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ABSTRACT
Background: Breath-actuated inhalers (BAI) have been developed to simplify the delivery of inhaled medication.
Objective: To evaluate the safety and efficacy of beclomethasone dipropionate hydrofluoroalkane BAI and metered-dose 

inhaler (MDD versus placebo in patients who previously used a mid- to high-dose inhaled corticosteroid or inhaled 
corticosteroid/long-acting beta agonist for persistent asthma.

Methods: This phase III study included five treatment groups: placebo, and four beclomethasone dipropionate groups (BAI 
320 p,g/day, BAI 640 pg/day, M DI 320 pg/day, and M D I 640 pg/day). Efficacy over 12 weeks was assessed by spirometry, 
peak flow measurements, and other clinical end points. Safety was assessed by adverse events.

Results: Baseline-adjusted trough morning forced expiratory volume in 1 second area under the effect curve from time 0 to 
12 weeks (primary end point) was increased in the BAI 320 and BAI 640 pg/day groups and the M DI 640 pg/day group versus 
placebo (not significant). Clinically important improvements were noted in morning and evening peak expiratory flow and 
decreased rescue medications. More patients who received placebo than patients in active treatment groups withdrew due to 
meeting the stopping criteria for worsening asthma. Patients in the active treatment groups experienced a greater decrease in 
asthma symptoms than patients in the placebo group. Quality of life and Asthma Control Test scores improved in the active 
treatment groups compared with the placebo group (p <  0.0074). The most common adverse events (>5% in any group) were 
oral candidiasis and upper respiratory tract infection.

Conclusion: Clinical benefits for patients who used BAI 320 and 640 pg/day and M DI 640 pg/day were demonstrated. The 
safety profiles of BAI 320 and 640 pg/day were comparable with that of the MDI. These benefits and the continued need for 
better symptom control among patients ivith asthma support the continued development of this controller medication. 
ClinicalTrials.gov identifier NCT02031640.

(Allergy Asthma Proc 37:359-369, 2016; doi: 10.2500/aap.2016.37.3983)

The prevalence of asthma in the general population 
has continued to steadily climb. From 2001 to 

2010, the number of people with asthma in the United 
States increased 27%, from 20.3 million to 25.7 million, 
including 7 million children and 3.1 million adults ages
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>65 years.1'2 In 2009, 12.8 million people had an 
asthma episode or attack, and >3300 people died of 
asthma.1'3

According to the National Asthma Education and 
Prevention Program Expert Panel Report 3 guidelines,4 
inhaled corticosteroids (ICS) are the preferred daily 
medication for controlling symptoms in patients with 
persistent asthma. Multiple types of devices are avail­
able for ICS delivery, i.e., metered-dose inhalers (MDI), 
breath-actuated MDIs (or breath-actuated inhalers 
[BAI]), dry powder inhalers (DPI), and nebulizers, de­
pending on the needs of the patient.5 Proper use of 
these inhaler devices by the patient is critical for effec­
tive delivery of the medication to the lungs.6,/ MDIs, 
which require the patient to coordinate inhalation and 
actuation for proper administration, are the most fre­
quently prescribed devices.8,9 This coordination is an 
important limitation of MDIs; one study demonstrated 
that 48% of patients did not correctly use their MDI 
after physician instruction.8,9

DPIs do not require coordination of actuation with 
inhalation; however, limitations of these devices in-
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elude loss of dose if exhalation occurs through the 
device after actuation, variable delivery dose, and dif­
ficulty of generating a sufficient inhalation flow for 
actuation.8 10 BAIs were developed to eliminate the 
need for the coordination of inhalation and actuation, 
and several studies reported that patients find them 
easier to use than pressurized MDIs or DPIs.11 In ad­
dition, BAIs have been shown to produce higher lung 
deposition compared with DPIs, which may be due, in 
part, to a higher fine particle mass and significantly 
smaller mass median diameter.11

QVAR (beclomethasone dipropionate hydrofluoroal- 
kane) Inhalation Aerosol (Teva Respiratory, LLC; Hor­
sham, PA), an ICS delivered via a pressurized MDI, 
was approved in 2000 for maintenance treatment of 
patients with asthma or patients with asthma who 
require systemic corticosteroids.12 Results of studies 
demonstrated that the particle size generated from this 
MDI allowed for optimum lung deposition, with the 
drug reaching the peripheral as well as the central 
airways.1314 Beclomethasone dipropionate delivered 
via a new BAI (Teva Pharmaceuticals, Inc., Frazer, PA) 
is being developed to help ensure that patients are able 
to consistently use the device correctly and benefit 
from therapy. The current study was designed to eval­
uate the efficacy and safety of beclomethasone dipro­
pionate (320 or 640 jug/day) administered via BAI and 
MDI compared with placebo in patients currently us­
ing a mid to high dose of an ICS or any ICS/long- 
acting j3 agonist for persistent asthma.

METHODS 
Study Design

This was a phase III, 12-week, multicenter, random­
ized, double-blind, double-dum m y, placebo-con­
trolled, parallel-group study that evaluated the efficacy 
and safety of beclomethasone dipropionate treatment 
administered via BAI or MDI in male and female ado­
lescents and adults ages s l 2  years with persistent 
asthma (ClinicalTrials NCT02031640). In the present 
study, 115 sites in the United States, Germany, H un­
gary, and Poland screened and 97 sites randomized at 
least one patient. The study consisted of three periods: 
a 2- to 3-week placebo run-in period, a 12-week dou­
ble-blind treatment period with four treatment visits, 
and a follow-up visit or telephone call 7 ± 3 days after 
the last treatment visit.

Albuterol/salbutamol hydrofluoroalkane MDI was 
provided to all patients as rescue medication and was 
permitted to be used throughout the duration of the 
study. After the 2- to 3-week run-in period, the patients 
were randomized in a 1:1:1:1:1 ratio to one of five 
treatment groups: beclomethasone dipropionate 320 
jug/day via BAI, beclomethasone dipropionate 640 jug/ 
day via BAI, beclomethasone dipropionate 320 jug/day

via MDI, beclomethasone dipropionate 640 jxg/day via 
MDI, or placebo (matching either the BAI or MDI 
device). The study was approved by an independent 
ethics committee or institutional review board, and 
was conducted in accordance with the International 
Council for Harmonisation Good Clinical Practice Con­
solidated Guideline (E6). Written or oral informed con­
sent was obtained from each patient or legal guardian 
before study procedures or assessments. The study 
was conducted and monitored by Pharmaceutical 
Product Development (Wilmington, NC).

Patients
The study included male and female patients, ages >12 

years, with asthma, diagnosed at least 3 months before 
study enrollment but stable for at least 30 days, and with 
a forced expiratory volume in 1 second (FEVt) result of 40 
to 85% of the predicted normal value for age, height, sex, 
and race. All the patients were required to demonstrate a 
minimum FEVj reversibility of 12% within 30 minutes 
after two to four inhalations of albuterol/salbutamol 
within the previous year, at screening, or during run-in, 
and to have been on a stable dose of ICS (>440 ju,g/day of 
fluticasone propionate or equivalent) for a minimum of 4 
weeks before the prescreening visit, or any ICS/long- 
acting |8 agonist for at least 4 weeks before the prescreen­
ing visit. The patient's current ICS/long-acting |3 agonist 
asthma treatment was changed, at a prescreening visit, to 
fluticasone propionate if, in the investigator's judgment, 
there was no inherent harm and the patient gave consent 
or assent (dose of 110 jug, two inhalations twice daily, for 
a total daily dose of 440 jag or 220 /xg, two inhalations 
twice daily, for a total daily dose of 880 jag or the equiv­
alent). The dose of fluticasone propionate was based on 
the ICS component of the patient's current therapy, and 
the patient then underwent screening procedures after 7 
days but no more than 30 days.

Patients were excluded if they had a history of life- 
threatening asthma, were pregnant, were current 
smokers, had a 10 pack-year smoking history or had 
used tobacco in the past year, had a respiratory infec­
tion 2 weeks before the screening visit, had used im­
munosuppressive drugs 4 weeks before the screening 
visit, had untreated candidiasis at the screening visit 
(patients with clinical visual evidence of oral candidi­
asis who agreed to receive treatment and to comply 
with appropriate medical monitoring could enter the 
study), had a positive human immunodeficiency virus 
test result or active hepatitis B or C viral infection, or 
had any disease or condition deemed by the investiga­
tor to put the patient at risk.

Patients were required to continue to meet the entry 
criteria and to have no evidence of oropharyngeal can­
didiasis at the randomization visit, to have no asthma 
exacerbation during the run-in period, and to comply
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with completion of the daily diary. In addition, patients' 
asthma symptoms and rescue medication usage were 
required to meet the following criteria or a combination 
of the criteria on at least 4 of the 7 days immediately 
preceding the randomization visit: any daytime asthma 
symptom score of 1 or more; any nighttime asthma 
symptom score of 1 or more; any albuterol/salbutamol 
use (one or more occasions).

Assessm ents
The primary efficacy end point was the standardized 

baseline-adjusted trough morning (predose and pre­
rescue bronchodilator) FEV! area under the effect 
curve from time 0 to 12 weeks (AUEC[0_12 weeks])- Spi­
rometry was conducted consistently by using stan­
dardized equipment, time of day (±1 hour), and pos­
ture. Pulmonary function tests were to be measured 
electronically by using the same spirometer on a pa­
tient throughout the study whenever possible. Pulmo­
nary function measurements were obtained at the 
screening visit, the randomization visit (baseline), and 
at each treatment visit. For FEVj results, the highest 
value from three acceptable and two repeatable at­
tempts was used. Secondary efficacy measures in­
cluded change from baseline in the weekly average of 
daily trough morning peak expiratory flow (PEF) and 
evening PEF, total daily use of albuterol/salbutamol 
inhalation aerosol, total daily asthma symptom scores, 
and time to withdrawal over the 12-week treatment 
period due to meeting the stopping criteria for wors­
ening asthma symptoms.

A twice-daily paper diary captured PEF results, res­
cue medication, and total daily asthma symptom 
scores. Daytime symptom scores were based on a scale 
that ranged from 0 to 5, in which 0 was defined as no 
symptoms during the day and 5 was defined as symp­
toms so severe that the patient could not go to work or 
perform normal daily activities. Nighttime symptom 
scores were based on a scale that ranged from 0 to 4, in 
which 0 was defined as no symptoms and 4 was de­
fined as symptoms so severe that the patient did not 
sleep at all. Other outcomes and end points included 
change from baseline in the Asthma Quality of Life 
Questionnaire with standardized activities (AQLQ[S]) 
(patients ages >18 years only) at week 12 and end 
point, including the proportion of patients who 
achieved a clinically significant change from baseline 
(a minimum important difference of 0.5 in the 
AQLQ[S] score) at week 12 and end point (last non­
missing postbaseline assessment); Asthma Control Test 
(ACT) over 12 weeks and at end point; and results of 
the Patient Satisfaction and Preference Questionnaire 
at week 12 and end point.

The AQLQ(S) included 32 items with a 2-week recall 
period and used a 7-point Likert scale (1 [severely

impaired] to 7 [not impaired at all]); higher scores 
indicate better quality of life. Items were grouped to 
produce scores for symptoms, activity limitations, 
emotional function, and environmental function along 
with a total score, which was the mean sum of the 
individual subscores. Patients ages 12 to 17 years and 
non-English, non-German speaking patients were ex­
empt from the Patient Satisfaction and Preference 
Questionnaire assessment procedure. Alert criteria for 
worsening asthma were met if an FEV1 value was 
below the FEVj stability limit (80% of baseline FEVj) 
calculated at the randomization visit, morning PEF fell 
below the PEF stability limit (80% of average morning 
PEF) calculated from the 7 days before randomization, 
>12 inhalations/day of rescue medication were used 
on at least 3 days in a 7-day period, nighttime asthma 
symptom score was >2 for at least 2 days in a 7-day 
period, and the overall clinical picture was consistent 
with worsening asthma as judged by the investigator. 
A clinical asthma exacerbation was defined as worsen­
ing asthma that required any significant treatment 
other than study drug or rescue medication. Safety was 
assessed by evaluating reported adverse events (AEs), 
treatment-emergent AEs, treatment-related AEs, labo­
ratory test results, vital sign measurements, physical 
examination, and asthma exacerbation incidence; oro­
pharyngeal examinations were completed at each visit 
to assess any possible oral candidiasis occurrence.

Statistical Analyses
A simulation study calculated that a sample size of 

—500 patients (100 per treatment group) would pro­
vide a statistical power of 90% at the two-sided 0.05 
level of significance for demonstrating efficacy. The 
simulation was carried out 2000 times with the follow­
ing assumptions: true time averaged (i.e., averaged 
over 12 weeks) treatment difference of 0.2 L between 
each active treatment and placebo, a common standard 
deviation of 0.42 L, four repeated postbaseline mea­
surements of trough morning (predose and pre-rescue 
bronchodilator) FEVj for each patient, and a correla­
tion coefficient of 0.7 among repeated observations 
within a patient.

Four analysis sets were defined: (1) the intent-to-treat 
(ITT) population, which included all randomized pa­
tients; (2) the per-protocol population, which included 
all data from randomized patients obtained before a 
major protocol violation; (3) the safety population, 
which included patients in the ITT population who 
took one or more doses of study drug and was used for 
all safety analyses; and (4) the full analysis set (FAS), 
which included patients in the ITT population who 
received at least one dose of study drug and had at 
least one postbaseline trough morning FEV1 measure­
ment. The FAS served as the primary population for
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Figure 1. Patient disposition. BAI = Breath-actuated inhaler; ITT = intent-to-treat; FAS = fu ll analysis set; M DI = metered-dose inhaler; 
PP = per protocol.

efficacy analysis. The primary efficacy variable was the 
standardized baseline-adjusted trough morning FEV-, 
AUEC(q_12 weeks) and was analyzed by using analysis of 
covariance with effects due to baseline trough morning 
FEVj, sex, age, and treatment.

For analyses based on the primary efficacy variable, 
missing data caused by early dropout from the study 
were handled by penalizing the positive standardized 
baseline-adjusted trough morning (predose and pre­
rescue bronchodilator) FEVj AUEC(0_12 w eeks) by using 
a baseline-observation-carried-forward method. This 
method assigned these patients a standardized base­
line-adjusted trough morning FEV1 AUEC(0_12 w eeks) o f  

0. Contrasts for pairwise comparisons of each beclo- 
methasone dipropionate BAI and MDI dose versus 
placebo were constructed. The estimated treatment dif­
ference between active treatment groups and the pla­
cebo group was presented together with the two-sided 
95% confidence interval for the difference and the p 
value. The FAS and per-protocol populations were 
used for secondary efficacy analyses.

RESULTS
The study was initiated in January 2014 and com­

pleted in November 2014. Overall, 1113 patients con­
sented to participate in the study, 1001 patients at­
tended the screening visit, and 532 patients were 
randomly assigned to treatment. All the patients who 
were randomized (ITT population) received at least 
one dose of study drug and were evaluated for safety 
(safety population); the FAS included 529 patients, and 
the per-protocol population included 523 patients. A 
total of 483 patients completed treatment, and 49 dis­
continued treatment (Fig. 1). Patient demographic and 
baseline characteristics are summarized in Table 1. Al­
though similar numbers of patients (104-107 in the 
FAS) were randomized to each treatment arm, the 
placebo group showed a higher discontinuation rate, of 
21% versus 3-10% of patients in the active treatment 
groups. Lack of efficacy withdrawals were higher with 
placebo (n = 15) compared with active treatment (n = 
1-5) (Fig. 1). Baseline characteristics were well matched 
across the groups (Table 1).
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Parameter Statistic* Placebo BAI 320 /xg/day BAI 640 /xg/day MDI 320 pig/day MDI 640 /xg/day
(n = 106) (n = 104) (n = 106) (n = 106) (n = 107)

LS mean ± SE 0.056 ± 0.022 0.090 ± 0.022 0.101 ± 0.022 0.041 ± 0.022 0.096 ± 0.022
P Value (compared with — 0.272 0.142 0.636 0.193

placebo)

FEV3 = Forced expiratory volume in 1 second; FAS = full analysis set; BAI = breath-actuated inhaler; MDI = metered-dose 
inhaler; LS = least squares; SE = standard error.
*LS means and p values represent the results obtained from the analysis of covariance with covariate adjustment for baseline, 
sex, age, and treatment.

Table 2 Baseline-adjusted trough morning FEVj area under the effect curve from week 0 to week 12 (FAS)

Primary Efficacy End Point
The primary efficacy analysis was conducted on the 

FAS (n = 529). Although patients treated with beclo- 
methasone dipropionate BAI 320 and 640 pg/day, and 
beclomethasone dipropionate MDI 640 /xg/day expe­
rienced increases in the least squares mean of the pri­
mary efficacy end point of baseline-adjusted trough 
morning FEVj AUEC(0_12 weeks) compared with pla­
cebo these differences were not statistically significant 
(Table 2, Fig. 2).

Secondary Efficacy End Points
Clinically important increases in the beclomethasone 

dipropionate BAI groups were observed for most of 
the secondary efficacy end points (Table 3). Over the 
12-week treatment period, both the beclomethasone 
dipropionate BAI 320 pg/day and 640 pg /day groups 
demonstrated substantial improvements, of 4 to 12.5 
L/min, compared with placebo in change from baseline 
in the weekly average of daily trough morning PEF and 
daily evening trough PEF, in addition to clinically mean­
ingful decreases in the total daily use of albuterol/salbu- 
tamol inhalation aerosol. For BAI 320 /xg/day only, the

total daily asthma symptom score improved (Table 3). 
For the MDI treatment groups, similar clinically mean­
ingful changes in all four efficacy end points were also 
demonstrated in the MDI 640 /xg/day group, but only 
the total daily use of albuterol/salbutamol and total 
daily asthma symptom scores achieved a p value of 
<0.05 in the MDI 320 p,g/day group. Of the patients 
who discontinued treatment, more patients in the pla­
cebo group than in any of the active treatment groups 
withdrew due to meeting the stopping criteria for 
worsening asthma (Table 3).

Patient Assessments and Other Outcome Variables
Ratings of quality of life (AQLQ[S] total score) at the 

study end point increased from baseline in the active 
treatment groups compared with the placebo group 
(Table 4). The patients treated with beclomethasone 
dipropionate delivered via BAI or MDI experienced 
greater improvements in ACT scores compared with 
those in the placebo group (p < 0.0014) (Table 4). 
Patient assessments of the BAI and MDI devices from 
the Patient Satisfaction and Preference Questionnaire 
scores were varied. Patients rated the MDI device

Placebo BAI 320 fjg/day BAI 640 pg/day

Figure 2. Change from baseline 
(mean ± SE) in trough morning 
FEV, (L) From week 0 to week 12 
(FAS). BAI = Breath-actuated inhal­
er; FAS = full analysis set; FEV1 = 
forced expiratory volume in 1 second; 
MDI = metered-dose inhaler; SE = 
standard error.
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Table 3 Change from baseline in weekly average of secondary efficacy end points over the 12-week 
treatment period (FAS) ________________________________________________

Parameter Statistic* Placebo BAI 320 p.g/day BAI 640 jtxg/day MDI 320 jxg/day MDI 640 pg/day
(« = 106) (n = 104) (n = 106) (n = 106) (n = 107)

Daily trough morning 
PEF, L /m in

LS mean ± SE -5.524 ± 2.59 5.092 ± 2.56 2.895 ± 2.56 0.480 ±  2.56 6.988 ± 2.53
p Value (compared 

with placebo) 
Daily evening PEF, 

L /m in

0.004 0.020 0.098 0.001

LS mean ± SE -4.708 ± 2.65 4.439 ± 2.62 4.462 ± 2.61 -0.620 ± 2.61 5.594 ± 2.58
p Value (compared 

with placebo)
Total daily use of

albuterol/ salbutamol 
inhalation aerosol, no. 
of inhalations

0.014 0.013 0.270 0.005

No. patients 101 96 99 97 101
LS mean ± SE 0.478 ± 0.12 -0.226 ± 0.12 -0.213 ± 0.12 -0.173 ± 0.12 -0.323 ± 0.12
p Value (compared 

with placebo) 
Total daily asthma 

symptom score#

<0.0001 <0.0001 0.0002 <0.0001

LS mean ± SE -0.058 ± 0.04 -0.207 ± 0.04 -0.159 ± 0.04 -0.247 ± 0.04 -0.274 ± 0.04
p Value (compared 

with placebo)
Patient withdrawals from 

the study due to 
meeting stopping 
criteria for worsening 
asthma

0.012 0.085 0.002 <0.001

Patients, no. (%) 15 (14.2) 3 (2.9) 3 (2.8) 5 (4.7) 1 (0.9)
p Value (compared 

with placebo)
0.003 0.003 0.020 <0.001

FAS = Full analysis set; BAI = breath-actuated inhaler; MDI, metered-dose inhaler; PEF, peak expiratory flow; LS, least 
squares; SE, standard error.
*LS means and p values were obtained from the Mixed Model for Repeated Measures analysis with covariate adjustment for 
baseline, sex, age, treatment, week, and treatment by week interaction.
#Based on the average of the daytime and nighttime scores. Daytime symptom scores were based on a 0-5 point scale, in which 
0 was defined as "no symptoms" and 5 was defined as "symptoms so severe that the patient could not go to work or perform 
normal daily activities." Nighttime symptom scores were based on a 0 -4  point scale, in which 0 was defined as "no symptoms" 
and 4 was defined as "symptoms so severe that the patient did not sleep at all."

higher for total satisfaction than the BAI device; how­
ever, more patients preferred the BAI device to the 
MDI device (Table 5). The MDI device, however, had a 
higher "willingness to continue with inhaler" score 
than the BAI device (Table 5).

Safety
AE reporting was similar across all active treatment 

groups, with roughly a third of each treatment group

reporting at least one AE. The most frequently re­
ported AEs (which occurred in >2% of patients in any 
treatment group) are summarized in Table 6. The pa­
tients were actively monitored for oral candidiasis at 
every visit. Approximately 3-10% of patients across 
active treatment groups were noted to have evidence 
of oral candidiasis, but only 0-3% reported these as 
infections. Other AEs were balanced across treatment 
groups. Treatment-related AEs are summarized in
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Table 4 Additional study end points (FAS)

Parameter Placebo 
(n = 106)

BAI 320 pg/day BAI 640 pg/day MDI 320 pg/day MDI 640 pg/day 
(n =  104) (n = 106) (n - 106) (n = 107)

Change from baseline in 
AQLQ(S) total mean score 
at study end point*

No. patients 99 98 99 103 99
Model-adjusted change 

from baseline, LS mean ± 
SE

-0.018 ± 0.09 0.376 ± 0.09 0.324 ± 0.09 0.336 ± 0.09 0.448 ± 0.09

p Value (compared with 
placebo)

Change from baseline in ACT 
score over weeks 1 to 12

0.0022 0.0074 0.0052 0.0003

No. patients 106 103 105 105 106
Model-adjusted change 

from baseline, LS mean ± 
SE

0.051 ± 0.28 1.583 ± 0.28 1.318 ± 0.28 1.452 ± 0.28 1.571 ± 0.28

p Value (compared with 
placebo)

— 0.0001 0.0014 0.0004 0.0001

FAS -  Full analysis set; BAI = breath-actuated inhaler; MDI = metered-dose inhaler; AQLQ(S) = Asthma Quality of Life 
Questionnaire with standardized activities; LS = least squares; SE = standard error; ACT = Asthma Control Test.
*Last nonmissing postbaseline assessment.

Table 5 Patient satisfaction and preference of device in PASAPQ results at study end point
Parameter BAI Device 

(n = 433)
MDI Device 

(n = 432)
Total satisfaction score, mean ± SD 

Mean difference (p value)
Patients preferring specific inhaler, no. (%)
Willingness to continue with inhaler score, mean ± SD 

Mean difference (p value)

79.7 ± 17.73

174 (40.1)* 
74.6 ± 29.72

81.8 ± 13.99 
-2.160 (0.0002)

170 (39.2)* 
79.5 ± 26.42# 

-4.864 (0.0054)
PASAPQ = Patient Satisfaction and Preference Questionnaire; BAI = 
SD = standard deviation.
*n = 434.
#n = 433.

breath-actuated inhaler; MDI = metered dose inhaler;

Table 7. Similar percentages of patients in the beclo- 
methasone dipropionate 320 pg /day  BAI and MDI 
groups experienced treatment-related AEs and similar 
percentages of patients in the 640 pg/day  BAI and MDI 
groups experienced treatment-related AEs. The majority 
of treatment-related AEs reported were Candida infec­
tions and oral candidiasis, with more episodes of oral 
candidiasis noted with the 640 pg/day  dose.

Five patients in the beclomethasone dipropionate 
treatm ent groups experienced serious AEs. One of 
these serious AEs, a severe asthma exacerbation ex­
perienced by a patient in the BAI 640 p g /d ay  group, 
resolved and did not require hospitalization but did 
lead to study discontinuation (one other patient in

the BAI 640 p g /d ay  group withdrew from the study 
due to tremors, also considered related to the study 
drug). Four of the AEs scattered across treatment 
groups required hospitalization (BAI 320 p g /d ay , 
acute gastroenteritis with hypokalemia and acute 
kidney injury; MDI 320 p g /d ay , acute abdominal 
pain with cholelithiasis, gastropatia, and acute pan­
creatitis; MDI 640 p g /d ay , perforated diverticulitis; 
MDI 640 p g /d ay , retropharyngeal abscess), but none 
were related to the study drug. No deaths or serious 
AEs occurred during the follow-up period. Regarding 
other safety parameters, no clinically relevant changes 
from baseline were observed in hematology, chemistry, 
and urinalysis results, or in vital signs.
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Table 6 Overall adverse events and adverse events that occurred in >2% of any treatment group (safety 
population)

Patients, no. (%) Placebo BAI 320 pg/day BAI 640 pg/day MDI 320 pg/day MDI 640 pg/day
(n = 106) (n = 106) (n = 106) (n = 107) (n = 107)

Patients with s i  adverse 29 (27.4) 31 (29.2) 37 (34.9) 33 (30.8) 45 (42.1)
event

N asopharyngitis 2(1.9) 2(1.9) 3 (2.8) 2 (1.9) 4 (3.7)
Upper respiratory tract 2(1.9) 4 (3.8) 1 (0.9) 7 (6.5) 4 (3.7)

infection
Candida infection 0 0 3 (2.8) 2 (1.9) 0
Gastroenteritis 0 3 (2.8) 0 0 0
Oral candidiasis 0 5 (4.7) 10 (9.4) 3 (2.8) 9 (8.4)
Headache 5 (4.7) 2(1.9) 2(1.9) 0 3 (2.8)
Oropharyngeal pain 1 (0.9) 1 (0.9) 3 (2.8) 2 (1.9) 4 (3.7)

BAI = Breath-actuated inhaler; M D I = metered-dose inhaler.

Table 7 Treatment-related adverse events that occurred in any treatment group (safety population)

Patients, no. (%) Placebo BAI 320 pg/day BAI 640 pg/day MDI 320 pg/day MDI 640 pg g/day
(n = 106) (n = 106) (n = 106) (« = 107) (n = 107)

Patients with s i  TRAE 2(1.9) 5 (4.7) 16 (15.1) 6 (5.6) 13 (12.1)
Dysphonia 1 (0.9) 0 0 0 0
Oropharyngeal pain 1 (0.9) 0 0 1 (0.9) 0
Throat irritation 1 (0.9) 0 0 0 0
Asthma 0 0 1 (0.9) 0 0
Pharyngeal erythema 0 0 0 0 1 (0.9)
Headache 1 (0.9) 0 0 0 0
Tremor 0 0 1 (0.9) 0 0
Rash 1 (0.9) 0 0 0 0
Oral discomfort 0 0 0 0 1 (0.9)
Candida infection 0 0 3 (2.8) 2 (1.9) 0
Oral candidiasis 0 5 (4.7) 10 (9.4) 3 (2.8) 9 (8.4)
Oropharyngeal 0 0 0 0 1 (0.9)

candidiasis
Blood bilirubin 0 0 1 (0.9) 0 0

increased
Muscle spasms 0 0 0 0 1 (0.9)

BAI = Breath-actuated inhaler; M D I = metered-dose inhaler; TRAE  = treatment-related adverse event.

DISCUSSION
No significant improvement in the prim ary effi­

cacy variable of baseline-adjusted trough morning 
FEVj AUEC(0_12 weeks) was apparent in this popula­
tion of patients ages s l 2  years with asthma previ­
ously treated with ICS between any of the beclo- 
methasone dipropionate BAI or MDI treatment 
groups and the placebo group over the 12-week 
treatm ent period. It is im portant to note that, when 
the data were evaluated at 12 weeks by using a 
last-observation-carried-forward or baseline-obser- 
vation-carried-forward approach, a substantial treat­
ment effect was noted for both BAI treatm ent groups

and the MDI 640 p g /d ay  treatm ent group. A study 
center effect was noted; when data from these sites 
were excluded from the analysis, all treatment 
groups dem onstrated substantial improvement at 12 
weeks (data on file). The results of the prim ary anal­
ysis were in contrast to the secondary efficacy vari­
ables, in which patients treated with beclomethasone 
dipropionate BAI 320 p g /d ay , BAI 640 pg /d ay , and 
MDI 640 p g /d ay  dem onstrated consistent improve­
ments in weekly average m orning PEF and average 
evening PEF, and consistent decreases from baseline 
in albuterol/salbutam ol use compared with patients 
who received placebo.
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The patients in the placebo group were also three to 
five times more likely than the patients in the BAI or 
MDI groups to withdraw from the study because of 
worsening of asthma symptoms. The greater rate of 
discontinuation in the placebo group (21%) compared 
with the active treatment groups (3-10%) may have 
contributed to the lack of significance noted among the 
active groups and the placebo group for the FEV1 
results. Use of rescue medication and worsening 
asthma symptoms are clinically relevant over time and 
indicate that substantial and important treatment ef­
fects were observed in patients treated with beclo- 
methasone dipropionate BAI and MDI compared with 
those who received placebo. In addition, positive ef­
fects of beclomethasone dipropionate BAI treatment 
were further supported in the results of the AQLQ(S) 
and ACT assessments completed during the study.

The contrast observed in the level of improvement 
seen from the primary as opposed to the secondary 
efficacy end points seemed to be driven in large part by 
the increase in FEVj AUEC(0_12 weeks) demonstrated by 
the placebo group. As is common in similar studies of 
ICS therapy, all the patients were maintained on ICS 
therapy during the run-in period, and FEV-, values 
would have been expected to decrease over time when 
ICS therapy was removed.15-17 In this study, FEVj 
values in the placebo group did not decline but im­
proved by 0.056 L; this could explain the lack of statis­
tical significance for the primary end point. The lack of 
significance may have been due, in part, to overtreat­
ment of patients who were not dependent on ICS for 
asthma control at baseline before entering the study.

Step-down of controller therapy is recommended for 
patients after they have been stabilized for 3 months to 
allow for the lowest treatment dose to control asthma 
symptoms and exacerbations,18 with reevaluation ev­
ery 1 to 6 months, depending on control4; however, to 
what degree this recommendation is practiced is un­
known. In addition, it is possible that the patients with 
the most-severe disease in the placebo group dropped 
out early, before the 12-week analysis, which may have 
contributed to apparent improvements in FEVj in the 
placebo group. In addition, because physicians may 
have been reluctant to enroll patients who had more- 
severe asthma that may have worsened in a placebo- 
controlled study, the enrollment of patients with less- 
severe asthma may have allowed the patients on 
placebo to participate in the study without significant 
worsening. In recent ICS studies with a similar design, 
results for the placebo group were similarly im­
proved.19,20

Although both devices were generally well received 
by the patients, patient preference may have been af­
fected because patients were more likely to have pre­
viously used an MDI and may have a preference for 
MDIs because of this familiarity. The safety profiles of

both beclomethasone dipropionate BAI 320 /xg/day 
and BAI 640 /xg/day were comparable with the estab­
lished profile of the MDI, with no new safety signals 
observed.

Limitations of the study included the FEVj results of 
the patients on placebo, as noted above. This may have 
been a result of patient selection, which made it an­
other potential study limitation. An additional poten­
tial limitation could have been the overtreatment of 
patients who were not dependent on ICS for asthma 
control at baseline before entering the study. Although 
the choice of FEVj as the primary efficacy end point 
has been proven to be a good measure of pulmonary 
function, some studies demonstrated a lack of correla­
tion between pulmonary function measures and clini­
cal outcomes such as asthma symptoms and quality of 
life measures.21-23 Strengths of the study included the 
double-blind, double-dummy protocol design, the rig­
orous completion of oral pharyngeal examinations at 
every visit, and the use of two doses of beclomethasone 
dipropionate (320 /jlg/day and 640 /xg/day) for both 
the BAI and MDI devices. The lack of statistical signif­
icance of the primary efficacy end points of the study 
may be due to a combination of the lack of a decline in 
the placebo group when taken off ICS therapy and the 
lack of correlation between pulmonary function mea­
sures and clinical outcomes for beclomethasone dipro­
pionate via BAI, given its clinical benefits and observed 
safety profile.

CONCLUSION
Based on the results of this study and the totality of 

the data, a treatment benefit was demonstrated for 
beclomethasone dipropionate delivered via the BAI or 
MDI device and would be expected to be similar for 
the treatment of asthma.
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