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Background: Glycopyrrolate/formoterol fumarate metered dose inhaler (GFF MDI) is a
long-acting muscarinic antagonist/long-acting P,-agonist fixed-dose combination therapy
delivered by MDI, formulated using innovative co-suspension delivery technology. The
PINNACLE-4 study evaluated the efficacy and safety of GFF MDI in patients with moder-
ate-to-very severe chronic obstructive pulmonary disease (COPD) from Asia, Europe, and
the USA. This article presents the results from the China subpopulation of PINNACLE-4.
Methods: In this randomized, double-blind, placebo-controlled, parallel-group Phase III
study (NCT02343458), patients received GFF MDI 18/9.6 ng, glycopyrrolate (GP) MDI
18 pg, formoterol fumarate (FF) MDI 9.6 pg, or placebo MDI (all twice daily) for 24 weeks.
The primary endpoint was change from baseline in morning pre-dose trough forced expira-
tory volume in 1 second at Week 24. Secondary lung function endpoints and patient-reported
outcome measures were also assessed. Safety was monitored throughout the study.
Results: Overall, 466 patients from China were included in the intent-to-treat population (mean
age 63.6 years, 95.7% male). Treatment with GFF MDI improved the primary endpoint compared
to GP MDI, FF MDI, and placebo MDI (least squares mean differences: 98, 104, and 173 mL,
respectively; all £<0.0001). GFF MDI also improved daily total symptom scores and time to first
clinically important deterioration versus monocomponents and placebo MDI, and Transition
Dyspnea Index focal score versus placebo MDI. Rates of treatment-emergent adverse events
were similar across the active treatment groups and slightly higher in the placebo MDI group.
Conclusion: GFF MDI improved lung function and daily symptoms versus monocompo-
nents and placebo MDI and improved dyspnea versus placebo MDI. All treatments were well
tolerated with no unexpected safety findings. Efficacy and safety results were generally
consistent with the global PINNACLE-4 population, supporting the use of GFF MDI in
patients with COPD from China.

Keywords: bronchodilator, COPD, co-suspension delivery technology, LAMA/LABA,

exacerbations

Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of mortality and
morbidity worldwide.' In China, COPD is a serious public health concern, accounting
for 910,809 deaths in 2013 (31.1% of the world total for COPD that year).” Two recently
published large cross-sectional studies estimated the prevalence of COPD to be approxi-
mately 14% of Chinese adults over the age of 40 in 2015.*°
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Glycopyrrolate/formoterol fumarate metered dose inha-
ler (GFF MDI) is a long-acting muscarinic antagonist
(LAMA)/long-acting f,-agonist (LABA) fixed-dose com-
bination (FDC) formulated using innovative co-suspension
delivery technology. GFF MDI was first approved for the
long-term maintenance treatment of airflow obstruction in
patients with COPD in the USA in 2016° and is the first
LAMA/LABA FDC available as an MDI. It has been
shown to provide effective dose delivery to the whole
lung in vivo,’ as well as consistent aerosol
performance in vitro, even in the presence of simulated
patient-handling  errors.® The pivotal Phase III
PINNACLE-1 and PINNACLE-2 studies (NCT01854645
and NCTO01854658) demonstrated the efficacy and safety
of GFF MDI in patients with COPD from the USA,
Australia, and New Zealand over 24 weeks.” A 28-week
safety extension of these studies (PINNACLE-3;
NCT01970878) confirmed the long-term safety and effi-
cacy of GFF MDL.'°

As patients of different ethnicities can respond differ-

ently to pharmacological therapies,'"'?

it is important to
assess the efficacy and safety of new treatments in a
range of patients from different geographical locations
and ethnic backgrounds. The PINNACLE-4 study
(NCT02343458) evaluated the efficacy and safety of
GFF MDI in a geographically expanded population,
which included patients from Asia, Europe, and the
USA." This article presents the results from the China
subpopulation and discusses these in the context of the

results from the global patient population.'?

Materials And Methods
Study Design And Treatment

A detailed description of the study design has been
published.'® Briefly, patients in this double-blind, pla-
cebo-controlled, parallel-group Phase III study were ran-
domized in a 7:6:6:3 scheme to receive treatment with
either GFF MDI 18/9.6 pg, glycopyrrolate (GP) MDI
18 ng, formoterol fumarate (FF) MDI 9.6 pg, or matched
placebo MDI (all twice daily) for 24 weeks. All treatments
were administered as two actuations. Each actuation of
GFF MDI contains 9 pg glycopyrrolate and 4.8 ng for-
moterol fumarate, and the GFF MDI 18/9.6 pg dose is
equivalent to glycopyrronium/formoterol fumarate dihy-
drate 14.4/10 pg.

During screening, patients were provided with open-
label ipratropium bromide MDI (34 pg) administered four

times daily for COPD maintenance therapy. Open-label
salbutamol sulfate MDI (90 ug) was provided to use as
rescue medication, as needed, throughout the study.

The study was conducted at multiple sites in Asia,
Europe, and the USA (including 33 sites across China) in
accordance with Good Clinical Practice, including the
the
Declaration of Helsinki, and patients provided written

International Council for Harmonisation and
informed consent prior to screening. Study endpoints dif-
fered according to the regional regulatory registration
requirements, and this article reports the approach that
satisfies the filing requirements of Chinese regulatory

authorities.

Study Population

Inclusion and exclusion criteria have previously been
reported.”'? Briefly, patients were 40-80 years of age with
an established clinical history of COPD (as defined by the
American  Thoracic =~ Society/European  Respiratory
Society),'* and a smoking history of >10 pack-years.
Patients were required to demonstrate a forced expiratory
volume in 1 second (FEV,)/forced vital capacity ratio

<0.70 and FEV| <80% predicted normal value at screening.

Assessments

The primary endpoint of this study (China approach) was
the change from baseline in morning pre-dose trough
FEV; at Week 24. Secondary lung function endpoints
were change from baseline in morning pre-dose trough
FEV, over 24 weeks, peak change from baseline in
FEV, within 2 hrs post-dosing at Week 24, and time to
onset of action on Day 1 (defined as the first timepoint at
which the difference from placebo MDI was statistically
significant).

Secondary symptom and health-related quality of life
(HRQoL) endpoints were Transition Dyspnea Index
(TDI) focal score over 24 weeks, change from baseline
in St George's Respiratory Questionnaire (SGRQ) total
score at Week 24, and change from baseline in average
daily rescue salbutamol use over 24 weeks.

Other endpoints included change from baseline in daily
total symptom score (including clinical symptoms of
cough, shortness of breath, sputum volume, night-time
awakenings, and salbutamol use; complete scoring system
described in Supplementary Table 1) and rate of/time to

first moderate or severe exacerbation. Time to first clini-
cally important deterioration (CID) was also assessed
(defined as the first occurrence of either a decline of
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>100 mL in trough FEV;, a moderate or severe COPD
exacerbation, or an increase of >4 units in SGRQ total
score).

Safety endpoints included 12-lead electrocardiograms,
clinical laboratory testing, vital sign measurements, and
adverse event (AE) monitoring.

Statistical Analysis

This Chinese subgroup analysis of PINNACLE-4 was pre-
specified. However, as PINNACLE-4 was a multinational
trial, the sample size for China was chosen to fulfil local
regulatory requirements for consistency with the overall
population, rather than statistical significance. Hence, sta-
tistical analyses in the Chinese subgroup were considered
exploratory and no adjustments for multiplicity were
made. Treatment differences are presented with 95% con-
fidence intervals (Cls) throughout the manuscript; p-values
are provided in the tables. P-values <0.05 should only be
interpreted in terms of nominal significance. The China
ITT population included all patients enrolled at sites in
mainland China who were randomized and received at
least one dose of study treatment. The China per-protocol
(PP) population was a subset of the China ITT population
defined as all patients with post-randomization data
obtained prior to a major protocol deviation. All patients
in the China ITT population were included in the safety
population, except that patients were analyzed according
to treatment received instead of treatment randomized. The
China symptomatic population included all patients in the
China ITT population with a COPD Assessment Test
(CAT) score >15 at screening. Patients with an average
baseline rescue medication use of >1 puff/day were
defined as the China rescue medication user population.
The symptomatic and rescue medication user populations
were both pre-defined in the study protocol and statistical
analysis plan.

The primary endpoint, change from baseline in morn-
ing pre-dose trough FEV, at Week 24, was analyzed in the
China ITT population, using a repeated-measures (RM)
linear model with unstructured covariance matrix. The
linear RM model included baseline FEV, and reversibility
to salbutamol as continuous covariates and visit, treatment,
and the treatment by visit interaction as categorical cov-
ariates. An additional supporting analysis of the primary
endpoint in the China PP population was also performed,
with treatment differences at individual timepoints esti-
mated by the RM model.

All secondary endpoints were also analyzed using the
China ITT population, except for daily rescue medication
use, which was analyzed in the China rescue medication
user population. TDI focal score over 24 weeks and
change from baseline in SGRQ score at Week 24 were
analyzed in both the China ITT and China symptomatic
populations. The majority of secondary endpoints were
analyzed using similar models to the primary endpoint.
Time to first moderate/severe exacerbation was analyzed
using the Cox regression model, adjusting for baseline
% predicted FEV,, baseline COPD exacerbation history
(yes/no), baseline CAT score, smoking status at baseline
(former smoker/current smoker), baseline continuous eosi-
nophil count, and inhaled corticosteroid use at baseline
(yes/no). Exacerbation rates were analyzed using negative
binomial regression, adjusting for the same covariates,
with treatment exposure used as an offset variable.
Further details regarding the statistical analysis for the
full PINNACLE-4 study have been reported previously.'?

Results

Patient Disposition

In this study, 480 patients were treated at sites located in
China (globally, 1,756 patients were randomized and
received treatment). Of the 466 patients who were
included in the China ITT and safety populations, 422
completed Week 24. The PP, symptomatic, and rescue
medication user populations included 420, 140, and
144 patients, respectively. Fifty-seven patients (12.2%)
from the China ITT population discontinued from the
study, with the most common reasons for withdrawal
being patient discretion or protocol-specified criteria
(Figure 1).

The mean patient age of the China ITT population was
63.6 years and 95.7% were males. Patient demographics
and characteristics were similar between treatment groups
(Table 1). Although this study enrolled patients with mod-
erate-to-very severe COPD, 17 patients were classed as
having mild COPD due to the application of the Asian
correction factor (0.88)'° at the time of analysis and were
listed as protocol deviations.

Lung Function

Treatment with GFF MDI improved the change from base-
line in morning pre-dose trough FEV; at Week 24 (primary
endpoint) compared to placebo MDI (least squares mean
[LSM] difference 173 mL [95% CI 110, 235]; Table 2 and
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Randomized and received
treatment
n=480
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GFF MDI
18/9.6 pg
n=149

GP MDI

18 ug
n=128

FF MDI
9.6 g
n=137

Placebo
MDI
n=66

17 withdrawals

9 protocol-specified criteria
3 patient discretion

4 adverse events

1 lack of efficacy

13 withdrawals

protocol-specified criteria
patient discretion

major protocol violation
adverse events

lost to follow-up

lack of efficacy

= =N =2 wwum

Completed Week 24
n=132 (88.6%)

v

Completed Week 24
n=115 (89.8%)

.

!

19 withdrawals

6 protocol-specified criteria
6 patient discretion

2 major protocol violation

4 adverse events

1 investigator discretion

Completed Week 24
n=118 (86.1%)

.

}

9 withdrawals

7 protocol-specified criteria
1 patient discretion
1 investigator discretion

Completed Week 24
n=57 (86.4%)

v

Included in analysis populations:

146 China ITT and safety populations
133 China PP population

45 China symptomatic population

45 China rescue medication user
population

Included in analysis populations:

122 China ITT and safety populations
108 China PP population

38 China symptomatic population

39 China rescue medication user
population

Included in analysis populations:

135 China ITT and safety populations
124 China PP population

41 China symptomatic population

44 China rescue medication user
population

Included in analysis populations:

63 China ITT and safety populations
55 China PP population

16 China symptomatic population
16 China rescue medication user
population

Figure | Patient disposition (all patients randomized in China).

Abbreviations: FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate; GP, glycopyrrolate; MDI, metered dose inhaler.

Figure 2) and compared to GP MDI and FF MDI (LSM
differences of 98 mL (48, 148) and 104 mL (55, 153),
respectively (Table 2 and Figure 2). Results in the PP popula-
tion were similar, with LSM differences in trough FEV at
Week 24 for GFF MDI versus placebo MDI, GP MDI, and
FF MDI of 169 mL (95% CI 102, 236), 121 mL (69, 174),
and 113 mL (61, 164), respectively.

Improvements in the secondary lung function end-
points (change from baseline in morning pre-dose
trough FEV, over 24 weeks and peak change from
baseline in FEV; within 2 hrs post-dosing at Week 24)
were also larger in the GFF MDI treatment group com-
pared to placebo MDI and monocomponents (Table 2).
Compared to placebo MDI, GFF MDI and FF MDI
demonstrated a benefit in FEV; within 5 mins post-
dose, and GP MDI demonstrated a benefit within
15 mins post-dose (Table 2).

Symptoms And HRQoL

Estimates for TDI focal score over 24 weeks showed a
clinically meaningful improvement above 1 unit'® with
GFF MDI compared to placebo MDI (LSM difference
1.11, 95% CI 0.52, 1.69) in the China ITT population
and in the China symptomatic population (LSM difference

1.22, 95% CI —0.02, 2.45; Table 3). The estimated differ-
ence for change from baseline in SGRQ score at Week 24
with GFF MDI versus placebo MDI was greater in the
Chinese symptomatic population (LSM difference —5.04
[95% CI —13.66, 3.58]) than in the Chinese ITT population
(LSM difference —3.24 [95% CI —6.76, 0.28]; Table 3). No
clear trend was observed for GFF MDI versus monocom-
ponents (Table 3).

Of the 466 patients in the China ITT population, 144 had
a mean baseline rescue salbutamol use of >1 puff/day and
were included in the rescue medication user population. In
these patients, GFF MDI treatment reduced daily rescue
medication use over 24 weeks compared to GP MDI (LSM
difference —1.42 puffs/day, 95% CI -2.26,—0.59). Treatment
differences with GFF MDI versus FF MDI and placebo MDI
were —0.63 (—1.45, 0.19) and —1.11 (-2.24, 0.02) puffs/day,
respectively; Supplementary Table 2).

GFF MDI improved daily, daytime, and night-time symp-
tom scores over 24 weeks compared to placebo MDI, with
treatment differences that were more pronounced for daytime
symptoms than for night-time symptoms (LSM treatment
differences [95% CI] between GFF MDI and placebo MDI
of =2.12 [-2.94, —-1.30], —1.25 [-1.72, —0.78], and —0.91
[-1.33, —0.49] for daily, daytime, and night-time symptom
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Table | Patient Demographics And Characteristics (China ITT Population)

Parameter GFF MDI 18/9.6 pg GP MDI 18 pg FF MDI 9.6 pg Placebo MDI
n=146 n=122 n=135 n=63

Mean age, years (SD) 64.1 (6.4) 63.5 (8.0) 63.0 (7.6) 63.5 (6.2)

Male, n (%) 140 (95.9) 116 (95.1) 130 (96.3) 60 (95.2)

Race, n (%)

Asian 146 (100) 122 (100) 135 (100) 63 (100)
Mean BMI, kg/m?* (SD) 229 (3.3) 233 (3.3) 22.8 (3.3) 232 (34)
Smoking status, n (%)

Current 50 (34.2) 42 (34.4) 43 (31.9) 20 (31.7)

Former 96 (65.8) 80 (65.6) 92 (68.1) 43 (68.3)

Mean number of pack-years smoked® (SD) | 37.0 (23.8) 34.7 (21.0) 39.7 (22.6) 34.9 (19.8)

COPD severity®, n (%)

Mild® 320 7(5.7) 3(22) 4 (6.3)
Moderate 78 (53.4) 66 (54.1) 72 (53.3) 29 (46.0)
Severe 59 (40.4) 45 (36.9) 56 (41.5) 29 (46.0)
Very severe 6 (4.1) 4 (3.3) 4 (3.0) I (1.6)
Mean COPD duration, years (SD) n=14l n=122 n=132 n=62
4.2 (5.5) 3.7 (5.0) 3542 4.3 (5.5)
Mean post-bronchodilator FEV, % predicted | 53.33 (14.76) 54.45 (14.81) 53.55 (14.01) 53.62 (15.84)
(SD)
Reversibility to salbutamol
Reversible?, n (%) 76 (52.1) 60 (49.2) 63 (46.7) 32 (50.8)
Mean reversibility post-bronchodilator, % 20.9 (l6.1) 20.4 (14.7) 19.8 (13.9) 20.6 (15.3)
(SD)
Prior use of ICS®, n (%) 49 (33.6) 39 (32.0) 56 (41.5) 27 (42.9)
Mean BDI score (SD) n=142 n=119 n=129 n=59
7.0 (2.1) 7.1 (2.0) 7.3 (2.1) 6.4 (2.3)
Mean baseline SGRQ total score (SD) n=129 n=110 n=116 n=53
36.0 (15.5) 33.2 (15.3) 32.6 (14.0) 34.9 (12.0)
Mean CAT total score’ (SD) n=145 n=121 n=135 n=63
12.0 (6.0) 12.3 (6.8) 11.7 (6.0) 11.0 (5.9)
Mean rescue medication use® at baseline, | n=45 n=39 n=44 n=16

puffs/day (SD)

36 (3.1) 3.5 (2.4) 32 (23) 44 (4.4)

Notes: *Number of pack-years smoked = (number of cigarettes each day/20) x number of years smoked. "Severity of COPD was based on the non-missing post-salbutamol
assessment at screening. “These patients were characterized as having mild COPD due to the application of an Asian correction factor to baseline lung function assessments
at the time of analysis. “Reversible is defined as improvement in FEV, post-salbutamol administration compared to pre-salbutamol of 212% and 2200 mL. *Defined as using
ICS on the day of the first dose of study medication. fCAT total score is the sum of eight CAT item scores (range: 0—40). 2Rescue medication use was analyzed in the China
rescue medication user population, defined as all patients in the China ITT population with mean baseline rescue salbutamol use of 2| puff/day.

Abbreviations: BDI, Baseline Dyspnea Index; BMI, body mass index; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV), forced expiratory
volume in | second; FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate; GP, glycopyrrolate; ICS, inhaled corticosteroid; ITT, intent-to-treat; MDI, metered
dose inhaler; SD, standard deviation; SGRQ, St George’s Respiratory Questionnaire.
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Table 2 Primary And Secondary Lung Function Endpoints (China ITT Population)

GFF MDI 18/9.6 pg GP MDI 18 pg FF MDI 9.6 pg Placebo MDI
Primary endpoint
Change from baseline in morning pre-dose trough FEV, at Week 24, mL
n 126 110 16 54
LSM (SE) 133 (17.3) 35 (18.7) 29 (18.1) -39 (-26.6)
Treatment difference for GFF MDI vs monocomponents and placebo MDI
LSM (95% Cl) NA 98 (48, 148) 104 (55, 153) 173 (110, 235)
P-value NA 0.0001 <0.0001 <0.0001
Secondary endpoints
Change from baseline in morning pre-dose trough FEV, over 24 weeks”, mL
n 143 121 131 60
LSM (SE) 143 (13.3) 64 (14.5) 50 (13.9) —20 (20.6)
Treatment difference for GFF MDI vs monocomponents and placebo MDI
LSM (95% Cl) NA 79 (40, 118) 93 (55, 131) 163 (115, 212)
P-value NA <0.0001 <0.0001 <0.0001
Peak change from baseline in FEV, within 2 hrs post-dosing at Week 24, mL
n 128 110 16 54
LSM (SE) 377 (19.7) 195 (21.3) 226 (20.7) 72 (30.3)
Treatment difference for GFF MDI vs monocomponents and placebo MDI
LSM (95% Cl) NA 182 (125, 239) 151 (95, 207) 305 (234, 376)
P-value NA <0.0001 <0.0001 <0.0001
Onset of action on Day | (change from baseline in FEV,), mL
Difference vs placebo MDI at 5 mins post-dose
n 119 104 118 52
LSM (95% Cl) 184 (150, 219) 34 (-1, 70) 169 (135, 204) NA
P-value <0.0001 0.0557 <0.0001 NA
Difference vs placebo MDI at 15 mins post-dose
n 143 117 132 62
LSM (95% Cl) 225 (189, 262) 76 (38, 113) 193 (156, 230) NA
P-value <0.0001 <0.0001 <0.0001 NA

Note: *Morning pre-dose trough FEV| over 24 weeks was based on assessments at Weeks 2, 4, 8, 12, 16, 20, and 24. All p-values <0.05 should only be interpreted in terms
of nominal significance as the analyses in the Chinese subgroup were considered exploratory.

Abbreviations: Cl, confidence interval; FEV|, forced expiratory volume in | second; FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate; GP, glycopyrrolate;
ITT, intent-to-treat; LSM, least squares mean; MDI, metered dose inhaler; NA, not applicable; SE, standard error.

scores, respectively; Supplementary Table 3). Treatment dif-

ferences between GFF MDI and monocomponent MDIs are
summarized in Supplementary Table 3.

COPD Exacerbations And CID

While the PINNACLE-4 study was not powered for formal
comparisons in exacerbation outcomes, the reduction in risk of
a moderate or severe COPD exacerbation for GFF MDI

compared to GP MDI, FF MDI, and placebo MDI was esti-
mated to be 29%, 43%, and 43%, respectively, with hazard
ratios (95% Cls) for time to first moderate or severe exacerba-
tion for GFF MDI versus comparators of 0.71 (0.39, 1.28), 0.57
(0.33, 1.00), and 0.57 (0.29, 1.10), respectively (Figure 3A,
Table 4). The model-estimated rate of moderate or severe
COPD exacerbations (per year) was 0.38 in the GFF MDI
group versus 0.46, 0.58, and 0.60 for GP MDI, FF MDI, and

48 submit your manuscript

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


https://www.dovepress.com/get_supplementary_file.php?f=223638.docx
https://www.dovepress.com/get_supplementary_file.php?f=223638.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

200 -

—@— GFF MDI 18/9.6 g (n=146)
GP MDI 18 pg (n=122)
—&— FF MDI 9.6 pg (n=135)

LSM change from baseline in
morning pre-dose trough FEV, (mL)

-100 -
0 2 4 8 12 16 20

' —@— Placebo MDI (n=63)

o
o o

24 12-24 2-24

weeks weeks

Number of weeks post-dose

Figure 2 Least squares mean change (+SE) from baseline in morning pre-dose trough FEV| over 24 weeks (China ITT population).
Note: Morning pre-dose trough FEV, over 24 weeks was based on assessments at Weeks 2, 4, 8, 12, 16, 20, and 24.
Abbreviations: FEV, forced expiratory volume in | second; FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate; GP, glycopyrrolate; ITT, intent-to-treat;

LSM, least squares mean; MDI, metered dose inhaler; SE, standard error.

placebo MDI (Table 4). Treatment with GFF MDI reduced the
risk of a CID versus GP MDI, FF MDI, and placebo MDI, with
hazard ratios for time to first CID of 0.65 (95% CI 0.47, 0.90),
0.71 (0.52, 0.99), and 0.36 (0.25, 0.52), respectively
(Figure 3B, Table 4).

Safety

The incidence of treatment-emergent AEs (TEAEs) was
lowest in the FF MDI group (51.1%) and highest in the
placebo MDI group (66.7%; Table 5). The rate of ser-
ious TEAEs related to study treatment ranged from
0.7% (GFF MDI) to 3.2% (placebo MDI) across treat-
ment groups. The most commonly occurring AEs are
listed in Table 5.

Overall, 2 deaths occurred during the study in the
China safety population (due to metastatic lung cancer
[n=1; GFF MDI] and hypoglycemic coma [n=1;
FF MDI]). Neither of these deaths were judged by the
investigator to be related to study drug treatment.

Discussion

In the PINNACLE-4 study, treatment with GFF MDI led
to improvements in lung function compared to mono-
components and placebo MDI in the global patient
population.'® In this Chinese subgroup analysis of the
PINNACLE-4 study, patient demographics and baseline

characteristics were generally similar to the global popu-
lation, although there was a higher proportion of male
patients, a lower mean body mass index, and a lower
proportion of current smokers in the China population
than in the global population.'?

In Chinese patients, GFF MDI led to improvements in the
primary and secondary lung function endpoints compared to
the monocomponent and placebo MDIs, as in the global
population. The LSM differences in trough FEV, at 24
weeks (primary endpoint) for GFF MDI versus GP MDI,
FF MDI, and placebo MDI were 59, 72, and 165 mL, respec-
tively, in the global population,' versus 98, 104, and 173
mL, respectively, in the China population. Treatment differ-
ences between GFF MDI and monocomponents in lung
function endpoints tended to be larger in the China popula-
tion than in the global population, while differences versus
placebo were similar in both populations.

The treatment differences between GFF MDI and the
monocomponent and placebo MDIs in TDI and SGRQ
were generally consistent with those in the overall study
population.'® Due to the smaller sample size in the China
population, this subgroup analysis was not designed with
sufficient power to reach a significance level of P<0.05 for
treatment comparisons, especially in the China symptomatic
population. However, the improvement with GFF MDI com-
pared to placebo MDI reached the minimum clinically
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Table 3 Secondary Patient-Reported Outcome Endpoints (China ITT Population/China Symptomatic Population)

China ITT Population China Symptomatic Population®
GFF MDI | GP MDI FF MDI Placebo GFF MDI GP MDI FF MDI Placebo
18/9.6 pg | 18 pg 9.6 ug MDI 18/9.6 pg 18 pg 9.6 ug MDI
TDI focal score over 24 weeks”
n 142 19 129 59 43 37 39 15
LSM (SE) 2.5 (0.16) 2.0 (0.18) 2.3 (0.17) 1.4 (0.25) 2.2 (0.32) 1.7 (0.34) 2.1 (0.33) 1.0 (0.54)
Treatment difference for GFF MDI vs monocomponents and placebo MDI
LSM NA 0.42 0.20 I.11 NA 0.46 0.10 1.22
95% Cl NA —0.05, 0.89 | —0.26, 0.66 | 0.52, 1.69 NA —0.46, 1.38 —0.81, 1.0l —0.02, 2.45
P-value NA 0.0780 0.3924 0.0002 NA 0.3234 0.8267 0.0543
Change from baseline in SGRQ total score at Week 24
n 129 110 116 53 38 34 35 13
LSM (SE) —8.5 (0.97) | 7.3 (1.05) | —9.4 (1.02) | 5.3 (1.51) —12.0 (2.17) | —12.3 (2.33) —13.7 (2.28) 7.0 (3.75)
Treatment difference for GFF MDI vs monocomponents and placebo MDI
LSM NA —1.21 0.87 -3.24 NA 0.26 1.70 —5.04
95% Cl NA —4.02, 1.61 | —1.90, 3.64 | —6.76, 0.28 NA —6.05, 6.57 —4.54,7.94 —13.66, 3.58
P-value NA 0.3996 0.5373 0.0714 NA 0.9352 0.5894 0.2489

Notes: *The China symptomatic population was defined as patients in the China ITT population with a CAT score 215 at screening. "TDI focal score over 24 weeks was
based on assessments at Weeks 4, 8, 12, 16, 20, and 24. All p-values <0.05 should only be interpreted in terms of nominal significance as the analyses in the Chinese

subgroup were considered exploratory.

Abbreviations: CAT, COPD Assessment Test; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FF, formoterol fumarate; GFF, glycopyrrolate/
formoterol fumarate; GP, glycopyrrolate; ITT, intent-to-treat; LSM, least squares mean; MDI, metered dose inhaler; NA, not applicable; SE, standard error;

SGRQ, St George’s Respiratory Questionnaire; TDI, Transition Dyspnea Index.

important difference for the TDI focal score (>1 unit)'® in
both the ITT and symptomatic populations, and for the
SGRAQ total score (>4 units)'” in the symptomatic population.
Relative to baseline, TDI scores and improvements in SGRQ
scores were larger than those reported for the global popula-
tion with all active treatments (GFF MDI and monocompo-
nent MDIs) as well as placebo MDI."® SGRQ scores in
clinical trials have previously been reported to improve to a
greater degree in low-/medium-income countries compared
to high-income countries, for bronchodilator treatments as
well as placebo.'® GFF MDI treatment also improved daily,
daytime, and night-time symptom scores compared to pla-
cebo MDI in Chinese patients, with improvements versus
monocomponents observed in both daily and daytime symp-
toms. Similar results were seen in previous studies of GFF
MDI in patients from the USA, Australia, and New
Zealand.”"’

It should be acknowledged that our study was not powered
for assessing exacerbations in the global or China ITT popula-
tions, and thus Cls for this endpoint were wide. However, our
data showed that the effect of GFF MDI on the time to first
moderate or severe COPD exacerbation compared to

monocomponents and placebo MDI in Chinese patients was
similar to, or larger than, in the global PINNACLE-4 popula-
tion, in terms of lower hazard ratio estimates (provided in
Supplementary Table 4). This is in agreement with results
from the PINNACLE-3 study, where time to first exacerbation
was generally longer in the GFF MDI treatment group com-
pared to GP MDI and FF MDL'® In addition, GFF MDI
reduced the risk of a first CID in Chinese patients compared

to monocomponent and placebo MDIs, which was comparable
with the findings in the global population (provided in
Supplementary Table 4). A similar trend was observed in the
PINNACLE-1 and PINNACLE-2 studies,”® although the
effects seen in Chinese patients in the current study were

larger. The reduction in risk of CID relative to monocompo-
nents and placebo is consistent with those reported in studies
of the LAMA/LABA FDCs umeclidinium/vilanterol and acli-
dinium/formoterol, although there were slight differences in
the definition of a CID event.>'** As CID is a composite
endpoint encompassing lung function, symptoms, and exacer-
bations, it provides a more comprehensive assessment of dis-
ease status than individual outcomes. Limiting disease
progression is a major objective of COPD management,”
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0+ + Censored
0 4 8 12 16 20 24
Number of patients at risk: Weeks
GFF MDI 18/9.6 ug 146 136 128 121 98 85 62
GP MDI 18 ug 122 114 97 85 70 55 40
FF MDI9.6 ug 135 114 102 83 65 54 47
Placebo MDI 63 43 37 32 19 14 11

Figure 3 Kaplan—Meier curves for (A) time to first moderate or severe COPD exacerbation® and (B) time to first CID® (both China ITT population).

Notes: “Time to first moderate or severe exacerbation (weeks) = (date of first COPD exacerbation — first treatment administration date + 1)/7. ®Time to CID (weeks) =
(date of CID — first treatment administration date + 1)/7.

Abbreviations: CID, clinically important deterioration; COPD, chronic obstructive pulmonary disease; FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate;
GP, glycopyrrolate; ITT, intent-to-treat; MDI, metered dose inhaler.
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Table 4 Exacerbations And CID* (China ITT Population)

GFF MDI 18/9.6 pg GP MDI 18 pg FF MDI 9.6 pg Placebo MDI
n=146 n=122 n=135 n=63
Exacerbations
Patients with a moderate or severe exacerbation
n (%) 22 (I15.1) 23 (18.9) 31 (23.0) 15 (23.8)
Time to first moderate or severe COPD exacerbation
GFF MDI vs monocomponents and placebo MDI
Hazard ratio NA 0.71 0.57 0.57
95% Cl NA 0.39, 1.28 0.33, 1.00 0.29, I.10
P-value NA 0.2543 0.0501 0.0950
Rate of moderate or severe COPD exacerbations (per year)®
Rate 0.44 0.47 0.62 0.65
Model-estimated rate 0.38 0.46 0.58 0.60
GFF MDI vs monocomponents and placebo MDI
Model-estimated rate ratio NA 0.82 0.65 0.63
95% Cl NA 0.46, 1.49 0.38, .12 0.32, 1.22
P-value NA 0.5200 0.1224 0.1689
CID
Patients with a CID
n (%) 73 (50.0) 80 (65.6) 77 (57.0) 51 (81.0)
Median time to CID“ (weeks) 24.1 16.3 16.1 12.0
Time to first CID
GFF MDI vs monocomponents and placebo MDI
Hazard ratio NA 0.65 0.71 0.36
95% Cl NA 0.47, 0.90 0.52, 0.99 0.25, 0.52
P-value NA 0.0095 0.0428 <0.0001

Notes: *CID is defined as the first occurrence of one of the following events: 2100 mL decline in trough FEV,; a treatment-emergent moderate or severe COPD
exacerbation; or 24-unit increase in SGRQ total score. °Rate of exacerbations per year = total number of exacerbations/total years of exposure across all patients for the
treatment. “Time to CID (weeks) = (date of CID — first treatment administration date + 1)/7. All p-values <0.05 should only be interpreted in terms of nominal significance

as the analyses in the Chinese subgroup were considered exploratory.

Abbreviations: Cl, confidence interval; CID, clinically important deterioration; COPD, chronic obstructive pulmonary disease; FEV , forced expiratory volume in | second;
FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate; GP, glycopyrrolate; ITT, intent-to-treat; MDI, metered dose inhaler; NA, not applicable;

SGRQ, St George’s Respiratory Questionnaire.

and therefore identifying treatments that prevent deterioration
is an important clinical goal.

Across all treatment groups, no unexpected safety signals
were identified in Chinese patients. The safety profile of GFF
MDI in patients from China was generally consistent with the
global patient population'® and also with the safety profiles
of other LAMA/LABA FDCs in predominantly Caucasian
patient populations.”**” In line with our results, previous
studies of glycopyrrolate or formoterol fumarate,”® > as well
as other LAMA/LABA FDCs,*'* have also found that

treatment effects and safety outcomes were generally similar
between Asian and predominantly Caucasian patient
populations.

Increasing availability and choice in effective treatment
therapies is essential to address the burden of COPD in
China, given the high prevalence of the disease and the
low treatment rate.* In 20142015, only 11.7% of Chinese
patients with COPD were receiving treatment.* Currently,
two LAMA/LABA FDCs (glycopyrrolate/indacaterol and
umeclidinium/vilanterol) are available in China for the
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Table 5 Summary Of AEs (China Safety Population)
Parameter GFF MDI 18/9.6 pg GP MDI 18 pg FF MDI 9.6 pug Placebo MDI
n=146 n=122 n=135 n=63
Patients with 2| TEAE 83 (56.8) 71 (58.2) 69 (51.1) 42 (66.7)
Patients with TEAEs related” to study treatment 18 (12.3) 18 (14.8) 17 (12.6) 7(1L1)
Patients with serious TEAEs 15 (10.3) 10 (8.2) 13 (9.6) 7(11)
Patients with serious TEAEs related® to study treatment | | (0.7) 2 (1.6) 3(22) 2 (3.2)
Patients with TEAEs leading to early discontinuation 10 (6.8) 6 (4.9) 9 (6.7) 6 (9.5)
Deaths (all cause) during treatment period 1 (0.7) 1 (0.7) 0
Deaths (all cause) during treatment period + 14 days | | (0.7) 0 1 (0.7) 0
AEs occurring in 24% of patients in any
treatment arm (preferred term), n (%)
Upper respiratory tract infection 18 (12.3) 20 (16.4) 18 (13.3) Il (17.5)
Viral upper respiratory tract infection 12 (8.2) 15 (12.3) 15 (11.1) 4 (6.3)
Chronic obstructive pulmonary disease® 7 (4.8) 54.1) 5@3.7) 6 (9.5)
Blood glucose increased 2 (1.4) 4 (3.3) 2 (1.5) 4 (6.3)
Hyperlipidemia 3.1 6 (4.9) 1 (0.7) 232
Protein urine present 534 1 (0.8) 0 3 (4.8)
Blood triglycerides increased 3(2.1) 1 (0.8) 2 (1.5) 3 (48

Notes: Data are n (%). *Related = possibly, probably, or definitely related in the opinion of the Investigator. "Worsening of COPD defined as a COPD exacerbation since the
patient’s last visit. COPD exacerbations were only recorded as an AE if they were considered to be a serious TEAE.
Abbreviations: AE, adverse event; COPD, chronic obstructive pulmonary disease; FF, formoterol fumarate; GFF, glycopyrrolate/formoterol fumarate; GP, glycopyrrolate;

MDI, metered dose inhaler; TEAE, treatment-emergent adverse event.

treatment of COPD, both of which are delivered by dry
powder inhaler. GFF MDI is the first LAMA/LABA FDC
delivered using an MDI. As device familiarity may
improve treatment outcomes for inhaled therapies,®**
and short-acting bronchodilators are most commonly pre-
scribed in an MDI,** GFF MDI may provide a convenient
alternative option to LAMA/LABA dry powder inhalers
for patients with COPD. This may be especially important
for patients who lack the necessary inspiratory flow to use
a dry powder inhaler.*” In addition, GFF MDI can be used
with a spacer,®® which can improve lung deposition for
patients who have difficulty coordinating actuation and
inhalation.*” In a Phase III study in patients with COPD,
use of a spacer device resulted in only minor differences in
the pharmacokinetic profiles of glycopyrronium and for-
moterol and did not affect the lung function benefits of
GFF MDI.*®

The limited number of patients in the Chinese sub-
group relative to the overall population, particularly in
the symptomatic and rescue medication user popula-
tions, should be considered when interpreting the study
findings. A lower proportion of the China ITT popula-
tion was included in the symptomatic and rescue med-
ication populations (30.0% and 30.9% of patients,
respectively) compared to the global ITT population

(48.3% and 47.2%, respectively). However, based on
local regulatory requirements, the sample size of the
Chinese subgroup was chosen to evaluate the consis-
tency of the results with the overall population, rather
than statistical significance, and the overall direction and
magnitude of the treatment effects observed in the China
population were consistent with the findings in the glo-
bal population. An additional limitation is the fact that a
large majority of Chinese patients enrolled in
PINNACLE-4 were male (~96%). This reflects the fact
that a smoking history of >10 pack-years, which was a
requirement for inclusion, is rare in Chinese women (in
2015, more than 90% of female patients with COPD
were never-smokers, versus approximately one-quarter
of male patients).” A key strength of this study was
the international multicenter design, which provided
confirmation of the efficacy and safety of GFF MDI in
Chinese patients, as well as allowing for a direct com-
parison between Chinese patients and the overall patient
population.

Conclusions

GFF MDI improved lung function and daily symptoms
compared to monocomponent and placebo MDIs in
Chinese patients in the PINNACLE-4 study. Both
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efficacy and safety results were generally consistent
with the global patient population, supporting the use
of GFF MDI for the long-term maintenance treatment of
airflow obstruction in patients with COPD from China.
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mass index; CAT, COPD Assessment Test; CI, confidence
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life; ICS, inhaled corticosteroid; ITT, intent-to-treat; LABA,
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TEAE, treatment-emergent adverse event.
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