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Abstract

This randomized, phase 1, single-dose, crossover study (NCT02189304) compared the 12-hour pharmacokinetic (PK)
and safety profiles of budesonide/glycopyrronium/formoterol fumarate dihydrate metered dose inhaler (BGF MDI)
320/14.4/10 μg and budesonide/formoterol fumarate dihydrate (BFF) MDI 320/10 μg (both formulated using innovative
co-suspension delivery technology) to an active comparator (budesonide/formoterol fumarate dihydrate dry powder
inhaler [BUD/FORM DPI] 320/9-μg delivered dose) in healthy adults. The potential for PK interaction between glycopy-
rronium and budesonide/formoterol within BGF MDI was assessed.Of 72 subjects randomized,59 completed treatment.
Systemic budesonide exposure (primary objective) based on area under the plasma drug concentration-time curve
0-12 hours (AUC0-12; % coefficient of variation) was 1598.38 (49.7), 1657.09 (50.4), and 1276.75 (70.4) pg·h/mL for BGF
MDI, BFF MDI, and BUD/FORM DPI, respectively; and formoterol exposure (AUC0-12 [% coefficient of variation]) was
39.16 (45.9), 39.53 (40.5), and 23.24 (59.2) pg·h/mL, respectively. BGF MDI and BFF MDI were bioequivalent for budes-
onide and formoterol. All treatments were well tolerated.While systemic exposure to budesonide and formoterol was
higher for BGF MDI and BFF MDI than for BUD/FORM DPI, there were no appreciable differences in the incidence of
pharmacologically predictable adverse events. This, coupled with the absence of PK interactions, suggests the BGF MDI
safety profile will be comparable to BUD/FORM DPI.
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As a major cause of morbidity and the third leading
cause of death worldwide in 2010, chronic obstruc-
tive pulmonary disease (COPD) exerts a significant
health and economic burden on society.1,2 The preva-
lence and impact of COPD is also projected to increase
in the coming years.3 Pharmacologic treatment strate-
gies for COPD center on the management of symp-
toms, the reduction in risk for (and resolution of) acute
exacerbations, and the overall improvement of health
status and exercise tolerance.4 Long-acting bron-
chodilators, alone or in combination with inhaled cor-
ticosteroids (ICS), have been widely used for the treat-
ment of COPD for many years. Triple therapy with an
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ICS, a long-actingmuscarinic antagonist (LAMA), and
a long-acting β2-agonist (LABA) is recommended for
symptomatic patients who have had, or are at risk for,
exacerbations on dual therapies with LAMA/LABA or
ICS/LABA.4–6 Triple therapy has been shown to im-
prove lung function and health status and to reduce the
frequency of moderate-to-severe exacerbations com-
pared with ICS/LABA dual therapy7–10 and LAMA
monotherapy.11

As the complexity of COPD treatment increases, the
practical benefits of combining all medications within a
single inhaler have become apparent. Fixed-dose com-
binations of different drugs in a single inhaler im-
proves adherence and, thereby, may reduce morbidity
and mortality in COPD12–14 and prevent the selec-
tive use or discontinuation of one or more of the
components.

The budesonide/glycopyrronium/formoterol fu-
marate dihydrate metered dose inhaler (BGF MDI)
is a fixed-dose combination of ICS/LAMA/LABA
in clinical development for the treatment of COPD.
BGF MDI has been formulated using innovative
co-suspension delivery technology, which has been
shown to provide consistent drug delivery with similar
in vitro profiles, regardless whether a drug is adminis-
tered alone or in combination with one or more other
drugs.15–17

Glycopyrronium is a LAMA that binds to mus-
carinic receptors with high affinity and has a pro-
longed dissociation profile. Inhaled glycopyrronium
causes long-lasting bronchodilation in patients with
COPD.18 The major metabolic pathway of glycopy-
rronium involves hydroxylation of the cyclopentyl ring
and oxidation of the hydroxyl group in the mandelic
acid residue.19 However, most (80%) of intravenously
administered glycopyrronium is excreted unmetabo-
lized in humans.19 In vivo studies of glycopyrronium
metabolism have demonstrated rapid clearance (>90%
in 5 minutes) from serum and secretion from urine
(85% in 48 hours).19 Approximately 52.6% of the in-
haled dose of glycopyrronium is absorbed through
the lungs by a slow phase absorption process.20 Esti-
mates of the mean terminal elimination half-life (t½)
of inhaled glycopyrronium vary, ranging from 13-22
hours based on a noncompartmental analysis,21 to 50-
60 hours based on a population pharmacokinetic (PK)
modeling approach.20

Formoterol fumarate is a LABA bronchodilator
that binds to β2-adrenergic receptors in bronchial
smooth muscle tissue. Following oral inhalation, for-
moterol is rapidly absorbed into the plasma. For-
moterol is metabolized by direct glucuronidation, and
O-demethylation by four cytochrome P450 (CYP) en-
zymes (CYP2D6, CYP2C9, CYP2C19, and CYP2A6).
Formoterol is excreted in the urine (59%-62%) and fe-

ces (32%-34%), with approximately 10% excreted as
unchanged formoterol. The mean t½ of formoterol is
10 hours.22

Budesonide is a synthetic glucocorticosteroid that
is metabolized primarily by CYP3A4 into its 2 ma-
jor metabolites, 16α-hydroxyprednisolone and 6β-
hydroxybudesonide, which are primarily excreted in
the urine.23,24 As the metabolism of budesonide is pri-
marily mediated by CYP3A4, CYP3A4 inhibitors may
potentially affect the metabolism of budesonide.

In this phase 1, single-dose, randomized, single-
center, crossover study, we compared the PK and safety
profiles of BGF MDI and budesonide/formoterol fu-
marate dihydrate MDI (BFF MDI) with that of
an active control (budesonide/formoterol fumarate
[BUD/FORM], a dry powder inhaler [DPI] contain-
ing a fixed-dose combination of budesonide and for-
moterol fumarate dihydrate [Symbicort Turbohaler;
AstraZeneca; 160/4.5-μg delivered dose; 200/6-μg me-
tered dose per inhalation]) that is approved for the treat-
ment of COPD in many countries worldwide.

The primary objective of this study was to exam-
ine the 12-hour PK profile of budesonide following ad-
ministration of 3 single-inhaler, multicomponent drug
formulations—BGF MDI 320/14.4/10 μg, BFF MDI
320/10μg, and BUD/FORMDPI 320/9μg—to healthy
volunteers. Examination of the 12-hour PK profile of
formoterol was a secondary objective. In addition, the
budesonide and formoterol PK profiles of BGF MDI
and BFF MDI were compared in order to determine
whether there was evidence for PK interactions between
each component and glycopyrronium in BGF MDI.
Safety and tolerability outcomes were evaluated across
all treatments.

Subjects and Methods
Study Population
The study population comprised healthy male and fe-
male subjects (aged 18-55 years) with a body weight
�50 kg and a body mass index of 18.5-32.0 kg/m2.
Health status was confirmed by a thorough med-
ical history and physical examination, electrocar-
diogram (ECG), vital signs, and clinical laboratory
evaluation.

Subjects with clinically significant medical condi-
tions (in the opinion of the investigator), including
symptomatic prostatic hypertrophy, bladder neck ob-
struction, urinary retention, and inadequately treated
glaucoma, or with a history of ECG abnormalities,
were excluded from participation in the study, as were
subjects with a history of smoking (within 3 months
of screening) or substance-related disorders (within
1 year of screening). Use of nicotine-containing
products within 3 months of screening or treatment
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with any prescription or nonprescription drug within
28 days or 5 half-lives (whichever was longer) before
the start of study treatment, was prohibited. Pregnant
and nursing females were excluded from the study, and
all subjects of child-bearing potential or subjects with
partners of child-bearing potential were required to use
appropriate contraception for the duration of the study.
Subjects unable to use the MDI correctly, including
coordinating actuation with inhalation, were also ex-
cluded.

Study Design and Treatments
This was a phase 1, single-dose, randomized, double-
blind, 3-period, 3-treatment, Williams crossover
design25 study conducted in healthy adult subjects at
a single study site (Pharmaron Clinical Pharmacol-
ogy Center [formerly SNBL Clinical Pharmacology
Center]) in Baltimore, Maryland (ClinicalTrials.gov
identifier: NCT02189304). The study was conducted
in accordance with the Declaration of Helsinki and
the International Conference on Harmonization
Good Clinical Practice guidelines and applicable
regulatory requirements. An institutional review board
(IntegReview IRB, Austin, Texas) approved the proto-
col and informed consent form prior to initiation of the
study. All subjects provided written informed consent
before any protocol-specific screening procedures were
performed.

After a screening period of up to 27 days, el-
igible subjects were randomly assigned to 1 of
6 treatment sequences, each comprising a single
dose (delivered as 2 actuations for all treatments)
of BGF MDI 320/14.4/10-μg ex-actuator (equiva-
lent to budesonide/glycopyrrolate/formoterol fumarate
320/18/9.6-μg ex-actuator), BFF MDI 320/10-μg ex-
actuator (equivalent to budesonide/formoterol fu-
marate 320/9.6-μg ex-actuator), and BUD/FORMDPI
(2 inhalations using the 200/6-μg inhaler, correspond-
ing to a total delivered dose of budesonide/formoterol
fumarate dihydrate 320/9 μg).26 The BGF MDI and
BFFMDI were identical in form and function, and this
study was double blind, except for BUD/FORM DPI,
which was provided open label. Qualified site staff were
present at the time of dosing to ensure that the 2 actua-
tions of theMDI andDPI devices were properly admin-
istered by the subjects. Subjects were required to wear a
surgical mask for approximately 30 minutes before and
30minutes after dosing to prevent cross-contamination.

For each treatment period, subjects reported to the
clinic on the day before dosing and were discharged
on the dosing day after all scheduled assessments were
completed. Each inpatient treatment period was sep-
arated by an outpatient washout period of 7-14 days.
Subjects were required to fast for at least 4 hours prior
to collection of the first blood sample, 60 minutes

before dosing. Meals during the dosing day of each
treatment period were standardized after the 4-hour
postdose blood sample had been taken. There were no
restrictions on clear fluid intake; however, subjects were
not allowed to consume grapefruit or grapefruit juice
throughout the study and were not allowed xanthine-
containing foods and beverages (eg, coffee, tea, choco-
late, and cola) for at least 6 hours prior to each study
visit and for the duration of each study visit.

Pharmacokinetic Evaluation
Whole blood samples (approximately 10 mL) were col-
lected 30 minutes before dosing and at 2, 6, 20, and
40 minutes, and 1, 2, 4, 8, 10, and 12 hours after dos-
ing for each treatment period. Plasma was harvested
and stored at �–60°C. Budesonide, glycopyrronium,
and formoterol plasma concentrations were determined
by Tandem Laboratories (Salt Lake City, Utah) us-
ing high-performance liquid chromatography tandem
mass spectrometry methods validated for measuring
these analytes in human plasma (tripotassium ethylene-
diaminetetraacetic acid; see the Supplementary mate-
rial for a complete description of the method).

The following PK parameters were estimated for all
treatments: maximum observed plasma concentration
(Cmax), time to Cmax (tmax), apparent t½, area under the
plasma drug concentration-time curve (AUC) from 0
to the last measurable plasma concentration (AUC0-t),
AUC from 0 to 12 hours after dose (AUC0-12), AUC
from 0 extrapolated to infinity (AUC0-�), and apparent
total body clearance (Cl/F).

Safety Evaluation
Safety was evaluated by adverse event (AE) reporting
and findings from physical examination, vital signs (in-
cluding blood pressure, heart rate, respiratory rate, and
body temperature), clinical laboratory tests (including
hematology, biochemistry, and urinalysis), and 12-lead
ECGs. Clinical assessments were conducted at screen-
ing, on the day of clinic admission, and up to 12 hours
after dosing on each treatment day. The severity and re-
lationship to study drug of all AEs was determined by
the investigator.

Statistical Analyses
PK analyses were performed on the PK population,
which included all subjects in the safety populationwith
sufficient data to reliably calculate at least 1 PK param-
eter for BGF MDI, BFF MDI, or BUD/FORM DPI,
and who did not have major protocol deviations. The
safety population included all subjects who received at
least 1 dose of any study medication.

The primary objective of this study was to compare
the 12-hour PK profiles of budesonide after a single
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dose of BGF MDI or BFF MDI with that after a sin-
gle dose of BUD/FORM DPI in healthy subjects. Sec-
ondary PK objectives included a comparison of the 12-
hour PK profiles of formoterol after treatment with
BGF MDI or BFF MDI with BUD/FORM DPI and
a comparison of the safety and tolerability of BGF
MDI and BFFMDI versus BUD/FORMDPI. The po-
tential for a PK interaction between glycopyrronium
and either budesonide or formoterol was also assessed
by comparing the budesonide and formoterol 12-hour
PK profiles following treatment with BGF MDI and
BFF MDI.

PK parameters were estimated from the budesonide,
glycopyrronium, and formoterol plasma concentration
data by noncompartmental analysis (NCA) using the
software PhoenixWinNonlin (Certara, L.P., Princeton,
New Jersey). Actual blood sample collection times rel-
ative to dosing were used for the NCA. Mean plots
of plasma concentration time data used nominal sam-
ple collection times. Postdose samples with a plasma
concentration below the lower limit of quantification
were treated as missing in the NCA analysis; however,
for mean and individual plasma concentration profile
plots, they were assigned a value of zero. Predose sam-
ples with a concentration of budesonide, glycopyrro-
nium, or formoterol below the lower limit of quantifi-
cation were also set to zero.

Descriptive statistics of the PK parameters were
summarized, by treatment, for the PK population.
Budesonide and formoterol Cmax, AUC0-12, AUC0-t,
and AUC0-� for the BGF MDI and BFF MDI treat-
ments were compared with BUD/FORM DPI using
natural log-transformed values and an analysis of vari-
ance (ANOVA) with fixed effects for treatment (1 de-
gree of freedom), period, sequence, and subject within
sequence. A separate ANOVA model was fitted for
each pair of compared treatments, and only subjects
who had data for both treatments (for the relevant PK
parameter) for the respective analyte were included.
The ratios of geometric least squares means (LSM)
and the corresponding 90%CIs for each treatment
comparison were determined by exponentiation of
the mean differences between treatments and 90%CI
on the logarithm scale. Bioequivalence between BGF
MDI or BFF MDI and BUD/FORM DPI was de-
termined by comparing the 90%CI for the geo-
metric mean ratio to bounds of 80% and 125%
for budesonide and formoterol for Cmax, AUC0-12,
AUC0-t, and AUC0-�. Budesonide and formoterol
Cmax and AUC0-12 were similarly compared be-
tween BGF MDI and BFF MDI to evaluate the
potential for a PK interaction.

A sample size of 72 subjects was planned for ran-
domization into the study to provide approximately
90% and 80% probability to demonstrate bioequiva-

lence of budesonide AUC0-12 and Cmax, respectively, us-
ing a 90%CI for the geometric mean ratio and bounds
of 80% to 125% for the comparison of BGF MDI or
BFFMDI to BUD/FORMDPI, under assumptions of
a 5% true difference and intrasubject coefficient of vari-
ation (CV%) values of 30% and 35% for AUC0-12 and
Cmax, respectively.

Results
Study Population
A total of 203 subjects were screened and 72 (35.5%)
were randomly assigned to receive study treatment; of
those, 59 (81.9%) completed the study. Thirteen sub-
jects discontinued early from the study due to with-
drawal of consent (7 subjects), protocol deviations
(5 subjects), or loss to follow-up (1 subject). Of the
72 randomly assigned subjects, 64 (88.9%) received
BGF MDI 320/14.4/10 μg, 66 (91.7%) received BFF
MDI 320/10 μg, and 66 (91.7%) received BUD/FORM
DPI. All 72 subjects (100%) were included in the safety
and PK populations.

The demographics and baseline characteristics of
the randomized subjects are shown in Table 1. The
median age of the overall study population was
32.0 years (range: 19-55 years), and 52 subjects (72.2%)
were male. The majority of study participants (86.1%)
were black, representative of the local community
around the single study site. Most (88.9%) had never
smoked; 8 (11.1%) were former smokers. There were no
clinically relevant differences among patients according
to treatment group.

Comparison of Budesonide in BGF MDI, BFF MDI,
and BUD/FORM DPI
The AUC profiles for budesonide showed an early
peak followed by a monophasic decline in budesonide
concentration (Figure 1A). The PK parameters for
budesonide are presented in Table 2, and as geomet-
ric means in Supplementary Table 1. Mean AUC0-12

and AUC0-t were comparable for BGF MDI (1762
and 1763 pg·h/mL, respectively) and BFF MDI (both
1827 pg·h/mL), and were higher (both 1517 pg·h/mL)
than for BUD/FORM DPI. Cmax ranged from 505-
595 pg/mL for the 3 treatments. The range of tmax was
also similar for all 3 treatments (0.10-4.00 hours, 0.03-
4.00 hours, and 0.03-2.00 hours for BGF MDI, BFF
MDI, and BUD/FORM DPI, respectively). The Cl/F
of budesonide was higher with BUD/FORMDPI than
with BGF MDI or BFF MDI. However, it should be
noted that there was a larger CV% reported on the ge-
ometric means of the budesonide AUC PK parameters
and Cmax for BUD/FORM DPI compared with both
BGFMDI and BFF MDI (Supplementary Table 1).
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Table 1. Subject Demographics and Characteristics (Safety Population)

Parameter

BGF MDI
320/14.4/10 μg

(n = 64)

BFF MDI
320/10 μg
(n = 66)

BUD/FORM DPI
320/9 μg
(n = 66)

Any Treatment
(N = 72)

Median age, years (range) 32.0 (19-55) 32.0 (19-55) 31.5 (19-55) 32.0 (19-55)
Sex, % male 68.8 71.2 71.2 72.2
Race, % Black/White/Other 85.9/12.5/1.6 84.8/13.6/1.5 87.9/10.6/1.5 86.1/12.5/1.4
Smoking status, % never smoked 87.5 89.4 89.4 88.9
Mean weight, kg (SD) 75.62 (11.32) 75.56 (11.34) 75.84 (11.50) 76.10 (11.19)
Mean height, cm (SD) 172.01 (8.94) 172.30 (9.01) 172.78 (9.37) 172.75 (9.03)
Mean BMI, kg/m2 (SD) 25.5 (3.4) 25.4 (3.2) 25.4 (3.2) 25.5 (3.2)

BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; BMI, body mass index; BUD/FORM,
budesonide/formoterol fumarate dihydrate; DPI, dry powder inhaler; MDI, metered dose inhaler; SD, standard deviation.

Statistical comparison of budesonide PK parame-
ters between BGFMDI and BUD/FORMDPI and be-
tween BFF MDI and BUD/FORM DPI are shown in
Table 3. The AUC0-12 and AUC0-t geometric LSM ra-
tios indicated that the AUCs were approximately 25%
and 27% higher for BGF MDI and BFF MDI, respec-
tively, compared with BUD/FORM DPI. Although
the budesonide Cmax geometric LSM ratios were sim-
ilar, the 90%CIs were just outside of the bioequiva-
lence bounds of 80% and 125%, which was likely due
to the high intrasubject CV% (84%-92%) induced by
BUD/FORM DPI.

Comparison of Formoterol in BGF MDI, BFF MDI,
and BUD/FORM DPI
The AUC profiles of formoterol for all 3 treatments
were similar in shape and showed an early high peak
followed by a low, broader peak and a monophasic de-
cline (Figure 1B). AUC0-12 and AUC0-t were compa-
rable for BGF MDI and BFF MDI, both of which
were higher than for BUD/FORM DPI (Table 2; Sup-
plementary Table 1). In addition, tmax was achieved
more rapidly with BUD/FORM DPI (0.1 hours) com-
paredwithBGFMDI andBFFMDI (both 0.67 hours).
Of note, there were appreciably larger CV%s reported
on the geometric means for formoterol PK parameters
for BUD/FORM DPI than for either BGF MDI or
BFF MDI (Supplementary Table 1).

Statistical comparison of formoterol PK parame-
ters between BGFMDI and BUD/FORMDPI and be-
tween BFF MDI and BUD/FORM DPI are shown in
Table 3. The geometric LSM ratios for AUC0-12 and
AUC0-t indicated that exposure to formoterol withBGF
MDI and BFF MDI was 65% and 69% higher, respec-
tively (AUC0-12), and 96% and 103% higher, respec-
tively (AUC0-t), compared with BUD/FORM DPI. In
addition, Cmax was increased by 25% and 20% with
BGFMDI and BFFMDI, respectively, compared with
BUD/FORM DPI. The 90%CIs for formoterol Cmax,

AUC0-12, and AUC0-t geometric LSM ratios all fell out-
side of the bioequivalence bounds of 80% and 125%,
indicating that BGFMDI andBFFMDIwere not bioe-
quivalent with BUD/FORM DPI with respect to the
formoterol component.

Pharmacokinetic Interaction
The plasma concentration-time profile for glycopyrro-
nium following BGF MDI treatment is shown in Fig-
ure 1C. The glycopyrronium geometric mean Cmax and
AUC0-12 values (CV%) were 7.36 pg/mL (88.1) and
19.73 pg·h/mL (48.8) respectively (N = 53). The rel-
ative bioavailability of budesonide in BGF MDI ver-
sus BFF MDI, based on Cmax and AUC0-12, is shown
in Figure 2A. The geometric LSM ratio was approxi-
mately 100% for both PK parameters, and the 90%CIs
for both geometric LSM ratios were within the pre-
specified bounds of 80% and 125%, indicating that
the 2 formulations were bioequivalent for the budes-
onide component and that there was no drug-drug
interaction between glycopyrronium and budesonide.
The observed intrasubject CV%s for these budesonide
PK parameters were 26% (AUC0-12) and 40% (Cmax),
which were considerably lower than those observed for
the comparisons relative to BUD/FORM DPI. Com-
parison of the same PK parameters for formoterol
showed that the 90%CIs for the geometric LSM ra-
tios were also within the 80% and 125% bounds, in-
dicating that BGF MDI and BFF MDI were also
bioequivalent for formoterol (Figure 2B). Overall, these
results indicate that there was no drug-drug interaction
between glycopyrronium and formoterol when com-
bined in BGFMDI.

Safety
Overall, 24 subjects (33.3%) reported a total of 32
treatment-emergent AEs (TEAEs) during the study.
Of these, 22 TEAEs reported by 18 subjects (25%)
were considered related to study drug (Table 4). All
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Figure 1. Arithmetic mean (±SE) plasma drug concentration-time profile of (A) budesonide, (B) formoterol, and (C) glycopyrronium
(PK population). BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate;
BUD/FORM, budesonide/formoterol fumarate dihydrate; DPI, dry powder inhaler; MDI, metered dose inhaler; PK, pharmacokinetic;
SE, standard error.

of the drug-related TEAEs were mild in severity; there
were no serious AEs, and no TEAE led to early
withdrawal from the study. The incidence of indi-
vidual TEAEs reported in �2 subjects is shown in
Table 4.

No clinically significant changes over time or dif-
ferences among the treatments in clinical laboratory

results, vital signs, or ECGs were observed during the
study. Mean values for hematology and clinical chem-
istry were generally within the normal range. Two sub-
jects had low postbaseline potassium concentrations
after administration of BFFMDI (2.5 and 3.1mmol/L)
that were reported as hypokalemia. Both events re-
solved on the same day without treatment.
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Table 2. PK Parameters for Budesonide and Formoterol According to Treatmenta (PK Population)

Parameter BGF MDI
320/14.4/10 μg

BFF MDI
320/10 μg

BUD/FORM DPI
320/9 μg

AUC0-12, pg·h/mL
Budesonide 1762.47 (753.98), n = 64 1827.17 (738.71), n = 65 1516.86 (825.89), n = 65
Formoterol 42.86 (18.15), n = 60 42.34 (14.89), n = 62 26.73 (14.34), n = 58

AUC0-t, pg·h/mL
Budesonide 1762.72 (754.16), n = 64 1826.72 (738.52), n = 65 1517.11 (826.15), n = 65
Formoterol 41.63 (19.46), n = 60 41.34 (15.63), n = 62 24.20 (16.05), n = 58

Cmax, pg/mL
Budesonide 528.91 (347.50), n = 64 505.48 (264.92), n = 65 595.11 (511.94), n = 65
Formoterol 9.36 (4.98), n = 60 8.34 (3.61), n = 62 8.39 (5.42), n = 58

tmax, hoursa

Budesonide 0.33 (0.10-4.00), n = 64 0.67 (0.03-4.00), n = 65 0.33 (0.03-2.00), n = 65
Formoterol 0.67 (0.10-12.00), n = 60 0.67 (0.10-8.00), n = 62 0.10 (0.03-2.00), n = 58

t½, hours
Budesonide 3.07 (0.42), n = 64 3.07 (0.64), n = 65 3.04 (0.47), n = 64
Formoterol 5.13 (2.23), n = 40 5.20 (2.51), n = 47 5.19 (1.78), n = 28

Cl/F, L/hour
Budesonide 207.34 (125.64), n = 64 203.54 (116.62), n = 64 361.83 (268.79), n = 64
Formoterol 204.77 (55.15), n = 17 184.83 (40.71), n = 21 251.90 (75.18), n = 10

AUC0-12, area under the plasma drug concentration-time curve from 0-12 hours; AUC0-t, area under the plasma drug concentration-time curve up
to the last measurable plasma concentration; BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate
dihydrate;BUD/FORM,budesonide/formoterol fumarate dihydrate;Cmax,maximum observed plasma concentration;Cl/F,apparent total body clearance;
DPI, dry powder inhaler;MDI,metered dose inhaler; PK, pharmacokinetic; SD, standard deviation; t½, apparent terminal elimination half-life; Tmax, time
to maximum observed plasma concentration.
aAll pharmacokinetic values are expressed as the arithmetic mean (SD) with the exception of Tmax,which is expressed as the median value (min-max).

Discussion
The primary objective of this phase 1, randomized,
crossover studywas to compare the budesonide 12-hour
PKprofiles of single doses of BGFMDI 320/14.4/10μg
with BFF MDI 320/10 μg and an active control,
BUD/FORMDPI (320/9-μg delivered dose), in healthy
volunteers. Comparison of the budesonide PK pa-
rameters showed that Cmax values were similar for
BGF MDI, BFF MDI, and BUD/FORM DPI, and
AUCs were approximately 25% and 27% higher for
BGFMDI and BFFMDI, respectively, compared with
BUD/FORM DPI. Moreover, comparison of the for-
moterol PK parameters showed that Cmax was ap-
proximately 20%-25% higher and total systemic expo-
sure as assessed by AUC was approximately 65%-103%
higher with BGF MDI and BFF MDI compared with
BUD/FORMDPI. This may be partly due to the higher
formoterol dose (10 μg) in BGF MDI and BFF MDI
than in BUD/FORM DPI (9 μg).

While the precise explanation for the lower Cmax

and AUC values for budesonide and formoterol for
BUD/FORMDPI relative to BGFMDI andBFFMDI
is not known, it is important to note that the values in
our study were approximately 2- to 6-fold lower than
those reported by another study with BUD/FORM
DPI (1 inhalation using the 400/12-μg metered dose).27

The fact that the DPI, unlike an MDI device, is an in-

spiratory flow-dependent device, may have contributed
to the high CV% and the lower Cmax and AUC param-
eters with BUD/FORM DPI observed in our study for
budesonide and formoterol.

Different inhaler devices require different handling
and inhalation techniques; MDIs require coordinated
inhalation and device activation, whereas DPIs are
breath-actuated.28 Proper training in the handling and
correct operation of both types of device is crucial.
Poor inhalation technique, a common issue across
different inhaler types,29 results in variable dose de-
livery and, consequently, may have led to variability
in measured PK parameters. It is notable that greater
variability in PK parameters was observed with the
DPI compared with the MDI, suggesting that the
co-suspension delivery technology MDI achieved a
more consistent dose delivery than did DPI in this
study or that inhalation technique was more consistent
with the MDI than with the DPI.

Although there were PK differences between BGF
MDI and BFF MDI relative to BUD/FORM DPI,
all treatments were well tolerated and there was no
evidence that the differences in exposure had any ef-
fect on safety or tolerability. Moreover, there were no
appreciable differences among the treatments in the in-
cidence of pharmacologically predictable AEs associ-
ated with inhaled bronchodilators, such as palpitations



230 Clinical Pharmacology in Drug Development 2019, 8(2)

Table 3. Comparison of Budesonide and Formoterol PK Parameters for BGF MDI or BFF MDI versus BUD/FORM DPI (PK
Population)

Geometric LSM Treatment ComparisonsaBGF MDI
320/14.4/10 μg vs
BUD/FORM DPI
320/9 μg

BGF MDI
320/14.4/10 μg

BUD/FORM DPI
320/9 μg

Geometric LSM
Ratio (%) 90%CI

Intrasubject
CV%b

Budesonide
n 64 65 – – –
AUC0-12, pg·h/mL 1618.79 1293.75 125.12 106.81-146.58 55.4
AUC0-t, pg·h/mL 1618.96 1293.87 125.12 106.81-146.58 55.4
AUC0-�, pg·h/mL 1757.19 1397.58c 125.73 107.52-147.02 54.0
Cmax, pg/mL 426.27 416.58 102.32 80.50-130.07 92.2

Formoterol
n 60 58 – – –
AUC0-12, pg·h/mL 39.21 23.70 165.45 141.47-193.49 49.2
AUC0-t, pg·h/mL 36.53 18.68 195.55 156.21-244.80 74.9
Cmax, pg/mL 8.44 6.73 125.45 101.97-154.34 67.9

BFF MDI 320/10 μg
vs BUD/FORM DPI
320/9 μg BFF MDI 320/10 μg

BUD/FORM DPI
320/9 μg

Geometric LSM
Ratio (%) 90%CI Intrasubject CV% b

Budesonide
n 65 65 – – –
AUC0-12, pg·h/mL 1650.19 1296.94 127.24 109.86-147.37 50.6
AUC0-t, pg·h/mL 1649.95 1297.12 127.20 109.83-147.32 50.6
AUC0-�, pg·h/mL 1789.85c 1404.59c 127.43 109.94-147.70 50.0
Cmax, pg/mL 432.41 416.49 103.82 82.95-129.95 83.9

Formoterol
n 62 58 – – –
AUC0-12, pg·h/mL 39.32 23.23 169.24 145.75-196.52 47.6
AUC0-t, pg·h/mL 37.77 18.57 203.36 163.24-253.34 74.5
Cmax, pg/mL 7.87 6.55 120.19 97.83-147.66 68.8

ANOVA, analysis of variance; AUC0-12, area under the plasma drug concentration-time curve from 0-12 hours; AUC0-t, area under the plasma drug
concentration-time curve up to the last measurable concentration; AUC0-�, area under the plasma drug concentration-time curve from zero ex-
trapolated to infinity; BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; BUD/FORM,
budesonide/formoterol fumarate dihydrate;CI, confidence interval; Cmax,maximum observed plasma concentration;CV%, coefficient of variation;DPI,
dry powder inhaler; LSM, least squares mean; MDI, metered dose inhaler; MSE, mean square error; PK, pharmacokinetic.
aRatio (expressed as percentage) of exponentiated mean difference of log-transformed PK parameter. Confidence interval from ANOVA model
with fixed effects for treatment (1 degree of freedom), period, sequence, and subject within sequence. A statistical comparison of AUC0-� was not
performed for formoterol, as this parameter was only estimable in a low proportion of subjects.
b100*�[exp(MSE) - 1].
cn = 64.

or tremor, and only minor changes in ECGs were ob-
served with any of the treatments. Although only single
doses were administered in the present study, the safety
profile of BUD/FORM DPI is well established,30–32

and the safety profile of doses of budesonide and for-
moterol considerably higher than those used in this
study has been well documented.33–37

No PK interactions, whether due to formulation
or drug-drug interactions, were observed when gly-
copyrronium was formulated with budesonide and
formoterol in the BGF MDI fixed-dose combination
using co-suspension delivery technology, based on
the equivalence of PK parameters of budesonide

and formoterol between BGF MDI and BFF MDI.
Similarly, a phase 1 study comparing PK parameters
of BGFMDI with glycopyrrolate/formoterol fumarate
MDI (Bevespi Aerosphere; AstraZeneca) found no
evidence of within-combination PK drug-drug interac-
tions when budesonide was formulated with glycopy-
rronium and formoterol, based on the equivalence of
the PK parameters of glycopyrronium and formoterol
between BGF MDI and glycopyrrolate/formoterol
fumarate MDI using the same co-suspension delivery
technology platform.38 The absence of any drug-drug
interactions in the current study among the individual
components of BGF MDI incorporated into the triple
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Figure 2. Relative bioequivalence of (A) budesonide and (B) formoterol in BGF MDI and BFF MDI (ratio of geometric least squares
means [90%CI] for AUC0-12 and Cmax; PK population). AUC0-12, area under the plasma drug concentration-time curve from 0-12
hours;BFF,budesonide/formoterol fumarate dihydrate;BGF,budesonide/glycopyrronium/formoterol fumarate dihydrate;CI,confidence
interval; Cmax, maximum observed plasma concentration; LSM, least squares mean; MDI, metered dose inhaler; PK, pharmacokinetic.

Table 4. Summary of TEAEs (Safety Population)

Parameter

BGF MDI
320/14.4/10 μg

(n = 64)

BFF MDI
320/10 μg
(n = 66)

BUD/FORM
DPI 320/9 μg
(n = 66)

All Subjects
(N = 72)

Subjects with at least 1 TEAE, n (%) 8 (12.5) 13 (19.7) 9 (13.6) 24 (33.3)
Subjects with TEAE related to study
drug, n (%)a

7 (10.9) 9 (13.6) 5 (7.6) 18 (25.0)

TEAEs occurring in �2 subjects, n (%)
Headache 3 (4.7) 0 1 (1.5) 4 (5.6)
Hypertension 0 2 (3.0) 2 (3.0) 4 (5.6)
Systolic hypertension 0 2 (3.0) 0 2 (2.8)
Blood pressure (diastolic)

decreased
1 (1.6) 0 1 (1.5) 2 (2.8)

Dizziness 1 (1.6) 0 1 (1.5) 2 (2.8)
Hypokalemia 0 2 (3.0) 0 2 (2.8)

BFF,budesonide/formoterol fumarate dihydrate;BGF,budesonide/glycopyrronium/formoterol fumarate dihydrate;BUD/FORM,budesonide/formoterol
fumarate dihydrate; DPI, dry powder inhaler; MDI, metered dose inhaler; TEAE, treatment-emergent adverse event.
aRelated = possibly, probably, or definitely (in the opinion of the investigator).

fixed-dose combination is aligned with the consistent
drug delivery seen across mono and dual bronchodila-
tor MDI formulations incorporating co-suspension
delivery technology.17

The study was conducted in healthy volunteers
rather than patients with COPD, which is typical for
phase 1 studies and similar to other PK studies of
budesonide/formoterol fixed-dose combinations.27,39,40

A limitation of the study was the collection of blood
samples for analysis of PK parameters only up to
12-hours after dosing.

Although systemic exposure to both budesonide and
formoterol was higher for BGF MDI and BFF MDI
than for BUD/FORM DPI, these differences may
have been exaggerated due to the lower-than-expected
observations for BUD/FORM DPI. Despite these PK
differences, there were no appreciable differences in
the incidence of pharmacologically predictable AEs

among the treatments. This, together with the absence
of any PK interactions (whether drug-drug or formula-
tion related) between glycopyrronium and budesonide
or formoterol, suggests that the safety profile of BGF
MDI will likely be comparable to that of BUD/FORM
DPI. This hypothesis will be evaluated further in phase
3 studies of the ICS/LAMA/LABA fixed-dose com-
bination BGF MDI using innovative co-suspension
delivery technology in patients with COPD.
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