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Abstract

Background and Objective Metered-dose inhalers require
patients to coordinate inhalation with actuation. The pre-
sent albuterol multi-dose dry-powder inhaler (mDPI) does
not require patients to coordinate inspiration with actua-
tion, thereby simplifying delivery of albuterol to the lungs.
The aim of the present study was to compare the efficacy,
pharmacokinetics, pharmacodynamics, extrapulmonary
pharmacodynamics, and safety of albuterol (salbuterol)
delivered via a ProAir® hydrofluoroalkane (HFA)
metered-dose inhaler and an mDPI.

Methods Two double-blind, randomized, double-dummy,
crossover, multicenter, placebo-controlled studies in persis-
tent asthma patients were conducted. Study 1: 47 adult
patients were treated with cumulative doses of albuterol mDPI
or ProAir HFA (90 pg/inhalation; 14+ 142+ 4 + 8
inhalations) or placebo. Study 2: 71 patients aged >12 years
were randomly assigned to receive 90 or 180 pg of albuterol
mDPI or ProAir HFA, or placebo. Primary efficacy endpoints
were baseline-adjusted forced expiratory volume in 1 s
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(FEV)) at 30 min (30-min FEV,) after each cumulative dose
(Study 1) and FEV area under the effect curve over 6 h (FEV,
AUEC_g) after dosing (Study 2).

Results  Study 1: differences, with corresponding 90 %
confidence intervals, between albuterol mDPI and ProAir
HFA in FEV; after each cumulative dose and in FEV;
AUEC,_¢ after the final dose were within pre-established
equivalence limits. The difference in FEV, at high vs. low
doses was significant for both active treatments
(p < 0.0001). Active treatments were similar in systemic
exposure, extrapulmonary pharmacodynamics, and safety.
Study 2: mean FEV; AUEC,_¢ was significantly greater
than for placebo for both doses of albuterol mDPI and
ProAir HFA (p < 0.0001). Albuterol mDPI was compara-
ble to ProAir HFA at 90 and 180 pg. Both study treatments
were generally well tolerated.

Conclusion The bronchodilatory efficacy and pharma-
cokinetic/pharmacodynamic profiles of albuterol mDPI and
ProAir HFA are comparable, with a safety profile consis-
tent with that of inhaled albuterol.

Key Points

Albuterol delivered using a multi-dose dry-powder
inhaler (mDPI) has comparable efficacy, safety,
pharmacokinetics, and extrapulmonary
pharmacodynamics to albuterol delivered using a
hydrofluoroalkane metered-dose inhaler.

An mDPI for delivery of albuterol provides asthma
patients a new choice of inhaler device, which might
particularly benefit those experiencing difficulty
using a conventional metered-dose inhaler.
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1 Introduction

Asthma affects approximately 18.7 million adults in the
USA [1] and imposes considerable and persistent burden in
terms of morbidity, quality of life, and healthcare expenses
[2]. Guidelines recommend the use of short-acting B,-
agonists as the treatment of choice for relief of acute
asthma symptoms and prevention of exercise-induced
bronchospasm [3]. Albuterol (salbuterol) has a well-
established safety and efficacy profile, supported by more
than 30 years of extensive clinical use as a bronchodilator
[4-6]. Inhalation of these medications as an aerosol is the
preferred mode of administration, which achieves high
drug concentrations in the airways while minimizing the
occurrence of systemic side effects [7].

The predominant mode of albuterol administration is via
hydrofluoroalkane (HFA) metered-dose inhalers (MDIs).
These devices allow direct delivery of the medication to
the airways [8], while minimizing oral deposition and
systemic exposure (compared with oral therapies), which
lead to side effects [9]. However, many patients are unable
to properly coordinate actuation of the MDI device with
inspiration [9, 10], potentially resulting in compromised
drug delivery and suboptimal clinical benefit [11-13].

This problem has been addressed by the development of a
novel albuterol multi-dose dry-powder inhaler (mDPI) that
delivers the drug as the patient inhales, thus simplifying and
improving albuterol delivery to the airways [14, 15].

The results of two studies that compared the efficacy and
safety of the new albuterol mDPI and albuterol HFA MDI
(ProAir® HFA) in patients with persistent asthma are
reported herein. In the cumulative-dose phase I study, the
efficacy, pharmacokinetics, extrapulmonary pharmacody-
namics, and safety of these two treatments were compared
in patients. In the single-dose crossover study, two doses of
the albuterol mDPI were compared to corresponding doses
of ProAir HFA to confirm they provided similar efficacy
and safety. These two studies supported the dose selection
of albuterol mDPI for subsequent clinical development.

2 Methods
2.1 Participants

Patients were eligible for inclusion in the studies if they
met the following criteria: Study 1: male or female patients
aged 18-45 years; Study 2: male or female patients aged
>12 years. Patients in both studies were included if they
were non-smokers for >12 months preceding screening
and had persistent asthma (according to National Asthma
Education and Prevention Program Guidelines) [16] of
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>6 months’ duration that required stable doses of inhaled
corticosteroids (ICS; fluticasone propionate <500 pg/day
or equivalent for 4 weeks preceding screening). All patients
had forced expiratory volume in 1 s (FEV;) of 50-80 % of
the predicted values for age-, height-, sex-, and race-
matched reference values (National Health and Nutrition
Examination Survey III) [17] at screening and evidence of
reversible bronchoconstriction as verified by a >15 %
increase in FEV; within 30 min (30-min FEV;) after
inhalation of albuterol 180 pg via MDI. Patients had to
have the ability to perform spirometry and peak expiratory
flow determinations and be in general good health with a
clinically acceptable medical history, physical examination
results, and vital signs. All patients had to demonstrate
proficiency in use of both the mDPI and HFA MDI to be
eligible for the studies and receive their dose during the
treatment days.

Major exclusion criteria included known hypersensitiv-
ity to albuterol or any of the excipients in the formulations,
history of severe milk protein allergy, upper or lower res-
piratory infection within 14 days (Study 1) or 6 weeks
(Study 2) preceding screening, and asthma exacerbation
that required oral corticosteroids within the 3 months or
hospitalization for asthma within the 6 months preceding
screening.

Patients could not have any history of life-threatening
asthma. Prohibited concomitant medications included f3,-
adrenergic receptor agonists, non-selective [-receptor
blocking agents such as antihypertensive [-blockers,
monoamine oxidase inhibitors, tricyclic antidepressants,
systemic corticosteroids, leukotriene modifiers, and, in
Study 2, orally inhaled anticholinergics. ICS were contin-
ued [no more than 500 pg of fluticasone propionate/day or
equivalent dose for another ICS; mean ICS dose at
screening (Study 2): 350.4 pg; range: 80-880 pg], short-
acting [,-agonists were permitted but had to be withheld
48 h before and during study visits (Study 1) or
>6 h before spirometry (Study 2), and Study 1 allowed
ipratropium use with a washout required 8 h prior to and
for the duration of visit assessments.

2.2 Study Designs and Interventions

Study 1: double-blind, randomized, double-dummy,
cumulative-dose, two-period crossover, multicenter study
(NCT01056159) in 47 adult patients from eight study sites
across the USA. This study consisted of a screening visit,
followed by a 7- to 14-day run-in period (during which
patients were allowed as-needed use of albuterol and
ipratropium with specified washouts prior to and during
treatment, and, where applicable, were maintained on their
dose of ICS), a treatment period with two visits separated
by 3-14 days of washout, and a follow-up visit 1-5 days
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after the second treatment visit. A stable dose of ICS was
required for >4 weeks preceding the screening visit and
during the study. Eligible patients were randomly assigned
to receive albuterol mDPI and placebo HFA MDI, or
ProAir HFA MDI and placebo mDPI (90 pg/inhalation) in
a double-blind, double-dummy, randomized sequence,
two-period crossover fashion. Both the treatment sequence
and the inhaler sequence (active, placebo) were random-
ized. After an overnight fast >6 h, treatment was admin-
istered as 1+ 14+ 2 + 4 4+ 8 inhalations from each
device. Each set of inhalations was separated by 30 min.
This resulted in cumulative doses of 90, 180, 360, 720, and
1440 pg for each study treatment. FEV, was assessed at
baseline (the average of measurements taken 30 min and
immediately before dose administration) and 30 min after
each cumulative dose, with additional hourly assessment
up to 6 h after the final dose. In the subset of patients who
participated in the pharmacokinetic sub-study, pharma-
cokinetic assessments continued up to 12 h.

Study 2: randomized, double-blind, double-dummy, pla-
cebo-controlled, CrosSOVver, multicenter study
(NCTO01058863) in 71 patients aged >12 years from 12
study sites across the USA, consisting of three periods and
seven visits. During the 14-day run-in period, regular ICS
maintenance asthma treatment was continued. For safety
purposes, patients recorded their morning peak expiratory
flow in a daily diary (best value of three attempts) and were
instructed to contact the investigative site in the case of
worsening asthma. Eligible patients were subsequently ran-
domly assigned to receive five single doses of study medi-
cation administered in a five-way crossover, double-blind,
double-dummy fashion, with a 3- to 7-day washout period
between treatment visits. The follow-up period was 3—7 days
after the last treatment visit, or at patient discontinuation
from the study. Study medication was self-administered at
approximately 8.00 a.m. on the day of treatment visits. Each
patient was randomly assigned to receive one of five treat-
ments, on separate occasions, via oral inhalation as a single
dose (one actuation), including placebo, albuterol mDPI
90 pg, albuterol mDPI 180 g, ProAir HFA 90 g, or ProAir
HFA 180 pg. On a given treatment day, patients were pro-
vided four inhalers, two blinded mDPIs and two blinded
HFA MDIs, and self-administered a single dose from each
inhaler. At each treatment visit, baseline FEV,; was obtained
as the average of two measurements taken 30 min and
immediately before dose administration. Post-dose assess-
ments were obtained at 5, 15, 30, and 45 min, and hourly
thereafter until 6 h after the final dose.

2.3 Randomization

Eligible patients were randomly assigned via an interactive
voice response system to one of four treatment sequences

composed of the two possible treatments and the two
possible sequences of devices within each treatment period
(Study 1). Study 2 used an interactive voice response
system to randomly assign eligible patients to one of 10
treatment sequences, and to one of two inhaler sequences.

2.4 Outcomes
2.4.1 Efficacy Assessments

For Study 1, the primary efficacy endpoint was the base-
line-adjusted 30-min FEV, after each of five cumulative
doses. The secondary efficacy endpoint was the FEV, area
under the effect curve over 6 h (FEV; AUEC, ) after
completion of dosing. Additionally, to evaluate a dose
response to the escalating doses, a comparison between the
FEV, at the lowest and highest cumulative dose with each
device was made. For Study 2, the primary efficacy end-
point was the baseline-adjusted FEV, AUEC,_¢. The sec-
ondary endpoint was the baseline-adjusted AUEC,_g of
percent-predicted FEV; (PPFEV; AUEC ). Other effi-
cacy endpoints included baseline-adjusted maximum FEV,
within 6 h after dosing, time to achievement of and per-
centage of patients achieving a >15 % and a >12 %
increase from baseline FEV| within 30 min after dosing,
duration of >15 and >12 % increases in FEV, and time to
maximum FEV; (time to peak).

2.4.2 Tolerability Assessments

Safety in both studies was assessed via physical examina-
tion, vital sign assessment, and monitoring for any spon-
taneous and elicited adverse events (AEs). In addition,
patients in Study 1 underwent electrocardiography and
laboratory evaluations.

2.4.3 Pharmacokinetic Assessments

For Study 1 in a subset of patients, the plasma albuterol
drug concentration was measured at 15 min after each of
the first four cumulative doses and at 15 and 30 min and 1,
2,3,4,6, 8,10, and 12 h after the final cumulative dose.
Pharmacokinetic endpoints included area under the plasma
concentration time curve extrapolated to last measurable
concentration (AUC,_,), maximum post-dose plasma con-
centration (Cy,x), and time to observed peak plasma con-
centration (Tpay)-

2.4.4 Pharmacodynamic Assessments

For Study 1, vital signs (blood pressure and heart rate),
electrocardiography (corrected QT intervals), plasma
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glucose levels, and potassium levels were all assessed at
15 min after each cumulative dose and serially after the
final cumulative dose at 0.25, 0.5, 1, 2, 3, and 4 h, with
additional assessments of vital signs at 5 and 6 h after the
final cumulative dose.

2.5 Statistical Analysis

Study 1: based upon a simulation using results from the
IVAX study (IX-100-076), a sample size of 40 patients was
found to provide a power of 91 % to accept the hypothesis
that the absolute difference between albuterol mDPI and
ProAir HFA was <0.2 L for all of the cumulative doses.
This would be demonstrated at the 0.05 level of significance
if all of the individual confidence bounds for the treatment
difference were within the pre-established limits of —0.2,
0.2 L. Approximately 48 patients were to be randomly
assigned to ensure that a sample size of 40 was maintained.
For the pharmacokinetic sub-study, a sample size of 22
patients was required to provide a power of >90 % to
demonstrate that exposure to albuterol mDPI was no greater
than with ProAir HFA (one-sided equivalence, using the
standard upper equivalence limit of 1.25). Approximately
24 patients were randomly assigned to ensure that 22
patients completed the pharmacokinetic sub-study.

Study 2: comparison of each treatment to placebo was
performed to determine an initial level of significance. If
significance was not obtained, no further tests were per-
formed. This sequential process assured that the overall
alpha level for the entire series was not greater than 0.05. A
sample size of 60 patients was required to provide a power
of 90 % to detect a difference in baseline-adjusted FEV,
AUECy_¢ of 0.50 L h between active treatment and pla-
cebo, using 0.82 L h as the value of the intra-subject
standard deviation in the crossover model in a two-sided
test at the 0.05 level of significance. Sixty-six patients were
to be randomly assigned to ensure an adequate sample size.

The safety population included all randomized patients
who received one or more doses of randomized study
medication. The per-protocol (PP) population (the primary
population for efficacy and pharmacodynamic evaluations
in Study 1) included patients who completed the study
without any major protocol violations. The pharmacoki-
netic analysis population (Study 1 only) included all
patients randomly assigned in the pharmacokinetic sub-
study with valid data at blinded review of assay results
before analysis. The intent-to-treat (ITT) population (pri-
mary population for efficacy evaluations in Study 2)
included all randomly assigned patients who received one
or more doses of randomized study medication and had one
or more post-baseline assessments. Baseline was consid-
ered the pretreatment assessment on each study treatment
day; baseline FEV, was the average of the two pre-dose
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determinations. Demographic and baseline characteristics,
FEV, changes from baseline, pharmacokinetic and phar-
macodynamic data, and AEs were summarized using
descriptive statistics.

2.5.1 Efficacy Analyses

For Study 1, the baseline-adjusted 30-min FEV after each
of the five cumulative doses and the difference in the
change from baseline 30-min FEV | after the last (1440 pg)
vs. first (90 pg) dose were analyzed using a mixed-effect
analysis of covariance (ANCOVA) model with fixed
effects of baseline FEV,, sequence, treatment group, per-
iod, and study site, cumulative dose, treatment X cumu-
lative dose, random effect for patient within sequence, and
an AR(1) correlation structure between repeated FEV,
measurements. The primary efficacy analysis for Study 1
was based on a comparison of albuterol mDPI and ProAir
HFA with regard to the change from baseline in FEV,
obtained at 30 min after dosing following each of the
cumulative doses. Study treatments were considered com-
parable with respect to FEV, if, at each cumulative dose,
the 90 % confidence interval (CI) for the mean between-
group difference was within the limits of £0.20 L. The
FEV, AUEC,_g was also analyzed with a mixed analysis of
variance model with fixed effects of sequence, treatment
group, period, and study site, and a random effect for
patient within sequence. The two treatments were consid-
ered comparable with respect to FEV,; AUEC,_¢ after the
final cumulative dose if 90 % ClIs for the treatment dif-
ference were within the limits of +1.2 L h.

The comparison of interest for Study 2 was the mean
difference between each active group and placebo at each
dose level. This was performed with a mixed-effect
ANCOVA model with fixed effects of sequence, treatment
group, period, and study site, and random effect for subject
within sequence. Sequential testing ensured that the overall
o level for the entire series of tests was <0.05. Percentages
of patients achieving >15 and >12 % increases from
baseline in 30-min FEV,; for each active treatment and
placebo were analyzed with a mixed logistic regression
model containing fixed effects for treatment and period and
a random term for patient. An exploratory analysis was
undertaken to compare the two active treatment estimated
means, standard errors, and CIs derived from a linear
mixed model with fixed effects of treatment, sequence,
period, pooled center, and baseline values and a random
effect of patient.

2.5.2 Pharmacokinetic Analyses

In Study 1, plasma albuterol was compared after a cumu-
lative dose of 1440 pg administered by mDPI and by
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Fig. 1 Patient disposition in
Study 1 and Study 2. ITT intent
to treat, PK pharmacokinetics,
PP per protocol. *All patients
from one investigational site

(n = 8) were excluded because
of uncertainty regarding
albuterol exposure. bNinety—one

Screening

patients did not qualify for the
study based on reversibility or
spirometry criteria (study-
qualifying FEV| was not within
50-80 %, or nonspirometry
inclusion/exclusion). “One
subject was incorrectly entered
as “randomized” and was
withdrawn from the study

Randomization

PP population (n = 47)

PK sub-study (n = 24)°

Primary PP population (n = 39)°
PK PP population (n = 16)°

Study 1 Study 2
N=112 N=163
v
N =47
ITT population (n = 47)
Safety population (n = 47) b
N=72

ITT population (n = 71)°

before receiving study
treatment. °PK data were

A 4

excluded from two patients in

this population Completed study

Consent withdrawal (n = 2)

N=45 N =68
Consent withdrawal (n = 1)

Lost to follow-up (n=1)

ProAir HFA. Albuterol AUC,_, and C,,x per treatment
were compared using an ANCOVA model with fixed
effects of sequence, period, and treatment, and a random
effect for patient within sequence, based on log-trans-
formed data. The geometric mean ratio (GMR) between the
two study treatments was estimated, and exposure was
considered equivalent if the 90 % CIs were between 0.8
and 1.25. The Wilcoxon signed rank test was used for
nonparametric comparisons of T,.x between study
treatments.

2.5.3 Pharmacodynamic Analyses

For analysis of pharmacodynamic measures in Study 1, the
same model as described for serial FEV, measures was
used. The model was used to construct 90 % CIs for mean
treatment differences and 95 % CIs for treatment means to
evaluate the comparability of the study treatments; how-
ever, formal equivalence limits were not set.

3 Results

3.1 Study Population

Patient disposition is shown in Fig. 1. After unblinding in
Study 1, significant data anomalies at a single study site

resulted in two additional analysis populations being
defined (the primary PP and pharmacokinetic PP

Visit date outside protocol window
(n=1)

Table 1 Patient demographics (ITT populations)

Study 1 (n = 47) Study 2 (n = 71)

Sex, n (%)

Female 23 (49) 41 (58)
Age (years)

Mean (SD) 33.2 (8.6) 43.3 (14.8)
Race, n (%)

White 40 (85) 54 (76)

Black 7 (15) 16 (23)

Asian 0 1(1)
Ethnicity, n (%)

Hispanic or Latino 2 (4) 4 (6)

Neither Hispanic nor Latino 45 (96) 67 (94)
Height (cm)

Mean (SD) 172.5 (9.9) 169.1 (9.5)
Weight (kg)

Mean (SD) 77.6 (13.0) 89.6 (22.8)

ITT intent-to-treat, SD standard deviation

populations), which excluded pharmacokinetic, efficacy,
and pharmacodynamic data from this study site. As a
result, the primary PP and pharmacokinetic PP populations
were composed of 39 and 16 patients, respectively. Patient
demographics at baseline for studies 1 and 2 are summa-
rized in Table 1.

A\ Adis



60

E. M. Kerwin et al.

3.2 Study 1 Results
3.2.1 Efficacy

In the primary PP population, albuterol mDPI and ProAir
HFA both were associated with increases ranging from 0.42 to
0.72 Lin baseline-adjusted 30-min FEV after each of the five
cumulative doses (Table 2). Between-treatment differences
ranging from 0.03 to 0.07 L were observed, and the 90 % CIs
were within the pre-defined limits of £0.20 L (Table 2),
indicating that the two study treatments were comparable.
For the secondary endpoint (baseline-adjusted FEV,
AUEC_¢ after the final cumulative dose), with 90 % ClIs

being contained within the pre-defined limits of 1.2 L h,
statistically significant dose responses (both p < 0.0001)
were observed for each product in that the differences in
change from baseline in 30-min FEV, post-dose after 1440
vs. 90 pg were 0.269 % 0.029 and 0.246 £+ 0.029 L for
albuterol mDPI and ProAir HFA, respectively. Peak
changes in FEV,| were modestly larger with ProAir HFA
than with albuterol mDPI (Fig. 2).

Findings of the pharmacokinetic sub-study (primary
pharmacokinetic PP population) indicated that the systemic
exposure (AUC,_,) after albuterol mDPI (23,277 pg h/mL)
was comparable to ProAir HFA (20,939 pg h/mL), with
the GMR 1.109 (90 % CI, 1.04, 1.19) and the 90 % CI

Table 2 Comparison between
devices for the primary and

Albuterol mDPI (n = 38) ProAir HFA MDI (n = 38)

secondary endpoints in Study 1
(primary PP population) 90-pg dose

Estimated mean (SE), L

95 % CI

Difference (SE)*

90 % CI for difference
180-pg dose

Estimated mean (SE), L

95 % CI

Difference (SE)*

90 % CI for difference
360-pg dose

Estimated mean (SE), L

95 % CI

Difference (SE)*

90 % CI for difference
720-ng dose

Estimated mean (SE), L

95 % CI

Difference (SE)*

90 % CI for difference
1440-png dose

Estimated mean (SE), L

95 % CI

Difference (SE)*

90 % CI for difference

Baseline-adjusted FEV, at 30 min after each cumulative dose (primary endpoint)

Baseline-adjusted FEV; AUEC,_¢ after final cumulative dose (secondary endpoint)

Estimated mean (SE), L h
95 % CI

Difference (SE)*

90 % CI for difference

0.42 (0.076) 0.48 (0.076)
0.27, 0.57 0.33, 0.63
—0.06 (0.040)

—0.12, 0.01

0.50 (0.076) 0.57 (0.076)
0.35, 0.65 0.42, 0.72
—0.07 (0.040)

—0.13, 0.00

0.59 (0.076) 0.66 (0.076)
0.4, 0.74 0.51, 0.81
—0.07 (0.040)

—0.13, 0.00

0.63 (0.076) 0.68 (0.076)
0.48, 0.78 0.53, 0.83
—0.05 (0.040)

—0.11, 0.02

0.69 (0.076) 0.72 (0.076)
0.54, 0.84 0.57, 0.87
—0.03 (0.040)

—0.10, 0.03

3.83 (0.595) 4.30 (0.595)
2.62,5.03 3.09, 5.51
—0.48 (0.165)

—0.75, —0.20

AUEC,_ s area under the effect curve over a period of 6 h, CI confidence interval, FEV; forced expiratory
volume in 1 s, HFA hydrofluoroalkane, MDI metered-dose inhaler, mDPI multi-dose dry-powder inhaler,

PP per protocol, SE standard error

# Differences are for albuterol mDPI — ProAir HFA

b p=37
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o Treatment B8 Albuterol mDPI (n = 21)

-9 ProAir HFA (n = 18)
09

0.8

0.7

0.6

0.5

0.4

0.3

0.2

Mean Change from Baseline in FEV,, L

0.1

0

00 05 10 15 20 25 30 35 40 45 50 55 6.0 65 7.0 7.5 80 85

L N Time, h

Fig. 2 Least-square mean change from baseline in FEV| at each dose
and following the cumulative dose in the PP population. FEV, forced
expiratory volume in 1 s, PP per protocol population. Bars indicate
standard error of the mean. Arrows (1) indicate dosing times at 0, 0.5,
1,15, and 2 h

contained within the equivalence range of 0.8-1.25. In
contrast, Cy,x was numerically higher with albuterol mDPI
(4422.8 vs. 3303.8 pg/mL), with the GMR 1.339 pg/mL
(90 % CI 1.17, 1.53). The mean Ty,,x was numerically
earlier with albuterol mDPI (2.48 vs. 3.05 h).

No clinically meaningful changes in extrapulmonary
pharmacodynamic effects were seen with either treatment,
including plasma glucose level, plasma potassium level,
corrected QT intervals, blood pressure, and heart rate (data
not shown). The changes in these measures were compa-
rable between albuterol mDPI and ProAir HFA.

3.2.2 Safety

Albuterol mDPI and ProAir HFA were well tolerated and
had comparable AE profiles. The most frequently reported
treatment-emergent AEs were tremor (17.4 vs. 13.0 %),
headache (8.7 vs. 4.3 %), and palpitations (8.7 vs. 2.2 %);
the majority of these events were reported at the cumula-
tive doses of 720 and 1440 pg. No deaths, serious AEs, or
discontinuations owing to an AE were reported.

3.3 Study 2 Results
3.3.1 Efficacy

Baseline FEV, values were similar for each of the five
treatment arms, ranging between 2.15 and 2.17 L. Base-
line-adjusted FEV, values over a 6-h period after dosing
are shown in Fig. 3a. The difference (standard error) in

>

0.5 7 = Albuterol mDPI 180 pg (n = 68)
Albuterol mDPI 90 ug (n = 68)
4 ProAir HFA 180 ug (n = 68)

0.4 ProAir HFA 90 pg (n = 70)
Placebo (n = 69)

0.3 1

0.2 1

Baseline-Adjusted Mean FEV, L

0.1 1 'l"I’T {
I | |
o ¢ S
-0.1 T T T T T T T
0 1 2 3 4 5 6
T

W

B Albuterol mDPI 180 ug (n = 68)
Albuterol mDPI 90 g (n = 68)

4 ProAir HFA 180 g (n = 68)
ProAir HFA 90 pg (n = 70)
Placebo (n = 69)

—_—

Baseline-Adjusted Mean PPFEV,, %

—_—

—
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i
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l l i

3
Time, h

— O - Hd
N
&
o

Fig. 3 Baseline-adjusted mean a FEV, and b PPFEV, up to 6 h after
dosing by dose level and device type in Study 2 (ITT population).
FEV, forced expiratory volume in 1 s, HFA hydrofluoroalkane, ITT
intent to treat, PPFEV, percent-predicted forced expiratory volume in
1 sat5, 15,30, and 45 min and 1, 2, 3, 4, 5, and 6 h. Bars indicate
standard error of the mean. Arrow (1) indicates dosing at time O

mean baseline-adjusted FEV; AUEC_¢ from placebo for
each active treatment was statistically significant [albuterol
mDPI 180 pg, 1.15 (0.136); albuterol mDPI 90 pg, 0.97
(0.136); ProAir HFA 180 pg, 1.08 (0.136); ProAir HFA
90 pg, 0.88 (0.136); all p < 0.0001].

Pre-treatment values for PPFEV, at baseline were sim-
ilar for each of the five treatment arms, ranging between
64.89 and 65.58 %. Baseline-adjusted PPFEV, values over
a 6-h period after dosing are shown in Fig. 3b; all active
treatments showed improvement over the 6-h post-dose
period (Table 3). For this secondary endpoint, the esti-
mated mean PPFEV; AUEC,_¢ values for each individual
dose of albuterol mDPI and ProAir HFA were statistically
significantly greater than for placebo (all p < 0.0001;
Table 3). The mean baseline-adjusted maximal FEV, value
over a 6-h post-dose period was statistically significantly
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Table 3 Study 2 primary, secondary, and other efficacy endpoints (ITT population)

Albuterol mDPI

ProAir HFA MDI Placebo p value

180 pg (n = 68) 90 pg (n = 68)

(n = 69) VS.

180 pg (n = 68) placebo

90 pg (n = 70)

Mean (95 % CI)
baseline-adjusted
FEV, AUECy, L h

Mean (95 % CI)
baseline-adjusted
PPFEV,

AUECq_, % h

Mean (95 % CI)
baseline-adjusted
maximum FEV; over
6h, L

Mean (range) time to
maximum FEV, min

1.39 (0.95, 1.84) 1.21 (0.77, 1.66)

0.45 (0.37, 0.53) 0.40 (0.32, 0.48)

60.0 (5.0—361.0)  56.1 (4.0—356.0)

Patients achieving a
>15 % increase in
FEVy, n (%)

Mean (range) time to a
>15 % increase in
FEV,.,® min

Mean (range) duration of
a >15 % increase in
FEV,, h

Patients achieving a
>12 % increase in
FEV.,*n (%)

Mean (range) time to a
>12 % increase in
FEV,.® min

Mean (range) duration of
a >12 % increase in
FEV,, h

43 (63.2) 30 (44.1)

9.2 (3.0-30.0) 9.0 (3.0—-30.0)
3.1 (0.2, 6.0) 32(02,5.9)
48 (70.6) 41 (60.3)
8.6 (3.0—30.0) 8.5 (3.0—29.0)

3.3 (0.1, 6.0) 29(0.2,5.9)

41.05 (32.20, 49.90) 35.31 (26.46, 44.17) 40.68 (31.82, 49.53) 33.19 (24.41, 41.97)

1.33 (0.89, 1.77) 1.12 (0.68, 1.56) 0.24 (-0.20,

0.69)

<0.0001

7.58 (—1.25,
16.40)

<0.0001

0.44 (0.36, 0.52) 0.40 (0.32, 0.48) 0.17 (0.09,

0.25)

<0.0001

119.9
(3.0-360.0)

2(2.9)

52.8 (3.0—238.0)  53.9 (3.0—-299.0)

35 (51.5) 36 (51.4) <0.0001

7.4 (3.0—30.0) 9.1 (0.0-30.0) °

3.0 (0.1, 6.0) 2.8 (0.1, 6.0) ¢

51 (75.0) 48 (68.6) 4(5.8) <0.0001

8.5 (3.0-28.0) 8.2 (0.0-27.0) d

2.7 (0.1, 6.0) 2.7 (0.1, 6.0) ¢

AUEC, ¢ area under the effect curve over a period of 6 h, CI confidence interval, FEV, forced expiratory volume in 1 s, HFA hydrofluoroalkane,
ITT intent-to-treat, MDI metered-dose inhaler, mDPI multi-dose dry-powder inhaler, PPFEV, percent-predicted forced expiratory volume in 1 s

4 Within 30 min
b
€ 2.5 (2.5, 2.5); only one patient achieved a >15 % increase in FEV,
d

greater for all active treatments compared with that of
placebo (all p < 0.0001).

An exploratory analysis found that albuterol mDPI and
ProAir HFA were not significantly different at both the 90-
and 180-pg dosages, as the 90 % CIs for treatment dif-
ferences in estimated mean FEV; AUEC,_¢ values inclu-
ded zero. The analysis indicated that the magnitude of the
differences was quite small (Table 4). An additional anal-
ysis explored the dose-response relationship by comparing
the difference between the two doses for each inhaler.
Although there was a numerical improvement in response
at the higher dose for both inhalers, differences between
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15.0 (4.0, 26.0); only two patients achieved a >15 % increase in FEV,

17.8 (4.0, 30.0); only four patients achieved a >12 % increase in FEV,
€ 2.2 (0.2, 3.8); only three patients achieved a >12 % increase in FEV,

doses in FEV| AUEC,_¢ were not statistically different for
either inhaler (Fig. 4).

The mean overall times to maximum increase from
baseline in FEV, after treatment with albuterol mDPI,
ProAir HFA, and placebo are summarized in Table 3.
Statistically significantly higher percentages of patients
achieved >15 or >12 % increases in 30-min FEV; from
baseline with all active treatments compared with placebo
(all p < 0.0001; Table 3). The mean overall times to >15
and >12 % increases in FEV,; from baseline with active
treatment were similar across all active treatments
(Table 3). Mean overall durations of >15 and >12 %
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Table 4 Comparison between devices in Study 2 (ITT population)

90 ng

Albuterol mDPI

ProAir HFA MDI

180 pg

Albuterol mDPI

ProAir HFA MDI

(n = 63) (n =170) (n = 68) (n = 68)
FEV, AUECy_¢
Estimated mean (SE), L h 1.21 (0.224) 1.12 (0.223) 1.39 (0.224) 1.33 (0.224)
95 % CI 0.77, 1.66 0.68, 1.56 0.95, 1.84 0.89, 1.77
Difference (SE)* 0.09 (0.136) 0.07 (0.136)
90 % CI for difference —0.13, 0.32 —-0.16, 0.29

PPFEV, AUEC, ¢

Estimated mean (SE), % h 35.31 (4.497)

33.19 (4.461)

41.05 (4.495) 40.68 (4.496)

95 % CI 26.46, 44.17 2441, 41.97 32.20, 49.90 31.82, 49.53
Difference (SE)* 2.12 (3.684) 0.38 (3.692)

90 % CI for difference -3.96, 8.20 —-5.72, 6.47

Maximum FEV; over 6 h post-dose

Estimated mean (SE), L 0.40 (0.041) 0.40 (0.040) 0.45 (0.041) 0.44 (0.041)
95 % CI 0.32, 0.48 0.32, 0.48 0.37, 0.53 0.36, 0.52
Difference (SE)* 0.00 (0.024) 0.01 (0.024)

90 % CI for difference —0.04, 0.04 —0.03, 0.05

AUEC,_gs area under the effect curve over a period of 6 h, CI confidence interval, FEV; forced expiratory volume in 1 s, HFA hydrofluoroalkane,
ITT intent-to-treat, M DI metered-dose inhaler, mDPI multi-dose dry-powder inhaler, PPFEV, percent-predicted forced expiratory volume in 1 s,

SE standard error
4 Differences are for albuterol mDPI — ProAir HFA

16 1 "% n-es

0.8 4 M Albuterol mDPI
06 M ProAir HFA
0.4 4

0.2 1

Mean baseline-adjusted FEV, AUEC _, L h

90 ug 180 pg
Dose Level

Fig. 4 Mean baseline-adjusted FEV; AUEC,_¢ (L h) after dosing by
dose level and device type for active treatment groups in Study 2 (ITT
population). AUEC_s area under the effect curve over a period of 6 h,
FEV, forced expiratory volume in 1 s, HFA hydrofluoroalkane, ITT
intent-to-treat, mDPI multi-dose dry-powder inhaler

increases in FEV, from baseline were also similar across
all active treatments (Table 3).

3.3.2 Safety
No deaths, serious AEs, or discontinuations were reported

during the study. The most common types of AEs were upper
respiratory tract infection (n = 1; albuterol mDPI 90 ng),

viral infection (n = 1; placebo), localized infection (n = 1;
ProAir HFA 180 pg), moderate hypersensitivity (n = 1;
placebo), and food allergy (n = 1; albuterol mDPI 90 png)
(Table 5). No occurrences of paradoxical bronchospasm or
asthma exacerbation were reported during the study.

4 Discussion

The novel dry-powder albuterol mDPI showed comparable
overall efficacy, pharmacokinetics, pharmacodynamics,
and safety compared with the conventional MDI ProAir
HFA.

Robust increases in baseline-adjusted FEV; at each
cumulative dose level were seen with both albuterol mDPI
and ProAir HFA; these improvements met the pre-defined
criteria for comparability between the two treatments
(Study 1). Bioequivalence of the two study treatments was
demonstrated with regard to systemic exposure (AUC,_,) in
the pharmacokinetic sub-study, although numerically
higher C,,.x and lower T},,.x values were seen with albuterol
mDPI. The small sample size (16 patients included in the
primary pharmacokinetic PP population) might have con-
tributed to the differences in Cp.x and Tp,.y, but the com-
parable changes in extrapulmonary pharmacodynamic
measures between albuterol mDPI and ProAir HFA at and
above therapeutic doses indicated that these differences
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Table 5 Adverse events [n (%)] reported in Study 2 (safety population)

Adverse event Albuterol mDPI

ProAir HFA MDI Placebo (n = 69)

180 pg (n = 68) 90 pg (n = 68) 180 pg (n = 68) 90 pg (n = 68)
Migraine® 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(1.4)
Hypersensitivity® 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(1.4)
Viral infection® 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1(1.4)
Localized infection® 0 (0.0) 0 (0.0) 1(1.5) 0 (0.0) 0 (0.0)
Upper respiratory tract infection® 0 (0.0) 1 (1.5 0 (0.0) 0 (0.0) 0 (0.0)
Food allergyb 0 (0.0) 1(1.5) 0 (0.0) 0 (0.0) 0 (0.0)
Cyst® 0 (0.0) 1(1.5) 0 (0.0) 0 (0.0) 0 (0.0)
Thermal burn® 1(1.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Cough® 1(1.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Dysphonia® 0 (0.0) 0 (0.0) 1(1.5) 0 (0.0) 0 (0.0)
Hypertension® 1(1.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

No events were rated as severe

HFA hydrofluoroalkane, MDI metered-dose inhaler, mDPI multi-dose dry-powder inhaler

4 Event severity rated as moderate

® Event severity rated as mild

were not clinically meaningful. However, given the sample
size, the results are considered preliminary.

Although a higher incidence of treatment-emergent AEs
was reported with albuterol mDPI at supratherapeutic doses
(720 and 1440 pg), treatments were generally well toler-
ated at normally prescribed dosages.

Study 2 further evaluated the comparability of albuterol
mDPI and ProAir HFA inhalers at doses of 90 and 180 pg
in adolescent and adult patients with persistent asthma.
Albuterol mDPI and ProAir HFA both demonstrated
greater baseline-adjusted efficacy outcomes than placebo,
as shown by statistically significant improvement in FEV,
AUEC,_4, PPFEV,; AUEC, ¢, and maximum FEV, over a
period of 6 h. In addition, >60 and >44 % of patients
receiving active treatment exhibited increases from base-
line in 30-min FEV, of >12 and >15 %, respectively.

Although not powered to detect equivalence between the
mDPI and HFA MDI devices, exploratory analyses showed
that bronchodilator efficacy with albuterol mDPI was com-
parable to that of ProAir HFA at equivalent doses. Albuterol
mDPI and ProAir HFA both were well tolerated at 90 and
180 ng, with safety profiles consistent with the well-estab-
lished safety profile of albuterol. Specifically, there were no
meaningful differences in the incidence of AEs or post-dose
changes in vital signs for albuterol mDPI compared with
placebo or equivalent doses of ProAir HFA. There were no
reports of paradoxical bronchospasm or asthma exacerba-
tion. Overall, the incidence of AEs was low.

Drug delivery via a device that does not require the
coordination of actuation and inhalation might be a
worthwhile consideration for any patient, but might par-
ticularly benefit those who have difficulty using
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conventional MDIs or who are otherwise unable to use
MDI devices optimally. In adults and children who have
poor inhaler technique, pressurized MDIs that do not
require coordination of actuation and inhalation have been
associated with enhanced drug deposition, improved drug
delivery, and improved bronchodilator response, which
might result in more favorable clinical outcomes compared
with conventional MDIs [18]. Additionally, patients and
healthcare professionals both report higher levels of satis-
faction and a reduction in administration errors with the use
of breath-actuated devices [19]. An mDPI inhaler requires
a lesser degree of coordination with the device delivery
because it is the patient’s inspiratory effort that governs the
rate of drug delivery throughout the entire inhalation.
Availability of a multi-dose dry-powder inhaler for albu-
terol would provide patients and their healthcare profes-
sionals with an alternative choice of inhaler device.

Additional limitations of using an MDI apply to all
currently marketed inhalers and are related to maintenance
and administration, which also are considerably improved
with the mDPI. All albuterol MDIs require cleaning with
water on a regular basis and shaking, priming, or re-
priming before use. Patients need to actuate and inhale the
drug quickly before the content settles, and inhaler priming
and re-priming account for wasted drug product. Failure to
adhere to these requirements for albuterol HFA MDI can
impact the drug delivery and have clinical consequences
[10-13]. With the mDPI, regular cleaning (other than
mouthpiece with a dry cloth if needed), shaking, priming,
and re-priming are not needed. This further simplifies the
use of the mDPI for patients and helps to ensure drug
delivery and clinical benefits.
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Limitations of these two studies include the single-dose
design, the small patient numbers (pharmacokinetic/phar-
macodynamic measurements), and the lack of patient-
preference questionnaires to assess inhaler preferences.
Furthermore, the technique-related advantages of the mDPI
could not be studied because patients incapable of using an
MDI properly (about half the patients in real-world studies)
were excluded from this study [9, 10]. The strengths of
these studies include the crossover design, the double-
blind, double-dummy dosing, and the high rate of study
completion achieved (>95 % in both).

5 Conclusions

The results support the use of a novel dry-powder albuterol
mDPI for the management of acute asthma symptoms in
patients with persistent asthma. Efficacy outcomes with
albuterol mDPI were improved compared with placebo and
comparable to those of the conventional ProAir HFA.
Availability of a breath-activated device for delivery of
albuterol that is easy to maintain and use would provide
healthcare professionals and patients with more options for
rescue bronchodilator therapy.
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