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Abstract

Rationale: To assess FEF25%-75% in patients receiving budesonide/formoterol (BUD/FM) pMDI, either  
as a FD or AD regimen, or FD fluticasone/salmeterol (FP/SM) DPI.

Methods: This was a 7-mo, open-label study (J Allergy Clin Immunol. 2008;121:1407) in patients 
(N = 1225) ≥ 12 y with moderate to severe persistent asthma previously receiving ICS. After a 10- to 14-d 
run-in on current therapy, patients were randomized 2:1 to FD BUD/FM 160/4.5 μg 5 2 inhalations (inh) 
(320/9 μg) bid or FD FP/SM 250/50 μg 5 1 inh bid for period 1. After 1 mo, patients receiving FD BUD/FM 
were randomized 1:1 to AD BUD/FM (320/9 μg qd, 320/9 μg bid, or 640/18 μg bid based on asthma 
control) or to continue FD BUD/FM for period 2 (6 mo). Patients receiving FD FP/SM continued this 
regimen throughout the study. Mean ±SD percentage change from baseline to treatment average in 
predose FEF25%-75% (L/s) was assessed.

Results: The AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group (mean  
3.0 vs 4.0 inh/d; P < .001). Improvements in predose FEF25%-75% were observed in all groups (Table).

Conclusions: In patients with moderate to severe asthma, there were no significant differences in 
FEF25%-75% across FD regimens of BUD/FM and FP/SM and AD regimen of BUD/FM. However, the  
AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group.

Introduction

•	�While conventional measures of asthma control predominately evaluate 
pulmonary function of the large airways, the small airways (diameter < 2 mm) play 
an important role in the development of airway obstruction in asthma and undergo 
structural and functional changes as a result of the inflammatory process.1-4

•	�Forced expiratory flow expired during the middle half of exhalation (FEF25%-75%) 
has been suggested as a surrogate measure of airflow limitation in the small 
airways and may detect differences in therapeutic responses not indicated by 
forced expiratory volume in 1 second (FEV1), a measure that appears to be more 
sensitive to changes in the larger airways.4-6

•	�In a previous study, there were no significant differences in asthma control 
between patients treated with the FDA-approved FD regimens of budesonide/
formoterol (BUD/FM) pMDI and fluticasone propionate/salmeterol (FP/SM) DPI 
and an AD regimen of BUD/FM pMDI.7 Here, we present the results of a post hoc 
analysis of the FEF25%-75% data from that study.

Objective

•	�To assess small airway function based on predose FEF25%-75% in patients aged 
≥ 12 years receiving FD BUD/FM pMDI, FD FP/SM DPI, or AD BUD/FM pMDI in  
a post hoc analysis of data from a previously reported study7 

Methods

Patients
•	�Patients aged ≥ 12 years with a documented diagnosis of asthma for ≥ 6 months 

before screening who met inclusion criteria as described previously.7 Briefly, 
patients were required to have been maintained on a medium daily dose of inhaled 
corticosteroid (ICS) or ICS/long-acting β2-adrenergic agonist (LABA) combination 
for ≥ 30 days before screening and to be in stable condition before randomization.7  

	 –	�Stable asthma was defined as an FEV1 ≥ 50% of predicted, ≥ 8 albuterol 
inhalations (last 10 days of run-in), and a mean (last 7 days of run-in) morning 
peak expiratory flow 50% – 85% of the value at screening. 

Concomitant Medications
•	�Albuterol pMDI (90 μg/inhalation) as rescue medication

•	�Disallowed medications included any asthma medication other than study 
medication (eg, other LABAs, short-acting β2-adrenergic agonists, leukotriene 
antagonists), nebulized albuterol, hydroxyzine, and β-blockers. 

Study Design and Treatments

Table 1. �Patient Demographic and Baseline Clinical Characteristics (Safety Population)

Characteristic
FD BUD/FM pMDI 

(n = 427)
AD BUD/FM pMDI 

(n = 389)
FD FP/SM DPI 

(n = 406)

Sex, n (%)

Male 146 (34.2) 170 (43.7) 174 (42.9)

Female 281 (65.8) 219 (56.3) 232 (57.1)

Race, n (%)

White 350 (82.0) 320 (82.3) 341 (84.0)

Black 59 (13.8) 48 (12.3) 50 (12.3)

Asian 4 (0.9) 3 (0.8) 3 (0.7)

Other 14 (3.3) 18 (4.6) 12 (3.0)

Age, y 39.4 (15.9) 38.4 (15.8) 38.8 (15.9)

Duration of asthma, y 19.6 (15.6) 18.7 (14.6) 19.1 (14.5)

ICS dose at entry, μg/d 555.7 (210.05) 538.9 (200.28) 542.8 (181.09)

FEV1 at screening (n = 426) (n = 387) (n = 405)

Liters 2.5 (0.74) 2.6 (0.78) 2.6 (0.73)

% Predicted 79.3 (15.36) 78.9 (16.79) 77.9 (14.19)

FEV1 at baseline (n = 426) (n = 389) (n = 406)

Liters 2.5 (0.72) 2.7 (0.77) 2.6 (0.74)

% Predicted 79.6 (15.22) 79.4 (16.11) 78.1 (14.33)

Data presented are mean (SD) unless otherwise indicated.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume in 1 second; 
FM, formoterol; FP, fluticasone propionate; ICS, inhaled corticosteroid; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Demographic and baseline characteristics generally were similar across treatment 
groups.

Table 3. �Adjusted Mean (SE) Changes From Baseline in Predose FEF25%-75%, L/s

Treatment Period FD BUD/FM pMDI AD BUD/FM pMDI FD FP/SM DPI

Period 1

Treatment average 0.19 (0.02) — 0.19 (0.03)

Period 2

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.27 (0.03) 0.21 (0.03) 0.28 (0.03)

Overall

Month 1 0.21 (0.03) 0.16 (0.03) 0.19 (0.03)

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.26 (0.03) 0.20 (0.03) 0.25 (0.03)

aP ≤ .05 vs AD BUD/FM pMDI.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during the 
middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�No significant differences were observed at any time point between any treatment 
groups with the exception of month 4 for both treatment period 2 and the overall 
treatment period where patients treated with FD BUD/FM pMDI experienced greater 
improvements in FEF25%-75% compared with patients treated with AD BUD/FM pMDI.

Table 2. �Baselinea Predose FEF25%-75% Values, L/s (Efficacy Population)

Treatment Period 1b Period 2b Overallbc

FD BUD/FM pMDI n = 801 n = 378 n = 413

 2.21 (1.04) 2.12 (1.01) 2.16 (1.02)

AD BUD/FM pMDI — n = 385 n = 388

 — 2.28 (1.05) 2.28 (1.05)

FD FP/SM DPI n = 400 n = 376 n = 400

2.15 (0.97) 2.14 (0.98) 2.15 (0.97)

Data presented are mean (SD).
aBaseline defined as the last predose value before the first dose of randomized therapy; bnumber of patients differs among 
treatment periods because of missing data; coverall treatment period represents data from 7 months of treatment (AD BUD/FM 
pMDI = 1 month of FD BUD/FM pMDI [period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25%-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Baseline mean predose FEF25%-75% values generally were similar across the 
treatment groups and treatment periods.
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Evaluation of Small Airway Function
•	�Spirometry testing consisted of a minimum of 3 forced expiratory maneuvers in 

which the patient expired forcefully from total lung capacity to residual volume.

	 –	�Patients were required to withhold use of all rescue medication for ≥ 6 hours 
before testing.

•	�Small airway function was assessed via predose FEF25%-75%, which was obtained 
from the full expiratory-flow-volume-time curve at each study visit.

Evaluation of Study Medication Use
•	�Patients recorded study medication use in diaries twice daily. 

Statistical Analyses
•	�Analyses included all patients who received ≥ 1 dose of study medication and 

contributed sufficient data for calculation of ≥ 1 primary or secondary end points.

•	�Data were analyzed for treatment period 1, treatment period 2, and the overall 
7-month treatment period.

•	�FEF25%-75% data were assessed as the mean change and percent change from 
baseline to each time point and to the average over the randomized treatment 
period 1, treatment period 2, and overall treatment period.

	 –	�Baseline was defined as the predose FEF25%-75% measurement obtained at visit 
2 before the first dose of study medication.

Medical writing services provided by Scientific Connexions, Newtown, PA

•	�In patients with moderate to severe persistent asthma, improvements in 

FEF25%-75%, reflecting improvements in small airway function, were not 

statistically different between the 3 treatments (FD BUD/FM pMDI, FD FP/SM 

DPI, and AD BUD/FM pMDI). 

•	�However, patients in the AD BUD/FM pMDI group used fewer inhalations per 

day of study medication compared with patients in the FD BUD/FM pMDI group.

Conclusions

•	�Treatment group differences in mean changes from baseline to each time point 
and to the average during the randomized treatment period 1, treatment period 2, 
and overall treatment period in predose FEF25%-75% were assessed using an 
analysis of covariance model, adjusting for center, treatment, and baseline 
FEF25%-75%.

	 –	�P values ≤ .05 were considered statistically significant.

•	�Treatment group differences in total study medication use were assessed using 
an analysis of variance model.

Results

Patient Characteristics
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Figure 2.� Predose FEF25%-75%: Mean Percentage Changes From Baseline to the 
Average During the Randomized Treatment Periods 

aOverall treatment period represents data from 7 months of treatment (AD BUD/FM pMDI = 1 month of FD BUD/FM pMDI 
[period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements in predose FEF25%-75% were observed with all treatment groups and 
across all treatment periods.
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Figure 3.� Mean Percentage Changes From Baseline in Predose FEF25%-75% for the 
Overall Treatment Period 

AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements from baseline in predose FEF25%-75% were observed in all treatment 
groups and were maintained for up to 7 months.
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Small Airway Evaluation

Mean ±SD Percentage Change From Baseline to the Treatment Average  
in Predose FEF25%-75% 

Treatment Period 1a Period 2a Overalla

FD BUD/FM n = 781 n = 371 n = 397

 11.3 ± 26.5 17.0 ± 34.11 15.6 ± 28.8

AD BUD/FM  n = 368 n = 389

  13.0 ± 23.74 11.9 ± 21.7

FD FP/SM n = 387 n = 370 n = 391

12.6 ± 32.1 18.9 ± 37.9 16.4 ± 33.8
aNumber of patients differs among treatment periods because of missing data.

Evaluation of Study Medication Use
•	�Patients in the AD BUD/FM pMDI group used significantly (P < .001) fewer 

inhalations/day of BUD/FM pMDI compared with patients in the FD BUD/FM pMDI 
group during treatment period 2 (3.02 ± 0.04 vs 3.95 ± 0.04, respectively) and the 
overall treatment period (3.16 ± 0.03 vs 3.93 ± 0.03, respectively).

Treatment Period 1

Current
Therapy

Treatment Period 2Run-In

FP/SM DPI 250/50 µg bid 
x 1 inhalation (FD)

BUD/FM pMDI 160/4.5 µg 
x 2 inhalations (320/9 µg) 
(FD) bid 

FP/SM DPI 250/50 µg (FD) bid 

BUD/FM pMDI 320/9 µg (FD) bid 

BUD/FM pMDI (AD): 320/9 µg qd, 
320/9 µg bid, or 640/18 µg bida

10–14 days 1 month 3 months 3 months 1 week

Day 
–14 to –10

Month 0
(Randomization 1b)

Month 1
(Randomization 2)

Month 4 Month 7

V1 V2 V3 V4 V5 FU

aPatients’ symptoms were assessed by the investigator at visits 3 and 4 to determine treatment dose based on a step-up/step- 
down dosing regimen7; bpatients with FEV1 ≥ 50% of predicted, ≥ 8 albuterol inhalations (last 10 days of run-in) and mean (last  
7 days of run-in) morning PEF 50% – 85% of value at screening were randomized 2:1 to FD BUD/FM pMDI or FD FP/SM DPI.  
AD, adjustable-dose; bid, twice daily; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume 
in 1 second; FM, formoterol; FP; fluticasone propionate; FU, follow-up; PEF, peak expiratory flow; pMDI, pressurized metered- 
dose inhaler; qd, once daily; SM, salmeterol; V, visit. 

• �Randomized, open-label, multicenter (145 centers), 7-month study (D5896C00005; 
NCT00646594) conducted in the United States7

Figure 1. Study Design and Treatments7
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Abstract

Rationale: To assess FEF25%-75% in patients receiving budesonide/formoterol (BUD/FM) pMDI, either  
as a FD or AD regimen, or FD fluticasone/salmeterol (FP/SM) DPI.

Methods: This was a 7-mo, open-label study (J Allergy Clin Immunol. 2008;121:1407) in patients 
(N = 1225) ≥ 12 y with moderate to severe persistent asthma previously receiving ICS. After a 10- to 14-d 
run-in on current therapy, patients were randomized 2:1 to FD BUD/FM 160/4.5 μg 5 2 inhalations (inh) 
(320/9 μg) bid or FD FP/SM 250/50 μg 5 1 inh bid for period 1. After 1 mo, patients receiving FD BUD/FM 
were randomized 1:1 to AD BUD/FM (320/9 μg qd, 320/9 μg bid, or 640/18 μg bid based on asthma 
control) or to continue FD BUD/FM for period 2 (6 mo). Patients receiving FD FP/SM continued this 
regimen throughout the study. Mean ±SD percentage change from baseline to treatment average in 
predose FEF25%-75% (L/s) was assessed.

Results: The AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group (mean  
3.0 vs 4.0 inh/d; P < .001). Improvements in predose FEF25%-75% were observed in all groups (Table).

Conclusions: In patients with moderate to severe asthma, there were no significant differences in 
FEF25%-75% across FD regimens of BUD/FM and FP/SM and AD regimen of BUD/FM. However, the  
AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group.

Introduction

•	�While conventional measures of asthma control predominately evaluate 
pulmonary function of the large airways, the small airways (diameter < 2 mm) play 
an important role in the development of airway obstruction in asthma and undergo 
structural and functional changes as a result of the inflammatory process.1-4

•	�Forced expiratory flow expired during the middle half of exhalation (FEF25%-75%) 
has been suggested as a surrogate measure of airflow limitation in the small 
airways and may detect differences in therapeutic responses not indicated by 
forced expiratory volume in 1 second (FEV1), a measure that appears to be more 
sensitive to changes in the larger airways.4-6

•	�In a previous study, there were no significant differences in asthma control 
between patients treated with the FDA-approved FD regimens of budesonide/
formoterol (BUD/FM) pMDI and fluticasone propionate/salmeterol (FP/SM) DPI 
and an AD regimen of BUD/FM pMDI.7 Here, we present the results of a post hoc 
analysis of the FEF25%-75% data from that study.

Objective

•	�To assess small airway function based on predose FEF25%-75% in patients aged 
≥ 12 years receiving FD BUD/FM pMDI, FD FP/SM DPI, or AD BUD/FM pMDI in  
a post hoc analysis of data from a previously reported study7 

Methods

Patients
•	�Patients aged ≥ 12 years with a documented diagnosis of asthma for ≥ 6 months 

before screening who met inclusion criteria as described previously.7 Briefly, 
patients were required to have been maintained on a medium daily dose of inhaled 
corticosteroid (ICS) or ICS/long-acting β2-adrenergic agonist (LABA) combination 
for ≥ 30 days before screening and to be in stable condition before randomization.7  

	 –	�Stable asthma was defined as an FEV1 ≥ 50% of predicted, ≥ 8 albuterol 
inhalations (last 10 days of run-in), and a mean (last 7 days of run-in) morning 
peak expiratory flow 50% – 85% of the value at screening. 

Concomitant Medications
•	�Albuterol pMDI (90 μg/inhalation) as rescue medication

•	�Disallowed medications included any asthma medication other than study 
medication (eg, other LABAs, short-acting β2-adrenergic agonists, leukotriene 
antagonists), nebulized albuterol, hydroxyzine, and β-blockers. 

Study Design and Treatments

Table 1. �Patient Demographic and Baseline Clinical Characteristics (Safety Population)

Characteristic
FD BUD/FM pMDI 

(n = 427)
AD BUD/FM pMDI 

(n = 389)
FD FP/SM DPI 

(n = 406)

Sex, n (%)

Male 146 (34.2) 170 (43.7) 174 (42.9)

Female 281 (65.8) 219 (56.3) 232 (57.1)

Race, n (%)

White 350 (82.0) 320 (82.3) 341 (84.0)

Black 59 (13.8) 48 (12.3) 50 (12.3)

Asian 4 (0.9) 3 (0.8) 3 (0.7)

Other 14 (3.3) 18 (4.6) 12 (3.0)

Age, y 39.4 (15.9) 38.4 (15.8) 38.8 (15.9)

Duration of asthma, y 19.6 (15.6) 18.7 (14.6) 19.1 (14.5)

ICS dose at entry, μg/d 555.7 (210.05) 538.9 (200.28) 542.8 (181.09)

FEV1 at screening (n = 426) (n = 387) (n = 405)

Liters 2.5 (0.74) 2.6 (0.78) 2.6 (0.73)

% Predicted 79.3 (15.36) 78.9 (16.79) 77.9 (14.19)

FEV1 at baseline (n = 426) (n = 389) (n = 406)

Liters 2.5 (0.72) 2.7 (0.77) 2.6 (0.74)

% Predicted 79.6 (15.22) 79.4 (16.11) 78.1 (14.33)

Data presented are mean (SD) unless otherwise indicated.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume in 1 second; 
FM, formoterol; FP, fluticasone propionate; ICS, inhaled corticosteroid; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Demographic and baseline characteristics generally were similar across treatment 
groups.

Table 3. �Adjusted Mean (SE) Changes From Baseline in Predose FEF25%-75%, L/s

Treatment Period FD BUD/FM pMDI AD BUD/FM pMDI FD FP/SM DPI

Period 1

Treatment average 0.19 (0.02) — 0.19 (0.03)

Period 2

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.27 (0.03) 0.21 (0.03) 0.28 (0.03)

Overall

Month 1 0.21 (0.03) 0.16 (0.03) 0.19 (0.03)

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.26 (0.03) 0.20 (0.03) 0.25 (0.03)

aP ≤ .05 vs AD BUD/FM pMDI.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during the 
middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�No significant differences were observed at any time point between any treatment 
groups with the exception of month 4 for both treatment period 2 and the overall 
treatment period where patients treated with FD BUD/FM pMDI experienced greater 
improvements in FEF25%-75% compared with patients treated with AD BUD/FM pMDI.

Table 2. �Baselinea Predose FEF25%-75% Values, L/s (Efficacy Population)

Treatment Period 1b Period 2b Overallbc

FD BUD/FM pMDI n = 801 n = 378 n = 413

 2.21 (1.04) 2.12 (1.01) 2.16 (1.02)

AD BUD/FM pMDI — n = 385 n = 388

 — 2.28 (1.05) 2.28 (1.05)

FD FP/SM DPI n = 400 n = 376 n = 400

2.15 (0.97) 2.14 (0.98) 2.15 (0.97)

Data presented are mean (SD).
aBaseline defined as the last predose value before the first dose of randomized therapy; bnumber of patients differs among 
treatment periods because of missing data; coverall treatment period represents data from 7 months of treatment (AD BUD/FM 
pMDI = 1 month of FD BUD/FM pMDI [period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25%-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Baseline mean predose FEF25%-75% values generally were similar across the 
treatment groups and treatment periods.
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Evaluation of Small Airway Function
•	�Spirometry testing consisted of a minimum of 3 forced expiratory maneuvers in 

which the patient expired forcefully from total lung capacity to residual volume.

	 –	�Patients were required to withhold use of all rescue medication for ≥ 6 hours 
before testing.

•	�Small airway function was assessed via predose FEF25%-75%, which was obtained 
from the full expiratory-flow-volume-time curve at each study visit.

Evaluation of Study Medication Use
•	�Patients recorded study medication use in diaries twice daily. 

Statistical Analyses
•	�Analyses included all patients who received ≥ 1 dose of study medication and 

contributed sufficient data for calculation of ≥ 1 primary or secondary end points.

•	�Data were analyzed for treatment period 1, treatment period 2, and the overall 
7-month treatment period.

•	�FEF25%-75% data were assessed as the mean change and percent change from 
baseline to each time point and to the average over the randomized treatment 
period 1, treatment period 2, and overall treatment period.

	 –	�Baseline was defined as the predose FEF25%-75% measurement obtained at visit 
2 before the first dose of study medication.
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•	�In patients with moderate to severe persistent asthma, improvements in 

FEF25%-75%, reflecting improvements in small airway function, were not 

statistically different between the 3 treatments (FD BUD/FM pMDI, FD FP/SM 

DPI, and AD BUD/FM pMDI). 

•	�However, patients in the AD BUD/FM pMDI group used fewer inhalations per 

day of study medication compared with patients in the FD BUD/FM pMDI group.

Conclusions

•	�Treatment group differences in mean changes from baseline to each time point 
and to the average during the randomized treatment period 1, treatment period 2, 
and overall treatment period in predose FEF25%-75% were assessed using an 
analysis of covariance model, adjusting for center, treatment, and baseline 
FEF25%-75%.

	 –	�P values ≤ .05 were considered statistically significant.

•	�Treatment group differences in total study medication use were assessed using 
an analysis of variance model.

Results
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Figure 2.� Predose FEF25%-75%: Mean Percentage Changes From Baseline to the 
Average During the Randomized Treatment Periods 

aOverall treatment period represents data from 7 months of treatment (AD BUD/FM pMDI = 1 month of FD BUD/FM pMDI 
[period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements in predose FEF25%-75% were observed with all treatment groups and 
across all treatment periods.
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Figure 3.� Mean Percentage Changes From Baseline in Predose FEF25%-75% for the 
Overall Treatment Period 

AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements from baseline in predose FEF25%-75% were observed in all treatment 
groups and were maintained for up to 7 months.
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Small Airway Evaluation

Mean ±SD Percentage Change From Baseline to the Treatment Average  
in Predose FEF25%-75% 

Treatment Period 1a Period 2a Overalla

FD BUD/FM n = 781 n = 371 n = 397

 11.3 ± 26.5 17.0 ± 34.11 15.6 ± 28.8

AD BUD/FM  n = 368 n = 389

  13.0 ± 23.74 11.9 ± 21.7

FD FP/SM n = 387 n = 370 n = 391

12.6 ± 32.1 18.9 ± 37.9 16.4 ± 33.8
aNumber of patients differs among treatment periods because of missing data.

Evaluation of Study Medication Use
•	�Patients in the AD BUD/FM pMDI group used significantly (P < .001) fewer 

inhalations/day of BUD/FM pMDI compared with patients in the FD BUD/FM pMDI 
group during treatment period 2 (3.02 ± 0.04 vs 3.95 ± 0.04, respectively) and the 
overall treatment period (3.16 ± 0.03 vs 3.93 ± 0.03, respectively).

Treatment Period 1

Current
Therapy

Treatment Period 2Run-In

FP/SM DPI 250/50 µg bid 
x 1 inhalation (FD)

BUD/FM pMDI 160/4.5 µg 
x 2 inhalations (320/9 µg) 
(FD) bid 

FP/SM DPI 250/50 µg (FD) bid 

BUD/FM pMDI 320/9 µg (FD) bid 

BUD/FM pMDI (AD): 320/9 µg qd, 
320/9 µg bid, or 640/18 µg bida

10–14 days 1 month 3 months 3 months 1 week

Day 
–14 to –10

Month 0
(Randomization 1b)

Month 1
(Randomization 2)

Month 4 Month 7

V1 V2 V3 V4 V5 FU

aPatients’ symptoms were assessed by the investigator at visits 3 and 4 to determine treatment dose based on a step-up/step- 
down dosing regimen7; bpatients with FEV1 ≥ 50% of predicted, ≥ 8 albuterol inhalations (last 10 days of run-in) and mean (last  
7 days of run-in) morning PEF 50% – 85% of value at screening were randomized 2:1 to FD BUD/FM pMDI or FD FP/SM DPI.  
AD, adjustable-dose; bid, twice daily; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume 
in 1 second; FM, formoterol; FP; fluticasone propionate; FU, follow-up; PEF, peak expiratory flow; pMDI, pressurized metered- 
dose inhaler; qd, once daily; SM, salmeterol; V, visit. 

• �Randomized, open-label, multicenter (145 centers), 7-month study (D5896C00005; 
NCT00646594) conducted in the United States7

Figure 1. Study Design and Treatments7
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Abstract

Rationale: To assess FEF25%-75% in patients receiving budesonide/formoterol (BUD/FM) pMDI, either  
as a FD or AD regimen, or FD fluticasone/salmeterol (FP/SM) DPI.

Methods: This was a 7-mo, open-label study (J Allergy Clin Immunol. 2008;121:1407) in patients 
(N = 1225) ≥ 12 y with moderate to severe persistent asthma previously receiving ICS. After a 10- to 14-d 
run-in on current therapy, patients were randomized 2:1 to FD BUD/FM 160/4.5 μg 5 2 inhalations (inh) 
(320/9 μg) bid or FD FP/SM 250/50 μg 5 1 inh bid for period 1. After 1 mo, patients receiving FD BUD/FM 
were randomized 1:1 to AD BUD/FM (320/9 μg qd, 320/9 μg bid, or 640/18 μg bid based on asthma 
control) or to continue FD BUD/FM for period 2 (6 mo). Patients receiving FD FP/SM continued this 
regimen throughout the study. Mean ±SD percentage change from baseline to treatment average in 
predose FEF25%-75% (L/s) was assessed.

Results: The AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group (mean  
3.0 vs 4.0 inh/d; P < .001). Improvements in predose FEF25%-75% were observed in all groups (Table).

Conclusions: In patients with moderate to severe asthma, there were no significant differences in 
FEF25%-75% across FD regimens of BUD/FM and FP/SM and AD regimen of BUD/FM. However, the  
AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group.

Introduction

•	�While conventional measures of asthma control predominately evaluate 
pulmonary function of the large airways, the small airways (diameter < 2 mm) play 
an important role in the development of airway obstruction in asthma and undergo 
structural and functional changes as a result of the inflammatory process.1-4

•	�Forced expiratory flow expired during the middle half of exhalation (FEF25%-75%) 
has been suggested as a surrogate measure of airflow limitation in the small 
airways and may detect differences in therapeutic responses not indicated by 
forced expiratory volume in 1 second (FEV1), a measure that appears to be more 
sensitive to changes in the larger airways.4-6

•	�In a previous study, there were no significant differences in asthma control 
between patients treated with the FDA-approved FD regimens of budesonide/
formoterol (BUD/FM) pMDI and fluticasone propionate/salmeterol (FP/SM) DPI 
and an AD regimen of BUD/FM pMDI.7 Here, we present the results of a post hoc 
analysis of the FEF25%-75% data from that study.

Objective

•	�To assess small airway function based on predose FEF25%-75% in patients aged 
≥ 12 years receiving FD BUD/FM pMDI, FD FP/SM DPI, or AD BUD/FM pMDI in  
a post hoc analysis of data from a previously reported study7 

Methods

Patients
•	�Patients aged ≥ 12 years with a documented diagnosis of asthma for ≥ 6 months 

before screening who met inclusion criteria as described previously.7 Briefly, 
patients were required to have been maintained on a medium daily dose of inhaled 
corticosteroid (ICS) or ICS/long-acting β2-adrenergic agonist (LABA) combination 
for ≥ 30 days before screening and to be in stable condition before randomization.7  

	 –	�Stable asthma was defined as an FEV1 ≥ 50% of predicted, ≥ 8 albuterol 
inhalations (last 10 days of run-in), and a mean (last 7 days of run-in) morning 
peak expiratory flow 50% – 85% of the value at screening. 

Concomitant Medications
•	�Albuterol pMDI (90 μg/inhalation) as rescue medication

•	�Disallowed medications included any asthma medication other than study 
medication (eg, other LABAs, short-acting β2-adrenergic agonists, leukotriene 
antagonists), nebulized albuterol, hydroxyzine, and β-blockers. 

Study Design and Treatments

Table 1. �Patient Demographic and Baseline Clinical Characteristics (Safety Population)

Characteristic
FD BUD/FM pMDI 

(n = 427)
AD BUD/FM pMDI 

(n = 389)
FD FP/SM DPI 

(n = 406)

Sex, n (%)

Male 146 (34.2) 170 (43.7) 174 (42.9)

Female 281 (65.8) 219 (56.3) 232 (57.1)

Race, n (%)

White 350 (82.0) 320 (82.3) 341 (84.0)

Black 59 (13.8) 48 (12.3) 50 (12.3)

Asian 4 (0.9) 3 (0.8) 3 (0.7)

Other 14 (3.3) 18 (4.6) 12 (3.0)

Age, y 39.4 (15.9) 38.4 (15.8) 38.8 (15.9)

Duration of asthma, y 19.6 (15.6) 18.7 (14.6) 19.1 (14.5)

ICS dose at entry, μg/d 555.7 (210.05) 538.9 (200.28) 542.8 (181.09)

FEV1 at screening (n = 426) (n = 387) (n = 405)

Liters 2.5 (0.74) 2.6 (0.78) 2.6 (0.73)

% Predicted 79.3 (15.36) 78.9 (16.79) 77.9 (14.19)

FEV1 at baseline (n = 426) (n = 389) (n = 406)

Liters 2.5 (0.72) 2.7 (0.77) 2.6 (0.74)

% Predicted 79.6 (15.22) 79.4 (16.11) 78.1 (14.33)

Data presented are mean (SD) unless otherwise indicated.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume in 1 second; 
FM, formoterol; FP, fluticasone propionate; ICS, inhaled corticosteroid; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Demographic and baseline characteristics generally were similar across treatment 
groups.

Table 3. �Adjusted Mean (SE) Changes From Baseline in Predose FEF25%-75%, L/s

Treatment Period FD BUD/FM pMDI AD BUD/FM pMDI FD FP/SM DPI

Period 1

Treatment average 0.19 (0.02) — 0.19 (0.03)

Period 2

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.27 (0.03) 0.21 (0.03) 0.28 (0.03)

Overall

Month 1 0.21 (0.03) 0.16 (0.03) 0.19 (0.03)

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.26 (0.03) 0.20 (0.03) 0.25 (0.03)

aP ≤ .05 vs AD BUD/FM pMDI.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during the 
middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�No significant differences were observed at any time point between any treatment 
groups with the exception of month 4 for both treatment period 2 and the overall 
treatment period where patients treated with FD BUD/FM pMDI experienced greater 
improvements in FEF25%-75% compared with patients treated with AD BUD/FM pMDI.

Table 2. �Baselinea Predose FEF25%-75% Values, L/s (Efficacy Population)

Treatment Period 1b Period 2b Overallbc

FD BUD/FM pMDI n = 801 n = 378 n = 413

 2.21 (1.04) 2.12 (1.01) 2.16 (1.02)

AD BUD/FM pMDI — n = 385 n = 388

 — 2.28 (1.05) 2.28 (1.05)

FD FP/SM DPI n = 400 n = 376 n = 400

2.15 (0.97) 2.14 (0.98) 2.15 (0.97)

Data presented are mean (SD).
aBaseline defined as the last predose value before the first dose of randomized therapy; bnumber of patients differs among 
treatment periods because of missing data; coverall treatment period represents data from 7 months of treatment (AD BUD/FM 
pMDI = 1 month of FD BUD/FM pMDI [period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25%-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Baseline mean predose FEF25%-75% values generally were similar across the 
treatment groups and treatment periods.
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Evaluation of Small Airway Function
•	�Spirometry testing consisted of a minimum of 3 forced expiratory maneuvers in 

which the patient expired forcefully from total lung capacity to residual volume.

	 –	�Patients were required to withhold use of all rescue medication for ≥ 6 hours 
before testing.

•	�Small airway function was assessed via predose FEF25%-75%, which was obtained 
from the full expiratory-flow-volume-time curve at each study visit.

Evaluation of Study Medication Use
•	�Patients recorded study medication use in diaries twice daily. 

Statistical Analyses
•	�Analyses included all patients who received ≥ 1 dose of study medication and 

contributed sufficient data for calculation of ≥ 1 primary or secondary end points.

•	�Data were analyzed for treatment period 1, treatment period 2, and the overall 
7-month treatment period.

•	�FEF25%-75% data were assessed as the mean change and percent change from 
baseline to each time point and to the average over the randomized treatment 
period 1, treatment period 2, and overall treatment period.

	 –	�Baseline was defined as the predose FEF25%-75% measurement obtained at visit 
2 before the first dose of study medication.

Medical writing services provided by Scientific Connexions, Newtown, PA

•	�In patients with moderate to severe persistent asthma, improvements in 

FEF25%-75%, reflecting improvements in small airway function, were not 

statistically different between the 3 treatments (FD BUD/FM pMDI, FD FP/SM 

DPI, and AD BUD/FM pMDI). 

•	�However, patients in the AD BUD/FM pMDI group used fewer inhalations per 

day of study medication compared with patients in the FD BUD/FM pMDI group.

Conclusions

•	�Treatment group differences in mean changes from baseline to each time point 
and to the average during the randomized treatment period 1, treatment period 2, 
and overall treatment period in predose FEF25%-75% were assessed using an 
analysis of covariance model, adjusting for center, treatment, and baseline 
FEF25%-75%.

	 –	�P values ≤ .05 were considered statistically significant.

•	�Treatment group differences in total study medication use were assessed using 
an analysis of variance model.

Results

Patient Characteristics
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Figure 2.� Predose FEF25%-75%: Mean Percentage Changes From Baseline to the 
Average During the Randomized Treatment Periods 

aOverall treatment period represents data from 7 months of treatment (AD BUD/FM pMDI = 1 month of FD BUD/FM pMDI 
[period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements in predose FEF25%-75% were observed with all treatment groups and 
across all treatment periods.
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Figure 3.� Mean Percentage Changes From Baseline in Predose FEF25%-75% for the 
Overall Treatment Period 

AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements from baseline in predose FEF25%-75% were observed in all treatment 
groups and were maintained for up to 7 months.
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Small Airway Evaluation

Mean ±SD Percentage Change From Baseline to the Treatment Average  
in Predose FEF25%-75% 

Treatment Period 1a Period 2a Overalla

FD BUD/FM n = 781 n = 371 n = 397

 11.3 ± 26.5 17.0 ± 34.11 15.6 ± 28.8

AD BUD/FM  n = 368 n = 389

  13.0 ± 23.74 11.9 ± 21.7

FD FP/SM n = 387 n = 370 n = 391

12.6 ± 32.1 18.9 ± 37.9 16.4 ± 33.8
aNumber of patients differs among treatment periods because of missing data.

Evaluation of Study Medication Use
•	�Patients in the AD BUD/FM pMDI group used significantly (P < .001) fewer 

inhalations/day of BUD/FM pMDI compared with patients in the FD BUD/FM pMDI 
group during treatment period 2 (3.02 ± 0.04 vs 3.95 ± 0.04, respectively) and the 
overall treatment period (3.16 ± 0.03 vs 3.93 ± 0.03, respectively).

Treatment Period 1

Current
Therapy

Treatment Period 2Run-In

FP/SM DPI 250/50 µg bid 
x 1 inhalation (FD)

BUD/FM pMDI 160/4.5 µg 
x 2 inhalations (320/9 µg) 
(FD) bid 

FP/SM DPI 250/50 µg (FD) bid 

BUD/FM pMDI 320/9 µg (FD) bid 

BUD/FM pMDI (AD): 320/9 µg qd, 
320/9 µg bid, or 640/18 µg bida

10–14 days 1 month 3 months 3 months 1 week

Day 
–14 to –10

Month 0
(Randomization 1b)

Month 1
(Randomization 2)

Month 4 Month 7

V1 V2 V3 V4 V5 FU

aPatients’ symptoms were assessed by the investigator at visits 3 and 4 to determine treatment dose based on a step-up/step- 
down dosing regimen7; bpatients with FEV1 ≥ 50% of predicted, ≥ 8 albuterol inhalations (last 10 days of run-in) and mean (last  
7 days of run-in) morning PEF 50% – 85% of value at screening were randomized 2:1 to FD BUD/FM pMDI or FD FP/SM DPI.  
AD, adjustable-dose; bid, twice daily; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume 
in 1 second; FM, formoterol; FP; fluticasone propionate; FU, follow-up; PEF, peak expiratory flow; pMDI, pressurized metered- 
dose inhaler; qd, once daily; SM, salmeterol; V, visit. 

• �Randomized, open-label, multicenter (145 centers), 7-month study (D5896C00005; 
NCT00646594) conducted in the United States7

Figure 1. Study Design and Treatments7
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Abstract

Rationale: To assess FEF25%-75% in patients receiving budesonide/formoterol (BUD/FM) pMDI, either  
as a FD or AD regimen, or FD fluticasone/salmeterol (FP/SM) DPI.

Methods: This was a 7-mo, open-label study (J Allergy Clin Immunol. 2008;121:1407) in patients 
(N = 1225) ≥ 12 y with moderate to severe persistent asthma previously receiving ICS. After a 10- to 14-d 
run-in on current therapy, patients were randomized 2:1 to FD BUD/FM 160/4.5 μg 5 2 inhalations (inh) 
(320/9 μg) bid or FD FP/SM 250/50 μg 5 1 inh bid for period 1. After 1 mo, patients receiving FD BUD/FM 
were randomized 1:1 to AD BUD/FM (320/9 μg qd, 320/9 μg bid, or 640/18 μg bid based on asthma 
control) or to continue FD BUD/FM for period 2 (6 mo). Patients receiving FD FP/SM continued this 
regimen throughout the study. Mean ±SD percentage change from baseline to treatment average in 
predose FEF25%-75% (L/s) was assessed.

Results: The AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group (mean  
3.0 vs 4.0 inh/d; P < .001). Improvements in predose FEF25%-75% were observed in all groups (Table).

Conclusions: In patients with moderate to severe asthma, there were no significant differences in 
FEF25%-75% across FD regimens of BUD/FM and FP/SM and AD regimen of BUD/FM. However, the  
AD BUD/FM group used fewer inh/d of BUD/FM than the FD BUD/FM group.

Introduction

•	�While conventional measures of asthma control predominately evaluate 
pulmonary function of the large airways, the small airways (diameter < 2 mm) play 
an important role in the development of airway obstruction in asthma and undergo 
structural and functional changes as a result of the inflammatory process.1-4

•	�Forced expiratory flow expired during the middle half of exhalation (FEF25%-75%) 
has been suggested as a surrogate measure of airflow limitation in the small 
airways and may detect differences in therapeutic responses not indicated by 
forced expiratory volume in 1 second (FEV1), a measure that appears to be more 
sensitive to changes in the larger airways.4-6

•	�In a previous study, there were no significant differences in asthma control 
between patients treated with the FDA-approved FD regimens of budesonide/
formoterol (BUD/FM) pMDI and fluticasone propionate/salmeterol (FP/SM) DPI 
and an AD regimen of BUD/FM pMDI.7 Here, we present the results of a post hoc 
analysis of the FEF25%-75% data from that study.

Objective

•	�To assess small airway function based on predose FEF25%-75% in patients aged 
≥ 12 years receiving FD BUD/FM pMDI, FD FP/SM DPI, or AD BUD/FM pMDI in  
a post hoc analysis of data from a previously reported study7 

Methods

Patients
•	�Patients aged ≥ 12 years with a documented diagnosis of asthma for ≥ 6 months 

before screening who met inclusion criteria as described previously.7 Briefly, 
patients were required to have been maintained on a medium daily dose of inhaled 
corticosteroid (ICS) or ICS/long-acting β2-adrenergic agonist (LABA) combination 
for ≥ 30 days before screening and to be in stable condition before randomization.7  

	 –	�Stable asthma was defined as an FEV1 ≥ 50% of predicted, ≥ 8 albuterol 
inhalations (last 10 days of run-in), and a mean (last 7 days of run-in) morning 
peak expiratory flow 50% – 85% of the value at screening. 

Concomitant Medications
•	�Albuterol pMDI (90 μg/inhalation) as rescue medication

•	�Disallowed medications included any asthma medication other than study 
medication (eg, other LABAs, short-acting β2-adrenergic agonists, leukotriene 
antagonists), nebulized albuterol, hydroxyzine, and β-blockers. 

Study Design and Treatments

Table 1. �Patient Demographic and Baseline Clinical Characteristics (Safety Population)

Characteristic
FD BUD/FM pMDI 

(n = 427)
AD BUD/FM pMDI 

(n = 389)
FD FP/SM DPI 

(n = 406)

Sex, n (%)

Male 146 (34.2) 170 (43.7) 174 (42.9)

Female 281 (65.8) 219 (56.3) 232 (57.1)

Race, n (%)

White 350 (82.0) 320 (82.3) 341 (84.0)

Black 59 (13.8) 48 (12.3) 50 (12.3)

Asian 4 (0.9) 3 (0.8) 3 (0.7)

Other 14 (3.3) 18 (4.6) 12 (3.0)

Age, y 39.4 (15.9) 38.4 (15.8) 38.8 (15.9)

Duration of asthma, y 19.6 (15.6) 18.7 (14.6) 19.1 (14.5)

ICS dose at entry, μg/d 555.7 (210.05) 538.9 (200.28) 542.8 (181.09)

FEV1 at screening (n = 426) (n = 387) (n = 405)

Liters 2.5 (0.74) 2.6 (0.78) 2.6 (0.73)

% Predicted 79.3 (15.36) 78.9 (16.79) 77.9 (14.19)

FEV1 at baseline (n = 426) (n = 389) (n = 406)

Liters 2.5 (0.72) 2.7 (0.77) 2.6 (0.74)

% Predicted 79.6 (15.22) 79.4 (16.11) 78.1 (14.33)

Data presented are mean (SD) unless otherwise indicated.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume in 1 second; 
FM, formoterol; FP, fluticasone propionate; ICS, inhaled corticosteroid; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Demographic and baseline characteristics generally were similar across treatment 
groups.

Table 3. �Adjusted Mean (SE) Changes From Baseline in Predose FEF25%-75%, L/s

Treatment Period FD BUD/FM pMDI AD BUD/FM pMDI FD FP/SM DPI

Period 1

Treatment average 0.19 (0.02) — 0.19 (0.03)

Period 2

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.27 (0.03) 0.21 (0.03) 0.28 (0.03)

Overall

Month 1 0.21 (0.03) 0.16 (0.03) 0.19 (0.03)

Month 4 0.29 (0.04)a 0.20 (0.04) 0.27 (0.04)

Month 7 0.26 (0.04) 0.23 (0.04) 0.28 (0.04)

Treatment average 0.26 (0.03) 0.20 (0.03) 0.25 (0.03)

aP ≤ .05 vs AD BUD/FM pMDI.
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during the 
middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�No significant differences were observed at any time point between any treatment 
groups with the exception of month 4 for both treatment period 2 and the overall 
treatment period where patients treated with FD BUD/FM pMDI experienced greater 
improvements in FEF25%-75% compared with patients treated with AD BUD/FM pMDI.

Table 2. �Baselinea Predose FEF25%-75% Values, L/s (Efficacy Population)

Treatment Period 1b Period 2b Overallbc

FD BUD/FM pMDI n = 801 n = 378 n = 413

 2.21 (1.04) 2.12 (1.01) 2.16 (1.02)

AD BUD/FM pMDI — n = 385 n = 388

 — 2.28 (1.05) 2.28 (1.05)

FD FP/SM DPI n = 400 n = 376 n = 400

2.15 (0.97) 2.14 (0.98) 2.15 (0.97)

Data presented are mean (SD).
aBaseline defined as the last predose value before the first dose of randomized therapy; bnumber of patients differs among 
treatment periods because of missing data; coverall treatment period represents data from 7 months of treatment (AD BUD/FM 
pMDI = 1 month of FD BUD/FM pMDI [period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25%-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

•	�Baseline mean predose FEF25%-75% values generally were similar across the 
treatment groups and treatment periods.
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Evaluation of Small Airway Function
•	�Spirometry testing consisted of a minimum of 3 forced expiratory maneuvers in 

which the patient expired forcefully from total lung capacity to residual volume.

	 –	�Patients were required to withhold use of all rescue medication for ≥ 6 hours 
before testing.

•	�Small airway function was assessed via predose FEF25%-75%, which was obtained 
from the full expiratory-flow-volume-time curve at each study visit.

Evaluation of Study Medication Use
•	�Patients recorded study medication use in diaries twice daily. 

Statistical Analyses
•	�Analyses included all patients who received ≥ 1 dose of study medication and 

contributed sufficient data for calculation of ≥ 1 primary or secondary end points.

•	�Data were analyzed for treatment period 1, treatment period 2, and the overall 
7-month treatment period.

•	�FEF25%-75% data were assessed as the mean change and percent change from 
baseline to each time point and to the average over the randomized treatment 
period 1, treatment period 2, and overall treatment period.

	 –	�Baseline was defined as the predose FEF25%-75% measurement obtained at visit 
2 before the first dose of study medication.

Medical writing services provided by Scientific Connexions, Newtown, PA

•	�In patients with moderate to severe persistent asthma, improvements in 

FEF25%-75%, reflecting improvements in small airway function, were not 

statistically different between the 3 treatments (FD BUD/FM pMDI, FD FP/SM 

DPI, and AD BUD/FM pMDI). 

•	�However, patients in the AD BUD/FM pMDI group used fewer inhalations per 

day of study medication compared with patients in the FD BUD/FM pMDI group.

Conclusions

•	�Treatment group differences in mean changes from baseline to each time point 
and to the average during the randomized treatment period 1, treatment period 2, 
and overall treatment period in predose FEF25%-75% were assessed using an 
analysis of covariance model, adjusting for center, treatment, and baseline 
FEF25%-75%.

	 –	�P values ≤ .05 were considered statistically significant.

•	�Treatment group differences in total study medication use were assessed using 
an analysis of variance model.

Results

Patient Characteristics
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Figure 2.� Predose FEF25%-75%: Mean Percentage Changes From Baseline to the 
Average During the Randomized Treatment Periods 

aOverall treatment period represents data from 7 months of treatment (AD BUD/FM pMDI = 1 month of FD BUD/FM pMDI 
[period 1] and 6 months of AD BUD/FM pMDI [period 2]).
AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements in predose FEF25%-75% were observed with all treatment groups and 
across all treatment periods.
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Figure 3.� Mean Percentage Changes From Baseline in Predose FEF25%-75% for the 
Overall Treatment Period 

AD, adjustable-dose; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEF25-75%, forced expiratory flow expired during 
the middle half of exhalation; FM, formoterol; FP, fluticasone propionate; pMDI, pressurized metered-dose inhaler; SM, salmeterol.

• �Improvements from baseline in predose FEF25%-75% were observed in all treatment 
groups and were maintained for up to 7 months.
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Small Airway Evaluation

Mean ±SD Percentage Change From Baseline to the Treatment Average  
in Predose FEF25%-75% 

Treatment Period 1a Period 2a Overalla

FD BUD/FM n = 781 n = 371 n = 397

 11.3 ± 26.5 17.0 ± 34.11 15.6 ± 28.8

AD BUD/FM  n = 368 n = 389

  13.0 ± 23.74 11.9 ± 21.7

FD FP/SM n = 387 n = 370 n = 391

12.6 ± 32.1 18.9 ± 37.9 16.4 ± 33.8
aNumber of patients differs among treatment periods because of missing data.

Evaluation of Study Medication Use
•	�Patients in the AD BUD/FM pMDI group used significantly (P < .001) fewer 

inhalations/day of BUD/FM pMDI compared with patients in the FD BUD/FM pMDI 
group during treatment period 2 (3.02 ± 0.04 vs 3.95 ± 0.04, respectively) and the 
overall treatment period (3.16 ± 0.03 vs 3.93 ± 0.03, respectively).

Treatment Period 1

Current
Therapy

Treatment Period 2Run-In

FP/SM DPI 250/50 µg bid 
x 1 inhalation (FD)

BUD/FM pMDI 160/4.5 µg 
x 2 inhalations (320/9 µg) 
(FD) bid 

FP/SM DPI 250/50 µg (FD) bid 

BUD/FM pMDI 320/9 µg (FD) bid 

BUD/FM pMDI (AD): 320/9 µg qd, 
320/9 µg bid, or 640/18 µg bida

10–14 days 1 month 3 months 3 months 1 week

Day 
–14 to –10

Month 0
(Randomization 1b)

Month 1
(Randomization 2)

Month 4 Month 7

V1 V2 V3 V4 V5 FU

aPatients’ symptoms were assessed by the investigator at visits 3 and 4 to determine treatment dose based on a step-up/step- 
down dosing regimen7; bpatients with FEV1 ≥ 50% of predicted, ≥ 8 albuterol inhalations (last 10 days of run-in) and mean (last  
7 days of run-in) morning PEF 50% – 85% of value at screening were randomized 2:1 to FD BUD/FM pMDI or FD FP/SM DPI.  
AD, adjustable-dose; bid, twice daily; BUD, budesonide; DPI, dry powder inhaler; FD, fixed-dose; FEV1, forced expiratory volume 
in 1 second; FM, formoterol; FP; fluticasone propionate; FU, follow-up; PEF, peak expiratory flow; pMDI, pressurized metered- 
dose inhaler; qd, once daily; SM, salmeterol; V, visit. 

• �Randomized, open-label, multicenter (145 centers), 7-month study (D5896C00005; 
NCT00646594) conducted in the United States7

Figure 1. Study Design and Treatments7


