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Purpose: Due to the burden of COPD in Japan, new pharmacologic treatments are needed
to meet patient requirements. This study assessed the efficacy and safety of glycopyrronium
(GP) delivered via metered dose inhaler (MDI) in Japanese patients with moderate-to-
severe COPD.

Methods: This Phase IIb, multicenter, randomized, double-blind, 7-day, crossover study com-
pared GP MDI 28.8, 14.4, and 7.2 ug with placebo MDI (all administered as two inhalations,
twice daily). The primary endpoint was change from baseline in morning pre-dose trough forced
expiratory volume in 1 second (FEV|) on Day 8. Secondary endpoints included FEV area
under the curve from 0 to 2 hours (AUC, ,) and peak change from baseline in FEV | on Days 1
and 8 and forced vital capacity AUC , on Day 8. Safety was also assessed. ClinicalTrials.gov
Identifier: NCT03256552; http://www.Clinical Trials.gov.

Results: Sixty-six patients were randomized and 62 were included in the modified intent-to-

treat population (mean age 67.5 years). All three GP MDI doses significantly improved change
from baseline in morning pre-dose trough FEV | on Day 8 compared with placebo MDI (least
squares mean differences 108—131 mL; all p<<0.0001). Significant improvements in secondary
efficacy endpoints were also observed for all three GP MDI doses compared with placebo MDI
(all p<<0.0001). Dose—response plateaued at GP MDI 14.4 ug. No significant safety findings
were observed with any GP MDI dose or placebo MDI.

Conclusions: The results of this study suggest that GP MDI 14.4 pg (7.2 ug per inhalation)
is the most appropriate dose for use in Phase III studies in Japanese patients with moderate-
to-severe COPD.

Keywords: bronchodilator agents, dose—response relationship, forced expiratory volume,
metered dose inhalers, COPD

Introduction

Globally, COPD is one of the leading causes of morbidity and mortality.'> Reports
suggest that the prevalence of COPD in Japan is in the range of 7%—11%,% with the
economic burden in 2004 estimated to be an average annual total cost of ¥435,876
($3,694 USD) per patient with moderate/severe COPD.? Given the high burden of
COPD in Japan, it is vital to continue to develop treatment options.
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Bronchodilators, such as long-acting anti-muscarinic
antagonists (LAMAs) and long-acting [3,-agonists (LABAs),
are the foundation of pharmacologic treatment for patients
with COPD.*° When used in combination, LAMAs and
LABAs improve the extent of bronchodilation compared
with either monocomponent used alone, while also being well
tolerated.'® In Japan, LAMA/LABA fixed-dose combinations
approved for the maintenance treatment of adult patients with
COPD are available as dry powder inhalers and a soft mist
inhaler, but not in a pressurized metered dose inhaler (MDI).
As a patient’s preference for inhaler device can impact on
treatment adherence and effectiveness,''? having different
devices available for administration of pharmacologic COPD
therapies may be advantageous in order for patients to have
a device that meets their individual requirements.

In the USA, GFF MDI (Bevespi Aerosphere™,
AstraZeneca, Wilmington, DE, USA), a fixed-dose combina-
tion of the LAMA, glycopyrronium (GP; 14.4 ug, equivalent
to glycopyrrolate 18 LLg), and the LABA, formoterol fumarate
dihydrate (FF; 10 pg, equivalent to formoterol fumarate
9.6 ug), formulated using innovative co-suspension delivery
technology," is approved for twice-daily (BID) long-term
maintenance treatment of airflow obstruction in patients with
COPD.!* A series of Phase IIb studies in predominately West-
ern patients with COPD determined that GP 14.4 ng was the
most appropriate dose to combine with FF for the evaluation of
GFF MDI in Phase I1I trials (NCT01350128, NCT01566773,"
NCTO01349803, NCT01349816, NCT01587079,'¢ and
NCT01085045'7). However, no studies have yet explored the
bronchodilator dose—response of GP MDI in Japanese patients
with COPD. Here, we report the efficacy and safety data of
three doses of GP MDI versus placebo MDI in Japanese
patients with moderate-to-severe COPD.

Methods

Patient population

Key inclusion criteria

Male and female patients, 40—80 years of age with moderate-
to-severe COPD, as defined by Japanese Respiratory Society
(JRS) Guidelines,’” were enrolled. Patients were required
to have a pre- and post-bronchodilator forced expiratory
volume in 1 second (FEV )/forced vital capacity (FVC) ratio
of <70% and post-bronchodilator FEV, =30% and <80%
of predicted normal (calculated using JRS reference equa-
tions’) at screening, and a pre-bronchodilator FEV /FVC ratio
of <70% and pre-bronchodilator FEV, <80% of predicted
normal at baseline. Current or former smokers (smoking
history =10 pack-years) were eligible for inclusion.

Key exclusion criteria

Patients were excluded if they had: poorly controlled COPD
(acute worsening of COPD that required treatment with
parenteral or oral corticosteroids or antibiotics) within
6 weeks prior to screening or during the screening period;
hospitalization due to COPD within 3 months or lower
respiratory tract infections that required antibiotics within
6 weeks, prior to, or during, the screening period; a change
in smoking status (ie, start/stop smoking), or initiation of
a smoking cessation program up to 6 weeks prior to, or
throughout, the screening period; long-term oxygen therapy
required for >12 hours/day; or a primary diagnosis of
asthma. Patients with a history of asthma were eligible if
COPD was their current primary diagnosis. Inhaler device
training was conducted at screening, and as required at
randomization and each visit, but patients who required
the use of a spacer device with an MDI to compensate
for poor hand-to-breath coordination were excluded from
the study.

Patients taking prohibited medications (oral ,-agonists;
LABAs, LAMAs, and corticosteroid/LABA combinations;
cromoglycate or nedocromil inhalers; leukotriene antago-
nists; and phosphodiesterase [PDE] inhibitors and PDE-4
inhibitors) were switched to ipratropium bromide MDI
(20 pg/inhalation) maintenance therapy during screening
and washout periods. Ipratropium bromide was taken in
accordance with the local package insert or as directed by
the investigator; one or two inhalations four times per day
could be reduced if symptoms were under control and stabi-
lized, but at least one inhalation BID was to be administered.
If they had been receiving an inhaled corticosteroid (ICS) as
part of a fixed-dose combination, patients were switched to
the corresponding ICS monotherapy plus ipratropium bro-
mide, providing they had been maintained on a stable dose
for =28 days. During the study, patients were permitted to
use rescue salbutamol sulfate MDI (120 pg salbutamol sul-
fate corresponding to 100 pg salbutamol base/inhalation),
as required.

Study design

PT001004 was a Phase IIb, multicenter, 7-day, random-
ized, double-blind, crossover study conducted at 20 study
sites across Japan, from 28 January to 5 September 2015,
which investigated the efficacy and safety of three doses
of GP MDI (28.8, 14.4, and 7.2 ug; equivalent to 36, 18,
and 9 ng glycopyrrolate, respectively) relative to a match-
ing placebo MDI, all administered as two inhalations BID
(Figure 1'%).
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Screenin Treatment Treatment Treatment Treatment Follow-up
9 period 1 period 2 period 3 period 4 safety visit
Day —28 to Washout Washout Washout
Day —7° 7 days 5-21days 7days 5-21days 7 days 5-21days 7days 7-14days
> P P P P> P —> —> —>
Visit 1 Visit 2¢ Visit 3¢ Visit 4¢ Visit 5¢  Visit 6° Visit 7¢  Visit 8¢ Visit 94
Figure | Study design.
Notes: *At Visit 2, study site personnel randomized patients in a |:1:1:] ratio with an interactive web-based response system into one of the four pre-defined treatment

sequences using a four-treatment, four-sequence Williams design.'® The patient, study site personnel, and the study sponsor were blinded to the treatment sequence
assigned to a patient. "Patients underwent a washout period of at least 7 days, but not >28 days’ duration prior to returning to the clinic for Visit 2. “‘Day | of each treatment
period: in-clinic protocol-defined assessments up to and including the 2-hour post-dose time point. On Day | of each treatment period, patients were required to withhold
from using short-acting bronchodilators for =6 hours prior to administration of the first dose of study drug. ‘Day 8 of each treatment period: in-clinic protocol-defined

assessments up to and including the 2-hour post-dose time point.
Abbreviation: R, randomization.

Endpoints and assessments

The primary efficacy endpoint was the change from baseline
in morning pre-dose trough FEV on Day 8. Secondary effi-
cacy endpoints included FEV  area under the curve from 0 to
2 hours (AUC, ,) on Days 1 and 8, peak change from baseline
in FEV on Days 1 and 8, and FVC AUC_, on Day 8. Other
efficacy endpoints included change from baseline in average
daily rescue medication use over the treatment period.

All pulmonary function tests were performed in accor-
dance with American Thoracic Society criteria.” All sites
were provided with identical spirometry systems (KoKo
Spirometer®; nSpire Health, Inc., Louisville, CO, USA) and
all the study staff responsible for performing pulmonary
function tests received standardized training. Spirometry
assessments were performed 60 and 30 minutes pre-dose and
15, 30, 60, and 120 minutes post-dose on Days 1 and 8 of
each treatment period. The average of the 60- and 30-minute
pre-dose assessments was used to establish test-day baseline
FEV, and FVC. Patients recorded their total number of puffs
of rescue medication use in a diary that they completed
twice a day.

Safety assessments included electrocardiograms (ECGs),
vital sign measurements, clinical laboratory tests, adverse
events (AEs), and serious AEs. AEs of special interest,
that is, those associated with inhalation from an MDI, were
paradoxical bronchospasm and dry mouth. Vital signs were
monitored and 12-lead ECGs were performed for up to
2 hours post-dose on Days 1 and 8.

Statistical analyses

The intent-to-treat (ITT) population (all patients who were
randomized and received =1 dose of study treatment) was
analyzed according to the treatment assigned through the
randomization process. The safety population (also defined
as all patients who were randomized and received =1 dose

of study treatment) was analyzed by the treatment actually
received. The modified ITT (mITT) population (primary
population for efficacy analyses) was a subset of the ITT
population who had =1 pulmonary function test assessment
from =2 treatment periods and no major protocol deviations
documented prior to unblinding.

Analyses of the primary efficacy endpoint and average
daily rescue medication use were conducted using a mixed
model with baseline covariate (FEV | or rescue medication
use), period, and treatment as fixed effects. Secondary effi-
cacy endpoints were analyzed using a mixed model with
repeated measures, with baseline value (FEV, or FVC),
treatment, day (Day 1 or Day 8), period, and treatment-
by-day interaction as fixed effects. Both primary and
secondary analyses included patient as a random effect to
model correlation within a patient across the entire study.
The models did not include treatment sequence as it was
determined to be nonsignificant in the primary model. For
the secondary efficacy endpoints, the covariance structure
for patient within period was unstructured. For the primary
endpoint, the family-wise type I error was not controlled
for multiplicity. All doses of GP MDI were tested relative
to placebo MDI.

Assuming that 60 patients would be randomized, a drop-
out rate of 15%, and a within-subject SD of 130 mL, the study
was ~80% powered to demonstrate a difference between any
two treatments of 75 mL for the primary endpoint, using a
2-sided alpha level of 0.05.

Ethics approval and informed consent

This study was conducted in accordance with Good Clinical
Practice guidelines, including the International Conference
on Harmonisation, the Japan Ministerial Ordinance on
Standards for the Implementation of Clinical Studies on
Pharmaceutical Product, and the Declaration of Helsinki.
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Institutional review boards (Box S1) approved the protocol
and informed consent form, and the investigator obtained
written informed consent from patients prior to screening
(ClinicalTrials.gov Identifier: NCT03256552; http://www.
ClinicalTrials.gov).

Results

Study population

A total of 66 patients were included in the ITT/safety popu-
lation, 61 (92.4%) of whom completed treatment in all four
treatment periods (Figure 2). The mean age of the mITT pop-
ulation (n=62) was 67.5 years; 44 (71.0%) were =65 years of
age, and 59 (95.2%) were male (Table 1). The mean number
of pack-years smoked was 51.3, and 37 (59.7%) were cur-
rent smokers. Most of the mITT population (n=51 [82.3%])
had moderate COPD and the mean duration of COPD was
4.8 years. The majority of patients (n=53 [85.5%]) did not
use an ICS at baseline.

Lung function

For the primary endpoint of change from baseline in morn-
ing pre-dose trough FEV, on Day 8, all three doses of GP
MDI significantly increased lung function compared with
placebo MDI (least squares mean [LSM] differences 131,
129, and 108 mL for GP MDI 28.8, 14.4, and 7.2 ug, respec-
tively; all p<<0.0001; Table 2). GP MDI 28.8 and 14.4 ug

demonstrated numerically greater improvements compared
with GP MDI 7.2 ug.

Treatment with each of the three GP MDI doses signifi-
cantly increased the LSM FEV AUC, , on Days 1 and 8
relative to placebo MDI (all p<<0.0001; Table 2). The results
for the peak change from baseline in FEV, were consistent
with the FEV AUC , data, with significant improvements
versus placebo MDI observed for all three doses of GP MDI
on both Days 1 and 8 (all p<<0.0001; Table 2). All three
doses of GP MDI also significantly increased the LSM
FVC AUC_ , on Day 8 versus placebo MDI (all p<<0.0001;
Table 2). For all the secondary lung function endpoints on
Day 8, the improvements in lung function with GP MDI 28.8
and 14.4 pug were similar and both were numerically greater
than GP MDI 7.2 ug (Table 2).

Rescue medication

The baseline rescue medication use was low in this study
population (mean 0.2 puffs/day for each treatment). GP MDI
28.8 and 7.2 ug significantly reduced the change from base-
line in average daily rescue medication use by more than
placebo MDI (—-0.22 and —0.16 puffs/day, respectively; both
p<0.05). GP MDI 14.4 ng reduced average daily rescue
medication use numerically compared with placebo MDI
(=0.14 pufts/day; p=0.0570).

Randomized,

n=66

Allocated to intervention n=66
Received allocated intervention

GP MDI 7.2 ug, GP MDI 14.4 ug, GP MDI 28.8 g, Placebo MDI,
n=62 n=63 n=61 n=65
Completed all Withdrawn? n=5
treatment periods, Reason for early
n=61

Figure 2 Patient disposition.

discontinuation:

e Adverse event, n=1

o Patient discretion, n=2

e Considered® to be in
the best interest of
the patient, n=1

o Major protocol
deviation, n=1

Notes: “Three patients withdrew following treatment with placebo MDI and two withdrew following treatment with GP MDI 14.4 ng. *Considered by the investigator or

designee.
Abbreviations: GP, glycopyrronium; MDI, metered dose inhaler.
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Table | Baseline demographics and clinical characteristics (mITT
population)

Characteristics Patients,
n=62

Age

Mean, years (SD) 67.5 (7.0)

=65 years, n (%) 44 (71.0)
Male, n (%) 59 (95.2)
Asian, n (%) 62 (100)
Mean BMI, kg/m? (SD) 22.7 (3.2)
Current smokers, n (%) 37 (59.7)
Mean number of pack-years smoked* (SD) 51.3 (26.4)
Use of ICS at baseline, n (%) 9 (14.5)
COPD severity

Moderate, n (%) 51 (82.3)

Severe, n (%) I (17.7)
Mean duration of COPD, years (SD) 4.8 (3.4)
Mean pre-bronchodilator FEV|

Liters (SD) 1.68 (0.52)

% predicted (SD) 58.4 (14.2)
Mean post-bronchodilator FEV,

Liters (SD) 1.80 (0.50)

% predicted (SD) 62.7 (13.0)

Note: *Number of pack-years smoked = (number of cigarettes per day/20) X number
of years smoked.

Abbreviations: BMI, body mass index; FEV‘, forced expiratory volume in | second;
ICS, inhaled corticosteroids; mITT, modified intent-to-treat.

Safety

The majority of treatment-emergent AEs (TEAEs) were
considered mild or moderate, with only one patient who
experienced a severe TEAE of worsening COPD following
treatment with placebo MDI. Only two TEAEs (nasophar-
yngitis and rash) occurred in more than one patient with
any particular treatment (Table 3). One patient experienced
serious TEAEs of pneumonia and worsening of COPD
following treatment with placebo MDI, which led to study
discontinuation (Table 3). There were no deaths reported in
this study (Table 3). No paradoxical bronchospasms were

reported in this study and only one patient (GP MDI 28.8 ug)
reported dry mouth. Clinical laboratory data demonstrated no
substantial changes from baseline with GP MDI or placebo
MDI. ECG and vital signs assessments did not reveal any
clinically relevant treatment-related effects.

Discussion

This study examined the efficacy and safety of a dose range
of GP MDI 28.8, 14.4, and 7.2 g relative to placebo MDI
in Japanese patients with moderate-to-severe COPD. For the
primary endpoint of change from baseline in morning pre-
dose trough FEV , on Day 8, the improvements with all doses
of GP MDI versus placebo MDI exceeded 100 mL, which
suggests that they were clinically meaningful differences.?
GP MDI 28.8 and 7.2 ng decreased rescue medication use
compared with placebo MDI. However, as the use of rescue
medication at baseline was low (0.2 puffs/day), the treatment
effects observed were small.

In a Phase IIb study in Western patients with COPD,
Fabbri et al reported that GP MDI 14.4 and 7.2 ug showed
superiority to placebo MDI with regards to change from
baseline in morning pre-dose trough FEV | (both p<<0.001)
and peak change from baseline in FEV (both p<<0.0001)
after 14 days of chronic dosing.'> In another Western
Phase IIb study, Reisner et al demonstrated that GP MDI
28.8 ug showed superiority to placebo MDI with regards to
change from baseline in morning pre-dose trough FEV and
peak change from baseline in FEV | after 7 days of chronic
dosing (all p<<0.01)."” Furthermore, a pooled analysis of
Western Phase IIb studies showed that improvements in
lung function with GP MDI 28.8 and 14.4 ng doses were
similar.?! Therefore, across the dose range examined, find-
ings were comparable in Japanese and Western patients
with COPD.

Table 2 Primary and secondary endpoints: LSM treatment difference versus placebo MDI (mITT population)

LSM treatment difference versus

GP MDI 7.2 pug,

GP MDI 14.4 pg, GP MDI 28.8 pg,

placebo MDI, mL (95% CI) n=62 n=61 n=61

Primary endpoint
Change from baseline in morning pre-dose 108 (72, 144) 129 (93, 165) 131 (95, 168)
trough FEV, on Day 8

Secondary endpoints
FEV, AUC, on Day | 84 (53, I15) 97 (66, 128) 133 (102, 164)
FEV, AUC, on Day 8 I51 (107, 195) 181 (137, 225) 175 (131, 219)
Peak change from baseline in FEV, on Day | 88 (52, 124) 108 (72, 144) 150 (114, 186)
Peak change from baseline in FEV, on Day 8 155 (108, 203) 183 (135, 231) 178 (130, 226)
FVC AUC, , on Day 8 176 (105, 247) 218 (147, 289) 227 (155, 298)

Note: p<<0.0001 for all treatments versus placebo MDI (n=62 on Day |; n=61 on Day 8).
Abbreviations: AUCH, area under the curve from 0 to 2 hours; FEV‘, forced expiratory volume in | second; FVC, forced vital capacity; GP, glycopyrronium; LSM, least

squares mean; MDI, metered dose inhaler; mITT, modified intent-to-treat.
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Table 3 Summary of treatment-emergent adverse events (safety population)

Patients, n (%) GP MDI 7.2 pg, GP MDI 14.4 pg, GP MDI 28.8 pg, Placebo
n=62 n=63 n=61 MDI, n=65
Patients with =1 TEAE 7 (11.3) 6 (9.5) 5(8.2) 6(9.2)
Patients with TEAEs related to study treatment® 1 (1.6) I (1.6) 0 1 (1.5)
Patients with serious TEAEs 0 0 0 1 (1.5)
Patients with serious TEAEs related to study treatment® 0 0 0 1 (1.5)
Patients with TEAEs leading to early discontinuation 0 0 0 1 (1.5)
Deaths 0 0 0 0
TEAEs reported in =2 patients in any treatment group
Nasopharyngitis 1 (1.6) 2(3.2) 0 I (1.5)
Rash 0 0 2 (3.3) 0

Note: *Related = possible, probably, or definitely related to study drug in the opinion of the investigator.
Abbreviations: GP, glycopyrronium; MDI, metered dose inhaler; TEAE, treatment-emergent adverse event.

Overall, the results of six randomized Phase IIb studies in
Western patients with COPD established GP MDI 14.4 ug as
the optimum dose to take forward into the Phase I1I trials that
confirmed the efficacy and safety of the GP 14.4 ug dose, both
as a monotherapy and in combination with FF 10 pug, com-
pared with placebo MDI (PINNACLE-1 [NCT01854645]
and PINNACLE-2 [NCT01854658]%). The results of this
present dose-ranging study demonstrate that the 14.4 g dose
of GP MDI is also appropriate for further clinical develop-
ment for Japanese patients with COPD.

In this Japanese study and the Western GP MDI dose-
ranging study," the overall incidences of TEAEs were similar
following administration of active treatments or placebo
MDI, with no dose-related effects of GP MDI on TEAEs
observed. The most frequent TEAE in this study, nasophar-
yngitis (3.2% of patients receiving GP MDI 14.4 ug), was
reported by less than 2% of patients receiving GP MDI 14.4
or 28.8 ug in the Western Phase IIb studies.”"'” Dry mouth
was the most commonly reported TEAE in the studies in
Western patients,'>"'” while this TEAE was reported by only
one Japanese patient following treatment with GP MDI
28.8 ng. In both Japanese and Western patients with COPD,
no clinically important changes in clinical laboratory results,
vital signs, or ECGs were observed.'>!” To the best of our
knowledge, there are no studies that report differences in effi-
cacy or safety outcomes in Japanese or Western (Caucasian)
patients with COPD following administration of a LAMA
or LABA.

Limitations that apply to the interpretation of the results
from this study include the small number of patients with
COPD involved and the short (7 days) treatment duration.
However, the systemic exposure of GP reaches a steady state
within 2-3 days of repeated dosing and, therefore, will have
reached its maximum level before the Day 8 assessments in
this study.'*

Conclusions

All three doses of GP MDI were associated with statisti-
cally significant improvements in lung function for both the
primary and secondary endpoints, relative to placebo MDI.
The improvements in the primary endpoint exceeded the
minimal clinically important difference of 100 mL for all
three doses of GP MDI versus placebo MDI. Dose-dependent
improvements in lung function plateaued at the GP MDI
14.4 ng dose. Overall, no significant safety findings were
observed with GP MDI treatment at any dose level relative
to placebo MDI. The results of this study support the use of
GP MDI 14.4 ug BID in Phase III trials in Japanese patients
with COPD.
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