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Purpose: Patients with COPD often have multiple coexisting comorbidities, affecting
quality of life, morbidity and mortality. However, the prevalence and impact of comorbidities
on the efficacy of bronchodilators in COPD is poorly understood.

Patients and Methods: In this post hoc analysis, pooled data from the 12-week, placebo-
controlled GOLDEN 3 and 4 studies of nebulized glycopyrrolate (GLY) in individuals with
moderate-to-very-severe COPD were used to quantify comorbidities and assess their impact
on treatment efficacy and safety.

Results: Comorbidities that were most prevalent in the GOLDEN 3 and 4 study popula-
tion were hypertension, high cholesterol and osteoarthritis. Participants were grouped
based on their pre-specified comorbidity count into Group A (<2 comorbidities; n=439)
and Group B (>2 comorbidities; n=854). Treatment with GLY resulted in significant
improvements in forced expiratory volume in 1 second (FEV,) and St George’s
Respiratory Questionnaire (SGRQ) total scores, independent of comorbidity prevalence.
A higher prevalence of cardiovascular disease (CVD) comorbidities was observed among
individuals in Group B, compared with Group A. In a sub-analysis based on prevalence
of CVD, treatment with GLY resulted in significant FEV; improvements independent of
CVD prevalence, although values were numerically higher in the CVD group. GLY also
led to higher improvements in SGRQ scores in the CVD group. GLY was well tolerated
regardless of comorbidity or CVD prevalence, with a lower incidence of serious adverse
events compared with placebo.

Conclusion: A simple comorbidity count demonstrated that a majority of patients with
COPD in the GOLDEN 3 and 4 studies had multiple comorbidities, with CVD being
common in those with high comorbidity count. Results from this post hoc analysis demon-
strate that GLY improved FEV; and SGRQ scores in individuals with COPD, independent of
their comorbidities or CVD status.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive disease character-
ized by persistent respiratory symptoms and airflow limitation." Comorbidities are
common in patients with COPD, and can contribute to both severity of symptoms
and disease progression.” Many of these comorbidities have common risk factors
(eg, tobacco use)® and their number often increases with COPD severity.?
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Comorbidities can also have an impact on COPD disease
progression, exacerbation frequency, quality of life, and
mortality;> > importantly, comorbidities can influence
decisions about COPD management.> Comorbidities that
are most prevalent among patients with COPD are cardi-
ovascular disease (CVD), lung cancer and diabetes.*
Among these comorbidities, CVD is associated with
increased risk of mortality.*® CVD and COPD are equally
prevalent and share some common risk factors (eg, obe-
sity, tobacco use); a meta-analysis of observational studies
showed that patients with COPD are 2-fold more likely to
have CVD, compared with those without COPD (odds
ratio [OR], 2.46 [95% CI: 2.02-3.0]).” An understanding
of the interrelationship between COPD and comorbidities
may facilitate better treatment strategies.

Overall comorbidity burden has also been studied in
COPD.'*"2 of comorbidity,
a COPD-specific comorbidity count, showed that a higher

Analysis quantified by
comorbidity score was associated with a worse St George’s
Respiratory Questionnaire (SGRQ) total score, increased
risk for exacerbations, and worse dyspnea score.'’
Although prevalent in the COPD population, the prevalence
of comorbidities is not commonly characterized in rando-
mized clinical trials (RCT), as patients with significant
comorbidities are usually excluded from RCTs."*'* Thus,
there are limited data on the impact of comorbidities on
treatment outcomes in patients with COPD.

Glycopyrrolate inhalation solution (GLY; Lonhala®,
Sunovion Pharmaceuticals Inc., Marlborough, MA, USA)
25 pg twice daily (BID) delivered by the eFlow®™ Closed
System nebulizer (Magnair®, PARI Pharma GmbH,
Starnberg, Germany)'> was approved by the US Food and
Drug Administration (FDA) for the long-term, maintenance
treatment of airflow obstruction in patients with COPD in
December 2017.'° This approval was based, in part, on the
12-week,  placebo-controlled
Glycopyrrolate for Obstructive Lung Disease Via
Electronic Nebulizer (GOLDEN) 3 and 4 Phase III studies
(NCT02347761 and NCT02347774, respectively).'” In addi-
tion, the long-term efficacy and safety of GLY 50 ug were
further supported by outcomes of the 52-week GOLDEN 5
Phase III study (NCT02276222).'%

The prevalence of comorbidities in the GOLDEN 3 and

4 RCTs, as well as their impact on the efficacy and safety of
17

outcomes from the

GLY, were not assessed in the original analysis.
A secondary analysis of GLY in participants with pre-
existing cardiovascular (CV) risk factors showed that GLY
had an acceptable safety profile and improved lung function

and patient-reported outcomes (PROs), irrespective of CV
risk factors.'” In contrast, an analysis of the impact of
metabolic syndrome status on participants treated with
GLY showed that changes in PROs were only significant
in those without metabolic syndrome.”® In this post hoc
analysis of pooled data from the 12-week GOLDEN 3 and
4 studies, we assessed the prevalence of comorbidities using
the COPD-specific comorbidity score, and the impact of
comorbidity burden on the efficacy and safety of 25 ug
BID dose of GLY.

Methods

Study Design

Details of the GOLDEN 3 and 4 studies have been pre-
viously described (Figure S1)."” Briefly, in the 12-week,
multicenter, placebo-controlled, double-blind studies, par-
ticipants (N=1,293) were randomized in a 1:1:1 ratio to
receive placebo or GLY (25 or 50 pg BID), via the eFlow®
CS nebulizer. Randomization in each of the studies was
stratified by background long-acting B,-agonist (LABA)
use (yes/no) and by CV risk (high/low). Ipratropium bro-
mide, as supplemental medication, and albuterol (salbuta-
mol), as rescue medication, were permitted. Data for the
GLY 50 pg BID treatment arm are not presented in this
post hoc analysis in order to focus on the FDA-approved
and clinically relevant GLY 25 pg BID. The data from the
50 pg BID dose was used for identifying the overall
prevalence of comorbidities in the study population, but
analysis of outcomes was performed using the placebo and
GLY 25 pg BID arms; inclusion of the 50 ug BID data
does not substantially change the prevalence or distribu-
tion of comorbidities.

Participants

Detailed inclusion and exclusion criteria have been pub-
lished previously.!” Briefly, enrolled participants included
males or females >40 years of age, current or ex-smokers
with >10 pack-year smoking history, a clinical diagnosis of
moderate-to-very-severe COPD (as defined by the GOLD
2020 Report),' and qualifying post-bronchodilator (ipra-
tropium 68 pg) spirometry (FEV; <80% of predicted nor-
mal, FEV, >0.7 L, and FEV,/forced vital capacity ratio
[FVC] <0.70).""

Statistical Analysis
Pooled data from the GOLDEN 3 and 4 studies were ana-
lyzed. Study participants were grouped based on the median
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number of co-existing comorbidities (Group A: <2 comor-
bidities; Group B: >2 comorbidities), and separately by the
cardiovascular disease (CVD) status, with CVD defined as
the presence of any of the following preferred terms: cor-
onary heart disease (CHD), congestive heart failure (CHF)
or peripheral vascular disease (PVD). This analysis com-
pared GLY and placebo treatment in participants grouped by
their baseline comorbidities on the following endpoints: lung
function, as assessed by changes from baseline in trough
FEV; at Week 12 and changes from baseline in SGRQ total
and domain scores at Week 12. Safety data were analyzed
using descriptive statistics;'” adverse events (AEs) and ser-
ious adverse events (SAEs) were coded according to
MedDRA Version 15.1 and summarized by treatment, sys-
tem organ class, and preferred term.

Change from baseline in trough FEV, at Week 12 was
analyzed using a mixed model for repeated measures. Changes
from baseline in SGRQ total and domain scores at Week 12
were analyzed by analysis of covariance. The proportions of
individuals with reduction in SGRQ total score >4 units
(defined as minimum clinically important differences)*' were
analyzed using a logistic regression model. For consistency
with the new drug application submitted to the FDA for
Lonhala® Magnair®, all models included covariates for base-
line level of the appropriate outcome measure, CV risk (high/
low), and background LABA use (yes/no). Efficacy analyses
used the intent-to-treat (ITT) population and the safety ana-
lyses were conducted using the safety population; both popu-
lations consisted of all participants randomized to treatment
and who received >1 dose of study drug. Only data that were
measured while on randomized blinded study treatment (ie,
on-treatment data) were analyzed. No multiplicity adjustments
were made for the comparisons. All statistical procedures were
performed using SAS® v9.2 or higher (SAS Institute Inc.,
Cary, NC) and p-value interpretations were made at the 5%
significance level.

Results
Participant Demographics and Baseline

Characteristics

Using self-reported or physician-diagnosed health data
(Table S1), we identified comorbidities that were most
common among participants in the GOLDEN 3 and 4 trials.
The prevalence of comorbidities in the GOLDEN 3 and 4
trials were generally similar to those observed in the
COPDGene® and SPIROMICS studies (Table S2).'°'?
However, compared with COPDGene® and SPIROMICS,

a higher prevalence of hypertension and osteoarthritis was
observed in the GOLDEN 3 and 4 population. When asses-
sing baseline characteristics among participants in the
GOLDEN 3 and 4 trials with specific comorbidities (Table
S3), individuals with depression and anxiety had a lower
median age (~61 years), whereas those with osteoporosis
had the oldest median age (68 years). Participants with
CHD and obstructive
a greater proportion of males (65.3-66.9%), whereas those

sleep apnea (OSA) included
with osteoporosis, depression, and anxiety were predomi-
nantly female (60.5-84.0%). Participants with any of obe-
sity, OSA, diabetes, or CHF as a comorbidity had the
highest BMIs (32.2-35.9 kg/m?).

Pooled data from participants (N=1,293) in GOLDEN 3
and 4, were grouped based on the number of comorbidities
(Figure S2), with 2 comorbidities considered as a median cut-
oft between the groups. The 14 comorbidities shown in Table 1
were used for grouping individuals into Group A (<2 comor-
bidities; N=439) and Group B (>2 comorbidities; N=854).

Baseline demographics and disease characteristics are pre-
sented in Table 2. Participants in Groups A and B had similar
median age and the majority were males, although the propor-
tion of males was greater in Group A. The proportion of
current smokers was higher in Group A compared with
Group B, although the number of pack-years was similar
between the two groups.

Table | Prevalence of Comorbidities in the Pooled Patient
Population from GOLDEN 3 and 4

Comorbidities™ ° Group A Group B
n (%) (£2 Comorbidities) (>2 Comorbidities)
N=439 N=854
Hypertension 129 (29.4) 645 (75.5)
High cholesterol 82 (18.7) 605 (70.8)
Osteoarthritis 62 (14.1) 414 (48.5)
GERD 49 (11.2) 410 (48.0)
Depression® 38 (8.7) 400 (46.8)
Obesity 70 (15.9) 376 (44.0)
Anxiety® 26 (5.9) 316 (37.0)
Insomnia 34 (7.7) 284 (33.3)
Diabetes 11 (2.5) 210 (24.6)
Sleep apnea 921 181 (21.2)
Osteoporosis 14 3.2) 92 (10.8)
CHD 2 (0.5) 179 (21.0)
PVD 1(0.2) 54 (6.3)
CHF 3(0.7) 45 (5.3)

Notes: *Comorbidities are not mutually exclusive. °Preferred terms used to
classify these comorbidities are provided in Supplementary Table S|. “Based on self-
reported medical history for anxiety and depression. For other comorbidities,
medical records were used when available.

Abbreviations: CHD, coronary heart disease; CHF, congestive heart failure;
GERD, gastroesophageal reflux disease; PVD, peripheral vascular disease.
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Table 2 Demographics and Baseline Characteristics for the
Baseline Comorbidity Prevalence Groups

Characteristics Group A Group B

(<2 Comorbidities) (>2 Comorbidities)

N=439 N=854

Age, years, median (range) 62.0 (40-87) 64.0 (40-85)
Male, n (%) 273 (62.2) 451 (52.8)
Current smoker, n (%) 253 (57.6) 431 (50.5)
Pack-years, median (range) 45.0 (10-192) 47.0 (10-240)
COPD exacerbations within 12 82 (18.7) 168 (19.7%)
months, n (%)
Number of COPD exacerbations 0 (0-54) 0 (0-49)
within 12 months, median (range)
Post-bronchodilator FEV,% 50.0 (20-80) 53.0 (22-80)
predicted, median (range)
Post-bronchodilator 52.9 (20-69) 56.8 (24-71)
FEV|/FVC, % (range)
SGRQ total score, median 46.48 (0-98.2) 50.20 (0.75-90.50)
(range)®

Notes: *Group A, n=412; Group B, n=814.
Abbreviations: FEV|, forced expiratory volume in | second; FVC, forced vital
capacity; SGRQ, St George’s Respiratory Questionnaire.

Baseline lung function was similar between the two
comorbidity prevalence groups (Table 2) and across treat-
ment groups (Table 3), whereas baseline SGRQ total and
domain scores were higher in Group B compared with Group
A, indicating worse health status among participants with
high number of comorbidities (Table 2). Baseline SGRQ
were higher in patients receiving GLY compared with pla-
cebo in both comorbidity groups (Table 3).

Cardiovascular Comorbidities

We observed a higher prevalence of CVD comorbidities
(CHD, CHF and PVD), among participants with >2 comor-
bidities compared with those with <2 comorbidities (Table 1).

To understand the impact of CVD comorbidities on the effi-
cacy of GLY 25 pg BID in participants with moderate-to-very-
severe COPD, we performed a sub-analysis using pooled data
(N=861) grouped by baseline CVD status (Table 4;
Figure S2).

Both non-CVD and CVD groups were generally similar in
age and BMI. However, there were more males in the CVD
group compared with the non-CVD group (Table 5). The
percentage of current smokers was lower in the CVD group
compared with the non-CVD group; however, pack-years
were similar across groups. Baseline SGRQ scores were high-
est in participants receiving GLY in the CVD group but were
similar between treatments in the non-CVD group.

Concomitant medication use was higher among indivi-
duals in the CVD group compared with those in the non-
CVD group (Table S4), particularly the wuse of
acetylsalicylic acid (aspirin; CVD: 64.7% vs non-CVD:
22.1%), ACE inhibitors (CVD: 37.6% vs non-CVD: 21.2%)
and B-blocking agents (CVD: 45.9% vs non-CVD: 12.3%).

Efficacy

FEV, in Overall Comorbidity Prevalence Groups

At 12 weeks, treatment with GLY 25 ug BID resulted in
clinically significant improvements from baseline in
trough FEV, compared with placebo in both comorbidity
groups. The placebo-adjusted least squares (LS) mean
change from baseline in trough FEV; were 108 mL and
88 mL in Group A and Group B, respectively (p<0.0001
vs placebo for both groups; Figure 1A).

FEV, by CVD Prevalence
Treatment with GLY 25 pg BID resulted in significant
improvements from baseline in trough FEV; compared

Table 3 Baseline FEV,, FVC, SGRQ Total and Domain Scores in the Comorbidity Groups, by Treatment

Parameter, Median (Range)

Group A (<2 Comorbidities)

Group B (>2 Comorbidities)

Placebo N=138

FEV, (L)
Post-bronchodilator FVC (L)
COPD exacerbations within 12 months, n (%)

1.24 (0.55-3.15)
2.73 (1.30-5.08)
33 (23.9)

0 (0-54)
43.98 (4.0-98.21)f
65.6 (0—100.0)f
29.88 (0-98.9)"
63.31 (7.6-100.0)!

Number of COPD exacerbations within |2 months
SGRQ total score

Activity domain

Impacts domain

Symptoms domain

GLY 25 pg BID N=154 Placebo GLY 25 pg BID N=277
N=292
131 (0.61-323)° 1.29 (0.51-2.90) 1.26 (0.48-3.07)¢
2.77 (1.56-4.95)° 2.69 (1.48-5.62) 2.60 (1.16-5.40)
27 (17.5) 60 (20.5) 57 (20.6)
0 (0-3) 0 (04) 0 (0-3)
46.43 (0-95.9)¢ 48.73 (1.1-90.5)" 51.23 (0.75-90.34)™

60.34 (0-100.0)¢
33.56 (0-96.8)
61.51 (0-100.0)

66.65 (0-100.0)"
33.26 (0-87.7)'
63.06 (0-100.0)

67.35 (0-100.0)™
35.63 (0-87.9)°
68.5 (0-100.0)°

Notes: *n=133; ®n=144; “n=282; “n=265; °n=153; 'n=129; 2n=147; "n=130;"n=146; 'n=132; “n=149; 'n=281; ™n=260; "n=280; °n=262; Pn=286.
Abbreviations: BID, twice daily; GLY, glycopyrrolate; FEV|, forced expiratory volume in | second; FVC, forced vital capacity; SGRQ, St George’s Respiratory

Questionnaire.
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Table 4 Participant Distribution by Baseline CVD Status

Patients, Total Placebo GLY 25 pg BID
n (%) N =861 N =430 N =431
Non-CVD 691 (80.3) 337 (78.4) 354 (82.1)
CVD 170 (19.7) 93 (21.6) 77 (17.9)

Abbreviations: BID, twice daily; CVD, cardiovascular disease; GLY, nebulized
glycopyrrolate.

with placebo in both the CVD and non-CVD groups
(Figure 1B). The placebo-adjusted change from base-
line was numerically greater in the CVD group com-
pared with the non-CVD group (172 mL vs 76 mL,
respectively; p<0.0001 vs placebo for both groups).

In the subgroup with CHD, the placebo-adjusted LS
mean change from baseline in trough FEV; was 173.2 mL
(p<0.0001 vs placebo; Table S5). While improvements in
FEV, were also observed with GLY 25 pg among partici-
pants with CHF and PVD, fewer patients were represented
in the analysis of these categories.

SGRQ Total Score and Responders

Comorbidity Prevalence Groups

Placebo-adjusted improvements from baseline in SGRQ
total score with GLY 25 pg BID at 12 weeks were sig-
nificant in both comorbidity prevalence groups (Figure
2A). This pattern was consistent across all of the SGRQ
domain scores (activity, symptoms and impacts) in both
groups; the greatest differences between comorbidity pre-
valence groups were observed in the symptoms and

impacts domain scores, both of which showed numerically
greater improvements from baseline in group A compared
with group B. The odds of being an SGRQ responder
(>4-unit reduction)*' were significantly greater with GLY
25 pg BID treatment compared with placebo in either
comorbidity prevalence group (Figure 3A).

CVD Subgroup

At 12 weeks, GLY treatment resulted in significant
improvements from baseline in SGRQ total scores com-
pared with placebo, regardless of baseline CVD status
(Figure 2B), although the improvements were numerically
greater in the CVD group. This pattern was consistent
across all SGRQ domain scores in both groups, with great-
est improvements observed in the symptoms domain. The
odds of being an SGRQ responder were significantly
greater with GLY 25 ug BID treatment compared with
placebo in both CVD and non-CVD groups (CVD:
p<0.01; non-CVD: p<0.05; Figure 3B).

In the subgroup of participants who had comorbid CHD
(placebo, n=64; GLY, n=62), we observed a significant
improvement in SGRQ total scores with GLY 25 pg BID
(Table S5). The placebo-adjusted LS mean difference (SE)
for the CHD group was —4.27 (1.85; p=0.02 vs placebo). The
odds of being an SGRQ responder were significantly greater
with GLY 25 pg BID treatment compared with placebo in
patients with CHD (OR [95% CI]: 2.95 [1.27, 6.89], p=0.012).
Similar results were observed in the subgroup of participants
with comorbid CHF (placebo, n=19; GLY, n=10), where GLY

Table 5 Baseline Demographics and Disease Characteristics by CVD Status

Parameter Non-CVD CvD
Placebo N=337 | GLY 25 pg BID N=354 | Placebo N=93 | GLY 25 pg BID N=77

Age, years 64.0 (41-84) 63.0 (40-83) 66.0 (42-81) 67.0 (47-80)
Male, n (%) 179 (53.1) 193 (54.5) 56 (60.2) 49 (63.6)
BMI, kg/m? 27.95 (16.8-71.6) 26.83 (14.7-53.4) 29.12 (16.3-42.3) 28.69 (16.3-50.3)
Current smoker, n (%) 178 (52.8) 201 (56.8) 40 (43) 39 (50.6)
Pack years 46.0 (10-188) 45.0 (10-192) 46.0 (12-240) 54.0 (16-159)
COPD exacerbations within 12 months, n (%) 69 (20.5) 68 (19.2) 24 (25.8) 16 (20.8)
Number of COPD exacerbations within 12 months 0 (0-54) 0 (0-3) 0 (0-4) 0 (0-2)
Post-bronchodilator FEV s predicted 52.0 (22-79) 53.0 (20-79) 56.0 (24-79) 54.0 (23-76)
Post-bronchodilator FVC (L) 2.69 (1.30-5.62) 2.70 (1.16-5.40)* 2.70 (1.48-5.32) 2.56 (1.23—4.42)
SGRQ total score 47.96 (4.0-982)° 49.25 (0.0-95.9)° 46.41 (1.1-84.3)% 52.76 (9.1-89.0)"

Activity domain 66.19 (0-100.0)° 66.2 (0-100.0)° 66.19 (0-100.0)' 72.82 (0-100.0)"

Impacts domain 31.8 (0-98.9) 34.3 (0-96.8)° 33.36 (0-87.7)% 36.45 (5.5-85.2)!

Symptoms domain 64.5 (7.6-100.0)° 66.9 (0-100.0) 56.4 (0-97.5) 67.0 (15.2-95.6)'

Notes: *n=353; °n=32I; “n=332; “n=322; °n=328; 'n=335; &n=89; "n=75; 'n=88; In=76; “n=90. Values are median (range) unless otherwise noted.
Abbreviations: BID, twice daily; BMI, body mass index; CVD, cardiovascular disease; GLY, glycopyrrolate; FVC, forced vital capacity; FEV|, forced expiratory volume in

I second; SGRQ, St George’s Respiratory Questionnaire.
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Figure | Pooled analysis of trough FEV, at 12 weeks, by (A) baseline comorbidity prevalence group (Group A, <2 comorbidities and Group B, >2 comorbidities) and (B)
baseline cardiovascular disease subgroup (ITT population). ****p<0.0001 vs placebo. The n values represent the number of patients with on-treatment data at Week 12.
Abbreviations: BID, twice daily; CVD, cardiovascular disease; FEV/, forced expiratory volume in | second; GLY, nebulized glycopyrrolate; ITT, intent-to-treat; LS, least

squares; SE, standard error.

25 ng BID resulted in significant improvements in total SGRQ
scores: placebo-adjusted LS mean difference (SE) was —11.06
(5.41; p=0.048 vs placebo). The odds of being an SGRQ
responder were significantly greater with GLY 25 ng BID
treatment compared with placebo in patients with CHF (OR
[95% CI]: 12.57 [1.64, 96.5], p=0.015).

Safety

Comorbidity Prevalence Groups

GLY was generally well tolerated regardless of comorbidity
prevalence (Table 6). Overall incidence of AEs was similar
across treatments and comorbidity prevalence groups; inci-
dence of SAEs was greater among participants in the high
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Figure 2 Pooled analysis of SGRQ total scores and component scores at |2 weeks, by (A) baseline comorbidity prevalence (Group A, <2 comorbidities and Group B, >2
comorbidities) and (B) baseline cardiovascular disease subgroup (ITT population). ¥p<0.05; *¥p<0.01; **p<0.001 for GLY vs placebo.
Abbreviations: BID, twice daily; Cl, confidence interval; GLY, nebulized glycopyrrolate; ITT, intent-to-treat; LS, least squares; SE, standard error; SGRQ, St George's

Respiratory Questionnaire.

comorbidity prevalence group (Group B), compared with
the low comorbidity prevalence group (Group A). The
most common AEs across treatment groups were worsening
of COPD, cough, and dyspnea; incidences of these AEs
were generally similar across the comorbidity prevalence
groups. In the low comorbidity prevalence group (Group
A), cardiac disorders were observed in 1 patient (0.6%)
receiving GLY (2 events, 1 case each of unstable angina

and coronary artery stenosis) and 2 patients (1.4%) receiving
placebo (3 events; 1 case each of sinus tachycardia, atrial
flutter, and cardiomyopathy). In the high comorbidity pre-
valence group (Group B), cardiac disorders were observed in
5 patients (1.8%) receiving GLY (5 events; 3 cases of angina
pectoris, and 1 case each of coronary artery disease and
palpitations) and 8 patients (2.7%) receiving placebo (9
events; 2 cases of atrial fibrillation and 1 case each of the
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Figure 3 Pooled analysis of SGRQ responder rates at |12 weeks, by (A) baseline comorbidity prevalence group (Group A, <2 comorbidities and Group B, >2 comorbidities)
and (B) cardiovascular disease subgroup (ITT population). ¥p<0.05, **p<0.01 vs placebo. The n values represent the number of patients with on-treatment data at Week 2.
Abbreviations: BID, twice daily; Cl, confidence interval; CVD, cardiovascular disease; GLY, nebulized glycopyrrolate; ITT, intent-to-treat; OR, odds ratio; SGRQ,

St George’s Respiratory Questionnaire.

following: unstable angina, coronary artery disease, palpita-
tions, acute myocardial infarction, cardiomegaly, tachycar-
dia, and ventricular tachycardia).

CVD Subgroups

Overall, GLY was generally well tolerated regardless of
CVD status and incidence of all AEs and SAEs was lower
with GLY treatment compared with placebo (Table 7). The
most common AEs across treatment groups were cough,
worsening of COPD and dyspnea (all <10% across CVD
treatment groups). In the CVD group, cardiac disorders
were observed in 2 patients (2.6%) receiving GLY (2
events; both angina pectoris), and 5 patients (5.4%) receiv-
ing placebo (5 events; 1 case each of the following:
unstable angina, atrial fibrillation, cardiomegaly, coronary

artery disease, and tachycardia). In the non-CVD group,
cardiac disorders were observed in 4 patients (1.1%)
receiving GLY (5 events; 1 case each of the following:
angina pectoris, unstable angina, coronary artery disease,
coronary artery stenosis, and palpitations) and 5 patients
(1.5%) receiving placebo (7 events; 1 case each of the
following: atrial flutter, palpitations, sinus tachycardia,
acute myocardial infarction, atrial fibrillation, cardiomyo-
pathy, and ventricular tachycardia).

Incidence of cardiovascular and major adverse cardiac
events was low (<5%) in both CVD and non-CVD sub-
groups (Table 8). There were only 2 MACE recorded, both
of which were non-fatal myocardial infarction and
occurred in the placebo arm among non-CVD patients.
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Table 6 Summary of AEs and SAEs, Including Individual AEs with Incidence 23% in Any Treatment Group, by Baseline Comorbidity

Prevalence Group (Safety Population)

Preferred Term, n (%) Group A (<2 Comorbidities) Group B (>2 Comorbidities)
Placebo N=138 | GLY 25 pg BID N=154 | Placebo N=292 | GLY 25 pg BID N=277
Any AE 64 (46.4) 66 (42.9) 161 (55.1) 121 (43.7)
Cough 13 (9.4) 7 (4.5) 23 (7.9) 23 (8.3)
Worsening of COPD 10 (7.2) I (7.1) 27 (9.2) 17 (6.1)
Dyspnea 7(5.1) 9 (5.8) 6 (2.1) 12 (4.3)
Chest discomfort 6 (4.3) 4 (2.6) 3 (1.0) 1 (0.4)
Any SAE 6 (43) 4 (2.6) 18 (6.2) 9(3.2)
AE leading to early termination from treatment 14 (10.1) 8 (5.2) 25 (8.6) 15 (5.4)

Abbreviations: AE, adverse event; BID, twice daily; GLY, nebulized glycopyrrolate; SAE, serious adverse event.

Table 7 Summary of AEs and SAEs, Including Individual AEs with Incidence 23% in Any Treatment Group, by Baseline CVD (Safety

Population)
Preferred Term, n (%) CcvD Non-CVD
Placebo N=93 | GLY 25 pg BID N=77 | Placebo N=337 | GLY 25 pg BID N=354

Any AE 49 (52.7) 29 (37.7) 176 (52.2) 158 (44.6)
Cough 4 (4.3) 5 (6.5) 32 (9.5) 25 (7.1)
Worsening of COPD 8 (8.6) 339 29 (8.6) 25 (7.1)
Dyspnea 1 (1.1) 4(52) 12 (3.6) 17 (4.8)
Urinary tract infection 0 (0) 3 3.9 6 (1.8) 6 (1.7)
Upper respiratory tract infection 3(32) 2 (2.6) 1 (0.3) 4 (1.1)
Pneumonia 332 0(0) 2 (0.6) 0 (0)
Back pain 332 0(0) 4(1.2) 3(08)
Headache 0(0) 339 10 (3.0) 4 (1.1)

Any SAE 9 (9.7) 2 (2.6) 15 (4.5) I @3.1)

AEs leading to early termination from treatment 5(54) 3 (3.9 35 (10.4) 19 (5.4)

Abbreviations: AE, adverse event; BID, twice daily; CVD, cardiovascular disease; GLY, glycopyrrolate; SAE, serious adverse event.

Discussion
This post hoc analysis of pooled data from the GOLDEN 3
and 4 trials demonstrated a high prevalence of comorbid-
ities, especially CVD, among individuals with moderate-to
-very-severe COPD. Despite the high prevalence of
comorbidities and CVD in this population, significant
improvements in lung function and SGRQ total scores
were observed with GLY 25 pg BID compared with pla-
cebo. Further, the odds of being an SGRQ responder were
significantly higher with GLY 25 pg BID compared with
placebo, regardless of comorbidity or CVD status at base-
line. Treatment was well tolerated, with a similar inci-
dence of AEs and SAEs with GLY or placebo, regardless
of comorbidity burden.

COPD is a complex, heterogeneous, and multicompo-

nent disorder, and disease severity can be further

Table 8 Summary of Cardiovascular AESIs and MACE in Any
Treatment Group, by Baseline CVD (Safety Population)

Preferred Term, | CVD Non-CVD
n (%)
Placebo | GLY Placebo | GLY 25
n=93 25 pg n=337 ng BID
BID n=354
n=77
Any cardiovascular | 4 (4.3) 3 (3.9 7 (2.1) 4 (1.1)
AESI
MACE score 0 0 2 (0.6) 0

Abbreviations: AESI, adverse event of special interest; BID, twice daily; CVD,
cardiovascular disease; GLY, glycopyrrolate; MACE, major adverse cardiac event.

exacerbated by the presence of coexisting conditions.***

Comorbidities are frequent in patients with COPD, and
affect overall prognosis and treatment options.” An
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analysis of data from 20,296 patients with COPD showed
that patients at GOLD stages 3 and 4 were more likely to
have 1-3 comorbidities compared with patients with nor-
mal lung function (GOLD stage 0).* Data from large
clinical trials such as TORCH and UPLIFT have shown
that comorbidities such as CVD and lung cancer are com-
mon contributors to mortality among patients with
COPD.***?* Similarly, a longitudinal, observational
study of 1,664 patients with COPD identified 79 comor-
bidities, 12 of which (including lung cancer and CVD)
were associated with an increased risk of death. In this
observational study, the average number of comorbidities
were ~6 per patient and tended to be significantly higher
among non-survivors, compared with survivors.* In addi-
tion, studies have shown that lung function impairments
are associated with higher risk of comorbidities, resulting
in higher mortality and hospitalization.® In spite of this
evidence, assessment and consideration of comorbidities
in RCTs is limited. This may be, in part, due to the
methods of identifying and categorizing comorbidities, as
well as stringent recruitment criteria which may exclude
patients with comorbidities. Some studies have used clus-
ter analysis to analyze comorbidities; such analyses have
been informative,>*>> but these may not be feasible for
smaller studies and lack broad applicability.

A simple comorbidity count method was previously
developed to identify and characterize comorbidities in
COPD; analysis of two large COPD cohorts, COPDGene™
and SPIROMICS using this method showed that determin-
ing a comorbidity score could provide insight into clinical
trial readouts including SGRQ total score, exacerbation risk,
and dyspnea score.'® The use of this simple comorbidity
count'® with the pooled population from the GOLDEN 3
and 4 clinical trials showed similarities in the prevalence of
comorbidities among patients with COPD between the
GOLDEN trial, COPDGene®, and SPRIOMICS cohorts.
Not surprisingly, the existence of a greater number of
comorbidities (ie, a higher comorbidity score) was asso-
ciated with a higher prevalence of CVD. Additionally,
demographic characteristics of study participants were gen-
erally similar following grouping based on comorbidity
count (Table S6). Across all three cohorts, patients with
>2 comorbidities tended to have higher pack-years and
were clinically obese, compared with their counterparts in
the <2 group. Despite similar lung function across cohorts,
patients from the GOLDEN trials had a higher proportion of
current smokers and higher baseline SGRQ scores, reflec-
tive of worse disease in this population; a higher prevalence

of anxiety, depression and insomnia was observed in the
GOLDEN trials. These results show that the comorbidity
burden observed in the GOLDEN trials was generally repre-
sentative of that demonstrated in large epidemiologic
COPD cohort studies.

Treatment with GLY resulted in clinically significant
improvements in FEV, independent of baseline comorbid-
ity or CVD prevalence. Of note, improvements in FEV,
from baseline in patients with CVD were numerically
greater than those observed in non-CVD patients, with
~100 mL difference between the two subgroups, despite
similar FEV, at baseline. Additional analysis of potential
factors associated with CVD and lung function are needed
to understand the differences in FEV; improvements
observed between the CVD and non-CVD groups.
Improvements in cardiac function and output, and pulmon-
ary microvascular blood flow have been observed with
bronchodilators in a few smaller studies of patients with
COPD.?*?* Bronchodilators can also reduce pulmonary
hyperinflation, as demonstrated in several clinical studies
of COPD.?~® Changes in hyperinflation after administra-
tion of tiotropium (TIO; a long-acting muscarinic antago-
[LAMA]) or (inhaled
corticosteroid/LABA) were measured in 20 patients with

nist budesonide/formoterol
stable COPD; while improvements in spirometry and
hyperinflation were observed in both treatment groups,
the impact of TIO on hyperinflation was greater, compared
with budesonide/formoterol.*® Treatment with 150 pg
indacaterol (a LABA) in 40 patients with stable COPD
showed significant reductions in hyperinflation in acute
conditions, compared with placebo; further, this was asso-
ciated with improvements in cardiac function.’'
Intermediate cardiac endpoints and hyperinflation were
not analyzed in the current study; it is likely that GLY-
mediated improvements in FEV; in the CVD group could
also improve cardiac function and hyperinflation, and
future studies could explore this as a powered endpoint.
Presence of comorbidities may contribute to variability
in SGRQ responses with GLY 25 pg BID. A recent post
hoc analysis of pooled data from the GOLDEN trials
demonstrated differential treatment effects by presence of
metabolic syndrome at baseline.” While changes from
baseline in SGRQ scores were significantly improved
compared with placebo regardless of their baseline comor-
bidity or CVD status, the magnitude of changes in SGRQ
total and domain scores was greater in individuals with
low comorbidity count and in patients with CVD. These

differences are not likely to be driven by COPD severity,
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as the baseline lung function was similar between comor-
bidity and CVD groups. The consistently significant
improvements in SGRQ with the GLY 25 pg BID dose
are encouraging, confirming the positive changes in PROs
observed in the overall population,'” and support the use
of this treatment in patients, regardless of the presence of
comorbidities or CVD.

The safety profile of GLY 25 pg BID was consistent in
both comorbidity and CVD prevalence groups. In addition,
the incidence of SAEs was lower with GLY compared
with placebo in both comorbidity prevalence groups.
These results further demonstrate the safety of GLY in
patients with COPD, irrespective of presence of comorbid-
ities. However, previous studies had shown a correlation
between presence of comorbidities or CVD and increased

patient mortality;*°

the current analysis is limited and
cannot assess the impact of comorbidities on patient mor-
tality in the GOLDEN 3 and 4 studies due to the short, 12-
week study duration and the limited 30-day safety follow-
up period. A previous analysis of the 48-week GOLDEN 5
study showed that GLY 50 pg BID did not display differ-
ences in CV-related mortality between patients with low or
high CV risk factors.'® Additional, long-term clinical trials
or real-world data assessing the impact of GLY on mortal-
ity in patients with COPD and comorbidities are needed.
This study is limited by the post hoc nature of the patient
stratification in this analysis and the lack of adjustment for
multiplicity. The differences in baseline demographics and
disease characteristics may have contributed to some of the
observed differences in treatment responses. In addition, the
recruitment criteria of the two trials led to the exclusion of
patients with severe comorbidities, including unstable car-
diac or pulmonary disease;'” therefore, the GOLDEN cohort
may not be an accurate representation of the real-world
COPD population. As such, clinical trials with less restrictive
recruitment criteria, particularly in the context of comorbid-
ities, and real-world studies are necessary to complement
This
a comprehensive understanding of the impact of comorbid-

existing clinical trials. would allow for

ities on treatment efficacy and safety in patients with COPD.

Conclusions

In this pooled analysis of the GOLDEN 3 and 4 studies,
use of a simple comorbidity count highlighted the preva-
lence of comorbidities, particularly CVD, among patients
with COPD in clinical trials. Treatment with GLY 25 pg
BID resulted in lung function and PRO improvements
independent of the comorbidity and CVD prevalence,

both in terms of FEV; and SGRQ total scores, respec-
tively. Interestingly, improvements in FEV; were larger in
CVD compared with non-CVD patients, which warrants
further analysis. Importantly, GLY was well tolerated with
no differences in safety outcomes in either comorbidity or
CVD prevalence group. These findings represent impor-
tant clinical phenotypes in the COPD population and high-
light the importance of comorbidities in the proper
management of patients with COPD.

Data Sharing Statement
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