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Background: Three 52-week studies in COPD have assessed the efficacy and safety of
single-inhaler extrafine formulation triple therapy combining beclomethasone dipropionate
(BDP), formoterol fumarate (FF) and glycopyrronium (G) delivered via pressurized metereddose inhaler (pMDI). BDP/FF/G is now being developed for delivery via multi-dose drypowder inhaler (DPI; NEXThaler). This study aimed to demonstrate non-inferiority of BDP/
FF/G DPI vs pMDI for lung function.
Methods: Multicenter, randomized, double-blind, double-dummy, active-controlled, threeway cross-over study in patients with COPD and post-bronchodilator forced expiratory
volume in 1 second (FEV1) 30–80% predicted. Patients received BDP/FF/G 100/6/10µg
via DPI and pMDI, and BDP/FF 100/6µg via pMDI, all two inhalations twice daily for four
weeks, with treatments separated by two-week washout. The two co-primary objectives were
to demonstrate non-inferiority between the two BDP/FF/G formulations for FEV1 area under
the curve between 0 and 12 hours post-dose (AUC0-12h) normalized by time and trough FEV1
at 24 hours, both on Day 28. EudraCT 2017–004405-41.
Results: Of 449 patients screened, 366 were randomized, with 342 (93.4%) completing all
three treatment periods. The primary objectives were met, with changes from baseline in
FEV1 AUC0–12h and trough FEV1 on Day 28 similar for the two BDP/FF/G formulations,
and the confidence intervals for the difference lying entirely within the pre-specified noninferiority criterion (–50mL): –20 (–35, –6) mL and 3 (–15, 20) mL for AUC0–12h and trough
FEV1, respectively. BDP/FF/G pMDI and DPI were statistically superior to BDP/FF for
these endpoints (p<0.001). A similar proportion of patients experienced adverse events with
each treatment (15.5%, 18.7% and 15.4% with BDP/FF/G DPI and pMDI, and BDP/FF,
respectively); the majority were mild or moderate, with few related to treatment.
Conclusion: Extrafine BDP/FF/G DPI and pMDI demonstrated similar efficacy and safety
in patients with COPD, supporting the DPI formulation as a valid alternative.
Keywords: adrenergic beta-2 receptor agonists, muscarinic antagonists, steroids, respiratory
function tests, chronic obstructive pulmonary disease

Background
For patients with chronic obstructive pulmonary disease (COPD) who have exacer
bations when receiving a long-acting β2-agonist (LABA) plus a long-acting
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muscarinic antagonist (LAMA), or symptoms or exacer
bations when receiving an inhaled corticosteroid (ICS)
plus a LABA, inhaled triple therapy with a triple combina
tion of an ICS, a LABA and a LAMA is recommended.1
A single inhaler triple therapy is available that com
bines, in an extrafine formulation (ie, with mass median
aerodynamic diameter <2 µm), the ICS beclomethasone
dipropionate (BDP), the LABA formoterol fumarate (FF)
and the LAMA glycopyrronium (G). Extrafine particles
in aerosolized medicines are more able to consistently
reach small airways than non-extrafine particles,2 enhan
cing delivery to these airways, a major site of airflow
obstruction in COPD,3,4 with lower oropharyngeal
deposition.5 Three prior 52-week studies have assessed
the efficacy and safety of this combination in patients
with COPD. In the TRILOGY study BDP/FF/G reduced
the rate of COPD exacerbations by 23% compared with
BDP/FF,6 in the TRINITY study BDP/FF/G reduced the
rate by 20% compared with the LAMA tiotropium,7 and
in the TRIBUTE study BDP/FF/G reduced the rate by
15% compared with the LABA/LAMA combination
indacaterol/glycopyrronium.8 In all three studies, BDP/
FF/G was delivered via pressurized metered-dose inhaler
(pMDI); this formulation has been approved for the
management of COPD in a number of countries, includ
ing throughout the European Union.
When selecting an inhaled therapy for a patient, it is
important to not only consider the active molecules but
also the patient’s ability to use, and preference for, the
device.1 Advantages of pMDIs include that they are:
familiar to most patients (especially since the most com
mon rescue medications are delivered via pMDI); they are
compact; and instructions for use are consistent across
products. However, their correct use requires hand actua
tion to be coordinated with inhalation, which can be diffi
cult for some patients. In addition, although the pMDI
remains the most common inhaler overall,9 dry-powder
inhalers (DPIs) are the most commonly prescribed inhalers
for maintenance therapy of asthma, COPD and asthmaCOPD overlap.10
The NEXThaler is a breath-activated, multi-dose DPI
approved for the delivery of BDP/FF. The triple combina
tion of BDP/FF/G is now being developed for delivery via
this device to provide additional options for patients and
physicians – for example, in patients who prefer a DPI or
are unable to use a pMDI correctly. The NEXThaler can be
used even by patients who can generate only a relatively
low inspiratory force,11 its delivery performance is
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independent of inhalation flow rate, and it incorporates
a dose counter, indicating the number of doses remaining
and that counts down only following successful activation.
Each inhaler contains sufficient drug to deliver a full
month of therapy, eliminating the need to manually load
individual capsules, and so removing one source of error
with single-dose, capsule-based DPIs.12 Additional advan
tages of DPIs compared to other delivery mechanisms
include the ability to achieve deep lung deposition, and
that a spacer device is not required.12
The aim of the current study was to demonstrate the
non-inferiority of the DPI vs pMDI formulations of extra
fine BDP/FF/G, in terms of lung function. Extrafine BDP/
FF (via pMDI) was included as a positive control to ensure
assay sensitivity.

Materials and Methods
Trial Design and Participants
This was a Phase II, multicenter, randomized, doubleblind, double-dummy, active-controlled, three-way crossover study. Eligible patients were 40–85 years of age,
diagnosed with COPD ≥12 months prior to entry, postbronchodilator forced expiratory volume in 1 second
(FEV1) 30–80% predicted, and had been receiving
a stable regimen for ≥30 days of LAMA monotherapy,
ICS+LABA+LAMA, ICS+LABA, or LABA+LAMA
(fixed or free combinations were acceptable). Main
exclusion criteria were: a current diagnosis of asthma;
a lower respiratory tract infection requiring antibiotics or
a COPD exacerbation in the six weeks prior to screening;
or clinically significant conditions that could have
impacted the interpretation of the results. All patients
provided written informed consent prior to any studyrelated procedure. Full inclusion and exclusion criteria
are in the supplement.
Patients who met the inclusion and exclusion criteria
entered a two-week open-label run-in period when they
received BDP/FF 100/6 µg, two inhalations twice daily
(BID) via pMDI (Figure 1). At the end of the run-in
period, patients were randomized to one of six treatment
sequences using a balanced block randomization scheme
generated by the interactive response technology provider.
In each sequence, patients received three treatments, with
each treatment taken for four weeks, and with treatment
periods separated by two-week washout periods, when
patients again received BDP/FF 100/6 µg. The three
study treatments were BDP/FF/G 100/6/10 µg via DPI,
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Figure 1 Study design.
Abbreviations: BDP, beclomethasone dipropionate; FF, formoterol fumarate; pMDI, pressurized metered-dose inhaler; G, glycopyrronium; DPI, dry-powder inhaler.

BDP/FF/G 100/6/10 µg via pMDI, and BDP/FF 100/6 µg
via pMDI, all two inhalations BID. The BDP/FF/G 100/6/
10 µg dose administered via DPI has previously been
shown to provide similar deposition characteristics to the
same dose administered via pMDI (Chiesi data on file).
Patients, investigators, site staff, monitors and the spon
sor’s team were all blinded to treatment by the use of
a double-dummy design.
Patients attended study visits on Days 1 and 28 of each
period. Serial spirometry was assessed pre-dose and up to
12 h post-dose on Day 1 and up to 24 h post-dose on Day
28 of each treatment period, with data from the
St. George’s Respiratory Questionnaire (SGRQ) recorded
pre-dose on both days. Patients were permitted salbutamol
or terbutaline as rescue medication throughout the study
(although not within 6 h prior to a visit), with use recorded
on a diary card throughout the study.
The study was approved by the independent ethics com
mittees at each institution, and was performed in accordance
with the principles of the Declaration of Helsinki, and the
International Conference on Harmonization notes for guidance
on Good Clinical Practice (ICH/CPMP/135/95). There were
no amendments to the protocol. The study is registered
in EudraCT (2017–004405-41) and ClinicalTrials.gov
(NCT03590379). This manuscript adheres to CONSORT
guidelines.

Outcomes
The two co-primary objectives were to demonstrate noninferiority between the two BDP/FF/G formulations in
terms of FEV1 area under the curve between 0 and
12 hours normalized by time (AUC0-12h) and trough
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FEV1 at 24 hours, both on Day 28. FEV1 AUC0-12h mea
sures the aggregate effect over the full dosing interval for
a BID dosing regimen; trough FEV1 was selected to ensure
that the LABA and LAMA components did not mask any
potential differences in the ICS between the DPI and
pMDI formulations. Superiority of BDP/FF/G pMDI vs
BDP/FF for FEV1 AUC0-12h was also evaluated to demon
strate assay sensitivity.
Secondary endpoints were pre-dose morning FEV1 and
FEV1 AUC0-4h on Day 28, FEV1 AUC0-12h on Day 1, peak
FEV1 on Days 1 and 28, the percentage of patients with
a change from baseline in pre-dose morning FEV1
≥100 mL on Day 28, SGRQ total and domain scores on
Day 28, and rescue medication use. In addition, safety and
tolerability were evaluated.

Sample Size and Statistical Methods
Assuming 15% would be non-evaluable, 354 patients were
to be randomized for 301 patients to be included in the
primary endpoint analyses. This would provide an overall
study power of 85%, with:
● approximately 92.5% power to detect non-inferiority

in terms of FEV1 AUC0–12h on Day 28, with a noninferiority margin of –50 mL, and assuming no dif
ference between the two BDP/FF/G formulations,
a within-subject standard deviation (SD) of 180 mL
and a one-sided significance level of 0.025;
● approximately 100% power to detect superiority in
terms of FEV1 AUC0–12h on Day 28, assuming
a mean difference of 100 mL between BDP/FF/G
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pMDI and BDP/FF pMDI, a within-subject SD of
180 mL and a two-sided significance level of 0.05;
● approximately 92.5% power to detect non-inferiority
in terms of trough FEV1 on Day 28, with a noninferiority margin of –50 mL, and assuming no dif
ference between the two BDP/FF/G treatments,
a within-subject SD of 180 mL and a one-sided
significance level of 0.025.
The co-primary endpoints were evaluated in
a hierarchical testing order: non-inferiority of BDP/FF/
G DPI vs pMDI for FEV1 AUC0–12h, then superiority of
BDP/FF/G pMDI vs BDP/FF for FEV1 AUC0–12h, and
finally non-inferiority of BDP/FF/G DPI vs pMDI for
trough FEV1. FEV1 AUC0-12h was calculated based on
the actual times using the linear trapezoidal rule, with
change from baseline analyzed using an analysis of
covariance (ANCOVA) model with treatment, period
and patient as fixed effects, and baseline FEV1 as
a covariate. Non-inferiority of BDP/FF/G DPI vs
pMDI was to be claimed if the two-sided 95% CI of
the adjusted mean difference between treatments lay
entirely to the right of the pre-defined non-inferiority
margin of –50 mL. Trough FEV1 on Day 28 was calcu
lated as the mean of the two measurements at 23.5 hours
and 24 hours post-dose, and was analyzed using the
same ANCOVA model as for FEV1 AUC0-12h.
A similar ANCOVA model was used for most of the
secondary efficacy endpoints. FEV1 response (change
from baseline ≥100 mL in pre-dose morning FEV1)
was analyzed using a conditional logistic regression
model with treatment and period as fixed effects, patient
as strata and baseline FEV1 as covariate, and the rescue
medication endpoints were analyzed using an analysis of
variance model with treatment, period and patient as
fixed effects.
The intention-to-treat (ITT) population was all rando
mized patients who received at least one dose of study
medication and had at least one post-baseline efficacy
evaluation available, and the per-protocol (PP) population
was all patients in the ITT population with no major
protocol deviations. The safety population was all rando
mized patients who received at least one dose of study
medication. The non-inferiority comparisons between
BDP/FF/G DPI and pMDI for the primary endpoints
were conducted in both the ITT and PP populations; all
other efficacy evaluations were conducted in the ITT
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population only. All safety evaluations were performed in
the safety population.

Results
Participants
The study was conducted at 48 sites across six countries
between 15 Jun 2018 and 6 Mar 2019. Of 449 patients
screened, 366 were randomized, all of whom received at
least one dose of study medication, with 342 (93.4%)
completing all three treatment periods. Reasons for nonTable 1 Baseline Demographics and Disease Characteristics
Parameters

Overall
N=366

Age (years)

64.9 (6.9)

Gender, male, n (%)

215 (58.7)
2

Body mass index (kg/m )

27.6 (5.7)

Time since COPD diagnosis (years)

9.5 (6.5)

COPD maintenance medication on study entry,
n (%)
ICS/LABA/LAMA

127 (34.7)

ICS/LABA

118 (32.2)

LABA/LAMA

105 (28.7)

LAMA

16 (4.4)

Smoking status, n (%)
Ex-smoker

181 (49.5)

Current smoker

185 (50.5)

Smoking history, (pack-years)

20.0 (6.3)

FEV1 (L)*

1.440 (0.478)

FEV1% predicted*

51.4 (12.2)

FEV1/FVC*

0.48 (0.10)

SGRQ total score†

44.3 (15.5)

Number of COPD exacerbations in the
previous year, n (%)
0

240 (65.6)

1

113 (30.9)

≥2

13 (3.6)

Notes: Data are mean (SD) unless specified otherwise; *Post-bronchodilator; †356
patients had data available.
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corti
costeroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist;
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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B
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on Day 28

–20 (–35, –6) mL;
p=0.007

FEV1 AUC0–12h
on Day 28 (ITT)

ITT population

105 (90, 120) mL;
p<0.001

BDP/FF/G pMDI
–22 (–37, –7) mL;
p=0.004

85 (70, 99) mL;
p<0.001

PP population

BDP/FF/G DPI

Trough FEV1 at
24 h on Day 28

Trough FEV1 at
24 h on Day 28 (ITT)

ITT population

3 (–15, 20) mL;
p=0.749

3 (–15, 20) mL;
p=0.753

PP population

-60

-40
-20
0
20
BDP/FF/G DPI vs
BDP/FF/G pMDI, mL

54 (37, 72) mL;
p<0.001

BDP/FF/G pMDI

57 (40, 74) mL;
p<0.001

BDP/FF/G DPI

40

0
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BDP/FF/G vs
BDP/FF pMDI, mL
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Figure 2 FEV1 AUC0–12h and trough FEV1 on Day 28 (co-primary endpoints): (A) Change from baseline (ITT population), and (B) treatment contrasts.
Notes: Bars in Panel (A) are adjusted mean changes from baseline and 95% confidence intervals; values in Panel (B) are adjusted mean treatment differences (95%
confidence intervals).
Abbreviations: FEV1, forced expiratory volume in 1 second; AUC, area under the curve; BDP, beclomethasone dipropionate; FF, formoterol fumarate; G, glycopyrronium;
DPI, dry-powder inhaler; pMDI, pressurized metered-dose inhaler; ITT, intention to treat; PP, per protocol.
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BDP/FF/G DPI

Change from baseline, mL

300

BDP/FF/G pMDI

–9 mL
81 mL
(–27, 10); (62, 99);
p=0.363 p<0.001

–26 mL
110 mL
(–43, –10); (94, 127);
p=0.002 p<0.001

72 (53, 90) mL;
p<0.001

84 (68, 101) mL;
p<0.001

BDP/FF pMDI
2 mL
(–11, 14);
p=0.782

74 mL
(61, 86);
p<0.001

75 (63, 88) mL;
p<0.001

200

100

0
N=

-100

351

352

354

351

Pre-dose morning FEV1
on Day 28

352

353

FEV1 AUC0–4h
on Day 28

351

356

354

FEV1 AUC0–12h
on Day 1

Endpoint
Figure 3 Pre-dose morning FEV1 and FEV1 AUC0–4h on Day 28, and FEV1 AUC0–12h on Day 1 (ITT population).
Notes: Bars are adjusted mean changes from baseline and 95% confidence intervals; text is adjusted mean treatment differences (95% confidence intervals).
Abbreviations: FEV1, forced expiratory volume in 1 second; AUC, area under the curve; BDP, beclomethasone dipropionate; FF, formoterol fumarate; G, glycopyrronium;
DPI, dry-powder inhaler; pMDI, pressurized metered-dose inhaler; ITT, intention to treat.

completion by the remaining 24 patients were withdrawal
of consent (11 patients [3.0%]), adverse events (7 [1.9%]),
loss to follow-up (1 [0.3%]), death (1 [0.3%]) and “other”
(4 [1.1%]). Baseline characteristics of the 366 randomized
patients are shown in Table 1. These were similar between
treatment sequences.

Outcomes
Primary Endpoint
The primary objectives were met. The changes from base
line in both FEV1 AUC0–12h and trough FEV1 on Day 28
were similar with the two BDP/FF/G formulations (Figure
2A), with the confidence intervals for the differences
between the DPI and pMDI formulations lying entirely
to the right of –50 mL (Figure 2B), meeting the prespecified criterion for non-inferiority, with consistent
results in the ITT and PP analyses. Furthermore, BDP/
FF/G pMDI and DPI were both statistically superior to
BDP/FF for these two endpoints, so demonstrating assay
sensitivity.
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Secondary Endpoints
Consistent with the primary endpoints, there was no rele
vant difference between the two BDP/FF/G formulations
for pre-dose morning FEV1 or FEV1 AUC0-4h on Day 28,
FEV1 AUC0–12h on Day 1, or peak FEV1 on Days 1 and
28, with both formulations superior to BDP/FF in all
analyses (Figures 3 and 4). On Day 28, 128 (36.2%),
125 (35.0%) and 67 (18.8%) patients receiving BDP/FF/
G DPI, BDP/FF/G pMDI and BDP/FF, respectively, were
FEV1 responders (ie, ≥100 mL change from baseline in
pre-dose morning FEV1). These equated to odds ratios of
1.03 (95% CI 0.69, 1.53; p=0.890) for BDP/FF/G DPI vs
pMDI, 3.13 (2.00, 4.88; p<0.001) for BDP/FF/G pMDI vs
BDP/FF, and 3.22 (2.06, 5.01; p<0.001) for BDP/FF/G
DPI vs BDP/FF.
The two BDP/FF/G formulations provided a similar
decrease from baseline (ie, improvement) in SGRQ total
score on Day 28, and both were superior to BDP/FF
(Figure 5). The greatest effect of BDP/FF/G was on the
symptoms domain. The percentage of rescue-free days was
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(49, 74);
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352

353
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Figure 4 Peak FEV1 assessed up to 12 h post-dose on Days 1 and 28 (ITT population).
Notes: Bars are adjusted mean changes from baseline and 95% confidence intervals; text is adjusted mean treatment differences (95% confidence intervals).
Abbreviations: FEV1, forced expiratory volume in 1 second; BDP, beclomethasone dipropionate; FF, formoterol fumarate; G, glycopyrronium; DPI, dry-powder inhaler;
pMDI, pressurized metered-dose inhaler; ITT, intention to treat.

high with all three treatments, and was similar with the
two triple therapies; use of both triple therapies was asso
ciated with more rescue-free days than with BDP/FF
(Table 2). Consistent with the rescue-free days, the aver
age puffs per day of rescue medication use was low in all
three groups; use was similar with the two triple therapies,
and was lower than with BDP/FF (Table 2).

Safety
A similar proportion of patients experienced adverse
events with each treatment, both overall and for the most
common preferred terms (Table 3). The majority of events
were mild or moderate in severity, with few considered
related to treatment. The only serious adverse events to
occur in more than one patient with any treatment were
pneumonia and COPD exacerbation, but no serious
adverse events were related to treatment. Of the adverse
events leading to treatment discontinuation, one was con
sidered related to treatment – non-cardiac chest pain, dur
ing treatment with BDP/FF, that was non-serious but

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

severe in intensity, and resolved without treatment. One
patient died during the study due to a pulmonary hemor
rhage; this was not considered related to treatment.
Overall, mean systolic and diastolic blood pressure and
heart rate values were similar with all treatments, and
changes from baseline were minimal. Changes from base
line in QTc (Fridericia’s correction) interval were gener
ally minimal and similar for all treatments, with a low
proportion of patients reporting abnormal values or abnor
mal changes.

Discussion
The study met its co-primary endpoints, with the BDP/FF/
G pMDI and DPI formulations meeting the criterion for
non-inferiority for both FEV1 AUC0–12h and trough FEV1
on Day 28. In addition, both formulations were statistically
superior to BDP/FF for these endpoints supporting the
sensitivity of the clinical study design and the endpoints
used. Furthermore, there were no relevant differences
between the two BDP/FF/G formulations across the
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BDP/FF/G DPI
0.43

–1.52

BDP/FF/G pMDI

–0.56

BDP/FF pMDI

0.53

–2.54

–1.43

0.44

–0.68

(–0.60, 1.47); (–2.56, –0.48); (–2.46, 1.34); (–4.44, –0.63); (–0.71, 1.76); (–2.67, –0.20); (–0.82, 1.70); (–1.94, 0.58);
p=0.023
p=0.497
p=0.289
p=0.401
p=0.410
p=0.004
p=0.563
p=0.009

3

–1.08

–3.10

–0.90

–0.24

(–2.12, –0.04);
p=0.042

(–5.01, –1.18);
p=0.002

(–2.13, 0.32);
p=0.149

(–1.50, 1.02);
p=0.704

Change from baseline

2
1
0
-1
-2
-3
-4
-5

N = 337

340

333

Total score

343

346

340

349

Symptoms domain

348

350

Impact domain

344

347

346

Activity domain

Endpoint
Figure 5 SGRQ total and domain scores on Day 28 (ITT population).
Notes: Bars are adjusted mean changes from baseline and 95% confidence intervals; text is adjusted mean treatment differences (95% confidence intervals).
Abbreviations: FEV1, forced expiratory volume in 1 second; BDP, beclomethasone dipropionate; FF, formoterol fumarate; G, glycopyrronium; DPI, dry-powder inhaler;
pMDI, pressurized metered-dose inhaler; ITT, intention to treat.

secondary lung function endpoints, and both were consis
tently statistically superior to BDP/FF, with odds ratios for
the FEV1 responder analysis greater than 3 for the com
parisons of both triple therapies to BDP/FF. There were
similar trends for health status (as measured by SGRQ)
and rescue medication use. Importantly, all three study
treatments had similar safety profiles.

The 52-week TRILOGY study also evaluated the effi
cacy and safety of BDP/FF/G pMDI vs BDP/FF pMDI.
TRILOGY recruited patients with post-bronchodilator
FEV1 <50% and a history of at least one moderate or
severe exacerbation, whereas the current study recruited
a broader population of patients with FEV1 30–80% and
with no prior exacerbation requirement. Despite these

Table 2 Rescue Medication Use (ITT Population)

Rescue-free days, %

BDP/FF/G DPI (N=354)

BDP/FF/G pMDI (N=357)

BDP/FF pMDI (N=357)

70.6 (68.9, 72.2)

68.9 (67.3, 70.5)

65.3 (63.7, 66.9)

BDP/FF/G DPI vs BDP/FF/G pMDI

1.64 (–0.61, 3.89); p=0.154

vs BDP/FF pMDI

5.25 (3.01, 7.49); p<0.001

3.61 (1.36, 5.86); p=0.002

0.753 (0.685, 0.821)

0.736 (0.668, 0.803)

Average use of rescue medication, puffs/day
BDP/FF/G DPI vs BDP/FF/G pMDI

0.017 (–0.077, 0.112); p=0.723

vs BDP/FF pMDI

–0.149 (–0.243, –0.055); p=0.002

0.902 (0.836, 0.968)

–0.166 (–0.261, –0.072); p<0.001

Note: Data are adjusted mean or adjusted mean difference (95% confidence interval).
Abbreviations: BDP, beclomethasone dipropionate; FF, formoterol fumarate; G, glycopyrronium; DPI, dry-powder inhaler; pMDI, pressurized metered-dose inhaler.
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Table 3 Adverse Events, Overall and Most Common Preferred
Terms (≥1% of Patients with Any Treatment for Adverse Events;
≥2 Patients in Any Group for Drug-Related Adverse Events,
Serious Adverse Events, and Severe Adverse Events)
Number of patients

BDP/FF/

BDP/FF/G

BDP/FF

(%)

G DPI

pMDI

pMDI

(N=354)

(N=358)

(N=357)

55 (15.5)

67 (18.7)

55 (15.4)

COPD exacerbation

12 (3.4)

13 (3.6)

7 (2.0)

Nasopharyngitis

10 (2.8)

9 (2.5)

11 (3.1)

Headache

4 (1.1)

7 (2.0)

2 (0.6)

Back pain

0

4 (1.1)

3 (0.8)

3 (0.8)

3 (0.8)

7 (2.0)

2 (0.6)

0

1 (0.3)

5 (1.4)

6 (1.7)

3 (0.8)

1 (0.3)

2 (0.6)

0

0

0

1 (0.3)

4 (1.1)

6 (1.7)

1 (0.3)

Pneumonia*

1 (0.3)

2 (0.6)

0

COPD exacerbation

0

2 (0.6)

1 (0.3)

Serious treatment-related

0

0

0

1 (0.3)

5 (1.4)

1 (0.3)

0

2 (0.6)

0

0

1 (0.3)

0

Adverse events

Treatment-related
adverse events
Dry mouth
Severe adverse events
Pneumonia*
Severe treatment-related
adverse events
Serious adverse events

adverse events
Adverse events leading to
study treatment
discontinuation
Pneumonia*
Adverse events leading to
death
Notes: *Note that there was one pneumonia adverse event in one patient receiv
ing BDP/FF/G DPI, which was considered severe in intensity and serious, but did
not result in study discontinuation. Two patients receiving BDP/FF/G pMDI experi
enced one pneumonia adverse event each, both severe in intensity and serious, and
resulted in study discontinuation.
Abbreviations: BDP, beclomethasone dipropionate; FF, formoterol fumarate; G,
glycopyrronium; DPI, dry-powder inhaler; pMDI, pressurized metered-dose inhaler;
COPD, chronic obstructive pulmonary disease.

differences, the results of the current study are consistent
with those of TRILOGY, in which a significant improve
ment in pre-dose FEV1 and a higher proportion of FEV1
responders in the BDP/FF/G pMDI group was accompa
nied by a significantly greater improvement from baseline
in SGRQ total score compared with the BDP/FF group.6
Furthermore, in TRILOGY the difference between BDP/

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

FF/G pMDI vs BDP/FF for pre-dose FEV1 at Week 4 was
similar in magnitude to the difference vs BDP/FF for both
BDP/FF/G formulations in the current study, further sup
porting the consistency of effect. In addition to the require
ment for a history of at least one exacerbation, the longer
duration of follow-up in TRILOGY also meant that the
occurrence of exacerbations could be evaluated – there
was a significant 23% reduction in the rate of moderateto-severe exacerbations with BDP/FF/G pMDI compared
with BDP/FF, together with a significant prolongation in
the time to first moderate-to-severe exacerbation. Given
improvements in lung function have been shown to corre
late with reductions in exacerbation rate,13,14 it is likely
that the similar improvements in lung function of the two
BDP/FF/G formulations will result in similar effects on
exacerbations. The safety results of the current study were
also consistent with those of TRILOGY, in that the propor
tion of patients experiencing one or more adverse events
was similar in the BDP/FF/G and BDP/FF groups
(although the overall incidence was much lower in the
current study, given the different study design).
The Global Initiative for Chronic Obstructive Lung
Disease report emphasizes the importance of tailoring
the choice of inhaler device, with selection of the most
appropriate device depending on a patient’s ability and
preference.1 This is particularly important since incorrect
inhaler use is associated with reduced disease control in
patients with COPD,15 and patient satisfaction with the
inhaler device is associated with improved treatment
compliance.16 In particular, in patients with COPD ease
of use and dose recording were found to be important
attributes of inhalers, and multi-dose inhalers were pre
ferred to single-use refillable capsule-based devices.17
Importantly, no single device is suitable for all patients,
and the availability of BDP/FF/G in two different inha
lers will expand the choice available to patients and
physicians, and should support patient preference, abil
ities and engagement in treatment decisions.
This study does have some limitations. First, it was
designed around lung function endpoints; although SGRQ
was included as an assessment of health status a four-week
treatment period in a crossover design is not the most appro
priate methodology for an endpoint that involves behavioral
change. However, the consistency of these data with the results
of the longer-term TRILOGY study suggests that the BDP/FF/
G DPI formulation is at least as effective as the pMDI for
mulation. In addition, a range of patients was recruited, with
approximately a third each on triple therapy, ICS/LABA and
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non-ICS regimes. To address the potential impact of this on the
study results, all patients received open-label BDP/FF pMDI
for the two-week run-in and each wash-out period. In addition,
due to the cross-over design, the impact of previous COPD
therapies is considered marginal. Finally, symptoms were not
formally evaluated; however, rescue medication use is an
indirect assessment of symptoms, and the SGRQ symptoms
domain results suggests that the BDP/FF/G DPI formulation is
at least as effective on COPD symptoms as the pMDI – and
that both formulations are more effective than BDP/FF pMDI.

Conclusions
The DPI and pMDI formulations of extrafine BDP/FF/G
demonstrated similar efficacy and safety in patients with
COPD, supporting the new DPI formulation as a valid
option for both patients and physicians.

Abbreviations
ANCOVA, analysis of covariance; AUC0-12h, area under
the curve between 0 and 12 hours post-dose; BDP, beclo
methasone dipropionate; COPD, chronic obstructive pul
monary disease; DPI, dry-powder inhaler; FEV1, forced
expiratory volume in 1 second; FF, formoterol fumarate;
FVC, forced vital capacity; G, glycopyrronium; ICS,
inhaled corticosteroid; ITT, intention-to-treat; LABA,
long-acting β2-agonist; LAMA, long-acting muscarinic
antagonist; pMDI, pressurized metered-dose inhaler; PP,
per-protocol; SD, standard deviation; SGRQ, St. George’s
Respiratory Questionnaire.
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