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Purpose: Using a composite endpoint, pooled data from two 12-week Phase III placebo-
controlled trials (GOLDEN 3, NCT02347761; GOLDEN 4, NCT02347774) were analyzed
to determine whether glycopyrrolate inhalation solution (25 mcg and 50 mcg) administered
twice daily (BID) via the eFlow® Closed System nebulizer (GLY) reduced the risk of
clinically important deterioration (CID) in patients with moderate-to-very-severe COPD.
Methods: CID was defined as >100-mL decrease from baseline in post-bronchodilator trough
forced expiratory volume in one second (FEV)), or >4-unit increase in baseline St. George’s
Respiratory Questionnaire (SGRQ) total score, or moderate/severe exacerbation. The relative
treatment effect of GLY versus placebo on the odds of CID (any and by component endpoints)
was expressed as the odds ratio (OR) and 95% confidence interval (CI). Subgroups categorized by
age (<65/>65 years), sex, smoking status (current/former), long-acting beta agonist (LABA) use,
FEV, (<50%/>50%), and peak inspiratory flow rate (PIFR) (<60 L/min/>60 L/min) were analyzed.
Results: Compared to placebo, GLY 25 mcg and 50 mcg BID over 12 weeks significantly
reduced the risk of CID by 50% (OR: 0.50 [0.37-0.68]) and 40% (OR: 0.60 [0.44-0.80]),
respectively. Subjects treated with GLY 25 mcg BID were 59% less likely to experience CID in
FEV, (OR: 0.41 [0.27-0.62]) and 48% less likely to perceive CID in health status (OR: 0.52
[0.37-0.73]). Statistically significant reductions were also observed at the higher dose. The
incidence of moderate/severe exacerbations was low and comparable among the cohorts. GLY
25 mcg BID was significantly more effective than placebo (p<0.05) in preventing CID irrespec-
tive of age, smoking status, LABA use, COPD severity, or PIFR. Subjects <65 years (OR 0.45
[0.29-0.68]) and those with PIFR <60 L/min (OR 0.36 [0.20-0.67]) exhibited the largest benefit.
Conclusion: Nebulized GLY over 12 weeks significantly reduced the risk of CID and
provided greater short-term stability in patients with moderate-to-very-severe COPD.
Keywords: nebulized glycopyrrolate, clinically important deterioration, composite measure

Introduction
Chronic obstructive pulmonary disease (COPD) is a common condition characterized by
frequently progressive airflow limitation, persistent respiratory symptoms, and high
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morbidity and mortality." Without effective management, the
burden of pervasive symptoms, particularly dyspnea, can
increase the risk of exacerbations, impair quality of life, and
contribute to substantial health care costs.*” Recommended
by the Global Initiative for Chronic Obstructive Lung Disease
(GOLD), inhaled long-acting beta-agonists (LABA) and long-
acting muscarinic antagonists (LAMA) are central to the
treatment strategy for alleviating symptoms, minimizing the
frequency and severity of exacerbations, and improving health
status and exercise tolerance.' Lonhala® Magnair®™ (glycopyr-
rolate, GLY) inhalation solution (Sunovion Pharmaceuticals
Inc., Marlborough, MA, USA) is a LAMA approved in the US
for the long-term maintenance treatment of airflow obstruc-
tion in patients with COPD.* The licensed recommended dose
is 25 mcg administered twice daily (BID) using the eFlow™
Closed System (Magnair™, PARI Pharma GmbH, Starnberg,
Germany), a hand-held vibrating membrane nebulizer. The
nebulizer is designed to deliver 1.0 mL of GLY within three
minutes via normal breathing rather than a single-breath
actuation®® Two replicate, 12-week, randomized, placebo-
controlled Phase III trials in the US, Glycopyrrolate for
Obstructive Lung Disease via Electronic Nebulizer
(GOLDEN) 3 and GOLDEN 4 (NCT02347761 and
NCT02347774, respectively), evaluated the safety and effi-
cacy of nebulized GLY 25 mcg BID and 50 mcg BID (not
licensed for commercial use) in patients with moderate-to-
very-severe COPD (Figure 1). In both trials, GLY adminis-
tered for 12 weeks was well tolerated and yielded statistically
significant improvements from baseline over placebo in the
forced expiratory volume in one second (FEV), forced vital
capacity (FVC), and the St. George Respiratory Questionnaire
(SGRQ) total score.®

Considering the progressive nature of COPD, it is
essential to determine whether bronchodilator therapies
can improve airway stability and prevent disease worsen-
ing. Exacerbations and rapid decline in lung function can
signify poor long-term prognosis in COPD.”* Further,
deterioration in health status over one year, as demon-
strated by an increase in SGRQ score exceeding the
within-patient clinically meaningful change threshold,’
has been associated with an increased risk of hospitaliza-
tion and mortality.'® To complement efficacy assessments,
a composite endpoint for clinically important deterioration
(CID) in COPD has been used to provide a more compre-
hensive, multidimensional measure of treatment effective-
ness. The CID captures changes in lung function, health
status, and exacerbations that can reflect temporary fluc-
tuations in disease state or more sustained worsening.''*'?
A post hoc analysis of pooled data from the GOLDEN 3
and GOLDEN 4 trials was performed to examine whether
nebulized GLY (25 mcg and 50 mcg) BID administered
for 12 weeks decreased the risk of CID compared to
placebo in patients with moderate-to-very-severe COPD.

Methods

Full methods and patient eligibility criteria for the GOLDEN-3
(NCT02347761) and GOLDEN-4 (NCT02347774) trials have
been published elsewhere.® In brief, the studies included male
or female current or past smokers (=10 pack-year) aged >40
years. Eligible patients had a clinical diagnosis of moderate-to-
very-severe COPD by the GOLD classification and met the
post-bronchodilator spirometry criteria at screening (ie, FEV,
<80% of predicted normal, FEV; >0.7 L, and FEV/FVC ratio
<0.70)."° Patients with severe comorbidities or exacerbations

Treatment Period

Visit 1

Screening Week 0 Week 2 Week 4

—

Baseline 1:1:1 randomization

Stratified by high-risk CV conditions (+/-)
and background LABA use (+/-)

Figure | GOLDEN 3 and GOLDEN 4 study design.

Follow-up®

Telephone contact

Week 8 Week 12

—~———

End of treatment

Notes: *Flexible, between | and 7 days. "Contacted by telephone 5 to 7 days after the last study visit.
Abbreviations: CV, cardiovascular; GOLDEN, Glycopyrrolate for Obstructive Lung Disease via Electronic Nebulizer; LABA, long-acting beta agonist.
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requiring hospitalization or increased COPD treatments within
six weeks of screening were excluded. Approximately 30% of
subjects (limited by protocol) continued background LABA
medications with or without inhaled corticosteroids (ICS). The
study protocols were approved by the Quorum Review IRB
North American (US and Canada) Board (Panel II) prior to
patient enrollment, and were conducted in accordance with the
protocols, International Council for Harmonization Good
Clinical Practice guidelines and the Declaration of Helsinki.
All subjects or their legal representatives provided written
informed consent.®

The current study analyzed pooled data for efficacy assess-
ments conducted at baseline and at the end of the study (week
12). Applying criteria described by Singh et al,"* subjects were
considered to experience CID if any of the following events
occurred: 1) a >100-mL decrease from baseline in post-
bronchodilator trough FEV; 2) a >4-unit increase in the base-
line SGRQ total score; or 3) a moderate or severe healthcare
resource utilization (HCRU)-related exacerbation. An exacer-
bation was considered “moderate” if it required a clinic visit or
treatment with antibiotics or oral corticosteroids with or with-
out a clinic visit but no hospitalization, and “severe” if it
necessitated an overnight stay in a hospital or emergency
room. These component endpoints were based on the estab-
lished within-patient clinically important change thresholds
for FEV, and the SGRQ and an expert consensus panel

definition for exacerbations.”!>!#1°

Statistical Analysis

Statistical analyses were performed using SAS statistical soft-
ware version 9.4 (SAS Institute Inc., Cary, NC). Analyses
were conducted on the intent-to-treat population, defined as
randomized patients who received at least one dose of the
study treatment and had at least one post-dose pulmonary
function assessment. Baseline patient demographics and clin-
ical characteristics were summarized descriptively using the
mean and standard deviation (SD) for continuous variables
and the number of patients and proportion for categorical
variables. The proportion of patients in each cohort experien-
cing CID and achieving the within-patient clinically mean-
ingful change thresholds for each of the individual component
endpoints was assessed at week 12.

Separate logistic regression models were analyzed to
compare the risk of experiencing CID (ie, any CID and by
the individual component measures) between each GLY
cohort and the placebo (reference) cohort. Subgroup ana-
lyses were performed to examine the risk of experiencing
CID in the cohorts stratified by baseline age (<65 or >65

years), sex (male or female), smoking status (current or
former), background LABA use (yes/no), COPD severity
(FEV; >50% or <50%), and peak inspiratory flow rate
(PIFR) (<60 or >60 L/min). Due to the small number of
patients with GOLD 4 classification, aggregate data for the
GOLD 3 and GOLD 4 subgroups were analyzed in the
subgroup with FEV; <50%. All models were adjusted for
the presence (yes/no) of high cardiovascular risk conditions
and background LABA use, baseline post-bronchodilator
trough FEV, (continuous variable), baseline SGRQ total
score (continuous variable), and history (yes/no) of moder-
ate or severe HCRU-related exacerbations in the prior 12
months. Results were expressed as the adjusted odds ratio
(OR) and 95% confidence interval (CI). An OR >1.0
(excluding “1.0” in the 95% CI) indicated an increased
risk of CID in a GLY cohort versus placebo, whereas an
OR <1.0 (excluding “1.0“ in the 95% CI) signified
a decreased risk of CID. A p-value <0.05 indicated statis-
tical significance.

Results
Baseline Characteristics of the Pooled
Study Cohorts

The pooled study population consisted of 1293 subjects
randomized to GLY 25 mcg BID (N=431), GLY 50 mcg
BID (N=432), or placebo BID (N=430) (Table 1). Baseline
demographic and clinical characteristics, including the
mean SGRQ total scores, were well matched across the
cohorts. Subjects were predominantly male (54.7-57.2%),
Caucasian (89.3-90.2%), and current smokers (50.7—
55.7%). Nearly two-thirds (63.7-64.7%) had high cardio-
vascular risk conditions. Patients with moderate airflow
obstruction (GOLD 2) comprised the majority (55.3—
58.8%). More than one-third (35.6-36.6%) had severe
COPD (GOLD 3), and 5.6-8.1% had very severe disease
(GOLD 4). During the prior 12 months, 19.5% and 16.9%
of patients who were randomized to GLY 25 mcg and 50
mcg BID, respectively, and 21.6% in the placebo cohort
had experienced a COPD exacerbation. Utilization of
background LABA was slightly higher than that of ICS
(30.7-31.3% versus 28.2-29.5%, respectively).

Effects of Nebulized GLY on the Risk of
CID at 12 Weeks

At week 12, lower proportions of patients treated with
GLY 25 mcg and 50 mcg BID had experienced >1 quali-
fying CID event compared to those who had received
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Table | Baseline Demographic and Clinical Characteristics of the Pooled GOLDEN 3 and GOLDEN 4 ITT Study Cohorts

Characteristics® Placebo BID GLY 25 mcg BID GLY 50 mcg BID
Patients, n 430 43| 432
Age, mean (SD) 63.7 (8.8) 63.3 (8.7) 62.6 (8.6)
Female, n (%) 195 (45.3) 189 (43.9) 185 (42.8)
Race, n (%)

Caucasian 388 (90.2) 385 (89.3) 386 (89.4)

Black or African American 39 (9.1) 42 (9.7) 44 (10.2)
Smoking status, n (%)

Current 218 (50.7) 240 (55.7) 226 (52.3)

Former 212 (49.3) 191 (44.3) 206 (47.7)
High cardiovascular risk: Yes, n (%)° 278 (64.7) 275 (63.8) 275 (63.7)
LABA use: Yes, n (%)° 132 (30.7) 135 (31.3) 135 (31.3)
ICS use: Yes, n (%) 127 (29.5) 126 (29.2) 122 (28.2)
Had a COPD exacerbation in the past 12 months: Yes, n (%) 93 (21.6) 84 (19.5) 73 (16.9)
Post-bronchodilator FEV), L, mean (SD) 1.521 (0.5) 1.514 (0.5) 1.533 (0.5)
Post-bronchodilator FEV|, n (%)

<30% predicted (GOLD 4) 24 (5.6) 29 (6.7) 35 8.1)

230% to <50% predicted (GOLD 3) 153 (35.6) 156 (36.2) 158 (36.6)

250% to <80% predicted (GOLD 2) 253 (58.8) 245 (56.8) 239 (55.3)
Total SGRQ score, mean (SD) 48.0 (17.5) 49.2 (18.7) 49.2 (18.5)
Completed study, n (%) 379 (88.1) 396 (91.9) 400 (92.6)

Notes: *Baseline data were collected in Week 0 (Visit 2). ®Defined as a clinical diagnosis of one or more of the following conditions: hypertension, ischemic heart disease,
cerebrovascular disease, peripheral arterial disease, clinically significant arrhythmia, or heart failure. “Limited by protocol to approximately 30%. “COPD exacerbation or
worsening, defined as an increase in clinician-assessed COPD symptoms (eg, dyspnea, cough, sputum volume, or sputum purulence) during 22 consecutive days, and
classified as mild (self-managed, with increased short-acting bronchodilator and/or ICS use), moderate (treated with antibiotics and/or systemic corticosteroids) or severe
(requiring hospitalization). Any event occurring within 30 days of a prior event was considered a continuation of the index event.

Abbreviations: BID, twice daily; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume in one second; GLY, glycopyrrolate; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; GOLDEN, Glycopyrrolate for Obstructive Lung Disease via Electronic Nebulizer; ICS, inhaled corticosteroids; ITT, intent-to
-treat; LABA, long-acting beta-agonist; SD, standard deviation; SGRQ, St. George’s Respiratory Questionnaire.

placebo (34.2% and 37.8%, respectively, versus 51.2%)
(Table 2). Compared to placebo, treatment with GLY
reduced the risk of any CID by 50% (OR: 0.5; 95% CI:
0.37-0.68) when administered at 25 mcg BID, and by 40%
(OR: 0.60; 95% CI: 0.44-0.80) at 50 mcg BID (both,
p<0.05) (Figure 2). Examining the CID component end-
points, patients treated with GLY BID, regardless of study
dose, demonstrated sustained bronchodilator effects and
maintained self-reported health status with lower propor-
tions experiencing deterioration in trough FEV, and
SGRQ total score versus placebo. The risk of a >100-mL
decline in trough FEV, from baseline was reduced signifi-
cantly by 59% (OR: 0.41; 95% CI: 0.27-0.62) with GLY
25 mcg BID, and by 52% (OR: 0.48; 95% CI: 0.32-0.72)
with GLY 50 mcg BID (Figure 2), while the risk of
a >4-unit increase (worsening) in the total SGRQ score
was significantly decreased by 48% (OR: 0.52; 95% CI:
0.37-0.73) and 37% (OR: 0.67; 95% CI: 0.48-0.93),
respectively (all, p<0.05). During the 12 weeks, less than

10% of patients in each cohort had experienced an HCRU-
related moderate or severe exacerbation, resulting in no
significant differences in the risk of this component end-
point between GLY BID and placebo (Table 2).

Subgroup Analysis

In the subgroup analysis, the risks of CID were significantly
lower (p<0.05) for GLY 25 mcg BID than placebo irrespective
of age group, smoking status, background LABA use, COPD
severity, or PIFR (Figure 3). Patients aged <65 years (OR 0.45,
95% CI 0.29, 0.68) and those with a PIFR <60 L/min (OR
0.36, 95% CI 0.20, 0.67) exhibited the most pronounced
reductions in the risk of CID. Treatment with GLY 50 mcg
BID also significantly decreased the risk of CID in most
subgroups (Figure 4), except for the subgroup aged >65
years and females. The risk of CID in these subgroups was
numerically lower but not significantly different from placebo.
For both GLY regimens, patients <65 years, males, current
smokers, and patients with PIFR <60 min/L experienced larger
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Table 2 Proportions of Subjects Meeting Criteria for CID at Treatment Week 12
CID Criteria Placebo BID GLY
25 mcg BID 50 mcg BID

CID n/Total CID, CID n/Total CID, CID n/Total CID,

N % N % N %
Any CID endpoint 200/391 51.2% 136/398 34.2% 152/402 37.8%
2|00-mL decrease in baseline post-bronchodilator trough 88/380 23.2% | 48/393 12.2% 56/399 14.0%
FEV,
24-unit increase in SGRQ total score 115/357 322% | 72/368 19.6% | 92/373 24.7%
HCRU-related moderate or severe exacerbation® 40/430 9.3% 33/431 7.7% 39/432 9.0%

Notes: *Defined as an increase in clinician-assessed COPD symptoms (eg, dyspnea, cough, sputum volume, or sputum purulence) during at least two consecutive days, and

classified as “moderate” (treated with clinic visit with or without antibiotics or oral corticosteroids but no hospitalization) or “severe” (requiring overnight stay in a hospital
or emergency room).

Abbreviations: BID, twice daily; CID, clinically important deterioration; FEV,, forced expiratory volume in one second; GLY, glycopyrrolate; HCRU, healthcare resource
utilization; LABA, long-acting beta-agonist; SGRQ, St. George’s Respiratory Questionnaire.

reductions in the risk of CID than the respective alternate  comparably effective in the subgroups with LABA and with-
subgroups. Treatment with the GLY 25 mcg BID had out LABA use. In contrast, larger effect sizes were observed in
a greater impact on reducing CID in the subgroup with base-  the 50 mcg BID subgroups with FEV| <50% (versus FEV,
line FEV| >50% predicted (versus FEV; <50%) and was  >50%) and no LABA use (versus LABA use).

Favors GLY Favors placebo
Any CID event
OR: 0.50 (95% Cl: 0.37-0.68)* ——
OR: 0.60 (95% Cl: 0.44-0.80)* ——
2100-ml decrease in baseline trough FEV'
OR: 0.41 (95% CI: 0.27-0.62)* —pe
OR: 0.48 (95% CI: 0.32-0.72)* ——
24-unit increase in SGRQ total score
OR: 0.52 (95% CI: 0.37-0.73)* —_——
OR: 0.67 (95% Cl: 0.48-0.93)* o e—
HCRU-related moderate or severe exacerbation®
OR: 1.02 (95% CI: 0.59-1.77) L 2
OR: 1.23 (95% Cl: 0.72-2.11) i
0.60 0.50 1.00 1.50 2.60 2.50

Adjusted odds ratio?
——  GLY 25 mcg BID

=—j—  GLY 50 mcg BID

Figure 2 Risk (adjusted odds ratio)* of CID at week 12 of treatment with GLY (25 mcg BID and 50 mcg BID) compared to placebo.

Notes: *Odds ratio (GLY/placebo), adjusted for high cardiovascular risk, LABA use, baseline FEV, baseline SGRQ total score, and |2-month prior history of exacerbations.
®Defined as an increase in clinician-assessed COPD symptoms (eg, dyspnea, cough, sputum volume, or sputum purulence) during at least two consecutive days, and classified
as “moderate” (treated with clinic visit, but no hospitalization, with or without antibiotics or oral corticosteroids) or “severe” (requiring overnight stay in a hospital or
emergency room). ¥p<0.05.

Abbreviations: BID, twice daily; Cl, confidence interval; CID, clinically important deterioration; FEV , forced expiratory volume in one second; GLY, glycopyrrolate; HCRU,
healthcare resource utilization; LABA, long-acting beta-agonist; OR, odds ratio; SGRQ, St. George’s Respiratory Questionnaire.
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GLY
Placebo BID 25 mcg BID

(N=391) (N=398)

CID, n CID, n Adjusted OR® Favors GLY Favors placebo
Subgroups Itotal N (%) Itotal N (%) (95% Cl)
Age <65years  111/199 (55.8)  79/212 (37.3)  0.45 (0.29-0.68)" —
Age 265years  89/192 (46.4)  57/186 (30.6) 0.56 (0.36-0.88)* ——
Male 117/211 (55.5)  85/225(37.8)  0.49 (0.33-0.73)* ——
Female 83/180 (46.1) 51/173 (29.5)  0.51 (0.32-0.81)* ¢
Current smoker ~ 111/203 (54.7)  78/221(35.3)  0.43 (0.29-0.65)* —_——
Former smoker ~ 89/188 (47.3)  58/177 (32.8)  0.60 (0.38-0.94)* —_—
LABA use 67/118 (56.8) 50/128 (39.1)  0.52 (0.30-0.90)* —_—
No LABA use 133273 (48.7)  86/270 (31.9)  0.51 (0.35-0.73)* ——
FEV, 250% 126/237 (53.2)  70/223 (31.4)  0.42 (0.28-0.63)* ——
FEV, <50% 741154 (48.1)  65/174 (37.4)  0.61(0.38-0.97)" —_—
PIFR <60 L/min 48/90 (53.3) 33/108 (30.6)  0.36 (0.20-0.67)* —_——
PIFR 260 L/min 152/301 (50.5)  103/289 (35.6) 0.57 (0.40-0.80)* —_—

0.00 0.50 1.00 1.50 2.00

Adjusted odds ratio?

Figure 3 Subgroup analysis of the risk (adjusted odds ratio)* of CID at week 12 of treatment with GLY 25 mcg BID compared to placebo.

Notes: *Odds ratio (GLY/placebo), adjusted for high cardiovascular risk, LABA use, baseline FEV1, baseline SGRQ total score, and 12-month prior history of exacerbations.
*

p<0.05.
Abbreviations: BID, twice daily; Cl, confidence interval; CID, clinically important deterioration; FEV, forced expiratory volume in one second; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; GLY, glycopyrrolate; LABA, long-acting beta-agonist; OR, odds ratio; PIFR, peak inspiratory flow rate.

GLY
Placebo BID 50 mcg BID
(N=391) (N=399)
CID, n CID, n Adjusted OR? F GLY F laceb
Subgroups ftotal N (%)  /total N (%) (95% Cl) avors avors placsbo
Age <65years  111/199 (55.8) 90/233 (38.6)  0.49 (0.33, 0.74)* & -
Age=65years  89/192 (46.4)  62/169 (36.7)  0.73 (0.47-1.14)
* ——
Male 117/211 (555)  89/232 (38.4)  0.52 (0.35-0.77)
Female 831180 (46.1) 63170 (37.1)  0.71(0.45-1.12) =
Current smoker  111/203 (54.7)  85/204 (41.7)  0.59 (0.39-0.90)* —a—
Formersmoker ~ 89/188 (47.3)  67/198 (33.8)  0.61 (0.39-0.94)* ——
LABA use 67/118 (56.8)  52/124 (41.9)  0.57 (0.33-0.98)" .
NolABAuse  133/273(48.7) 100/278 (36.0)  0.62 (0.43-0.88)" —_—
FEV, 250% 126/237 (53.2)  89/217 (41.0)  0.65 (0.44-0.97)* —_—
FEV, <50% 74154 (48.1)  63/185 (34.1)  0.50 (0.32-0.80)" —_—
PIFR<60 Limin  48/90 (53.3) 351108 (32.4)  0.42(0.23-0.76)" S E—
PIFR 260 L/imin  152/301 (50.5) 117/293 (39.9)  0.68 (0.48-0.96)" —
0.00 0.50 1.00 1.50 2.00

Adjusted odds ratio?

Figure 4 Subgroup analysis of the risk (adjusted odds ratio)® of CID at week 12 of treatment with GLY 50 mcg BID compared to placebo BID.

Notes: *Odds ratio (GLY/placebo), adjusted for high cardiovascular risk, LABA use, baseline FEV, baseline SGRQ total score, and 12-month prior history of exacerbations.
*

p<0.05.
Abbreviations: BID, twice daily; Cl, confidence interval; CID, clinically important deterioration; FEV, forced expiratory volume in one second; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; GLY, glycopyrrolate; LABA, long-acting beta-agonist; OR, odds ratio; PIFR, peak inspiratory flow rate.
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Discussion

Quantifying the effectiveness of treatments in preventing
worsening of COPD is essential given that minimizing the
risk of progression is a primary goal of managing patients
with stable disease." To provide a more comprehensive
assessment in COPD, CID has emerged as an important
composite endpoint that captures the multidimensional
effects of treatment on key measures related to lung func-
tion, health status, and exacerbations. Each CID endpoint
represents a clinically relevant event in COPD that may
portend worse outcomes in the absence of effective inter-
vention. Progressive decline in lung function is accelerated
by exacerbations.” COPD progression, however, is not
restricted to deterioration in FEV; and can manifest in
worsening of patient-reported outcomes such health status
and quality of life.'”'® Further, managing CID is critical as
published evidence suggests that patients experiencing
CID during the early months of bronchodilator therapy
may experience poorer medium to long-term outcomes.
A comparative study of indacaterol/glycopyrronium and
salmeterol/fluticasone observed that CID during the first
12 treatment weeks was associated with significantly ear-
lier and higher rates of moderate-to-severe exacerbations
between 12 and 52 weeks (both, p<0.00001)."> A post hoc
analysis of data from interventional and observational
studies of fluticasone propionate/salmeterol found that at
three years, the respective risk of CID in each component
endpoint was significantly increased when CID in the end-
point occurred within 24 weeks. In contrast, no CID was
significantly associated with higher quality of life scores
and lower healthcare costs (all, p<0.001)."'"*"?

In this post hoc analysis, patients with moderate-to-
very severe COPD treated with GLY over 12 weeks were
significantly less likely to experience CID compared to
placebo with those treated with 25 mcg BID, the licensed
regimen in the US, attaining a 50%-reduction in risk.
Results of the subgroup analyses were largely consistent
with the overall findings. At both GLY doses, reduction in
the risk of CID was most pronounced for patients who had
low PIFR (<60 L/min) at baseline, a finding which may be
related to use of the nebulizer. Several studies have shown
that individuals with poor inspiratory effort, such as the
elderly and some patients with COPD, are unable to over-
come the internal resistance of dry powder inhalers and
therefore, have difficulty generating sufficient inspiratory
flow for effective drug delivery.® > In these cases, the

nebulizer’s vibrating membrane technology may offer an

alternative mode as drug deposition is targeted to the lungs
via regular tidal breathing.** This nebulization method
achieves a high percentage of aerosolized particles within
the respiratory range, and does not require strong PIFR for
device actuation or careful hand-breath coordination to
achieve an effective dose. For these reasons, older patients
with concomitant health conditions may likely also benefit
from nebulized GLY. The comparative effectiveness of
different inhalation devices in patients with COPD and
poor inspiratory effort has not been established, and the
choice of inhalation devices depends ultimately on
a multitude of factors.”> However, a prospective, observa-
tional study in the US found that nearly one-third of
patients hospitalized for a COPD exacerbation had
a PIFR <60 min/L at discharge.”” It is possible that certain
patients under such circumstances may benefit from inha-
lation devices that can enhance medication dispersal to the
lungs.

Based on the ORs, treatment response to GLY appeared
larger in the subgroup aged <65 years than in the subgroup
>65 years. This was likely due to age-related differences in
airflow capacity. Compared to older patients, younger
patients generally have larger airflow capacity with FEV,
values averaging 2.0 liters.>® A 10% improvement in FEV/
in these younger patients could, therefore, represent an
increase of 200 mL. FEV, usually diminishes with normal
aging and declines at accelerated rates up to —60 mL
per year with cigarette smoking and COPD. As a result,
airflow capacity is reduced in older patients (age >65) and
may be as low as 1.0 liter.”® A 10% improvement in these
patients could result in an increase of 100 mL. Therefore,
a bronchodilator such as GLY would be expected to have
a relatively larger positive FEV; impact >100 mL in
younger patients compared to older patients with COPD.
Similarly, since younger patients likely experience greater
net on-treatment milliliter improvements from baseline
with nebulized GLY, they may be less likely to encounter
net 100-mL declines meeting the FEV criteria for CID.

Examining the individual CID endpoints, patients treated
with GLY were significantly more likely to maintain FEV,
and health status, but experienced no improvement in the
risk of HCRU-related moderate or severe exacerbations over
placebo. The latter may have been related to the low fre-
quency of exacerbations during the study period and prior 12
months. Across all cohorts, deterioration in the total SGRQ
score at week 12 was the strongest driver of CID (19.6—
32.2%% of patients). A prior analysis of the pooled data
from the GOLDEN 3 and GOLDEN 4 trials showed that
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GLY (25 mcg and 50 mcg BID) led to statistically significant
improvements from baseline in the SGRQ total and compo-
nent (Symptoms, Impacts, and Activity) scores compared to
placebo.®?” Change from baseline SGQR total score at week
12 was measured as the least squares mean and compared
between GLY and placebo using analysis of variance.
Applying the minimal clinically important difference criteria
for SGRQ response (>4 decrease in total score), the odds of
improvement at week 12 were also significantly greater with
both GLY 25 mcg (OR 1.68; 95% CI 1.24, 2.28) and 50 mcg
(OR 1.36; 95% CI 1.00, 1.85) compared with placebo.?” In
the present study, we identified a subset of patients who
experienced CID in health status (based on the total SGRQ
score). This finding highlights the potential utility of CID
assessment in identifying “at-risk” individuals who may be
otherwise obscured in assessments of SGRQ response, and
who might benefit from modifications in management.

Findings from this post hoc analysis are noteworthy as
the data were pooled from two Phase III double-blind,
placebo-controlled studies with robust replicate designs.
Examining CID by the component endpoints also provided
greater insight into how worsening in specific factors asso-
ciated with COPD progression, ie, pulmonary function and
health status, might be individually impacted during GLY
treatment. Further, the analysis adds to the evidence support-
ing the utility of the composite CID endpoint for identifying
therapies that prevent disease worsening, an important goal
of management, particularly for patients who fail to achieve
clinically meaningful responses to treatment.'*®

Study limitations include the 12-week study period of
the GOLDEN 3 and GOLDEN 4 trials which precluded
exploration of sustained CID. FEV, and SGRQ were
assessed only at baseline and at 12 weeks, the incidence
of moderate or severe HCRU-related exacerbations was
low, and fluctuations in disease state were not captured.
Nonetheless, published evidence supports the merits of
assessing and preventing early, short-term CID. Further,
generalizability of the findings to patients with COPD
managed in the real world is limited as the outcomes
reflect those of the population selected for the Phase III
trials. Both GOLDEN 3 and GOLDEN 4, however, were
prospectively designed to enroll subjects representative of
the general COPD population and included proportions of
subjects who had very severe disease (post-bronchodilator
FEV % predicted <30%), continuing background LABA
use with or without ICS, and high cardiovascular risk

factors.®

Conclusion

Nebulized GLY (25 mcg and 50 mcg BID) administered over
12 weeks significantly reduced the risk of CID over placebo
and was effective in preventing clinically meaningful wor-
sening in FEV, and patient-reported health status. These
findings contribute to the evidence supporting the use of
nebulized GLY BID as a maintenance treatment for patients
with moderate-to-very-severe COPD. Assessment over
a longer period may confirm a sustained effect in stabilizing
disease.

Data Sharing Statement
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