. 
EFFICACY IN ASTHMA (LONGER-TERM TRIALS)

There are 9 head-to-head trials in asthma (table 4 and appendix 1).14-20, 43, 44 As mentioned earlier, several trials administered BUD/FOR both as maintenance and as-needed use14-15, 17 or using adjustable maintenance dosing14, 1-20.  One trial did use adjustable dosing for FTC/SAL14; the remainder used fixed-dose with a short-acting beta-agonist for as-needed use.  Fortunately, several studies whose intent it was to highlight these novel dosing methods for BUD/FOR included an arm where BUD/FOR was dosed in the standard way.  The study by Busse was the only one that used pMDI as the delivery system for BUD/FOR.19
Although it is not the intent of this review to compare the novel BUD/FOR dosing to FTC/SAL, the data are included for completion.  It should be noted that the doses and the criteria for adjustment in the BUD/FOR adjustable dose studies, varied from study to study.  Two trials compared MF/FOR and FTC/SAL.43, 44 There are no trials comparing MF/FOR to BUD/FOR at this time.
Table 4:  Comparison of Selected Features of Head-to-Head Asthma Studies
	
	Vogelmeier14
	Kuna15
	Dahl16
	Bousquet17
	Aalbers18
	Busse19
	Fitzgerald20
	Study P0470543,44
	Study 
P04139 43,44

	Sponsor
	AstraZeneca
	AstraZeneca
	GlaxoSmithKline
	AstraZeneca
	AstraZeneca
	AstraZeneca
	GlaxoSmithKline
	Merck
	Merck

	Design
	Open-label
	Double-blind

Double dummy
	Double-blind

Double dummy
	Double-blind

Double dummy
	Open-label
	Open-label
	Double-blind

Double-dummy
	Open-label
	Open-label

	n
	2135
	3335
	1391
	2304
	658
	1222
	688
	
	

	Duration
	12 months
	6 months
	6 months
	6 months
	7 months
	7 months
	12 months
	12 weeks
	52 weeks

	Run-in period
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Age eligibility
	≥ 12 years old
	≥ 12 years old
	≥ 12 years old
	≥ 12 years old
	≥ 12 years old
	≥ 12 years old
	>18 and<70
	≥ 12 years old
	≥ 12 years old

	ICS use prior to study required
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	H/O asthma exacerbation within 1 year of study required
	Yes
	Yes
	No
	Yes
	No
	No
	No
	No
	No

	Conducted in USA
	No
	No
	?
	No
	No
	Yes
	?
	Some sites
	No

	Delivery device for BUD/FOR
	Turbuhaler
	Turbuhaler
	Turbuhaler
	Turbuhaler
	Turbuhaler
	pMDI
	Turbuhaler
	N/A
	N/A

	Delivery device for FTC/SAL
	Diskus
	pMDI
	Diskus
	Diskus
	Diskus
	Diskus
	Diskus
	Diskus
	pMDI

	Delivery device for 
MF/FOR
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	pMDI
	pMDI

	Primary endpoint
	Asthma exacerbation
	Asthma exacerbation
	Asthma exacerbation
	Asthma exacerbation
	Well-controlled asthma weeks
	Asthma exacerbation
	% symptom-free days
	FEV1 AUC0-12h
	#/% of patients reporting AEs

	Adjustable maintenance dosing used for BUD/FOR
	Yes (SAL/FTC was also adjustable)
	No
	No
	No
	Yes (also included a fixed-dose arm)
	Yes (also included a fixed-dose arm)
	Yes
	N/A
	N/A

	BUD/FOR used as maintenance and as PRN
	Yes
	Yes (also included an arm that used PRN albuterol)
	No
	Yes
	No
	No
	No
	N/A
	N/A


Turbuhaler is not available in the U.S.

Exacerbations

The results for exacerbation were mixed some of it owing to different definitions, method of assessments, and dosing used.  Kuna and Busse found no significant difference in time to first exacerbation or exacerbation rates between standard dosing of BUD/FOR and SAL/FTC, whereas a third trial found SAL/FTC to have a lower rate than BUD/FOR only during weeks 17-24 of study.15-16, 19 In Aalbers, there were a total of 50 and 59 exacerbations for BUD/FOR and SAL/FTC respectively (statistical analysis not done).18 There were numerically more exacerbations with MF/FOR than FTC/SAL.43, 44  
Results for asthma exacerbations are shown in Table 5 (please refer to appendix 1 for actual values)
Table 5:  Asthma Exacerbations
	
	Definition of exacerbations
	Results of exacerbations

	Vogelmeier 14
BUD/FOR (AMD + PRN)

FTC/SAL (AMD)


	Severe exacerbation- deterioration in asthma resulting in hospitalization/ ER treatment, oral steroids for ≥ 3 days or unscheduled visit leading to treatment change
	Prolongation of time to 1st severe exacerbation,  decreased rate of all severe exacerbations and severe exacerbations excluding unscheduled clinic visits for BUD/FOR vs. FTC/SAL
No difference between groups for rate of severe exacerbations leading to ER or hospitalization

	Kuna 15
BUD/FOR (PRN)

BUD/FOR

FTC/SAL
	Severe exacerbation- deterioration in asthma resulting in hospitalization/ ER treatment, oral steroids for ≥ 3 days
	There was no difference in time to 1st severe exacerbation, rate of all severe exacerbations, and rate of mild exacerbations between BUD/FOR (given as maintenance tx only) and FTC/SAL.  However, the rate for severe exacerbations requiring hospitalization/ER visit was lower with BUD/FOR vs. FTC/SAL.
BUD/FOR (used as maintenance and PRN) prolonged the time to 1st severe exacerbation and decreased rate of all severe exacerbations compared to BUD/FOR (maintenance only) and FTC/SAL.  The rate of severe exacerbations requiring hospitalization was significantly lower compared to FTC/SAL only.

	Dahl16
FTC/SAL
BUD/FOR
	Severe- deterioration in asthma requiring hospitalization

Moderate- deterioration in asthma requiring oral prednisolone 40-60mcg/day for 7-10days
	No significant difference in n(%) of patients, severity, or rate of moderate/severe exacerbations (weeks 1-16) between FTC/SAL  and BUD/FOR
During weeks 17-24, the rate of moderate/severe exacerbations was significantly lower with FTC/SAL

	Bousquet17
BUD/FOR (PRN)

FTC/SAL
	Severe – deterioration in asthma requiring hospitalization/ER and/or oral steroids for at least 3 days
	No difference in time to 1st severe exacerbation

Rate of severe exacerbation and exacerbations requiring hosp/ER were lower with BUD/FOR (maintenance and PRN use)

	Aalbers18
BUD/FOR (AMD)

BUD/FOR

FTC/SAL
	Oral steroid for ≥ 3 days, hospitalization/ER
	The exacerbation rates were significantly lower with BUD/FOR (adjustable maintenance dose) compared to FTC/SAL and numerically lower than BUD/FOR (fixed dose).  Statistical comparison not done with FTC/SAL and BUD/FOR (fixed- dose)

	Busse19
BUD/FOR (AMD)

BUD/FOR

FTC/SAL
	Required treatment with oral steroids
	No difference between BUD/FOR (adjustable maintenance dose), BUD/FOR (fixed-dose) and FTC/SAL for time to first exacerbation, number and percentage of pts. with > 1 asthma exacerbations, number of asthma exacerbation per pt-treatment year

	FitzGerald 20
FTC/SAL
BUD/FOR (AMD)
	Worsening of asthma requiring hospitalization or treatment with oral steroids
	The exacerbation rate was significantly lower with FTC/SAL than BUD/FOR (adjustable maintenance dose)

	P0470543, 44
MF/FOR

FTC/SAL
	Exacerbation based on any of the following criteria: ≥ 20% decrease in FEV1; a ≥ 30 decrease in PEF on 2 consecutive days; or an asthma attack resulting in emergency treatment, hospitalization or treatment with additional excluded asthma medication.
	There was no statistically significant difference in first severe exacerbation rate 


	P0413943, 44
MF/FOR

FTC/SAL
	Exacerbation based on any of the following criteria: ≥ 20% decrease in FEV1; a ≥ 30 decrease in PEF on 2 consecutive days; or an asthma attack resulting in emergency treatment, hospitalization or treatment with additional excluded asthma medication.
	The rate of first severe exacerbation for the low and high dose MF/FOR was numerically higher than FTC/SAL (significance not calculated)


AMD= adjustable maintenance dosing; PRN=as-needed
Pulmonary Function

In the BUD/FOR versus FTC/SAL trials, mean baseline FEV1 ranged from 70-84% predicted normal.  In 6 trials, the improvement FEV1 or peak expiratory flow (PEF) were similar among the treatment groups.  In the study by Aalbers, improvement in FEV1 was slightly better with BUD/FOR than FTC/SAL (between group difference -0.058L [95%CI -0.113, -0.002] p<0.05).  There was no difference between groups for PEF.18 
In the MF/FOR vs. FTC/SAL trial, mean baseline FEV1 was approximately 74% predicted normal.  Improvement in FEV1AUC0-12h was not significantly different between the 2 agents.43, 44
Asthma Symptoms

Evaluation of asthma symptoms included measurement of % symptom-free days, % asthma-control days, % nighttime awakenings, asthma symptoms score.  There was no significant difference between any of the treatment arms for any of these measures, except that Aalbers et al. showed significantly fewer nighttime awakenings in the group receiving adjustable maintenance dose BUD/FOR compared to fixed dose BUD/FOR or FTC/SAL.18
Compared to baseline, the proportion of symptom-free days and nights improved to a similar extent with MF/FOR and FTC/SAL (P04705).43, 44
Rescue Inhaler Use

The results for rescue inhaler use varied among the studies.  This may be due to some studies using BUD/FOR as maintenance and PRN use and others using adjustable maintenance dosing for BUD/FOR.  Therefore, results have been broken down according to the administration method of BUD/FOR.
Fixed-dose BUD/FOR + prn SABA vs. FTC/SAL + prn SABA

Dahl, Aalbers, and Busse found no difference between groups while Kuna found significantly more inhalations per day were needed in the BUD/FOR groups (1.05 vs. 0.96).15-16, 18-19
BUD/FOR (+ prn) versus FTC/SAL + prn SABA 
Both Kuna and Bousquet found no significant difference between groups.  Vogelmeier found fewer inhalations per day in the BUD/FOR group (0.58 vs. 0.93).14-15, 17
Adjustable-dose BUD/FOR + prn SABA vs. fixed-dose BUD/FOR + prn SABA vs. FTC/SAL + prn SABA 
Aalbers found the adjustable dose arm required significantly fewer inhalations per day compared to the other 2 arms (0.6 vs. 0.9 vs. 0.8) whereas no difference between groups was observed in Busse.18, 19  FitzGerald found the FTC/SAL groups required less use (occasions/day) than BUD/FOR.20

MF/FOR vs. FTC/SAL

In studies P04705 and P04129, the decrease from baseline in daily SABA use was similar between groups.  Study P04705 also showed a similar percentage of patients requiring SABA use on days 1, 8, and 85.  In study P04139, a similar percentage of patients did not require any SABA use throughout the study (20.6 vs. 21.8)43, 44
Quality of Life
Three studies evaluated asthma-related quality of life and found that scores with treatment improved and that there were no differences between BUD/FOR and FTC/SAL or MF/FOR and FTC/SAL.14-15, 17
EFFICACY IN COPD (LONGER-TERM TRIALS)
There are no head-to-head trials comparing the combinations in patients with COPD; therefore, individual drug studies with similar design were selected for review.  Seven trials were identified that compared the combination to its individual components and placebo (table 6 and appendix 2).
Table 6: Comparison of Selected Features of COPD Studies
	
	Szafranski21 
	Calverley22
	Tashkin23
	Calverley24
	Mahler25
	Hanania26
	Calverley27

	Drug
	BUD/FOR
	BUD/FOR
	BUD/FOR
	FTC/SAL
	FTC/SAL
	FTC/SAL
	FTC/SAL

	Sponsor
	AstraZeneca
	AstraZeneca
	AstraZeneca
	GSK
	GSK
	GSK
	GSK

	Design
	All were randomized double blind placebo controlled.  The study by Tashkin was also double dummy

	n
	812
	1022
	1704
	1465
	691
	723
	6184

	Duration
	12 months
	12 months
	6 months
	12 months
	6 months
	6 months
	3 years

	Run-in period
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	ICS use prior to study required
	No
	No
	No
	No
	No
	No
	No

	H/O COPD exacerbation within 1 year of study required
	Yes
	Yes
	Yes
	Yes
	No
	No
	No

	Conducted in USA
	No
	No
	Yes + other countries
	?
	Yes
	Yes
	?

	Delivery device 
	Not stated
	Turbuhaler
	HFA pMDI
	Diskus
	Diskus
	Diskus
	Diskus

	Primary endpoint
	FEV1 and COPD exacerbation
	FEV1 and COPD exacerbation
	Pre- and post- dose FEV1
	Pre-and post-dose FEV1
	Pre-and post-dose FEV1
	Pre-and post-dose FEV1
	All-cause mortality


Exacerbations
In general, COPD exacerbation was defined as worsening of COPD symptoms requiring antibiotics, oral steroids, or hospitalization.   Both Szafranski and Calverley found that exacerbations rates were significantly lower with BUD/FOR compared to formoterol and placebo.21, 22 There was no significant difference between BUD/FOR and BUD alone.  In Calverley, median time to first exacerbation was significantly longer with BUD/FOR than BUD, FOR, or placebo.  In Szafranski, the rate of oral steroid courses for BUD/FOR and BUD were lower than that for FOR or placebo.  However, Calverley found the rate of exacerbations requiring oral steroids was significantly lower for BUD/FOR compared to BUD and FOR given alone and placebo.  Budesonide alone was also found to have a lower rate compared to placebo.  The study by Tashkin was not powered to show a difference in exacerbation rates; however, the number of exacerbations per patient-treatment year was numerically lower with any of the groups containing budesonide compared to formoterol alone and placebo.23
In another study by Calverley there was no significant difference between FTC/SAL, SAL and FTC in exacerbation rates or exacerbations requiring oral steroid.24 All active treatments were found to decrease the rate compared to placebo.  In the 3-year TORCH trial, the rate of exacerbations and exacerbations requiring steroids was lower in all active treatments compared to placebo.  However, FTC/SAL was found to be significantly better than the single components.27  In the two 24-weeks studies, Mahler and Hanania found no difference among treatment groups for time to first exacerbation (data not shown).25, 26
The rates from the BUD/FOR studies are higher than the FTC/SAL studies; however, direct comparisons should not be made.  Differences may attributable to different baseline FEV1 % predicted (BUD/FOR ~ 36% and FTC/SAL ~ 44%), methods for analysis, etc.  Also, it is unclear if exacerbations leading to hospitalization were included in the overall rate of the 1 year study of FTC/SAL. 
Table 7: COPD Exacerbations
	
	BUD/FOR
	FTC/SAL

	
	Szafranski21
	Calverley22
	Calverley24
	Calverley27 

	Duration
	1 year
	1 year
	1 year
	3 years

	Exacerbation (rate/pt-yr)
	1.42
	1.38
	0.97
	0.85

	Exacerbation req.oral steroids (rate/pt-yr)
	0.74
	0.63
	0.46 
	0.46


Pulmonary Function
Compared to placebo, post-dose FEV1 increased by 15-21% with FTC/SAL (baseline FEV1% predicted 41-48%) 24-26 and 14-17% with BUD/FOR (baseline FEV1% predicted 36-39%) 21-23. 
In the TORCH trial, the adjusted mean change in FEV1 averaged over 3 years for the combination group was significantly higher than the individual components and placebo (+29mL, -21mL, -15mL, -62mL for FTC/SAL, SAL, FTC, placebo respectively).27  
Symptoms

Two studies evaluated the transitional dypnea index (TDI).25, 26 One study found a significant improvement in score for FTC/SAL compared to the individual components or placebo while another study found that FTC/SAL was significantly better than placebo and numerically better than the individual components.  Another study that evaluated symptom scores found that FTC/SAL was significantly better than placebo and the individual components only for the breathlessness subscore.24  The cough subscore was significantly better with FTC/SAL versus placebo only and there was no difference between groups for the sputum production and sputum color subscores.
Szfranski found that the total symptom score was significantly better with BUD/FOR compared to placebo and the individual components while another study found improvement in total symptom scores to be significantly better with BUD/FOR compared to placebo and no significant difference versus the individual components.21, 22  Tashkin evaluated the Breathlessness, Cough, and Sputum Scale (BCSS) and found both the lower and higher doses of BUD/FOR were significantly better than placebo, but not budesonide or formoterol alone; however, both combination doses were better than placebo and the individual components for the dyspnea subscale.29
Rescue Inhaler Use

In general, the need for rescue inhaler was significantly reduced with the combination products compared to ICS alone and placebo, but not LABA alone.  The mean decrease in number of inhalations/day of PRN short-acting beta agonist was 0.8-1.3 with BUD/FOR 21-23 and 0.9-1.0 with FTC/SAL 25, 26.
SAFETY
All agents have the following black box warning.4-6
Long-acting beta-adrenergic agonists such as salmeterol/formoterol, one of the active ingredients in Advair/Symbicort/Dulera, may increase the risk of asthma-related death.  Therefore, when treating patients with asthma, physicians should only prescribe Advair/Symbicort/Dulera for patients not adequately controlled on other asthma-controller medication (e.g. low-medium dose ICS) or whose disease severity clearly warrants initiation of treatment with 2 maintenance therapies.

In response to the recommendations from the FDA Pediatric Advisory Committee meeting, a meta-analysis was conducted to assess the risks of LABAs in patients with asthma.28 Drugs included in the evaluation were Advair, Symbicort, Serevent, and Foradil.  Data were obtained from studies conducted in the US and were of at least 12 weeks duration.  There were 110 trials (approx. 61,000 patients) included in the analysis.  The composite endpoint of asthma-related death, asthma-related intubation, and asthma-related hospitalizations was evaluated.  The risk for the composite endpoint for LABA vs. non-LABA treatments was 2.8 (95% CI 1.11, 4.49) per 1000 patients.  This risk was mainly driven by asthma-related death and asthma-related hospitalizations.  Foradil, Serevent, and Symbicort had positive risk difference estimates for the asthma composite endpoint; however, only Serevent was statistically significant.
Table 8:  Composite Risk of Death, Intubation, and Hospitalizations Related to Asthma
	
	Risk difference [95%CI]
	Sample size #events/# patients

LABA; No LABA

	Advair
	-0.15 [-2.01, 1.70]
	21/6648; 20/6564

	Symbicort
	7.49 [-1.47, 16.44]
	6/766; 1/504

	Serevent
	3.49 [1.27, 5.71]
	336/21,108; 270/22, 716

	Foradil
	3.80 [-1.80, 9.40]
	18/1626; 14/2139


From meta-analysis presented at FDA Pediatric Advisory Committee Meeting 
In 2008, the Cochrane group published 2 safety reviews, one with formoterol and the other with salmeterol in patients with asthma.29, 30  The objective was to evaluate the risk of fatal and non-fatal serious adverse events of the LABA versus placebo or short-acting beta-agonists.  Studies included must have been at least 12 weeks in duration. For the salmeterol and formoterol analyses, 34 trials (62,630 patients) and 22 trials (8,032 patients) were included respectively (table 10). 
Table 9:  Results of Cochrane Reviews
	
	Formoterol29
	Salmeterol30

	Deaths (n)
	3 (formoterol); 9 (placebo)
OR not calculated
	44 (salmeterol); 33 (placebo)
OR 1.33 [95%CI 0.85, 2.10]

	Non-fatal serious adverse events 

(LABA vs. placebo)
	OR 1.57 [95%CI 1.05-2.37]
NNH=179 over 16 weeks
	OR 1.14 [95%CI 1.01, 1.28]
NNH=188 over 28 weeks


A systematic review/meta-analysis comparing formoterol or salmeterol to placebo or anticholinergics was conducted in patients with COPD.31 Safety endpoints included mortality and respiratory death.  The primary evaluation was to compare LABAs as a class to placebo or anticholinergics.  There was no significant difference in mortality (RR 0.90; 95% CI 1.76, 1.06) or respiratory death (RR 1.09 95%CI 0.45, 2.64).  The authors also noted there was no significant difference in risk of death between formoterol and salmeterol. 
In the head-to-head asthma trials, both BUD/FOR and FTC/SAL were well tolerated and there generally were no notable differences between groups.  

Sympathetic Adverse Events
According to the product package insert, there was no difference between the combination products and their respective LABAs alone or placebo.
The 2006 Oregon Drug Effectiveness Review Project (DERP) compared formoterol and salmeterol using head-to-head trials conducted in patients with asthma.32 The review was limited to those studies using the marketed delivery devices (4 trials).  The authors concluded that there were no meaningful differences in the incidence of tachycardia, tremor, or hyperkalemia.  
Heart rate variability (HRV) was evaluated after a single dose of formoterol 12mcg or salmeterol 50mcg in 39 patients with asthma.33 Analysis was performed in 5 minutes intervals over a 30 minute period post-dose.  There was no difference in HRV between the salmeterol and formoterol.  
Adrenal suppression

In study P04139 24-hour plasma cortisol was compared between MF/FOR and FTC/SAL. Both agents caused a similar decrease compared to baseline.  For the medium dose groups of MF/FOR and FTC/SAL, the decrease ranged from 6-17%.  In the higher dose groups, the decrease ranged from 31-34% at endpoint.43, 44
Adrenal function was not evaluated in the head-to-head combination trials comparing FTC/SAL and BUD/FOR.  
According the product package inserts, there were no clinically important differences in 24-h urinary cortisol between the combination products and their respective ICS alone.
A recent Cochrane review that included studies up to January 2007, found no difference between fluticasone and budesonide for morning plasma cortisol, 24-hour urinary free cortisol, and plasma cortisol following a cosyntropin test.34 The 2006 Oregon DERP Drug Class Review of ICS was unable to find any comparative studies evaluating the risk of adrenal crisis between agents.35
There are case reports of Cushing’s syndrome and adrenal insufficiency when high doses of fluticasone or budesonide were given concomitantly with potent CYP3A4 inhibitors.42
Bone mineral density (BMD)
None of the comparative asthma studies evaluated BMD for the combination products.  In the 3-year TORCH trial hip and spine were evaluated via dual-energy x-ray absorptiometry and slit-lamp examinations in a sub study of 658 patients from the US.27 There were no significant differences in BMD between active drug groups and placebo nor was there a significant difference in the probability of fractures (6.3% FTC/SAL; 5.4% FTC; 5.1% SAL, 5.1% placebo). 
Because there are no data comparing BMD in head-to-head trials of the combination products, trials comparing FTC alone and BUD alone were reviewed. Two small 1-year studies evaluated bone density in patients with asthma.  One study compared fluticasone 400mcg/day and budesonide 800mcg/day.  The second study compared fluticasone 1000mcg/day and budesonide 1600mcg/day.  Both studies found no significant decrease in BMD compared to baseline. 36, 37 No trials were found comparing mometasone to fluticasone or budesonide.
Glaucoma/cataracts43, 44
No clinical studies directly comparing BUD/FOR, FTC/SAL, or budesonide, fluticasone, were found.  In study P04139 newly developed cataracts was compared between MF/FOR and FTC/SAL. Newly developed cataracts were graded by the Lens Opacities Classification System, Version III (LOCS III).  Normal annual increase in LOCS III grades in middle-aged and older individuals is <1.0 unit. A change of 1 or more units from baseline was considered as an adverse event.  
There were 15 patients with a LOCS III grade change of ≥ 1 unit from baseline.  When viewed as percentage of patients per group, the values were 3.5% and 3.8% for the low and high dose MF/FOR groups and 5.9% and 1.5% for the low and high dose FTC/SAL groups.  Five of the 15 cases were considered as serious adverse events that were considered as possibly related to study drug.  Four patients were taking MF/FOR 400/10mcg BID (2 patients discontinued study) and 1 patient was FTC/SAL 250/50mcg BID (patient discontinued study).
Hoarseness/dysphonia

Three of the comparative FTC/SAL and BUD/FOR asthma trials provided information on dysphonia .16, 18-19 When these studies are combined, dysphonia was reported in 36/1327 (SAL/FTC) and 25/1342 (BUD/FOR) patients (OR 1.45, 95%CI 0.87, 2.43).38
Treatment-related dysphonia was reported in the 2 trials comparing MF/FOR and FTC/SAL. In study P0475, dysphonia was reported in 2.2% of MF/FOR patients and 3.1% of SAL/FTC patients.  In study P04139, dysphonia was reported in 5, 0, 3.1, and 0% of patients receiving MF/FOR 100/10, MF/FOR 200/10, FTC/SAL 250/50, and FTC/SAL 500/50 respectively.43, 44
Oral Candidiasis

Two of the comparative asthma trials provided information on oral candidiasis.18, 19 When these studies are combined 13/630 (FTC/SAL) and 8/642 (BUD/FOR) patients developed oral candidiasis (OR 1.64, 95% CI 0.68, 4.0).38 
In study P0475, treatment-related oral candidiasis was reported in 1.3% of MF/FOR patients and 1.1% of SAL/FTC patients.  In study P04139, oral candidiasis was reported in 1.4, 1.5, 0.8, and 3.1% of patients receiving MF/FOR 100/10, MF/FOR 200/10, FTC/SAL 250/50, and FTC/SAL 500/50 respectively.43, 44
Upper respiratory tract infection (URI)
Two of the comparative asthma trials of BUD/FOR vs. FTC/SAL provided information on URI.16, 19 When these studies are combined, URI was reported in 104/818 (FTC/SAL) and 97/826 (BUD/FOR) patients (OR 1.09, 95% CI 0.81, 1.47).38
In study P04139 bronchitis was reported in 1.4, 2.9, 2.3, and 1.5% of patients receiving MF/FOR 100/10, MF/FOR 200/10, FTC/SAL 250/50, and FTC/SAL 500/50 respectively.  In study P04705, there were numerically more patients in the MF/FOR group that reported an URI compared to FTC/SAL (31.8% vs. 23.1%).43, 44
CONCLUSIONS
In general, the clinical efficacy and safety of BUD/FOR, FTC/SAL, and MF/FOR are similar for chronic maintenance therapy of asthma.  A Cochrane review and the Oregon DERP review of came to a similar conclusion regarding the combination products for asthma.38, 40  Additionally, the National Institute for Heath and Clinical Excellence (NICE) in their review of ICS concludes “if a combination device is chosen then the least costly device that is suitable for the individual is recommended”.39
In the absence of head-to-head trials in COPD, it is difficult to conclude if differences exist between agents for maintenance treatment of COPD.  However, in similarly designed trials of BUD/FOR and FTC/SAL, there was no clear evidence that superiority exists.
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Appendix 1:  Head-to-head Clinical Trials in Asthma
	Study
	Inclusion/Exclusion Criteria
	Dosage/Administration
	Demographics/Baseline Values
	Results

	Vogelmeier 2005

R, OL

Europe, Asia, Canada
12-months

ITT analysis

N=2135

Sponsored by AstraZeneca
	Inclusion

> 12 years old
Dx of asthma for > 6 mos.

Used > 500mcg/day of BUD or > 1000mcg of FTC or ≥ 1000mcg of other ICS for > 1 mo prior to study entry

Pre-SABA FEV1 40-90% predicted
> 1 severe exacerbation > 2 weeks - < 12 mos. before study entry

Use of prn medication on > 4 of the last 7 days of run-in period

Exclusion

Use of BUD/FOR or FTC/SAL during the last 3 months
	2-week run-in period during which patients used their existing ICS and (LABA if applicable), and PRN SABAs.
Randomized to:

BUD/FOR 160/4.5mcg (via Turbuhaler) 2 inhalations BID + additional inhalations PRN

FTC/SAL 250/50mcg (via Diskus) 

1 inhalation BID + PRN albuterol

Maintenance treatment was titrated upward or downward to improve control or attain lowest effective dose.  For FTC/SAL doses that can be used were 100/50, 250/50, 500 /50 given BID. For BUD/FOR doses that can be used were 160/4.5 given as either 2 inhalations BID or 1 inhalation BID.

	Values shown for BUD/FOR and FTC/SAL respectively  as mean (range)
% male: 42.3; 39.9
Age (yrs): 45 (12-80); 45(12-84)

Asthma duration (yrs): 13 (1-75); 12 (0-74)

Pre-SABA FEV1% pred: 73 (39-115): 73 (28-100)

%FEV1 reversibility: 13; 13

ICS dose (mcg/day): 888(50-2000);

881 (400-3000)

Inhaled LABA use (%): 38; 38

PRN med use (inhalations/day): 2.6 (0.2-10.7); 2.7 (0.3-33.7)

Use of < 4 inhalations/week of PRN meds (%): 5; 5

Overall ACQ-5 score: 1.86 (0-5.2); 1.87 (0-5.0)

Overall AQLQ score: 4.97 (1.8-7.0); 4.95 (1.2-7.0)

	BUD/FOR
FTC/SAL
D/C study (All/due to AE)

119 / 13
150/ 21
Time to 1st severe exacerbation*^
Prolonged in the BUD/FOR group*

All severe exacerbations

(events/pt/yr)

0.24^
0.31
Severe exacerbations excluding unscheduled clinic visits

(events/pt/yr)

0.19^
0.23

Severe exacerbations leading to ER/hospitalization (events/pt/yr)

0.04

0.05

Change in FEV1 pre- and post  SABA
0.17 /0.07
0.14/0.04
PRN med use (inhalations/day)

0.58^
0.93

% pts. using a maximum of 4 PRN inhalations/week

76%^

66%

Change in overall ACQ-5 score
-0.64
-0.58
Change in overall AQLQ score
0.60
0.57
Maintenance ICS dose [BDP equiv]§
562 [1019]
583[1166]
*Primary endpoint
^Significantly different from FTC/SAL
§Mean dose of PRN BUD/FOR was 91mcg/day

	Kuna 2007
R, DB, DD

Europe, Asia, Mexico, S. Africa

6-months

ITT analysis

N=3335

Sponsored by AstraZeneca
	Inclusion

> 12 years old

Dx of asthma for > 6 mos.

Using > 500mcg/day of BUD or FTC or > 1000mcg of another ICS for > 1 mo prior to study entry

FEV1 > 50% predicted

> 12% reversibility post SABA

> 1 exacerbation in previous 12 mos.

Use of PRN medication on > 5  of the last 7 days of run-in period

Exclusion

>10 PRN inhalations in any day of run-in

Experienced exacerbation during run-in

Use of systemic steroids or had respiratory infection within 30 days of study entry
	2-week run-in period during which patients used their existing ICS and PRN SABAs.

Randomized to:

BUD/FOR 160/4.5mcg (via Turbuahaler) 1 inhalation BID + additional inhalations PRN (this group referred to as SMART)
BUD/FOR 320/9mcg (via Turbuhaler) 1 inhalation BID + PRN albuterol

FTC/SAL 125/25mcg (via pMDI) 

2 inhalations BID + PRN albuterol


	Values shown for SMART; BUD/FOR and FTC/SAL respectively  

Mean±SD

% male: 43; 41; 43

Age (yrs): 38 ±17 ( all groups)

 > 18years: 81% (all groups)

FEV1 %predicted: 72±14; 73±14; 73±14

%FEV1 reversibility: 24±12; 25±14; 23±12

ICS dose (mcg/day): 740±240; 750±262; 744±230

Inhaled LABA use (%): 46; 47; 47

Never smoked (%): 79; 78; 80

Current smoker (%): 5; 7; 5

PRN med use during run-in (inhalations/day): 2.29; 2.31; 2.33


	SMART
BUD/FOR
FTC/SAL
Completed study
95%
95%
96%
Time to 1st severe exacerbation*

SMART vs. SAL/FTC HR 0.67[0.52-0.87] 

SMART vs. BUD/FOR HR 0.74 [0.56-0.96]

NS  diff between FTC/SAL and BUD/FOR

All severe exacerbations

(events/100-pt/6-mo)

12§¶
16
19
Severe exacerbations ER/hospitalization (events/100-pt/6-mo)

5§
5^
8
Mild exacerbations
(events/100-pt/6-mo)
27
29
27
FEV1 and PEF

No difference between groups

Asthma symptom scores

No difference between groups

Asthma questionnaires
0.74-0.79 (ACQ-5 score)
0.76-0.78  (AQLQ(S)

(similar improvement in all groups)

PRN med use (inh/day)

1.02

1.05^

0.96

PRN-free days (%)

56§
57.8
59.1
Maintenance ICS dose as BDP equivalents (mcg/day)

755
1000
1000
Oral steroid use (overall #days/group)

619

1044

1132

*Primary endpoint

§Significant for SMART vs. FTC/SAL
¶Significant for SMART vs. BUD/FOR

^Significant for BUD/FOR vs. FTC/SAL

	Dahl 2006
R, DB, DD

24 weeks

ITT analysis

N=1391

Sponsored by Glaxo Smith Kline

	Inclusion

Asthma for at least 6 months
>18 years old

Receiving 1000-2000mcg/day of beclomethasone (or equivalent)
> 12% reversibility following SABA

>2 episodes of symptoms on at least 4 of the last 7 run-in days

Exclusion

Upper/lower RTI or acute asthma exacerbation requiring hospitalization/ER visit within 4 weeks of study

Used oral steroids within 4 weeks or depot steroid within 12 weeks of study

Pre-bronchodilator FEV1 < 50% predicted

Smoking history > 10 pack-years
	2-week run-in period during which patients used their existing ICS and PRN SABAs.

FTC/SAL 250/50mcg (via Diskus) 1 inhalation BID + PRN albuterol
BUD/FOR 6/200mcg (via Turbuhaler) 2 inhalations BID + PRN albuterol
	Values shown for FTC/SAL and BUD/FOR respectively
% male: 44; 41

Age (yrs): 45.6 (18-91); 47.1 (18-82)

FEV1% pred: 78.7 ± 17.9; 78.5 ±18.2

%FEV1 reversibility: 19.6±10.8; 24± 14.8

Exacerbations in last 12 months req antibiotics/ICS (#): 0.6±1.0; 0.6±1.1

Exacerbations in last 12 months req hospitalization (#): 0.1±0.3; 0.1±0.3
Sx-free days (%): 8.2±17; 7.3±16.3
Sx-free nights (%): 31.5±35.8; 35±37.6
	FTC/SAL
BUD/FOR

Completed trial (%)

90

91

Severity of exacerbations

(n (%)patients)

      No exacerbation

      Mild

      Moderate/severe

258 (37)

369 (53)

67 (10)

246 (35)

371 (53)

80 (11)

Mean rate of all exacerbations *§
2.69

2.79

Moderate/severe exacerbations¶
0.155
0.223
Moderate/severe exacerbations for weeks 1-8 and 9-16

There was no difference between groups for adjusted mean rate/year during  weeks 1-8 and weeks 9-16

Moderate/severe exacerbations for weeks 17-24

0.105**
0.244

Symptoms scores

Improvement in symptom scores and % of symptom-free days/nights and need for PRN SABA were similar between groups

FEV1/ PEF

There was no significant difference between groups for change in PEFam, FEV1, % symptom free days and nights and % rescue-free days

*Primary endpoint

§Rate ratio 0.96; 95% CI 0.84, 1.10; p=0.571

¶Rate ratio 0.7; 95%CI 0.48, 1.01; p=0.059(adjusted mean rate/year)
**Significant vs. BUD/FOR

	Bousquet 2007

R, DB, DD
S. America, Europe, Australia, Canada, Asia, Mexico, S. Africa

6 months

ITT analysis

N=2304
Sponsored by AstraZeneca
	Inclusion

> 12 years old

Symptomatic asthma

Treated with ICS alone or ICS/LABA for ≥ 3 months prior to study
Pre-bronchodilator FEV1 > 50% 

predicted

> 12% reversibility following SABA

> 1 clinically important asthma exacerbation in the previous year

Need for PRN SABA > 5 of last 7 days of run-in

Exclusion

Recent respiratory infection

Use of systemic steroids within 30 days of study entry

Use of any β-blocker

>10 pack-years smoking history
	2-week run-in period during which patients used their existing ICS (+ LABA if used prior to study) and PRN SABAs.

BUD/FOR 160/4.5mcg (via Turbuhaler) 2 inhalations BID and PRN

FTC/SAL 500/50mcg (via Diskus) 1 inhalation BID and terbutaline PRN


	Values shown for BUD/FOR and FTC/SAL respectively  as mean (range)

% male: 38; 38

Age (yrs): 40 (12-80); 39(12-80)

Asthma duration (yrs): 14 (1-67); 13 (1-77)

FEV1% pred: 70.2 (45-114): 71 (45-222)

%FEV1 reversibility: 23.9 (7-103); 23.9 (7-95)

Exacerbations in last 12 months: 1.8 (1-10); 1.9 (1-24)

ICS dose (mcg/day): 705(250-1600);

720 (200-2000)

Inhaled LABA use (%): 56; 54

Never smoked (%): 82; 82

Previous smoker (%): 13; 13

Current smoker (%): 4; 5


	BUD/FOR

FTC/SAL
Completed trial

91.5%

90%

Time to 1st severe exacerbation*

Not significantly different between groups  (RR 0.82; 95% CI 0.63, 1.05)

Severe exacerbation
(events/100-pt/year)

25¶
31
Exacerbations ER/hosp
(events/100-pt/year)

9¶
13
FEV1 and PEF
Similar improvement in both groups

ICS dose [BDP equiv]

792 [1238]¶§
1000 [2000]

PRN medication-free days 

59% in both groups

PRN medication (inhalations/day)

0.95

1.01

Oral steroid use 

#days / patients, n (%)

764

88 (7.6)

990

108 (9.4)

Asthma symptoms
Similar improvement in both groups

For % asthma control days, symptom score, % awakenings, % symptom-free days

ACQ-5 scores

Similar improvement in both groups

*Primary endpoint

¶Significant vs. FTC/SAL
§Value includes both maintenance and PRN use of BUD/FOR

	Aalbers 2004
European study

Tx period 1

R, DB, DD 

1 month
Tx period 2

R, OL

6 months 

N=658

ITT analysis

Sponsored by AstraZeneca
	Inclusion

> 12 years old

Asthma diagnosis > 6 months

Stable asthma
Treated with ICS alone or ICS/LABA for  > 12 weeks prior to screening
Daily ICS dose constant (500-1200mcg) over the last month

FEV1 > 50% predicted

Asthma symptom score >1 on at least 4 of the last 7 days of run-in
Mean AM PEF during the last 7 days of run-in of 50-85% of post-SABA PEF
Exclusion

Respiratory infection within 1 month of study
Use of systemic steroids within 30 days of study entry

Use of any β-blocker

>10 pack-years smoking history


	10-14 day run-in period during which patients remained on their ICS therapy (no LABA) + PRN SABA
Treatment period 1 (1 month)

BUD/FOR  160/4.5mcg (via Turbuhaler) 2 inhalations BID  + PRN SABA
FTC/SAL 250/50mcg (via Diskus) 1 inhalation BID + PRN  SABA
Treatment period 2 (6 months)

BUD/FOR 160/4.5mcg (via Turbuhaler) 2 inhalations BID + PRN SABA
Adjustable dose BUD/FOR 160/4.5mcg (via Turbuhaler) as 1,2, or 4  inhalations BID based on asthma control + PRN SABA
FTC/SAL  250/50 (via Diskus) 1 inhalation BID + PRN SABA
Prohibited medications: xanthines, inhaled cromones, leukotriene modifiers, inhaled anticholinergics, beta-agonists other than study medications
	Values shown for BUD/FOR(AMD); BUD/FOR; FTC/SAL respectively

% male: 42.9; 44.7; 48.7
Age (yrs): 47 (12-76); 46 (13-85); 46 (14-78)
Asthma duration (yrs): 13 (0-73); 12(1-60); 12 (1-62)
FEV1% pred: 84 (47-142); 84 (45-156); 85 (50-134)
ICS dose (mcg/day): 725 (500-1600; 751 (500-1600); 729 (400-1200)
LABA use at entry (%): 27; 30; 27

Combination LABA/ICS use at entry (%): 45; 45; 46

PEF post-SABA (L/min): 465 (170-850); 461 (200-750); 475 (167-951)

Reliever-free days (%): 28 (0-100); 26 (0-100); 28 (0-100)
	During treatment period 1, there was no difference between BUD/FOR and FTC/SAL for morning/evening PEF, PRN SABA use, % awakenings, and daytime symptom scores.  Change in FEV1 (L) was slightly better with BUD/FOR compared to FTC/SAL (between group difference -0.05L; p=0.047)

Treatment Period 2
BUD/FOR (AMD)

BUD/FOR

FTC/SAL
Completed trial

87.7%
85.6%
88.8%
Well-controlled asthma weeks*

BUD/FOR (AMD) vs. BUD/FOR 

OR 1.3335; 95%CI 1.001, 1.783; p=0.49

BUD/FOR (AMD) vs. FTC/SAL
OR 1.048; 95%CI 0.791, 1.391; NS

Total exacerbations 
#/rate

35
0.024/mo¶
50
0.036/mo

59
0.041/mo

FEV1 (L)

Change in FEV1 (L) was slightly better with BUD/FOR compared to FTC /SAL(between group difference -0.058L; p<0.05)

PEFam

No significant difference between groups

Daytime asthma symptom score

No significant difference between groups

Nighttime awakenings (%)
13§
20
16
PRN SABA use (times/day)
0.6¶§
0.9
0.8
Dose used (mcg/day)

544/15

640/18

50/500
Inhalations/day of maintenance meds
3.4§

4.0

*Primary endpoint

¶Significant vs. FTC/SAL
§Significant vs. BUD/FOR

	Busse 2008
US study

Tx period 1

R, DB, DD 

1 month

N=1222

Tx period 2

R, OL

6 months 

N=1169

Efficacy analysis: at least 1 dose of randomized tx and data for at least 1 efficacy endpoint

Sponsored by AstraZeneca
	Inclusion

> 12 years old

Asthma diagnosis > 6 months

Stable asthma

Treated with moderate-dose ICS alone or ICS/LABA for  > 12 weeks prior to screening

Pre-bronchodilator FEV1 > 50% predicted

Exclusion

Systemic steroid use within 30 days of screening
≥20 pack-year smoking history

Respiratory infection

Any significant disease that might interfere with patient’s lung function or participation in study
	10-14 day run-in period during which patients remained on their current asthma therapy

Treatment period 1 (1 month)

BUD/FOR 160/4.5mcg (via pMDI) 2 inhalations BID  + PRN albuterol

FTC/SAL 250/50mcg (via Diskus) 1 inhalation BID + PRN albuterol

Treatment period 2 (6 months)

BUD/FOR 160/4.5mcg (via pMDI) 2 inhalations BID + PRN albuterol

Adjustable dose BUD/FOR (AMD) 160/4.5mcg (via pMDI) as 2 inhalations QD or BID, or 4 inhalations BID based on asthma control + PRN albuterol
FTC/SAL  250/50 (via Diskus) 1 inhalation BID + PRN albuterol
	Values shown for BUD/FOR ; BUD/FOR (AMD); FTC/SAL respectively
% male: 34.2; 43.7; 42.9

Age (yrs): 39.4±16; 38.4±15.8; 38.8±15.9

Asthma duration (yrs): 19.6±15.6; 18.7±14.6; 19.1±14.5

FEV1% pred at screening: 79.3±15.4; 78.9±16.8; 77.9±14.2

Pre-dose FEV1(L): 2.5 ± 0.7; 2.6 ± 0.8; 2.6 ± 0.7

ICS dose (mcg/day): 555.7±210.1; 538.9±200.2; 542.8±181.1


	BUD/FOR
BUD/FOR (AMD)
FTC/SAL
Discontinuations 

(tx period 1)
(tx period 2)

14.6%
9.5%

N/A
11.2%

13.2%
9.5%

Time to 1st exacerbation

No significant difference between groups

≥ 1 exacerbation n (%)*
37 (8.8%)
31 (8%)
37 (9.2%)
Exacerbations per pt-treatment  year*

0.240

0.196

0.189

Change FEV1(L)

0.15± 0.28

0.13±0.25

0.16±0.31

Change PEFam (L/min)

30.7 ± 42.1

34.7±47

33.6±44

Change PRN albuterol (puffs/d)

-1.32± 1.6

-1.42± 2.1

-1.3 ± 1.6

Rescue med-free days (%)

41.2 ± 35.3

41.8 ± 34.8

38.6 ± 35.5

*Primary endpoints

Secondary outcomes

No difference in daytime/nighttime asthma symptom score, average daily asthma symptom score, % symptom-free days, % awakening-free nights, %asthma control days, patient global assessment, hospitalizations, ER visits, urgent care visits, Unscheduled healthcare provider visits, systemic steroid use, concomitant asthma-related medication use, ACQ score
Physician global assessment: BUD/FOR (AMD) and BUD/FOR significantly better than and FTC/SAL
AQLQ (S): BUD/FOR (AMD) significantly better than BUD/FOR and FTC/SAL
Days of interrupted activity BUD/FOR (AMD) and FTC/SAL  significantly better than BUD/FOR
Hours missed from school/work: BUD/FOR (AMD) significantly better than BUD/FOR
ATSM score: BUD/FOR (AMD) significantly better than FTC/SAL

	FitzGerald 2005

R, DB, DD

52-weeks

ITT

N=688

Sponsored by GlaxoSmithKline
	Inclusion

Documented history of asthma

Age ≥ 18 and < 70

FEV1 60-90% predicted normal

Treated with ICS alone (BDP equivalent 500-1000mcg/d) or in combination with a LABA (BDP dose equivalent of 200-500mcg/day if combined with a LABA) for at least 12 weeks before enrollment

Daily symptom score ≥ 2 on ≥4 of the last 7 days or run-in

Exclusion

Lower RTI or use of systemic steroids within 1 month of study

≥ 10 pack-years smoking

Changes to regular asthma therapy within 12 weeks of study entry 

Any other significant disorders that may put patient at risk or influence study outcomes


	2-week run-in period during which patient took current asthma meds with PRN albuterol

FTC/SAL  250/50 (via Diskus) 1 inhalation BID + PRN albuterol
Adjustable dose BUD/FOR 160/4.5 (via Turbuhaler) 2 inhalations BID* (may be adjusted to 1 inhalation QD or BID or 4 inhalations BID according to criteria) + PRN albuterol
*During weeks 1-4, patients took fixed dose BUD/FOR 2 inhalations BID.  Adjustable maintenance dosing began at week 5
	Values shown for FTC/SAL; BUD/FOR (AMD) respectively
% male: 59; 63

Age (yrs): 46±14; 44±14
Asthma duration ≥ 10yrs (%): 57; 58
FEV1% pred: 82±21; 81±13 
FEV1 (L): 2.53± 0.80; 2.52 ± 0.70

ICS dose (mcg/day): 509±275; 515±303
LABA use (%): 44; 41

PEF (L/min): 357± 103; 362 ±100

Daily asthma symptom score: 1.9 ± 0.6; 1.9 ±0.5


	FTC/SAL
BUD/FOR (AMD)

% symptom-free days*

Weeks 1-4

Weeks 1-52

Weeks 5-52

25

58.8 ‡
73.8 ‡
25

52.1
64.9

% days free of rescue medication
Weeks 1-52

Weeks 5-52

90.5‡
94.5‡
85.6

90.7

PRN albuterol (occasions/day)

0.1‡
0.2
Daily symptoms score
0.8 ±0.8
0.9 ± 0.8
% nighttime awakening

Weeks 1-52

Weeks 5-52

1.1

0.3

1.4

0.3

PEFam (L/min)

395± 104

390 ± 100

% well-controlled asthma weeks

82.7

71.2

Exacerbation 

(no. events/ % patients)

50/11.3

96/17.7

Exacerbation requiring  hosp/ED visit (no.)

2/0

3/3

Exacerbation rate per year

0.18‡

0.33

Oral steroid use (days)

301‡

559

Stepped down to 1 inh. BID (%) ^

Stepped up to 4 inh. BID (%) ^

85.8

24.1

82.2

41.6

*Primary outcome

‡Significant vs. BUD/FOR (AMD)

^This was a double-dummy controlled study; pts. in the FTC/SAL group a 

   placebo device was dosed according to AMD criteria



	Study P04705
R, OL, evaluator-blind
North, South, Central, and Latin America; Europe, Russia, Ukraine

12-weeks

ITT

N=722
Sponsored by Merck
	Inclusion
≥ 12 years old

Diagnosis of asthma for  ≥ 12 months

FEV1 ≥ 60% and ≤ 90% of predicted normal

Treated with medium dose ICS (+/- LABA) for ≥ 12 weeks and been on stable regimen for ≥ 2 weeks prior to screening

Exclusion

Change in absolute FEV1 of > 20% at any time between the Screening and Baseline Visits on any 2 consecutive days between the Screening and Baseline visits. 

Use of ≥8 inhalations per day of SABA MDI or 2 or more nebulized treatments per day of 2.5 mg SABA on any 2 consecutive days between the Screening and Baseline Visits. 

Decrease in AM or PM PEF below the Run-in Period stability limit on any 2 consecutive days prior to randomization. 
Clinical asthma exacerbation: defined as a clinical deterioration of asthma as judged by the clinical investigator between the Screening and Baseline Visits that results in emergency treatment, hospitalization due to asthma, or treatment with additional, excluded asthma medication (including oral or other systemic corticosteroids, but allowing SABA). 
	2-4 week open-label run-in period where patients received OL MF 200mcg BID.  Afterwards they were randomized to one of the 2 treatments in  a 12-week phase 
MF/FOR 200/10mcg (via MDI) BID

SAL/FTC 50/250mcg (via Diskus) BID
	Values shown for MF/FOR; FTC/SAL respectively

% male: 36; 37
Age (yrs): 44.8±14.7; 45.1±14.5
% pts 18 to <65 yrs old: 86.5; 87.7

Asthma duration (yrs): 15±11.78; 15.9±11.9 

FEV1% pred: 74.2±9.12; 74.6± 8.75

FEV1 (L): 2.34±0.58; 2.37±0.62

%FEV1 reversibility: 19: 19
Pre-bronchodilator AM PEF (L/min): 357.7; 558.3
Inhaled LABA use (%): 44; 50
ACQ total score: 1.80±0.72; 1.80±0.69

Total AQLQ(S) score: 5.14±1.0; 5.14±0.96
Baseline daily SABA use: 3.37; 3.19
	MF/FOR
FTC/SAL
Dropouts 

109/371 (29.4)

100/351 (28.5)

Change in FEV1 AUC0-12h (L/h)
3.43
3.34
Change in ACQ total score
-0.65
-0.65
Proportion of symptom-free days and nights
0.42
0.43
≥ 1 severe asthma exacerbation (%)

19.4

16.5

% of patients with SABA use on days 1, 8, and 85 respectively

35.5/42.8/19.2

37.3/38.9/15.1

Mean change in daily SABA use from baseline

-2.03

-2.28



	Study P04139
R, OL, evaluator-blind
South America and Mexico

52-weeks

ITT

N=404

Sponsored by Merck
	Inclusion

≥ 12 years old

Diagnosis of asthma for  ≥ 12 months

FEV1 ≥ 50% of predicted normal

Treated with medium or high dose ICS (+/- LABA) for ≥ 12 weeks and been on stable regimen for ≥ 2 weeks prior to screening

Exclusion

Change in absolute FEV1 of > 20% at any time from the Screening Visit up to, and including, the Baseline Visit. 
Requires the use of > 12 inhalations per day of short-acting beta-agonist (SABA) MDI or > 2 nebulized treatments per day of 2.5 mg salbutamol, on any 2 consecutive days from the Screening Visit up to, and including, the Baseline Visit. 

Clinical asthma exacerbation (defined as a deterioration of asthma that results in emergency treatment, hospitalization due to asthma, or treatment with additional, excluded asthma medication [other than SABA]) at any time from the Screening Visit up to, and including, the Baseline Visit. 

A subject who has ever required ventilator support for respiratory failure secondary to asthma. 

Smoker or ex-smoker and has smoked within the previous year or has had a cumulative smoking history > 10 pack-years. 
	1-2 week run-in on previous asthma therapies and PRN albuterol
Patients stratified by previous ICS dose (medium vs. high) and randomized 2:1 to MF/FOR:SAL/FTC

MF/FOR 200/10 BID (on prior medium dose ICS)

MF/FOR 400/10 BID (on prior high dose ICS)
FTC/SAL 250/50 BID (on prior medium dose ICS)

FTC/SAL 500/50 BID (on prior high dose ICS)
All drugs were given via MDI


	Values shown for MF/FOR (med); MF/FOR (high); FTC/SAL (med): FTC/SAL (high) respectively
% male: 35; 34; 44; 38
Age (yrs): 32.7±15.2; 39.3±14.5; 32.4±14.9; 37.1±15

% pts 18 to <65 yrs old: 77; 87; 79; 86

Asthma duration (yrs): 15.32±11.92; 19.38±13.2; 16.53±12.1; 18.1±12.3

FEV1% pred: 80.5±15.9; 74.5± 15.8; 78.1±16.3; 72.2±17.7

FEV1 (L): 2.56±0.78; 2.31±0.72; 2.53±0.8; 2.26±0.71

Historical %FEV1 reversibility: 20.6; 23.3; 23.4; 23.6

Prior combination ICS/LABA use (%): 17; 25; 17; 25
Baseline daily SABA use: 1.9; 2.4; 1.6; 2.8
	MF/FOR (med)

FTC/SAL (med)
MF/FOR (high)
FTC/SAL (high)

Completed tx period (%)

87

85

83

88

d/c due to AE (%)

4

3

5

0

Any tx-related AEs (%)

28.4

23.5
23.1
20

24-h plasma cortisol AUC‡
Decrease ranging from 
6-17%

Decrease ranging from 
31-34%

LOCS III grade change of ≥ 1 unit
(%)
3.5
5.9
3.8
1.5
≥ 1 severe asthma exacerbation (%)

23.4
17.6
32.3
27.7
≥ 1 SABA use (%)

78

77
81
80

Mean change in daily SABA use from baseline

-1.0

-1.1
-1.3
-1.9

‡Evaluated in 57 patients



ACQ=asthma control questionnaire; AUC=area under the curve; AE=adverse event; AMD=adjustable maintenance dose; AQLQ (S) = Asthma quality of life questionnaire (standardized); ATSM=asthma treatment satisfaction measure; BID=twice daily; BDP=beclomethasone dipropionate; BUD/FOR=budesonide/formoterol; DB=double-blind; DD=double-dummy; Dx=diagnosis; FEV1=forced expiratory volume in 1 second; FTC/SAL= fluticasone/salmeterol; ICS=inhaled corticosteroid; IOP=intraocular pressure; ITT=intent-to-treat analysis; LABA=long-acting beta-agonist; LOCS III= Lens Opacities Classification System, version III; MF/FOR=mometasone/formoterol; OL=open-label; OR=odds ratio; PEF=peak expiratory flow; pMDI=pressurized metered dose inhaler; PRN=as needed; QD=once daily; R=randomized-controlled; RR=relative risk; SABA=short-acting beta-agonist; Sx=symptoms
Appendix 2: Combination Long-acting beta agonist + Inhaled corticosteroids in COPD
	Study
	Inclusion/exclusion criteria
	Dosages
	Demographics/baseline values
	Results

	Szafranski 2003

R, DB, PC
S. America, Europe, Mexico, 

S. Africa

12-months

ITT analysis

n=812

Sponsored by

AstraZeneca


	Inclusion
COPD GOLD stages IIB and III
> 40 years old

COPD symptoms > 2 years

Smoking history > 10 pack-years

FEV1/FVC < 70%

FEV1 < 50% predicted

Uses SABA prn

Total sx score > 2 per day during last 7 days of run-in period

>1 severe COPD exacerbation 2-12 months prior to first visit

Exclusion
h/o asthma; seasonal allergic rhinitis before age 40; relevant cardiovascular disorder, use of O2 tx; use of beta-blockers; COPD exacerbation during run-in; other significant disease
	2-week run-in period where only PRN terbutaline was used
BUD/FOR 160/4.5mcg 

2 inhalations BID (delivery device not stated)
Budesonide 200mcg (delivered dose 160mcg)

 2 inhalations BID via pMDI
Formoterol 4.5 mcg  2 inhalations BID via Oxis
Placebo 

As needed SABA allowed
	Values for BUD/FOR; BUD; FOR; placebo  respectively

Age (years): 64 (range 41-82); 64 (range 40-90); 63 (range 40-90); 65 (range 47-92)

Male (%): 76; 80; 76; 83

Current smoker (%): 30; 36; 38; 34

Pack-years: 44; 44; 45; 45

FEV1 (L): 0.96; 1.01; 1.0; 0.98

FEV1% predicted: 36; 37; 36; 36

FEV1/FVC (%): 41; 44; 43; 42
Reversibility % pred: 6; 5; 6; 5 

ICS (%): 26; 24; 28; 26

Anticholinergics (%): 24; 31; 27; 29

LABA (%): 17; 17; 16; 20

Combivent (%): 25; 20; 20; 21

Xanthines (%): 26; 25; 22; 31


	BUD/FOR
BUD

FOR

Placebo
Completed study (%)

72

69

68

56

% inc in FEV1 vs. placebo*
+15%‡§

+5%‡
+14%‡
Severe exacerb rate (per pt-yr)*
1.42‡¶
1.59

1.84

1.87

Oral steroid (courses per 

pt-yr)

0.74‡¶
0.76‡¶
1.04
1.07
SGRQ

-3.9‡
-1.9
-3.6
-0.03

PRN SABA

BUD/FOR significantly reduced use by 1.3 and 0.7 inhalations/day versus placebo and BUD respectively

Symptom scores

· BUD/FOR  sig vs. BUD, PL for total, awakening, SOB, cough and chest tightness scores

· BUD/FOR  sig vs. FOR for awakening score only

*Primary endpoint

‡Significant vs. placebo

§ Significant vs. budesonide

¶Significant vs. formoterol

	Calverley 2003

R, DB, PC
Conducted in Europe, S. America, China, Taiwan, Malaysia, S. Africa, Brazil

12-months

ITT analysis

n=1022

Sponsored by

AstraZeneca


	Inclusion
COPD GOLD stages III and IV

> 40 years old

COPD symptoms > 2 years

Smoking history > 10 pack-years

Pre-bronchodilator FEV1/FVC < 70%

Pre-bronchodilator FEV1 < 50% predicted

>1 COPD exacerbation requiring OCS an/or antibiotics 2-12 months prior to first visit

Exclusion
h/o asthma; seasonal allergic rhinitis before age 40; relevant cardiovascular disorder, use of O2 tx; use of beta-blockers; COPD exacerbation within 4 weeks of enrolment or during run-in; other significant disease
	2-week run-in period patients received oral prednisolone 30mg daily and formoterol 9mcg BID and PRN terbutaline

BUD/FOR 160/4.5mcg 

2 inhalations BID via Turbuhaler
Budesonide 200mcg (delivered dose 160mcg)
2 inhalations BID via Turbuhaler 

Formoterol 4.5mcg 

2 inhalations BID via Oxis 

Placebo 

As needed SABA allowed


	Values for BUD/FOR; BUD; FOR; PL respectively

Age (years): 64 (range 42-86); 64 (range 41-85); 63 (range 41-84); 65 (range 43-85)

Male (%): 78; 74; 75; 75

Current smoker (%): 33; 39; 36; 30

Pack-years: 39; 39; 38; 39

FEV1 (L): 0.98 ± 0.33; 0.99 ± 0.33; 1.0 ± 0.32; 0.98 ± 0.33

FEV1% predicted: 36±10 for all groups

FEV1/FVC (%): 42±12; 44±12; 44±12; 44±11

Reversibility % pred: 6±7; 6±7; 6±6; 6±6

SGRQ total score: 48±19; 49±18; 47±19; 48±18

ICS (%): 47; 51; 48; 46

Anticholinergics (%): 29; 30; 30; 32

LABA (%): 31; 30; 30; 25

Combivent (%): 16; 18; 18; 22

Xanthines (%): 37; 33; 40; 36
	BUD/FOR
BUD

FOR

Placebo
Completed study

71%

60%

56%

59%

% inc in FEV1 vs. PL*
14%‡§¶
2%

8%‡
Median time to 1st exacerbation*
254 days‡§¶
178 days

154 days

96 days

Exacerb per pt-yr

1.38‡¶
1.60

1.85

1.80

Exacerb per pt-yr requiring  OCS

0.63‡§¶
0.87‡
0.91

1.14

SGRQ (diff vs. PL)

-7.5‡
-3.0‡
-4.1‡
PRN SABA

BUD/FOR significantly reduced use by 0.8 inhalations/day vs. both BUD and placebo and by 0.3 inhalations/day versus FOR

Symptom scores

· BUD/FOR  and FOR sig vs. PL for total score, SOB and chest tightness domains and night-time awakening

· BUD/FOR  sig vs. BUD for shortness of breath score only

· BUD sig vs. PL for night-time awakening score only

· NS difference between groups for cough score

*Primary endpoint

‡Significant vs. placebo

§ Significant vs. budesonide

¶Significant vs. formoterol

	Tashkin 2008

R, DB, DD, PC
Conducted in the US, Czech Republic, Netherlands, Poland and 

S. Africa

6 months

ITT analysis

n=1704

Sponsored by

AstraZeneca


	Inclusion
Moderate-very severe COPD

Current or ex-smoker (smoking history ≥ 10 pack years)

> 40 years old

Symptoms > 2 years

≥ 1 COPD exacerbation treated with a course of oral steroids and/or antibacterials withn 1-12 months before screening and documented use of a SABA as rescue medication

Pre-bronchodilator FEV1/FVC < 70%

Pre-bronchodilator FEV1 < 50% predicted

≥ 2 on MMRC Dyspnea Scale
BCSS score ≥ 2 per day for at least half of the 2-week run-in period

Exclusion
H/O asthma

H/O allergic rhinitis before age 40

Significant/unstable cardiovascular disease

Clinically significant respiratory disease other than COPD

Homozygous α-1 antitrypsin deficiency

Any non-cardioselective β-blocker

Required additions or alterations to their usual COPD meds or an increment in rescue tx due to worsening symptoms within 30 days before screening or during run-in
	2-week run-in period during which patients continued on their usual ICS or LABA.  Those previously receiving anticholinergics were placed on stable doses of ipratropium.  SABA was given for PRN use

BUD/FOR 160/4.5mcg (via HFA  pMDI) 2 inhalations BID
BUD/FOR 80/4.5mcg (via HFA  pMDI) 2 inhalations BID
BUD 160mcg (via HFA pMDI) + FOR 4.5mcg (via Turbuhaler) 2 inhalations of each inhaler BID
BUD 160mcg (via HFA  pMDI) 2 inhalations BID
FOR 4.5mcg (via Turbuhaler) 2 inhalations BID
Placebo 

As needed SABA allowed
	Values for BUD/FOR  160/4.5; BUD/FOR 80/4.5; BUD +FOR 160+4.5; BUD; FOR; Placebo respectively (mean±SD)
Age (years): 63.1±9.0; 63.6±9.0; 63.7±9.0; 63.4±8.8; 63.5±9.5; 63.2±9.6

Male (%): 67.9; 64.4; 74.2; 67.6; 65.5; 69

Current smoker (%): 44.4; 44.8; 41.5; 42.9; 41.9; 39.7

Pack-years: 40; 40; 42; 41; 40; 40

Pre-doseFEV1 (L): 1.04 ± 0.42; 1.04 ± 0.40; 1.05 ± 0.36; 1.04 ± 0.40; 1.02 ± 0.40; 1.08 ± 0.38

Post-bronchodilator FEV1% predicted: 39.1 ± 11.8; 39.9 ± 11.2; 39.2 ± 11.4; 39.7 ± 12; 39.6 ± 12.8; 41.3 ± 12
SGRQ total score: 56.5 ± 15.8; 55.5 ± 16.3; 56.7 ± 16.4; 56.1 ± 16.9; 53.8 ± 16; 55.6 ± 17

ICS (%): 54.2; 52.7; 55.1; 52; 55.3; 56.3
Short-acting anticholinergic(%):
 61; 59.8; 59.9; 59.3; 64.4; 58.3
Long-acting anticholinergic (%):

13; 13.2; 13.6; 13.5; 16.9; 16

LABA (%): 35.4; 36.7; 33.1; 34.5; 33.1; 32.7
ICS/LABA combination (%): 24.2; 23.5; 23.7; 21.5; 22.5; 24

Combivent (%): 17; 20.3; 18.8; 21.1; 21.5; 19.7
Xanthines (%): 26.5; 25.3; 30.7; 31.6; 28.9; 28
	BUD/FOR
320/9
BUD/FOR

160/9
BUD 320
+FOR 9
BUD 320
FOR 9
Placebo

Completed study (%)
85.9

86.5

83.3

77.1

78.5

74.3

Change pre-dose FEV1 (L)*
+0.09‡§¶
+0.07‡§
+0.08
+0.01
+0.05‡
+0.01
Change 1-hr
post-dose FEV1 (L)*
+0.21‡§¶
+0.20‡§
+0.20
+0.04
+0.17‡
+0.04
BCSS 
-0.61‡
-0.64‡
-0.87
-0.50
-0.51
-0.28
Sleep score
-0.23‡¶
-0.21‡
-0.32
-0.19
-0.17
-0.14
Change in awakening-free nights (%)

11.1‡

10.2‡

16.5

9.1

9.5

5.6

Change in rescue med use (inh/day)

-1.04‡§

-1.24‡§

-1.05

-0.39

-0.95‡

-0.14

Change in rescue med-free days (%)

16.4‡§

21.4‡§

17.7

7.4

17.7‡

7.1

Exacerbation

Per pt- yr

Not powered to show a difference.  However, the number of exacerbations per patient-treatment year were numerically lower with any of the groups containing budesonide compared to formoterol alone and placebo
SGRQ (total score)
-4.32‡§¶
-3.89‡§¶
-4.46
-1.75
-1.24
-1.02
*Primary endpoints

‡Significant vs. placebo
§Significant vs. BUD

¶Significant vs.FOR

Note: 

BUD/FOR 320/9mcg was compared to all other treatment groups

BUD/FOR 160/9mcg was compared against BUD, FOR, and placebo

BUD320mcg  + FOR9mcg was only compared with BUD/FOR 320/9mcg

BUD alone and FOR alone were compared against placebo

	Calverley 2003
R, DB, PC
12 months

ITT ?

N=1465

Sponsored by

GlaxoSmithKline
	Inclusion
FEV1 25-70% predicted

FEV1 reversibility < 10% of predicted FEV1after albuterol

FEV1/FVC < 70%

≥ 10 pack-year smoking

H/O chronic bronchitis

≥ 1 episodes of acute exacerbations per year in the previous 3 years

≥ 1 exacerbation in the year immediately before trial entry that required tx with oral steroids, antibiotics or both

Exclusion
Respiratory disorders other than COPD

Required regular O2 treatment

Received systemic steroids, high dose ICS (> 100mcg/day of BDP, BUD, FLU or > 500mcg/day FTC), or antibiotics in the 4 weeks before the run-in period
	2 week run-in period during which PRN albuterol was given. ICS or LABAs could not be used.  Patients continued on their usual anticholinergics, theophylline, PRN SABA

FTC/SAL 500/50mcg (via Diskus) 1 inhalation BID
SAL 50mcg (via Diskus) 1 inhalation BID

Fluticasone 500mcg (via Diskus) 1 inhalation BID
Placebo

All received PRN albuterol
	Values for FTC/SAL; SAL; FTC; PL respectively
Age (years): 62.7±8.7; 63.2±8.6; 63.5±8.5; 63.4±8.6

Male (%): 75; 70;70;75

Current smoker (%): 52; 51; 53; 47

Pack-years: 39; 39; 38; 39

Pre-bronchodilator FEV1% predicted: 44.8± 14.7; 44.3± 13.8; 45 ± 13.6; 44.2 ± 13.7

FEV1/FVC (%): 51.5; 52.2; 51.2; 51

Reversibility % pred: 4.0±5;3.7 ±4.3; 3.7± 4; 4.0 ± 4.5
SGRQ total score: 47±17; 49±17; 48±16; 47±18

ICS (%): 42; 42; 54; 52
LABA (%): 31; 30; 30; 25

Median (range) PRN SABA use/day: 2.7 (0-11); 2.9 (0-14); 2.8 (0-15); 2.7 (0-17)

#awakenings/week: 2.8± 4.9;

3.5 6.1; 3.5 ± 4.9; 3.5 ± 5.3


	FTC/SAL
SAL

FTC

Placebo

Withdrew from study (%)
25‡¶
32
29‡
39
Pre-treatment FEV1 (mL)*
1396 ±11 ‡¶§
1323± 11‡
1302 ± 11‡
1264 ± 11
Change pre-tx FEV1 from baseline

+10%

+2%

+2%

-3%

Post-treatment 
FEV1 (mL)*
1484 ± 11 ‡¶§
1436 ± 11
1454 ± 11‡
1408 ± 11
Total exacerbation
(rate/pt-yr)

0.97‡
1.04‡
1.05‡
1.30
Exacerbation req.

oral steroids

(rate/pt-yr)

0.46 ‡
0.54 ‡
0.50 ‡
0.76
SGRQ total score

44.1 ± 0.5‡§
45.2 ± 0.4
45.5 ± 0.4
46.3 ± 0.5
Symptom scores

Improvement in cough FTC/SAL > placebo‡
Improvement in breathlessness FTC /SAL> SAL, FTC, placebo ‡¶§ 

There was no difference between any groups for improvement in sputum production and sputum color

PRN SABA use/day
1 (0-10) ‡¶§
2 (0-14)‡
2 (0-11)‡
2 (0-32)
Awakenings/week

(no.)

2.31±0.21 ‡¶

2.92 ± 0.21

2.45 ± 0.21‡

3.01 ± 0.21

*Primary endpoints

‡Significant vs. placebo
¶Significant vs. salmeterol

§Significant vs. fluticasone

	Mahler 2002
R, DB, PC

24 weeks

ITT?

N=691

Sponsored by GlaxoSmithKline
	Inclusion

≥ 40 years old
Diagnosis of COPD

Current or former smoker

≥ 20 pack-year smoking

FEV1/FVC < 70%

FEV1 < 65% predicted but > 0.7L

Daily cough productive of sputum for 3 months of the year for 2 consecutive years and dyspnea

Exclusion

Diagnosis of asthma

Oral steroid use in the past 6 weeks

Abnormal clinically significant EKG

Long-term O2 therapy

Moderate-severe exacerbation during run-in period

Any clinically significant medical disorder
	2-week run-in period during which bronchodilators and ICS were d/c’d (accept theophylline if taking).  Patients were given PRN albuterol
FTC/SAL 500/50mcg (via Diskus) 1 inhalation BID

SAL 50mcg (via Diskus) 1 inhalation BID

Fluticasone 500mcg (via Diskus) 1 inhalation BID

Placebo

All received PRN albuterol
	Values for FTC/SAL; SAL; FTC; PL respectively

Age (years): 62 (40-86); 63.5 (40-84);64.4 (42-82); 64 (44-90)

Male (%): 62; 64;61;75

Duration of COPD (yrs): 5 (1-41); 6 (1-46); 5 (1-35); 6 (1-36)

Current smoker (%): 54; 54; 54; 46

Pack-years: 55 (15-150; 52.5 (20-193); 54 (20-200); 60 (20-165)
FEV1% predicted: 41; 40; 41; 41

FEV1 (mL): 1268; 1237; 1233; 1317

FEV1/FVC: 0.49; 0.49; 0.48; 0.49
Bronchodilator response (%): 20.6; 21.2; 19.2; 19.3
ICS (%): 28; 31; 25; 18
BDI: 6.2, 5.9, 6.0, 5.8


	FTC/SAL
SAL

FTC

Placebo

Withdrew from study (%)

32

28

40

38

Pre-treatment FEV1 (mL)

156‡§¶
107‡
109‡
-4.0
% increase in pre-dose FEV1

15%

10%

11%

2%

Postbronchodilator 

FEV1 (mL)

261‡§
233‡
138‡
28
% increase in post-dose FEV1

24%

22%

13%

4%

TDI
2.1‡§¶
0.9
1.3‡
0.4
PRN SABA use (puffs.day)
-0.9‡
-1.2‡
-0.4‡§
+0.5
CDRQ score

+10‡§
+8.0
+4.8
+5.0
Symptom 

*Primary endpoints

‡Significant vs. placebo

¶Significant vs. salmeterol

§Significant vs. fluticasone

	Hanania 2003
R, DB, PC

Conducted in U.S.

24 weeks

ITT?

N=723

Sponsored by GlaxoSmithKline


	Inclusion

≥ 40 years old

Diagnosis of COPD

Current or former smoker

≥ 20 pack-year smoking

FEV1/FVC < 70%

FEV1 < 65% predicted but > 0.7L

Symptoms of chronic bronchitis and moderate dyspnea

Exclusion

Current diagnosis of asthma

Oral steroid use in the past 6 weeks

Abnormal clinically significant EKG

Long-term O2 therapy

Moderate-severe exacerbation during run-in period

Any clinically significant medical disorder


	2-week run-in period during which bronchodilators and ICS were d/c’d (accept theophylline if taking).  Patients were given PRN albuterol

(randomized according to ≥ 12% and 200mL increase in FEV1 after SABA)
FTC/SAL 250/50mcg (via Diskus) 1 inhalation BID

SAL 50mcg (via Diskus) 1 inhalation BID

Fluticasone 250mcg (via Diskus) 1 inhalation BID

Placebo

All received PRN albuterol
	Values for FTC/SAL; SAL; FTC; PL respectively

Age (years): 63 (40-87); 64(42-87);63 (40-84); 65 (40-81)

Male (%): 61; 58;66;68

Duration of COPD (yrs): 6 (1-43); 6 (1-30); 6 (1-53); 6 (1-36)

Current smoker (%): 43; 51; 48; 47

Pack-years: 53 (20-220); 57 (20-224); 60(20-162); 56 (20-165)

FEV1% predicted: 41±1; 42 ± 12; 42 ± 11; 42 ± 12
FEV1 (mL): 1252 ± 404; 1245 ± 432; 1313 ± 439; 1289 ± 425

FEV1/FVC: 0.50 ± 0.10; 0.51 ± 0.10; 0.51 ± 0.10; 0.50 ± 0.11
Bronchodilator response (%): 

20.1; 21.3; 19.5; 20.2
Reversible patients (%): 56; 55; 55; 55
ICS (%): 23; 20; 28; 30

BDI: 6.1, 6.1, 6.2, 5.7


	FTC/SAL
SAL

FTC

Placebo

Withdrew from study (%)

30

32

27

32

Pre-treatment FEV1 (mL)*
165‡¶
91‡
109‡
1
% increase in pre-dose FEV1

17%

9%

11%

1%

2-h postdose 

FEV1 (mL)*
281‡¶§
200‡
147‡
58
% increase in 2-h post-dose FEV1

27%

19%

14%

6%

TDI

+1.7‡
+1.6‡
+1.7
+1.0
PRN SABA use

-1.0‡§
-0.7
-0.2
+0.1
CDRQ score

+10‡
+6.4
+10.4‡
+5
Symptom 

*Primary endpoints
‡Significant vs. placebo

¶Significant vs. salmeterol

§Significant vs. fluticasone

	Calverley 2007
(TORCH study)

R, DB, PC
3 years

ITT

N=6184

Sponsored by GlaxoSmithKline


	Inclusion
40-80 years old

Diagnosis of COPD

Current/former smoker

≥10 pack-year smoking

FEV1 < 60% predicted

Increase in FEV1 < 10% predicted after SABA

FEV1/FVC ≤ 0.70

Exclusion


	2-week run-in period where ICS and LABA were d/c’d.  Other COPD meds could be continued
(randomized according to country and smoking status)

FTC/SAL 500/50mcg (via Diskus) 1 inhalation BID

SAL 50mcg (via Diskus) 1 inhalation BID

Fluticasone 500mcg (via Diskus) 1 inhalation BID

Placebo

All received PRN albuterol
	Values for FTC/SAL; SAL; FTC; PL respectively

Age (years): 65± 8.3; 65.1 ± 8.2; 65 ± 8.4; 65 ± 8.2

Male (%): 75; 76; 75; 76
Current smoker (%): 43% for all groups
Pack-years: 47 ± 26.5; 49.3 ± 27.7; 49.2 ± 28.6; 48.6± 26.9
Exacerbation during the past 12 months req oral steroids or antibiotics (#): 1.0 ± 1.4 for all groups

Exacerbation during past 12 months req hospitalization: 0.2 ± 0.6 for all groups
Patients reporting exacerbation in past 12 months: 57%

FEV1% predicted: 44.3±12.3; 43.6 ± 12.6; 44.1 ± 12.3; 44.1± 12.3
Pre-bronchodilator FEV1 (L): 1.12 ± 0.4; 1.1 ± 0.39; 1.12 ± 0.39; 1.12 ± 0.4

FEV1/FVC: 0.49 ± 0.11; 0.49 ± 0.11; 0.49 ± 0.11; 0.49 ± 0.11

Reversibility (% of predicted FEV1): 3.6± 3.6; 3.7 ± 3.9; 3.7 ± 3.7; 3.7 ± 3.7
ICS (%): 19; 18; 20; 22
LABA (%): 9; 9; 8; 8

Combination ICS/LABA (%): 28; 27; 27; 29

SGRQ score: 49 ± 17; 50 ± 17; 50 ± 17; 49 ± 17
	FTC/SAL
SAL

FTC

Placebo

Withdrew from study (%)

34.1
36.9
38.3
44.2
All-cause mortality (%)
12.6‡§
13.5
16
15.2
COPD-related deaths (%)
4.7§
6.1
6.9
6.0
Annual rate of mod-severe exacerbations
0.85‡¶§
0.97‡
0.93‡
1.13
Exacerbations requiring  steroids
0.46‡¶§
0.64‡
0.52‡
0.80
Exacerbations requiring hospitalization
0.16‡
0.16‡
0.17
0.19
Post-dose FEV1  (adj mean change)
+0.029‡¶§
-0.021‡
-0.015‡
-0.062
SGRQ (adj mean change)

-3.0‡¶§
-0.8

-1.8‡
+0.2

*Primary endpoints

‡Significant vs. placebo

¶Significant vs. salmeterol

§Significant vs. fluticasone


AE=adverse event; BCSS=breathlessness, cough, sputum scale; BDI=baseline dyspnea index; BID=twice daily; BUD/FOR=budesonide/formoterol; DB=double-blind; DD=double-dummy; Dx=diagnosis; CDRQ=chronic respiratory disease questionnaire; FEV1=forced expiratory volume in 1 second; FVC=forced vital capacity; FTC/SAL= fluticasone/salmeterol; ICS=inhaled corticosteroid; ITT=intent-to-treat analysis; LABA=long-acting beta-agonist; MMRC Dyspnea Scale=Modified Medical Research Council Dyspnea Scale; OCS=oral corticosteroid; OL=open-label; PC=placebo controlled, PL=placebo; pMDI=pressurized metered dose inhaler; PRN=as needed; QR=randomized-controlled; SABA=short-acting beta-agonist; SGRQ= St. George’s Respiratory Questionnaire; SOB=shortness of breath; Sx=symptoms; TDI=transitional dyspnea index
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