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Background: Anxiety and depression (A/D) are common in patients with chronic obstruc-
tive pulmonary disease (COPD) and are often associated with lower adherence to treatment
and worse patient-related outcomes. However, studies on the impact of comorbid A/D on
responses to bronchodilators are limited.

Methods: This post hoc analysis of pooled data (N=861) from the GOLDEN 3 and 4
studies compared the efficacy and safety of nebulized glycopyrrolate (GLY) 25 ng in
patients with moderate-to-very-severe COPD, grouped by self-reported A/D. Changes in
forced expiratory volume in 1 second (FEV) and health-related quality of life determined
by St George’s Respiratory Questionnaire (SGRQ) scores in patients with or without
comorbid A/D (A/D [+] or A/D [-]) were examined following 12 weeks of GLY 25 ug
twice-daily (BID) or placebo treatment.

Results: A/D (+) patients were predominantly female, younger, included a higher proportion
of current smokers, and had higher baseline SGRQ scores compared with the A/D (-) group.
At 12 weeks, GLY resulted in placebo-adjusted improvements from baseline in FEV; of
46.9 mL (p=0.19; not significant) and 106.7 mL (p<0.0001), in the A/D (+) and A/D (-)
groups, respectively. Improvements were observed with GLY compared to placebo in SGRQ
scores, regardless of baseline A/D status; the placebo-adjusted least squares mean change
from baseline in SGRQ total scores was —3.16 (p>0.05) and —3.34 (p<0.001), for the A/D (+)
and A/D (-) groups, respectively. Despite numerical improvements in SGRQ scores with
GLY in the A/D (+) group, a higher response to placebo was observed. GLY was generally
well tolerated throughout 12 weeks of treatment; incidence of adverse events was higher in
the A/D (+) group compared with the A/D (-) group in both treatment arms.

Conclusion: GLY 25 pg BID resulted in numerical improvements in FEV,, SGRQ total
scores and SGRQ responder rates in patients with moderate-to-very-severe COPD, regardless
of A/D status at baseline; significant improvements were noted only in the A/D (+) group.
The results emphasize the importance of considering underlying comorbidities including A/D
when evaluating the efficacy of COPD treatments.
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Background

Chronic obstructive pulmonary disease (COPD) is a progressive disease character-
ized by persistent respiratory symptoms and airflow limitation.! Patients with
COPD commonly present with one or more coexisting comorbidities that can
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impair their quality of life, and may increase their risk for
morbidity and premature mortality.”® Anxiety and depres-
sion (A/D) are common comorbidities in patients with
COPD, occurring more frequently compared with the gen-
eral population, and are often associated with poor COPD
outcomes.* ® Comorbid A/D in COPD has been associated
with lower treatment adherence and increased risk of
COPD exacerbations, morbidity, disability, early dropout
from pulmonary rehabilitation, and mortality.” ' A cross-
sectional analysis performed in 408 patients with COPD
showed that A/D had the most impact on health status, as
measured by the Feeling Thermometer, a patient-reported
health status

observed in patients with COPD, with an estimated pre-

instrument.'> Comorbid A/D is often
valence ranging from 22% to 48%.'*'* Despite its high
prevalence and overall negative impact on COPD out-
comes, most studies that characterize the impact of A/D
on COPD outcomes study these comorbidities separately;
few studies have explored the impact of comorbid A/D on

patient-reported  outcomes (PROs) in COPD.'*!"
However, the impact of comorbid A/D on responses to
bronchodilator therapy in COPD has not been
characterized.

Glycopyrrolate inhalation solution (GLY; Lonhala®,
Sunovion Pharmaceuticals Inc., Marlborough, MA, USA)
25 pg twice daily (BID) delivered by the eFlow™ Closed
System (CS) 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, replicate, Glycopyrrolate for Obstructive Lung
Disease via Electronic Nebulizer (GOLDEN) 3 and 4
studies, in which GLY demonstrated statistically signifi-
cant and clinically important improvements in lung func-
tion and St George’s Respiratory Questionnaire (SGRQ)
scores compared with placebo in patients with moderate-to
-very-severe COPD, with no major safety signals."’

Analysis of pooled data from the 12-week GOLDEN 3
and 4 studies was conducted to evaluate the effect of GLY
25 ug BID treatment on lung function and SGRQ scores in
COPD patients with comorbid A/D. Given the high preva-
lence of A/D in patients with COPD, determining its impact
on COPD treatment outcomes may provide insight into
treatment strategies. The aim of this post hoc analysis was
to investigate the impact of self-reported comorbid A/D on
response to bronchodilators among patients with COPD.

Methods

Study Design

This is a post hoc analysis of pooled data from the GOLDEN
3 and 4 studies, details for which have been described pre-
viously (Figure 1).'” Briefly, in the 12-week, multicenter,
placebo-controlled, double-blind studies, patients (N=1293)
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 study was stratified by background
long-acting [,-agonist (LABA) use (yes/no) and by cardio-
vascular (CV) risk (high/low). Ipratropium bromide, as sup-
plemental medication, and albuterol (salbutamol), as rescue
medication, were permitted. Data for the GLY 50 pg BID
treatment arm are not presented in this post hoc analysis, as
25 pg is the FDA-approved dose.

To perform the post hoc analysis, pooled patient data
from the GOLDEN 3 and 4 studies were categorized into
those with or without comorbid A/D (A/D [+] and A/D [-]
groups). A/D (+) patients had a self-reported medical
history of A/D >6 months prior to and ongoing at the
first study treatment. A/D (—) patients may have: 1) no
history of anxiety or depression, 2) anxiety alone or 3)
depression alone; patients in this group did not concur-
rently have both disorders. A/D in the medical history was
noted via patient self-report or available medical records.
If the sites did not use electronic medical records, patient
self-reporting of A/D was accepted.

The GOLDEN 3 (SUN101-301: project approval num-
ber 28481) and GOLDEN 4 (SUNI101-302: project
approval number 28482) study protocols were approved
by Quorum Review IRB North American (US and
Canadian) 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
patients provided written informed consent.

Patients

The study protocols including inclusion and exclusion
criteria have been previously published.'” Briefly,
patients included males or females >40 years of age,
current or ex-smokers with >10 pack-year smoking his-
tory, and a clinical diagnosis of moderate-to-very-severe
COPD (as defined by GOLD criteria)." Spirometry
assessments were performed using a standardized, com-
puter-based pneumotach spirometry system, and included

the determination of forced expiratory volume in
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Figure | GOLDEN 3 and 4 study designs.

Notes: Data from Kerwin et al.'” *SAEs were monitored for 30 days after the last dose of study treatment. Data for the GLY 50 pg BID treatment arm are not presented in

this post hoc analysis.

Abbreviations: BID, twice daily; CS, closed system; GLY, nebulized glycopyrrolate; ICS, inhaled corticosteroids; LABA, long-acting B,-agonist; min, minimum; SAE, serious

adverse event; tx, treatment.

1 second (FEV,), forced vital capacity (FVC), and FEV,
/FVC ratios. Predicted FEV, was obtained using the
normal prediction equations from the 3rd National
Health and Nutrition Examination Survey (NHANES III
2001)."® Spirometry measurements were conducted in
with  the ATS/ERS 2005
guidelines.'® Additionally, post-bronchodilator (ipratro-

accordance current
pium 68 pg) spirometry qualifying criteria at screening
included FEV; <80% of predicted normal, FEV; >0.7
L and FEV/FVC <0.70.

Statistical Analyses
This analysis compared GLY and placebo treatment in patients
grouped by comorbid A/D status on the following endpoints:
change from baseline in trough FEV, (trough FEV, is mea-
sured before dosing at each documented visit) and the changes
from baseline in SGRQ total and domain scores at Week 12.
Safety data were analyzed using descriptive statistics;'’
adverse events (AEs) and serious adverse events (SAEs)
were coded according to MedDRA v15.1 and summarized
by treatment, system organ class, and preferred term.

This study focused on data with the FDA-approved dose of
25 ug BID of GLY.'® To stay consistent with the new drug
application submitted to the FDA for Lonhala® Magnair®,
changes from baseline in trough FEV; at Week 12 were

analyzed using a mixed-model for repeated measures, with

factors for treatment group, CV risk (high/low), visit week,
background LABA use (yes/no), and visit week by treatment
group interaction, and baseline FEV,; as a covariate.
Unstructured covariance was used to model the intra-subject
variability. Changes from baseline in SGRQ scores at Week 12
were analyzed by analysis of covariance. SGRQ responders,
defined as the proportions of patients with reduction in SGRQ
total score >4 units,”® which represents the minimum clinically
important difference (MCID), were analyzed using a logistic
regression model. Both SGRQ analyses included treatment
group, CV risk (high/low), and background LABA use (yes/
no), with baseline SGRQ as covariates. Efficacy analyses used
the intent-to-treat (ITT) population and the safety analyses
were conducted using the safety population; both populations
consisted of all randomized patients who received >1 dose of
study drug (on-treatment data). No multiplicity adjustments
were made for the post hoc multiple comparisons. All p-value
interpretations were made at the 5% significance level. All
statistical procedures were performed using SAS® v9.2 or
higher (SAS Institute Inc., Cary, NC).

Results
Patient Demographics and Baseline

Characteristics
Pooled data from patients (N=861) receiving placebo or
GLY 25 pg BID in GOLDEN 3 and 4 were grouped based
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Table | Patient Distribution by Baseline Comorbid Anxiety and
Depression Status

Patients, n (%) Total Placebo GLY 25 ug BID
N=861 N=430 N=431
AID (+) 156 (18.1) 75 (17.4) 8l (18.8)
AD (-) 705 (81.9) | 355 (82.6) 350 (81.2)
Anxiety only 75 (8.7) 37 (8.6) 38 (8.8)
Depression only | 141 (16.4) 73 (17.0) 68 (15.8)

Abbreviations: A/D (+), comorbid anxiety and depression; A/D (-), no comorbid
anxiety and depression, or anxiety or depression alone; BID, twice daily; GLY,
nebulized glycopyrrolate.

on the presence or absence of comorbid A/D (Table 1).
A high prevalence of anxiety, depression or both was
observed in the patient population (372 patients; 43.2%).
A/D (+) patients represented 18.1% of the COPD patient
population (n=156). Among A/D () patients (n=705), 75
(8.7%) patients had anxiety alone and 141 (16.4%)
patients had depression alone (Table 1).

Baseline demographics and disease characteristics are
presented in Table 2. A comparison of patient characteris-
tics at baseline showed that A/D (+) patients were predo-
minantly female (~66% vs ~40%), younger (~71% vs 48%
were <65 years of age), and with a higher proportion of
current smokers (71% vs 49%), in the A/D (+) vs A/D (-)
groups, respectively. In the A/D (+) group, the background
use of LABA and ICS was lower among patients receiving
placebo, compared to those receiving GLY; in the A/D (-)
group, background use of LABA and ICS was similar
between treatment groups. The baseline SGRQ total and
domain scores were higher in the A/D (+) patients.

Efficacy

Lung Function

At Week 12, GLY resulted in significant improvement
(p<0.0001) in trough FEV; from baseline in the A/D (-)
group, compared with placebo. The least squares [LS] mean
(standard error [SE]) for the change from baseline in trough
FEV, for the GLY 25 pg and placebo groups were 98.6
(11.6) mL and -8.1 (11.6) mL, respectively (placebo-
adjusted change from baseline was 106.7 [16.0] mL,
p<0.0001; Figure 2). Among the A/D (+) patients, the LS
mean (SE) changes from baseline in trough FEV| were 33.6
(244) mL and —13.3 (27.7) mL with GLY 25 pg and
placebo groups, respectively; in A/D (+) patients, the trough
FEV; improvements from baseline observed with GLY

were not significant compared to placebo (placebo-
adjusted change from baseline was 46.9 [35.7] mL, p=0.19).

Health-Related Quality of Life (HRQoL) — SGRQ
Scores and Responder Analyses

At 12 weeks, significant improvements compared with
placebo in the SGRQ total scores following treatment
with GLY 25 pg BID occurred only in the A/D (-)
group; the placebo-adjusted LS mean (SE) change from
baseline in SGRQ total scores for this group was —3.34
(0.86) (p<0.001; Figure 3A). This pattern was consistent
across all of the SGRQ domain scores in the A/D (-)
group, with the greatest changes observed in the symptoms
domain score (Figure 3B-D).

In the A/D (+) group, the magnitude of improve-
ments in SGRQ total and domain scores with GLY
were greater than those observed in the A/D (-)
group. However, the placebo response among patients
in the A/D (+) group was markedly high compared
with that in the A/D (-) group and resulted in reduced
placebo-adjusted changes from baseline in SGRQ total
scores. The LS mean (SE) change from baseline in
SGRQ total scores in the A/D (+) group was —5.77
(1.52) and -2.61 (1.57) for the GLY 25 pg and placebo
groups, respectively (p=0.12; Figure 3A). A similar
trend of high placebo response was also observed in
the SGRQ domain scores in the A/D (+) group (Figure
3B-D) and was highest with the symptoms domain
with the LS mean (SE) change from baseline of —7.36
(2.18) and —4.57 (2.27) for the GLY 25 pg and placebo
groups, respectively (Figure 3D).

The odds of being an SGRQ responder (>4-unit reduc-
tion) in the GLY treatment group were significantly greater
than placebo (p<0.01) in patients in the A/D (-) group but
not in the A/D (+) groups, although the proportion of
responders was numerically greater than placebo in both
groups (Figure 4).

Safety

Overall, GLY was generally well tolerated, regardless of
comorbid A/D disorder status (Table 3). In both treat-
ment arms, overall incidence of AEs was higher in the
A/D (+) group (GLY: 54.3%; Placebo: 66.7%), com-
pared with the A/D (-) group (GLY: 40.9%; Placebo:
49.3%). Importantly, the incidence of overall AEs was
lower in the GLY treatment arm compared with placebo
in both comorbid A/D groups. Cough and worsening of
COPD were the most common AEs reported across all
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Table 2 Patient Demographics and Baseline Characteristics by Baseline Comorbid Anxiety and Depression Status

Parameter A/D (+) A/D (-)
Placebo N=75 GLY 25 pg BID N=8I Placebo N=355 GLY 25 pg BID N=350
Age, years, median (range) 60.0 (42-81) 59.0 (45-79) 65.0 (41-84) 64.5 (40-83)
<65 years, n (%) 54 (72.0) 56 (69.1) 166 (46.8) 175 (50.0)
265 years, n (%) 21 (28.0) 25 (30.9) 189 (53.2) 175 (50.0)
Female, n (%) 51 (68.0) 52 (64.2) 144 (40.6) 137 (39.1)
White, n (%) 72 (96.0) 76 (93.8) 316 (89.0) 309 (88.3)

BMI, kg/m* median (range)

29.12 (17.9-48.9)

28.98 (16.5-47.1)

28.07 (16.3-71.6)

26.96 (14.7-53.4)

Current smoker;, n (%) 55 (73.3) 56 (69.1) 163 (45.9) 184 (52.6)
Pack years, median (range) 45.0 (11-188) 46.0 (16-129) 47.0 (10-240) 45.5 (10-192)
High CV risk, n (%) 52 (69.3) 56 (69.1) 226 (63.7) 219 (62.6)
Background LABA, n (%) 18 (24.0) 26 (32.1) 114 (32.1) 109 31.1)
Background ICS, n (%) 17 (22.7) 26 (32.1) 110 (31.0) 100 (28.6)
COPD exacerbation within past 12 months, n (%) 17 22.7) 17 (21.0) 76 (21.4) 67 (19.1)
FEV|, L, median (range)® 1.345 (0.59-2.49) 1.288 (0.53-3.07) 1.260 (0.51-3.15) 1.255 (0.475-3.23)
FEV, reversibility, %, median (range)® 18.0 (-2-58) 16.0 (-8-63) 15.0 (-33-86) 17.0 (-16-74)
Post-bronchodilator FEV,, n (%)°

<30% predicted 2 (2.7) 2 (25) 22 (6.2) 27 (7.7)

230%—-<50% predicted 22 (29.3) 28 (34.6) 131 (36.9) 128 (36.7)

250% predicted 51 (68.0) 51 (63.0) 202 (56.9) 194 (55.6)

SGRQ total score, median (range)?
Activity component®

Impacts component’

Symptoms component®

53.29 (22.20-8821)
72.82 (60.20-85.84)
39.72 (25.02-53.51)
69.06 (53.16-81.03)

56.73 (9.11-90.09)
73.37 (59.46-85.84)
41.68 (28.57-53.22)
732 (57.31-80.91)

46.05 (1.13-98.21)
66.19 (49.54-79.67)
30.72 (16.99-46.76)
61.6 (42.90-74.90)

47.83 (0-95.94)
66.19 (47.70-79.67)
33.63 (19.26-47.96)
64.18 (46.14-79.70)

Notes: *A/D (+), Placebo: n=69, GLY: n=78; A/D (-), Placebo: n=346, GLY: n=331. SA/D (+), Placebo: n=75, GLY: n=81; A/D (-), Placebo: n=355, GLY: n=349. “One patient
in the A/D (-) group treated with GLY had missing post-bronchodilator FEV, data. “A/D (+), Placebo: n=72, GLY: n=75; A/D (-), Placebo: n=338, GLY: n=332. *A/D (+),
Placebo: n=72, GLY: n=76; A/D (-), Placebo: n=337, GLY: n=331. ‘A/D (+), Placebo: n=72, GLY: n=76; A/D (-), Placebo: n=339, GLY: n=332. 8A/D (+), Placebo: n=73, GLY:

n=76; A/D (-), Placebo: n=345, GLY: n=335.

Abbreviations: A/D (+), comorbid anxiety and depression; A/D (=), no comorbid anxiety and depression, or anxiety or depression alone; BID, twice daily; BMI, body mass
index; CV, cardiovascular; FEV, forced expiratory volume in | second; GLY, nebulized glycopyrrolate; ICS, inhaled corticosteroids; LABA, long-acting ,-agonist; SGRQ, St

George’s Respiratory Questionnaire.

treatment groups. In the A/D (+) group, the incidence
(GLY vs placebo) of COPD worsening (7.4% vs 13.3%),
anxiety (1.2% vs 5.3%) and headache (1.2% vs 5.3%)
was lower in the GLY treatment group compared to
placebo. The incidence of dry mouth, a common AE
observed with LAMA treatment, was low, occurring
only in the A/D () group (placebo, n=1 [0.3%]; GLY
25 pg BID, n=4 [1.1%)]).

The incidence of SAEs was higher in the A/D (+) group
(7.4-9.3%), compared with the A/D (-) group (2.0-4.8%).
The most commonly reported SAE was COPD worsening
among the A/D (+) group (GLY: 2.5%; Placebo: 4.0%), and
pneumonia in the A/D (-) group (GLY: 0%; Placebo: 0.8%).

Discussion

Anxiety and depression are common in patients with
COPD, with growing evidence supporting a bidirectional
relationship between A/D disorders and COPD, wherein
one can impact the severity and prognosis of the other.>’
Despite the high prevalence of A/D among patients with
COPD,*'*? there are limited data assessing the impact of
these comorbidities on the efficacy (or effectiveness) and
safety of bronchodilator therapy. In addition, studies in
patients with A/D in non-respiratory diseases have shown
a pattern of high placebo response with neuropsychiatric
drugs.*** However, there is a paucity of data characteriz-
ing the placebo response in patients with COPD and

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

submit your manuscript

869

Dove


http://www.dovepress.com
http://www.dovepress.com

Hanania et al

Dove

Placebo
140 4 n= 53 269

-

N

o
"

=N
o
o

60

40

20

LS mean change from baseline in
Trough FEV, (mL) at 12 weeks (SE)

GLY 25 ug BID
70 279

mA/D (+)

Treatment difference
(GLY vs placebo)

106.7"

=AD (-)

Figure 2 Pooled analysis of change from baseline in trough FEV at 12 weeks, by baseline comorbid anxiety and depression status (ITT population).

Notes: **p<0.0001 vs Placebo. The n values represent the number of patients with on-treatment data at Week |2.

Abbreviations: A/D (+), comorbid anxiety and depression; A/D (-), no comorbid anxiety and depression, or anxiety or depression alone; BID, twice daily; FEV, forced
expiratory volume in | second; GLY, nebulized glycopyrrolate; ITT, intent-to-treat; LS, least squares; SE, standard error.

comorbid A/D. Our study results suggest that treatment
with GLY showed numerical improvements in treatment
outcomes such as lung function (FEV;) and HRQoL
(SGRQ scores), compared with placebo regardless of base-
line A/D status; however, significant improvements in
these outcomes compared with placebo were only
observed in the A/D (-) group. Of note, the A/D (+)
group showed greater improvements from baseline in
SGRQ total and domain scores compared with the A/D
(=) group; however, there was also a high placebo
response in the A/D (+) group.

Comorbid A/D was observed in 18% of patients from
the pooled GOLDEN 3 and 4 populations. This preva-
lence is slightly lower than that reported in literature,
which ranges from 22% to 48%.'*'* This difference
may be attributed to the self-reporting of A/D, which
may have led to under-representation of the actual num-
ber of patients with comorbid A/D disorders in the popu-
lation. However, baseline demographics and disease
characteristics of A/D (+) patients in this post hoc analy-
sis were in agreement with previous studies.>'®?%2¢
A high prevalence of A/D among females and younger
patients was noted in the GOLDEN 3 and 4 studies
(Table 2); while these differences in baseline demo-
graphics and disease characteristics, such as background

LABA use, may have contributed to the observed differ-
ences in lung function improvements between patients in
the A/D (+) and A/D (—) groups, previous analyses of the
results from GOLDEN 3 and 4 showed no differences in
lung function improvements by gender, age, and back-
ground LABA use.?’*° The higher proportion of current
smokers among patients with comorbid A/D and COPD
is also consistent with the literature,” and may be in part
due to the greater difficulty of smoking cessation among
patients with depression.*° The differences in lung func-
tion improvements between patients in the A/D (+) and
A/D (=) groups may have been impacted by smoking
status in these patients; while there are no studies on the
impact of smoking status on efficacy of treatment with
nebulized GLY, a previous analysis of GLY inhalation
powder delivered using a dry powder inhaler showed
similar improvements among smokers and non-
smokers.”' Further analysis of the impact of smoking
on treatment with nebulized GLY is needed.

Overall, treatment with GLY led to improvements in
lung function and SGRQ relative to placebo independent
of A/D status, although the magnitude and significance of
these differences varied between the two groups. Lung
function showed significant improvements with GLY com-

pared with placebo in the A/D (-) group only; this may be
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Figure 3 Pooled analysis of SGRQ change from baseline in (A) total score, (B) activity score, (C) impacts score, and (D) symptoms score at |12 weeks, by baseline comorbid
anxiety and depression status (ITT population).

Notes: *p<0.05; **p<0.01; **p<0.001 vs placebo. The n values represent the number of patients with on-treatment data at Week 12.

Abbreviations: A/D (+), comorbid anxiety and depression; A/D (-), no comorbid anxiety and depression, or anxiety or depression alone; BID, twice daily; GLY, nebulized
glycopyrrolate; ITT, intent-to-treat; LS, least squares; SE, standard error; SGRQ, St George’s Respiratory Questionnaire.
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Figure 4 SGRQ responder rates at |12 weeks, by baseline comorbid anxiety and depression status (ITT population).

Notes: **p<0.01 vs placebo. The n values represent the number of patients with on-treatment data at Week |2.

Abbreviations: A/D (+), comorbid anxiety and depression; A/D (-), no comorbid anxiety and depression, or anxiety or depression alone; BID, twice daily; Cl, confidence
interval; GLY, nebulized glycopyrrolate; ITT, intent-to-treat; OR, odds ratio; SGRQ, St George’s Respiratory Questionnaire.
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Table 3 Summary of AEs and SAEs, Including Individual AEs with Incidence 25% in Any Treatment Group, by Baseline Comorbid

Anxiety and Depression Status (Safety Population)

Preferred Term, n (%) A/D (+) A/D (-)
Placebo N=75 GLY 25 ug BID N=81 Placebo N=355 GLY 25 pg BID N=350
Any AE 50 (66.7) 44 (54.3) 175 (49.3) 143 (40.9)
Cough 8 (10.7) 8 (9.9) 28 (7.9) 22 (6.3)
COPD worsening 10 (13.3) 6 (7.4) 27 (7.6) 22 (6.3)
Gastroenteritis 4 (5.3) 1 (1.2) 2 (0.6) I (0.3)
Anxiety 4(5.3) 1(1.2) 0(0) | (0.3)
Headache 4 (5.3) 1 (1.2) 6 (1.7) 6 (1.7)
Any SAE 7(9.3) 6(74) 17 (4.8) 7 (2.0

Abbreviations: AE, adverse event; A/D (+), comorbid anxiety and depression; A/D (-), no comorbid anxiety and depression, or anxiety or depression alone; COPD,
chronic obstructive pulmonary disease; BID, twice daily; GLY, nebulized glycopyrrolate; SAE, serious adverse event.

a result of the small sample size in the A/D (+) group,
which may have led to larger variability of outcomes.
However, the large difference in placebo-adjusted changes
from baseline in FEV, between groups suggests potential
advantages of treatment with GLY in the A/D (-) group
compared with the A/D (+) group (106.7 mL vs 46.9 mL,
respectively). Differences in patient characteristics at base-
line may also have contributed to the absence of signifi-
cant improvement in the A/D (+) group; although baseline
FEV, was similar across groups, the proportion of women
and current smokers was greater in the A/D (+) group
compared with A/D (-) group. The low FEV, response
observed in the A/D (+) group may also be explained by
the observation that poor lung function and A/D symptoms
are often interrelated.” In a study of 200 patients with
asthma, lung function was significantly worse among
patients with A/D symptoms, compared to those without
A/D symptoms.** Decreased lung function can also result
in mental health and emotional problems; in an analysis of
6913 participants, impairments in lung function were sig-
nificantly associated with anxiety and depression.*> The
role of A/D in COPD progression is further supported by
the observation that patients with COPD who are treated
for A/D disorders show improvements in both lung func-
tion and PROs.** Comorbid A/D in COPD may also con-
found pulmonary function tests in a laboratory setting; in
patients with lung disease, an association between A/D
and respiratory symptoms has been reported.>> Another
possibility that may have confounded the FEV, outcomes
among patients in the A/D (+) group is that patients with
both anxiety and depression may have greater problems
performing forced expiratory maneuvers properly, and
these suboptimal efforts may have influenced the observed

outcomes. Patients with A/D are also three-times more
likely to be non-adherent to their medications compared
to A/D (-) patients.*® While compliance/adherence was
not assessed for the individual groups in this analysis,
a combination of these factors may provide insight into
the lack of significance in lung function improvements in
the A/D (+) group compared with the A/D (=) group.®”**
Additional analyses in patients with COPD and comorbid
A/D are needed to understand the differences in lung
function improvement with treatment.

SGRQ total and domain scores were ~7—10 points higher
at baseline in the A/D (+) group compared to the A/D (-)
group, indicating worse baseline PROs in the A/D (+) group;
this has been observed in other studies.?” This may be related
to worse symptoms, acute exacerbations, decreased exercise
tolerance and dyspnea observed among patients with COPD
and comorbid A/D.>'%?"22 We consistently observed numer-
ical improvements in both SGRQ total and domain scores in
the A/D (+) group (Figure 3). This is consistent with the
observation that patients with COPD who are treated for A/D
show improvements in PROs.>* However, despite numerical
improvements in SGRQ total scores in the A/D (+) group,
a significant difference with GLY was not observed when
compared with placebo; this is likely due to a high placebo
response observed in the A/D (+) group. This high placebo
response was notably high in the SGRQ symptoms domain,
where MCID of —4.57 was observed in the A/D (+) group
(Figure 3D) not with other domains. Similar placebo effects
have been observed in clinical trials of antidepressants; these
increased responses to placebo diminish the differences
observed with the active drug, often leading to failure of
these trials.”>** A meta-analysis of antidepressant trials has

shown that a high placebo response rather than low
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medication response can lead to trial failure.”® Therefore, it is
likely that GLY improved SGRQ scores in the A/D (+)
groups; however, it is masked by the high placebo response,
resulting in the absence of a significant improvement in this
group.

The safety profile of GLY was generally similar
between the two A/D groups, although the incidence of
AEs and SAEs among patients treated with GLY was
higher in the A/D (+) group, compared with the A/D (-)
group. This may reflect mechanistic links between A/D
disorders and COPD; alternatively, these differences may
be due to demographic differences or differences in the
perception of health status by patients with different A/D
disorder status. Consistent with the interdependence
between COPD and A/D disorders, patients treated with
GLY had lower overall incidence of AEs and SAEs, as
well as incidences of the most common AEs, compared
with placebo. Other AEs that occurred to a greater extent
among A/D (+) patients included cough and COPD wor-
sening, both of which may have been impacted by the
higher proportion of current smokers in the A/D (+)
group. In the A/D (+) group, the incidence of headache
and anxiety was also lower compared to placebo. This
suggests that GLY can be effective among patients with
comorbid A/D as it can improve lung function and
decrease the incidence of A/D disorder-related AEs (eg,
headache and anxiety).

Limitations of the study include the post hoc nature
of the patient stratification in this analysis as well as
the lack of adjustment for multiplicity. The difference
in the number of patients in each sub-group, the high
prevalence of active smokers in the A/D (+) vs A/D (-)
group, as well as the patient demographics (eg, predo-
minantly white patients) may have contributed to some
of the variability observed in the reported outcomes. In
addition, the self-reporting of A/D, rather than clinical
adjudication, may have resulted in under-reporting of
A/D disorders, as reported previously.*’ Further, cau-
tion is required in interpretation of the data as we have
not examined the severity of depression or anxiety
symptoms in patients with COPD using screening or
clinical diagnostic tools. Hence, clinical trials that uti-
A/D
a predetermined stratification criterion are needed to

lize  well-validated diagnostic  tools  as
better assess the impact of comorbid A/D disorders
on the efficacy and safety of bronchodilators in patients

with COPD.

Conclusions

In this post hoc analysis, treatment with GLY 25 pg BID
for 12 weeks showed numerical improvements in FEV;
and SGRQ scores, regardless of comorbid A/D; however,
statistically significant improvement in both assessments
with GLY compared with placebo was only observed in
the A/D () group. GLY was well tolerated and, impor-
tantly, resulted in improvements in A/D-related AEs (eg,
headache) compared with placebo. These results highlight
the importance of considering underlying comorbidities
including A/D in patients with COPD as potential modi-
fiers of treatment response and the need for well-designed,
randomized controlled studies on the influence of these
comorbidities on COPD therapies. In addition, these
results provide important insights into treatment recom-
mendations and follow-up for clinicians with patients with
COPD and comorbid anxiety and depression.

Data Sharing Statement
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