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ABSTRACT

Background: A novel multidose dry powder inhaler (MDPI) that is breath actuated, easy, and intuitive to use has been
developed for administering fluticasone propionate (Fp) and Fp/salmeterol (FS).

Objective: To assess the safety and efficacy of Fp MDPI versus Fp hydrofluoroalkane (HFA) and FS MDPI versus FS
dry-powder inhaler (DPI).

Methods: This phase III, 26-week, open-label, active drug–controlled study enrolled subjects �12 years old with persistent
asthma. Based on entry controller medication (inhaled corticosteroid [ICS] or ICS/long-acting beta-agonist), the subjects were
randomized to twice-daily mid-strength Fp MDPI 100 �g or Fp HFA 220 �g, high-strength Fp MDPI 200 �g or Fp HFA 440
�g, mid-strength FS MDPI 100/12.5 �g or FS DPI 250/50 �g, or high-strength FS MDPI 200/12.5 �g or FS DPI 500/50
�g in a 3:1 MDPI to Fp HFA or FS DPI ratio. Safety and efficacy were assessed by adverse events (AE) and pulmonary
function and asthma symptoms, respectively.

Results: A total of 674 subjects were randomized. The AE incidence was similar across treatment groups (upper respiratory
tract infections, sinusitis, and nasopharyngitis were most frequent). A higher percentage of subjects in the Fp HFA 440 �g and
FS DPI 500/50 �g groups had oral candidiasis versus those who received Fp MDPI 200 �g or FS MDPI 200/12.5 �g,
respectively. Serious AEs were similar between the treatments, with no unexpected findings. The incidence of asthma
exacerbations was low and generally similar between the groups. Noninferiority was established for all Fp MDPI and FS MDPI
doses compared with Fp HFA and FS DPI, respectively, for forced expiratory volume in 1 second. Changes in peak expiratory
flow, rescue albuterol use, and symptoms were similar between treatments.

Conclusion: The safety and efficacy profiles of Fp MDPI and FS MDPI administered at lower doses were generally
comparable with those of Fp HFA and FS DPI, respectively, after 26 weeks of treatment.

(Allergy Asthma Proc 38:1–13, 2017; doi: 10.2500/aap.2017.38.4061)

The goals of pharmacotherapy of asthma are to
control symptoms, preserve pulmonary function,

and prevent asthma episodes and exacerbations.1

Long-term asthma control may require daily doses of
controller medications, e.g., inhaled corticosteroids

(ICS), or combination therapies, e.g., ICS with a long-
acting beta-agonist (LABA).1 The safety of regular use
of LABAs has been debated.2 The most recent findings
from the multicenter, randomized, double-blind
AUSTRI trial of subjects with moderate-to-severe
asthma found no greater risk of serious asthma-related
events with ICS/LABA (fluticasone propionate [Fp]
plus salmeterol [FS]) compared with ICS monotherapy
(Fp).2 Previous studies that found an increased risk of
asthma-related deaths with LABAs did not control for
ICS use.3–6 In the AUSTRI trial, the ICS/LABA combi-
nation reduced the risk of severe asthma exacerbations
by 21% compared with ICS monotherapy and pro-
vided significant clinical benefits.

Patients need to coordinate inhalation with device
actuation for the maximal benefit from a pressurized
metered dose inhaler.7,8 Improper coordination limits
optimal deposition of the medication in the lungs,
which leads to less symptom control.7,9–11 A novel,
multidose dry powder inhaler (MDPI) (Teva Pharma-
ceuticals, Inc., Frazer, PA) has been developed that
does not require coordination of actuation and inhala-
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tion, and it is intuitive and easy to learn the correct
use.12 The device is inhalation driven and delivers the
medication to the airways as a fine powder without
using propellants. Multiple dosage strengths of Fp and
FS using the MDPI are available. Analysis of pharma-
cokinetic data indicates that delivery by MDPI is more
efficient and allows the use of lower doses of Fp and FS
compared with currently available similar prod-
ucts.12–14

The effectiveness of lower doses was evaluated and
confirmed in a 12-week dose-ranging study that dem-
onstrated similar improvements in pulmonary func-
tion and a similar safety profile in subjects treated with
Fp MDPI 25, 50, or 100 �g compared with Fp DPI 100
�g.15 In another double-blind, single-dose, six-period
crossover, dose-ranging study, FS MDPI 100/12.5 �g
demonstrated similar efficacy compared with FS DPl
100/50 �g, which confirmed the ability to use a lower
salmeterol dose with the MDPI to allow for less salme-
terol exposure.16 The objective of this study was to
assess the 6-month safety of mid-strength Fp (100 �g)
and FS (100/12.5 �g) and of high-strength Fp (200 �g)
and FS (200/12.5 �g) delivered via the MDPI compared
with Fp hydrofluoroalkane (HFA) (220 �g [mid-
strength] and 440 �g [high-strength]) and FS dry-pow-
der inhaler (DPI) (250/50 �g [mid-strength] and
500/50 �g [high-strength]), respectively, in adolescents
and adults with persistent asthma.

METHODS

Study Description
This 26-week, stratified, randomized, open-label, ac-

tive drug–controlled, phase III study (FSS-AS-305) as-
sessed the 6-month safety and efficacy of Fp MDPI 100
and 200 �g administered twice daily (b.i.d.), FS MDPI
100/12.5 and 200/12.5 �g b.i.d., Fp HFA 220 and 440
�g b.i.d., and FS DPI 250/50 and 500/50 �g b.i.d. in
subjects ages �12 years with persistent asthma. Writ-
ten informed consent was signed by each subject and
by the legally acceptable representative for minors. The
study was conducted in accordance with International
Council for Harmonisation Good Clinical Practice Con-
solidated Guideline (ICH/GCP E6) and all applicable
national and local laws and regulations. The study
protocol was submitted to the independent ethics com-
mittee or institutional review board and approved be-
fore study initiation. The ClinicalTrials.gov identifier is
NCT02175771.

Subjects
Males and females who were not pregnant, ages �12

years, with a forced expiratory volume in 1 second
(FEV1) of �40% of predicted value for age, height, sex,
and race (i.e., persistent asthma as defined per National
Health and Nutrition Examination Survey III values),17

an established treatment regimen of a short-acting
beta-agonist (SABA) (albuterol/salbutamol) for use as
needed and either a mid- or high-dose ICS or ICS/
LABA combination as preventive therapy for �8
weeks before the screening visit, demonstrated �12%
reversibility of FEV1 within 30 minutes after SABA
HFA 90 �g administration at the screening visit, and
the ability to replace existing SABA with albuterol/
salbutamol HFA at screening for as-needed use during
the study were included.

Exclusion criteria were treatment with a low-dose
ICS without LABA, a history of life-threatening asthma
exacerbation, an asthma exacerbation within 30 days of
screening, hospitalization for asthma 2 months before
screening, and use of immunosuppressive medications
4 weeks before screening. Planned initiation or dose
escalation of immunotherapy during the study was not
permitted. Other exclusion criteria were documented
or suspected bacterial or viral infection within 2 weeks
of screening; a history of a positive human immuno-
deficiency virus test result or active hepatitis B virus or
hepatitis C virus infection; the presence of untreated
oral candidiasis; and any illness that, in the judgment
of the investigators, would put the subject at risk dur-
ing the study. Current smokers, subjects with a �10-
pack-year smoking history, subjects who used tobacco
products within the past year, and those with a history
of drug or alcohol abuse within 2 years of screening
were not permitted to enroll in the study.

The subjects were randomized if they had an FEV1 of
�40% of predicted normal at treatment visit 1; no
changes in asthma medications; no asthma exacerba-
tions, upper respiratory infection, or lower respiratory
tract infection during the 14-day run-in period; no
clinically significant abnormal laboratory test results; a
normal electrocardiogram (ECG) result; no visual evi-
dence of untreated oropharyngeal candidiasis; and a
completed daily asthma diary that included asthma
symptom scores, rescue medication use, and peak ex-
piratory flow (PEF) measurements on at least 4 of 7
days preceding randomization.

Study Design
The study subjects completed a 14-day (�2 days)

run-in period and continued using their current
asthma medications except for their replaced SABA. At
randomization, the ICS or ICS/LABA medications
were stopped and the subjects were assigned to an ICS
or ICS/LABA cohort based on their entry asthma
maintenance therapy. Within each of the two cohorts,
the subjects were stratified into either mid- or high-
strength treatment based on the dose of their current
therapy; previous Fp HFA doses of �180 to 460 �g/
day or equivalent were stratified to mid-strength, and
doses of �460 �g/day were stratified to high-strength.
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The subjects were then randomized in a 3:1 ratio be-
tween MDPI and the comparators for each cohort and
dose strength. This scheme created eight treatment
groups. Mid-strength ICS was Fp MDPI 100 �g, 1
inhalation b.i.d., or Fp HFA 220 �g, b.i.d.; high-
strength ICS was Fp MDPI 200 �g, 1 inhalation b.i.d.,
or Fp HFA 440 �g, b.i.d.; mid-strength ICS/LABA was
FS MDPI 100/12.5 �g, 1 inhalation b.i.d., or FS DPI
250/50 �g, 1 inhalation b.i.d.; and high-strength ICS/
LABA was FS MDPI 200/12.5 �g, 1 inhalation b.i.d., or
FS DPI 500/50 �g, 1 inhalation b.i.d. The subjects re-
turned 2 weeks after randomization and then every 4
weeks for the study duration. Trough pulmonary func-
tion tests at 12 hours after taking the dose were ob-
tained at each morning visit. The subjects continued to
record daily PEF measurements, asthma symptom
scores, and rescue medication use in daily asthma di-
aries.

Safety
Safety monitoring included physical examinations,

laboratory evaluations, 12-lead ECGs, and recording of
adverse events (AE). The primary safety measures
were the incidence and type of AEs. An AE is defined
as any untoward medical occurrence in a study subject
administered a pharmaceutical product. Treatment-
emergent AEs (TEAE) occurred after the first dose of
study drug and until the end of the follow-up period.
Investigators characterized the relationship of AEs to
the study drug. Serious AEs (SAE) were defined by the
International Council for Harmonisation/Good Clini-
cal Practice criteria. Asthma exacerbations were de-
fined as worsening of asthma that required additional
treatment other than rescue albuterol (salbutamol) or
the subject’s study ICS or ICS/LABA treatment. A
severe asthma exacerbation required systemic cortico-
steroids for �3 days or hospitalization or an emer-
gency department visit that required systemic cortico-
steroids. Mild and moderate asthma exacerbations
were defined by the investigator. A subset of the safety
population was evaluated for 24-hour urinary cortisol
testing at treatment visits 1, 5, and 8 (randomization,
week 14, and week 26). Subjects with confounding
factors (e.g., low urine collection volume, low 24-hour
creatinine excretion) were not analyzed in the subset.

Efficacy
The principal efficacy end point was the change from

baseline in morning trough FEV1 over the 26-week
treatment period. Other end points included a change
from baseline in forced vital capacity (FVC) and forced
expiratory flow between 25% and 75% of the forced
vital capacity (FEF25–75), frequency and amount of res-
cue medication use, withdrawals due to worsening

asthma symptoms, change in A.M. PEF, and change
from baseline in asthma symptom scores.

Statistics
The safety population included all randomized sub-

jects who received at least one dose of randomized
study drug, and this population was used for all anal-
yses of safety data. The full analysis set, including all
randomized subjects who received at least one dose of
study drug and had at least one postbaseline trough
FEV1 assessment, was used for all efficacy analyses.

For the primary safety analyses, AEs were coded
using the Medical Dictionary for Regulatory Activities
(International Council for Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for
Human Use, McLean, VA) preferred terms. All safety
analyses were summarized using descriptive statistics.
Analyses of efficacy end points were performed using
the mixed method for repeated measures model with
effects due to value of the measure at baseline, sex, age,
investigational center, visit, treatment, and visit-by-
treatment interaction. Baseline spirometry was the last
assessment recorded before randomization. Data col-
lected in daily diaries used the average daily data
recorded in the 7 days before randomization for base-
line (treatment visit 1). The model was used to estimate
treatment means and treatment mean differences with
two-sided 95% confidence intervals (CI) and p values
between the MDPI and comparator products. For
FEV1, noninferiority would be demonstrated if the
lower limit of the 95% CI for the treatment difference
was greater than �125 mL based on the minimally
perceivable improvement in asthma therapeutics.18

RESULTS

Subjects
A total of 1087 subjects were screened, and 674 sub-

jects were randomized to treatment groups (Fig. 1).
Demographic characteristics were similar across the
treatment groups (Table 1). The mean age ranged from
38.4 to 46.1 years, and the mean baseline FEV1 ranged
from 2.31 to 2.70 L.

Safety Data
Overall, 463 subjects (69%) experienced at least one

TEAE during the study (Table 2). The incidences of
TEAEs, treatment-related TEAEs, serious TEAEs, and
TEAEs that led to withdrawal were balanced within
each treatment and dose cohort, with no evidence of
dose or treatment dependence. The most frequently
occurring TEAEs across all the treatment groups were
upper respiratory tract infections (n � 120), nasophar-
yngitis (n � 77), sinusitis (n � 62), cough (n � 55), and
oropharyngeal pain (n � 45). The majority of TEAEs
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were either mild or moderate in severity. AEs experi-
enced by at least 3% of the subjects in any group are
summarized in Table 3. SAEs occurred in 44 subjects
(6.5%) at a similar incidence across the treatment
groups and are summarized in Table 4. One SAE (mod-
erate asthma, which occurred in a subject in the Fp
MDPI 100 �g group) was considered by the investiga-
tor to be study drug related. No deaths occurred dur-
ing the study.

Asthma exacerbations were reported by 75 subjects
(11%); 26 of these were considered severe (Table 5). The
incidence of asthma exacerbations was similar between
the Fp MDPI and Fp HFA treatment groups as well as
between the mid-strength FS MDPI and FS DPI treat-
ment groups. However, the asthma exacerbation inci-
dence was higher in the high-strength FS MDPI group
than in the high-strength FS DPI group (15 versus 7%,
respectively). Four subjects discontinued treatment
due to asthma exacerbations (one in the Fp MDPI 100
�g group [moderate], two in the FS MDPI 200/12.5 �g
group [one moderate, one severe], and one in the FS
DPI 500/50 �g group [severe]). Among those with
severe asthma exacerbations, three subjects were hos-
pitalized but continued study treatment (one in the Fp
MDPI 200 �g group and two in the FS MDPI 200/12.5
�g group). Post hoc analyses were conducted to deter-
mine if the incidence of asthma exacerbations was dif-
ferent across the treatment groups. For all compari-

sons, the 95% CIs included zero, which indicated that
the incidences were similar based on this post hoc anal-
ysis.

With regard to the additional safety measures, no
clinically meaningful trends were observed for any
treatment group. Oral candidiasis was reported as an
AE in 33 subjects during the treatment period, with
higher respective incidences of 12 and 11% for the
high-strength Fp HFA 440 �g and FS DPI 500/50 �g
groups compared with the Fp MDPI 200 �g and FS
MDPI 200/12.5 �g groups (4% incidence in both
groups). No clinically meaningful changes in labora-
tory test results, ECGs, vital signs, or physical exami-
nations were observed between treatment groups dur-
ing the study. Urinary cortisol differences between the
treatment groups within cohorts were minimal, with
no apparent trends for increases or decreases in 24-
hour urinary free cortisol. Three subjects in the Fp HFA
group (one [2%] who received Fp HFA 220 �g b.i.d.
and two [5%] who received Fp HFA 440 �g b.i.d.) had
AEs of low urinary cortisol, whereas no other groups
had this AE.

Efficacy
Noninferiority (demonstrated if the lower limit of the

95% CI for the treatment difference was greater than a
decrease of the predefined margin of 125 mL) was

Figure 1. Subject disposition. Fp HFA � Fluticasone propionate hydrofluoroalkane; Fp MDPI � fluticasone propionate multidose dry
powder inhaler; FS DPI � fluticasone propionate/salmeterol dry-powder inhaler; FS MDPI � fluticasone propionate/salmeterol multidose
dry powder inhaler; ICS � inhaled corticosteroid; LABA � long-acting beta-agonist.
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established for all Fp MDPI and FS MDPI doses com-
pared with Fp HFA and FS DPI doses, respectively, for
FEV1 (Fig. 2). All pulmonary function variables (FEV1,
FVC, and FEF25–75) were comparable between the Fp
MDPI and Fp HFA treatment groups and between the
FS MDPI and FS DPI treatment groups (Table 6). Sixty-
three subjects used rescue medication over the 26-week
treatment period (Table 6). The proportion of subjects
who used rescue medication was similar among the Fp
MDPI and FS MDPI treatment groups and their respec-
tive comparator treatment groups (Table 6). The sub-
jects within the ICS and ICS/LABA groups experi-
enced similar increases in A.M. PEF when treated with
Fp MDPI, Fp HFA, FS MDPI, and FS DPI (Table 6).
Changes from baseline in the asthma symptom scores
were similar between the Fp MDPI groups and com-
parator Fp HFA groups and between the FS MDPI
groups and comparator FS DPI groups (Table 6). Four
subjects withdrew from the study due to worsening
asthma symptoms during the 26-week treatment pe-
riod (one subject in the Fp MDPI 100 �g group, two in
the FS MDPI 200/12.5 �g group, and one in the FS DPI
500/50 �g group).

DISCUSSION
In this open-label study, treatment with Fp MDPI or FS

MDPI for up to 26 weeks was safe and well tolerated in
subjects with persistent asthma. The incidence of TEAEs,
SAEs, and AEs was similar between the treatment
groups. The types of AEs reported in the current study
were consistent with those previously reported in earlier
Fp and FS clinical studies and with the classes of drugs
and underlying disease.13,14,19–21 Reported TEAEs, SAEs,
and AEs that necessitated study withdrawal were rare
and similar between the treatment groups. There were no
notable differences in laboratory results, ECGs, vital
signs, physical examination, or urinary cortisol results
between the Fp MDPI and FS MDPI groups and between
the Fp HFA and FS DPI groups. As would be expected,
higher incidences of candidiasis and/or low urinary cor-
tisol results were observed in the high-strength Fp HFA
and FS DPI groups, which indicated greater topical or
systemic corticosteroid effects. The data available on the
effects of ICS on ocular safety are minimal and conflict-
ing.22 In the present 6-month study, there were no inci-
dences of glaucoma or cataracts in any subject who re-
ceived an Fp or FS combination.

The effect of Fp DPI on growth rate in children has
been studied in several long- and short-term stud-
ies.23–25 The overall conclusion has been that Fp DPI
has a positive risk-to-benefit profile and children
treated for 1 year grew at similar rates compared with
children treated with placebo.23–25 Growth was not
evaluated in the present study because the majority of
the subjects were �18 years of age, with only 12%T
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within the age range eligible for growth studies. Some
of the study groups contained as few as one, three, or
five subjects in the 12- to 17-year age group. However,
a review of the data indicated that, overall, there was
no effect on growth in subjects 12 to 17 years of age
treated with Fp MDPI or FS MDPI.

Noninferiority in efficacy was demonstrated for all
doses of Fp MDPI and FS MDPI despite use of much
lower doses of Fp and salmeterol compared with doses
of Fp HFA and FS DPI, respectively. Improvements in
pulmonary function were maintained over the 26
weeks of treatment, with no evidence of a diminution
of effect. Similar changes were observed for other mea-
sures of pulmonary function (FEF25–75 and FVC) and
efficacy (PEF, symptoms, and rescue albuterol use)
between the Fp and FS MDPI groups relative to the Fp
HFA and FS DPI groups, which indicated that Fp and
FS MDPI provided similar clinical benefits to those of
Fp HFA or FS DPI, despite use of lower doses.

The incidence of asthma exacerbations was low and
generally similar among the various treatment groups.
Although small differences between the treatment
groups were observed for some of the comparisons, these
were likely due to chance caused by the 3:1 randomiza-
tion and resultant small number of subjects in the com-
parator groups and rarity of events. The post hoc statistical
analysis confirmed that these small differences were un-
likely to be treatment related. This open-label safety
study was not designed to evaluate treatment differences
in the incidence of asthma exacerbations. As such, a his-

tory of asthma exacerbations was not collected, and,
therefore, a balance in randomization could not be con-
firmed across the treatment groups.

The MDPI device was designed to improve the pul-
monary delivery of Fp and salmeterol such that lower
doses could achieve similar clinical benefits to those
seen with the much higher doses of the Fp HFA and FS
DPI products. The evidence that greater pulmonary
delivery of inhaled therapies can be associated with
comparable clinical efficacy at lower doses is sup-
ported by the development of beclomethasone dipro-
pionate HFA, in which lower doses of beclomethasone
HFA that result in higher lung deposition were able to
provide comparable benefits to higher doses of the
chlorofluorocarbon propellant formulation.26 Indeed,
two dose-ranging studies, one with Fp MDPI and the
other with FS MDPI, confirmed that the lower doses of
Fp and salmeterol in the MDPI device can provide
similar benefits to Fp HFA or FS DPI with similar or
less systemic exposure.15,16 In both studies, evidence of
a dose response was observed with Fp MDPI and FS
MDPI, which demonstrates assay sensitivity and the
ability to discriminate doses in the trials.15,16

Due to the difficulty in blinding the active comparator
treatments, an open-label study design had to be used for
this safety and efficacy trial, which may limit the conclu-
siveness of the comparisons within and across the treat-
ment groups. The randomized study design, inclusion of
subjects with varying baseline asthma severity, and treat-
ment stratification commensurate with the subjects’

Figure 2. Trough FEV1 (L) treatment effect analysis for noninferiority, full analysis set; noninferiority was specified as the lower limit of the
two-sided 95% CI for the treatment difference being greater than �0.125 L. FEV1 � Forced expiratory volume in 1 second; CI � confidence interval;
Fp HFA � fluticasone propionate hydrofluoroalkane; Fp MDPI � fluticasone propionate multidose dry powder inhaler; FS DPI � fluticasone
propionate/salmeterol dry-powder inhaler; FS MDPI � fluticasone propionate/salmeterol multidose dry powder inhaler.
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asthma severity provide reassurance that the safety and
efficacy comparisons are likely to reflect the safety and
effectiveness of these agents when used in a real-world
setting. In addition, the efficacy and safety results were
consistent with what has been observed with Fp HFA
and FS DPI in other similar clinical trials,27–30 which
indicats that the safety and efficacy results and conclu-
sions are unlikely to be influenced by the use of an
open-label design.

CONCLUSION
In this phase III, randomized, open-label study, treat-

ment with Fp MDPI and FS MDPI for up to 26 weeks
demonstrated safety and efficacy profiles that were
comparable with those of Fp HFA and FS DPI, respec-
tively, in subjects with persistent asthma, despite the
use of lower doses of Fp and salmeterol.
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