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Purpose: Chronic obstructive pulmonary disease (COPD) exacerbations are associated with
increased risk of major adverse cardiovascular events (MACE) and mortality. Here, we
investigate whether the safety and efficacy of aclidinium bromide differ due to exacerbation
history in patients with COPD and increased cardiovascular risk.

Patients and Methods: ASCENT-COPD was a Phase 4, multicenter, double-blind, rando-
mized, placebo-controlled, parallel-group study of patients with moderate-to-very severe
COPD and increased cardiovascular risk. Patients were randomized 1:1 to receive aclidinium
or placebo twice daily for up to 3 years. Outcomes included time to first MACE and all-cause
mortality over 3 years, exacerbation rate during the first year on-treatment, and change in
baseline pre-dose forced expiratory volume in 1 second (FEV,) over 3 years. This pre-
specified subgroup analysis compared outcomes in patients receiving aclidinium vs placebo.
The comparison of patients with vs without an exacerbation history was added following
a protocol amendment to increase enrollment in the primary study.

Results: Of 3589 patients, 2156 (60.1%) had >1 moderate or severe exacerbations in the
prior year, compared with 1433 (39.9%) without prior exacerbations. Although patients with
an exacerbation history had numerically higher rates of MACE and mortality regardless of
treatment, aclidinium did not increase risk of MACE (=1: hazard ratio [HR] 0.79, 95%
confidence interval [CI]: 0.54—1.16; none: HR 1.27, 95% CI: 0.65-2.47; interaction P=0.233)
or all-cause mortality (>1: HR 1.08, 95% CI: 0.81-1.43; none: HR 0.66, 95% CI: 0.36-1.22;
interaction P=0.154), regardless of exacerbation history. Aclidinium reduced the exacerba-
tion rate vs placebo irrespective of exacerbation history (>1: rate ratio [RR] 0.80, 95% CI:
0.68-0.94; none: RR 0.69, 95% CI: 0.54-0.89; interaction P=0.340) and improved FEV,
(interaction P=0.633).

Conclusion: In patients with moderate-to-very severe COPD and increased cardiovascular
risk, aclidinium did not increase risk of MACE or mortality and reduced exacerbation rate vs
placebo, regardless of exacerbation history.

Clinical Trial Registration: ClinicalTrials.gov Identifier: NCT01966107.

Keywords: COPD, COPD exacerbation, aclidinium, MACE, mortality

Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease character-
ized by persistent respiratory symptoms and airflow obstruction and is a leading cause
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of morbidity and mortality worldwide.! In a review of five
studies, over 70% of patients experienced >1 exacerbations
within three years of study initiation,” and these events play
a substantial role in the disease burden for both patients and
healthcare systems. Exacerbations can be characterized as
mild (requiring an increase in dose of regular medication),
moderate (requiring additional medication from a physician,
such as corticosteroids and/or antibiotics), or severe (result-
ing in hospitalization and/or mortality).> Exacerbations are
associated with an accelerated decline in lung function®” and
an increased risk of major adverse cardiovascular events
(MACE; defined as cardiovascular mortality, non-fatal myo-
cardial infarction, or non-fatal stroke)® ™ and mortality.'®'?

Aclidinium bromide 400 pg twice daily is a long-acting
muscarinic antagonist approved for use as maintenance treatment
for patients with COPD, administered using a breath-actuated
dry-powder inhaler (Genuair/Pressair; AstraZeneca).'>*
ASCENT-COPD was a Phase 4, multicenter, double-blind, ran-
domized, placebo-controlled, parallel-group study that evaluated
cardiovascular (CV) safety and COPD exacerbation rate in
patients with moderate-to-very severe COPD and increased CV
risk.'” Treatment with aclidinium did not increase risk of MACE
vs placebo over 3 years and reduced the rate of COPD exacer-
bations vs placebo over one year."

Most studies that aim to reduce COPD exacerbation risk
enroll patients with a history of exacerbations and exclude
patients with CV risk factors.>'®!” ASCENT-COPD provided
a unique population of patients with or without an exacerbation
history and an increased CV risk. This pre-specified subgroup
analysis aimed to compare the effect of aclidinium treatment on
MACE, exacerbations, and lung function in ASCENT-COPD
patients. The comparison of patients with vs without an exacer-
bation history was added following a protocol amendment to
increase enrollment in the primary study. The hypothesis of this
subgroup analysis was that a benefit in exacerbation prevention
with aclidinium vs placebo would not be found in patients
without an exacerbation history, but aclidinium would demon-
strate improved lung function vs placebo. Moreover, it was
hypothesized that patients with an exacerbation history would
have more MACE and COPD exacerbations compared with
patients without an exacerbation history.

Methods

Study Design

The study design for the ASCENT-COPD study has been
reported in detail previously.'® In brief, ASCENT-COPD
(NCTO01966107) was a Phase 4, multicenter, double-blind,

randomized, placebo-controlled, parallel-group study con-
ducted at 522 sites in the USA and Canada.'® The study
comprised a 2-week washout period, followed by a double-
blind treatment phase, during which patients were rando-
mized 1:1 to receive aclidinium 400 pg or matching placebo
twice daily for up to 3 years, until >122 MACE events
occurred. In this subgroup analysis, patients were categor-
ized according to whether or not they had experienced >1
moderate or severe COPD exacerbations (requiring addi-
tional medication from a physician, such as corticosteroids
and/or antibiotics, or resulting in hospitalization and/or
mortality) in the year prior to the study.

Study Population

The study population for the ASCENT-COPD study has been
previously reported.' In brief, eligible patients were males
or females aged >40 years with moderate-to-very severe
COPD (forced expiratory volume in 1 second [FEV,]/forced
vital capacity <70%, and FEV; < 80% predicted) and
a smoking history of >10 pack-years. Details of the CV risk
factors can be found in the supplementary materials. When
the ASCENT-COPD study was started, patients were
required to have had >1 treated COPD exacerbations in

the year prior to screening; however, this requirement was
subsequently removed after approximately half of the
patients were enrolled to increase accrual and allow for
a broader patient population. At that time, the upper limit of
FEV, was also increased from 70% to 80% predicted.

Outcome Measures
Safety outcomes included time to first MACE over 3
years, as adjudicated by a clinical endpoint adjudication

'3 and all-cause mortality. Efficacy outcomes

committee,
were annual rate of moderate or severe COPD exacerba-
tions during the first year on-treatment and change in

baseline pre-dose (trough) FEV, over 3 years.

Statistical Considerations

All statistical analyses were based on the full analysis set (all
patients who took >1 dose of treatment), and patients were
analyzed according to their randomized treatment. Safety
analyses included “on-study” data, ie, all data collected
during the follow-up period, irrespective of treatment dis-
continuation. Efficacy analyses included ‘“on-treatment”
data, ie, data up to discontinuation of randomized treatment,
where applicable; MACE and moderate or severe COPD
exacerbation rate analyses were pre-specified.
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Time to first MACE was analyzed using subgroup-
specific (ie, no or >1 exacerbations) Cox proportional
hazards models with randomized treatment group (aclidi-
the
previous year (yes/no), baseline CV risk group (prior

nium/placebo), history of >1 exacerbation in
events and risk factors), and smoking status (current smo-

ker, ex-smoker) as factors. To assess evidence of
a differential treatment effect, an additional analysis was
undertaken, including both subgroups and a treatment-by-
exacerbation history interaction term. This approach was
also undertaken for all-cause mortality. Moderate or severe
COPD exacerbation rates were analyzed using negative
binomial regression models with treatment group and
exacerbation history, and their two-way interaction.
Spirometry outcomes were analyzed on-treatment during
the first year using mixed models for repeated measures
adjusted for pre- and post-bronchodilator FEV| at screen-
ing, baseline FEV, smoking status, baseline inhaled cor-
ticosteroid use, exacerbation history, and visits. In
addition, this included a three-way interaction between
treatment, baseline exacerbation history, and study visit.

To compare the incidence of MACE and all-cause
mortality between those with and without exacerbation
history it was necessary to account for differential follow-
up times between these subgroups. Cox regression models
including randomized treatment group, history of >1
exacerbation in the previous year, baseline CV risk
group, smoking status and the interaction between exacer-
bation history and treatment group were used. The overall
effect of exacerbation history was obtained by averaging
the treatment-specific effect estimates.

All reported outputs were produced using SAS version
9.3 (SAS Institute Inc). P values for treatment-by-
exacerbation history interaction effects were considered
statistically significant if P<0.10; otherwise P values less

than 0.05 were considered statistically significant.

Results
Baseline Demographics and

Characteristics

Of the 3589 patients included in this analysis, 2156
(60.1%) patients had a history of >1 moderate or severe
COPD exacerbations in the year prior to randomization
compared with 1433 (39.9%) patients without prior COPD
exacerbations (Figure 1). Baseline demographics were
generally comparable between patients with and without
baseline COPD

an exacerbation history; however,

characteristics and CV risk differed (Table 1). Patients
with an exacerbation history had worse airflow obstruction
(14.9% very severe, 44.1% severe, 39.1% moderate, and
0.5% mild) vs patients without an exacerbation history
(10.0% very severe, 35.2% severe, 53.1% moderate, and
0.4% mild). A higher percentage of patients with vs with-
out an exacerbation history had one or more CV events,
plus two or more atherothrombotic risk factors (47.3% vs
38.9%, respectively). Prior inhaled corticosteroid use was
greater in patients with vs without an exacerbation history,
both alone and in combination with a long-acting
B,-agonists and/or long-acting muscarinic antagonist
(60.0% vs 51.9%, respectively). COPD assessment test
total and individual scores were similar between patients
with and without an exacerbation history (total score,
mean [standard deviation, SD]: 21.0 [7.3] vs 20.2 [7.1],
respectively). Patients with an exacerbation history had
lower lung function vs patients without an exacerbation
history (post-bronchodilator FEV % predicted, mean [SD]
45.7 [14.6] vs 50.7 [15.1], respectively).

Safety

Although patients with an exacerbation history experi-
enced numerically more MACE than patients without an
exacerbation history (=1 exacerbation: 5.1%; no exacerba-
tions: 2.4%; hazard ratio [HR] 1.34, 95% confidence inter-
vals [CI] 0.90-2.00; P=0.156), aclidinium did not increase
risk of MACE, regardless of exacerbation history (=1
exacerbation: HR 0.79, 95% CI: 0.54-1.16; no exacerba-
tions: HR 1.27, 95% CI: 0.65-2.47; interaction P=0.233;
Figure 2).

The rate of all-cause mortality was numerically higher
in patients with an exacerbation history (>1 exacerbation:
8.9%; no exacerbations: 2.9%; HR 1.11, 95% CI 0.76—
1.62; P=0.580). However, aclidinium did not increase all-
cause mortality risk, irrespective of COPD exacerbation
(>1 exacerbation: HR 1.08, 95% CI: 0.81-1.43; no exacer-
bations: HR 0.66, 95% CI: 0.36—1.22; interaction P=0.154;
Figure 3).

Efficacy

The hazard ratios for time to first moderate or severe
COPD exacerbations (Figure 4A) were similar for patients
with or without an exacerbation history (interaction
P=0.279). The annual exacerbation rate was numerically
higher in patients who had a history of COPD exacerba-
tions (=1 exacerbation: aclidinium 0.65 vs placebo 0.82,
absolute rate reduction: 0.17; no exacerbation: aclidinium
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7286 Patients screened
3656 Excluded
3482 Did not meet eligibility
criteria
112 Withdrew consent
18 Lost to follow-up
L, 9 Adverse events
5 Study or site prematurely
terminated by sponsor
for any reason
5 COPD exacerbations
2 Protocol violations
23 Other reasons
1812 Randomized to aclidinium 1818 Randomized to placebo
1810 Received aclidinium as 1816 Received placebo as
randomized randomized
2 Did not receive aclidinium 2 Did not receive placebo
(no treatment taken) (no treatment taken)
! !
1297 Completed study 1267 Completed study
513 Discontinued study 549 Discontinued study
175 Withdrew consent 220 Withdrew consent
118 Adverse events 113 Adverse events
106 Lost to follow-up 96 Lost to follow-up
18 COPD exacerbations 20 COPD exacerbations
12 Protocol violations 13 Insufficient therapeutic
9 Did not meet inclusion/ responses
exclusion criteria® 13 Protocol violations
6 Missing investigator 8 Did not meet inclusion/
signature exclusion criteria®
4 |nsufficient therapeutic 4 Missing investigator
responses signature
3 Study or site prematurely 4 Study or site prematurely
terminated by sponsor terminated by sponsor
for any reason for any reason
62 Other reasons 58 Other reasons
| |
1791 Included in primary analyses® 1798 Included in primary analyses®
21 Not included 20 Not included
13 Nonadherence to good 14 Nonadherence to good
clinical practices clinical practices
6 Missing investigator 4 Missing investigator
signature signature
2 Did not receive treatment 2 Did not receive treatment
I I
' ! ! !
723 without 1068 with =1 exacerbation 710 without 1088 with =1 exacerbation
exacerbation in the prior year exacerbation in the prior year
history 786 one exacerbation history 810 one exacerbation
282 =2 exacerbations 278 =2 exacerbations

Figure | Patient flow in the ASCENT randomized clinical trial. *Patients were randomized in error. ®For safety outcomes, 70.7% of patients had completed the 3-year study
or were currently enrolled in the study when it was stopped; for efficacy outcomes, 67.3% of patients had completed 12 months of treatment or were in their first year of
treatment when the study was stopped. The median exposure times for aclidinium vs placebo were: 770.0 and 736.5 days with a history of 2| exacerbation and 410.0 and
386.0 days without exacerbation history, respectively.

Abbreviation: COPD, chronic obstructive pulmonary disease.

submit your manuscript

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2021:16



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

Dove

Wise et al

Table | Baseline Demographics and Characteristics

Patients 2| Exacerbations in Previous No Exacerbations in Previous
Year Year
Total (N=2156) Total (N=1433)

Mean age, years (SD) 66.9 (8.3) 67.5 (8.5)
Male, % 57.6 60.3
White, % 90.9 90.2
Current smoker, % 42.8 44.7
CAT total score, mean (SD) 21.0 (7.3) 20.2 (7.1)
Cough score, mean (SD) 2.7 (1.2) 2.7 (1.2)
Phlegm score, mean (SD) 2.6 (1.3) 2.4 (1.3)
Chest feeling tight, mean (SD) 2.1 (1.4) 1.9 (1.3)
Breathless going up, mean (SD) 3.8 (1.2) 37 (1.2)
Feeling limited, mean (SD) 2.8 (1.5) 2.6 (1.4)
Confident leaving home, mean (SD) 1.6 (1.5) 1.6 (1.4)
Sound sleep, mean (SD) 2.4 (1.5) 2.3 (1.5)
Energy level, mean (SD) 3.1 (13) 3.0(1.2)
Post-bronchodilator FEV % predicted, mean (SD) 45.7 (14.6) 50.7 (I15.1)
COPD exacerbations in previous year, n (%)

0 0 1433 (100.0)

I 1596 (74.0) 0

22 560 (26.0) 0
COPD exacerbation rate in previous year, mean (SD) 1.4 (0.9) 0.0
COPD severity based on airflow obstruction, n (%)

Mild Il (0.5) 6 (0.4)

Moderate 843 (39.1) 761 (53.1)

Severe 951 (44.1) 505 (35.2)

Very severe 321 (14.9) 143 (10.0)
CYV risk factors, %
21 prior CV event + >2 atherothrombotic risk factors 47.3 38.9

2| prior CV event only 35 43

22 atherothrombotic risk factors only 48.9 56.6

Notes: Full analysis set (N = 3589); included all patients randomized to treatment who received 2| dose of study drug. COPD severity was defined according to percent
predicted FEV, (GOLD |1, mild, FEV, 280%; GOLD 2, moderate, 50% <FEV, <80%; GOLD 3, severe, 30% <FEV, <50%; GOLD 4, very severe, FEV, <30%).
Abbreviations: CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; FEV, forced expiratory volume in | second; n, number of

patients; N, total number of patients; SD, standard deviation.

0.27 vs placebo 0.38, absolute rate reduction: 0.11; Figure
4B). Aclidinium reduced the annual exacerbation rate vs
placebo for patients with or without an exacerbation his-
tory with a similar relative benefit (=1 exacerbation: rate
ratio [RR] 0.80, 95% CI: 0.68—0.94; no exacerbations: RR
0.69, 95% CI 0.54-0.89; interaction P=0.340). In addition,
benefits of treatment with aclidinium in reducing exacer-
bation rate were irrespective of whether the exacerbation
required systemic corticosteroid or antibiotic use (of note,
patients could be counted in >1 category; Figure 4C); RRs
were comparable between the two exacerbation treatment
approaches (systemic corticosteroid: RR 0.81, 95% CI:
0.70-0.95; antibiotics: RR 0.75, 95% CI 0.65-0.87).

In terms of lung function, trough FEV, was higher in
patients with or without an exacerbation history treated
with aclidinium vs placebo (Figure 5). Although treatment
differences were numerically higher for patients with an
exacerbation history vs those without (least square mean
difference 93 mL, 95% CI: 66—120 vs 65 mL, 95% CI:
27-103), there was no evidence of a differential effect of
treatment across subgroups (interaction P=0.633).

Discussion

In this subgroup analysis of the ASCENT-COPD study of
patients with moderate-to-very severe COPD and CV risk
factors, the risk of MACE, all-cause mortality, and rate of
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Figure 2 Time to first adjudicated MACE (A) and risk of MACE (B) up to 3 years in

v

Placebo better

patients with and without an exacerbation history. Cox regression model with factors,

including treatment, exacerbation history, and their interaction, as well as adjusting for other baseline factors (see Statistical Considerations). An HR >1 indicated higher risk
of MACE with aclidinium and an HR <[ indicated lower risk of MACE with aclidinium.
Abbreviations: A, aclidinium; Cl, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event; n, number of patients with MACE; N, total number of

patients; P, placebo.

moderate-to-very severe COPD exacerbations were found
to be numerically higher in patients with an exacerbation
history vs those without an exacerbation history.
Importantly, the safety of aclidinium with regards to
MACE and all-cause mortality was similar to placebo,
even in the higher risk population with a COPD exacer-
bation history. Although the relative reduction in rate of
COPD exacerbations was similar in patients regardless of
exacerbation history, the absolute reduction in exacerba-
tion rate was greater in patients with an exacerbation
history vs those without an exacerbation history.
Improvements in pre-dose FEV; were observed in all
patients treated with aclidinium vs placebo, regardless of
exacerbation history.

Overall and similar to previous observations,®'!!?
patients with a history of COPD exacerbation had
a numerically increased risk of MACE and all-cause mortal-

ity vs those without an exacerbation history.

In a retrospective analysis of the UPLIFT trial,
which evaluated symptoms, lung function, and exacer-
bation history,'” patients in GOLD Groups A and B, had
exacerbations with tiotropium (RR 0.64 and 0.72,
respectively) that were similar to the non-exacerbation
subgroup in this analysis (RR 0.69) in this study; how-
ever, in GOLD Groups C and D, exacerbations with
tiotropium (RR 0.91 and 0.89,
numerically higher than the prior-exacerbation subgroup
reported here (RR 0.80). Rates of MACE were similar
between tiotropium and placebo for GOLD Groups
A-C in the UPLIFT trial; however, tiotropium signifi-
cantly reduced the rate of MACE in GOLD Group D vs
placebo. Because of the inclusion of patients with an
increased CV risk in the ASCENT-COPD study, and
subgroup definitions, it is not possible to say whether

respectively) were

aclidinium is more effective than tiotropium in patients
with more severe COPD (ie, patients in GOLD Groups
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Figure 3 Time to all-cause mortality event (A) and risk of all-cause mortality (B) up to 3 years based on vital status in patients with and without an exacerbation history.
Cox regression model with factors, including treatment, exacerbation history, and their interaction, as well as adjusting for other baseline factors (see Statistical
Considerations). An HR >1 indicated higher risk of all-cause mortality with aclidinium and an HR <1 indicated lower risk of all-cause mortality with aclidinium.
Abbreviations: A, aclidinium; Cl, confidence interval; HR, hazard ratio; n, number of patients who died; N, total number of patients; P, placebo.

C and D, and those with an exacerbation history).
However, coupled with results from the UPLIFT trial,
these findings support and extend those of the overall
ASCENT-COPD study'® and increase the confidence
that long-acting muscarinic antagonists do not confer
increased risk of CV disease in patients with COPD."?

Strengths of the study include the use of prospec-
tive and uniform data collection and verified definitions
of both exacerbations and MACE. Furthermore, in con-
the ASCENT-COPD
study was designed to demonstrate the effects of acli-

trast to observational studies,

dinium, including the rate of exacerbations, in patients
with COPD and increased CV risk, and as such the
treatment assignment to aclidinium was random,
regardless of COPD exacerbation history.

Limitations of the study include the change in patient

enrollment after the study had begun; although an

exacerbation history was an inclusion factor at the
beginning of the study, the enrollment of patients with-
out an exacerbation history was permitted from approxi-
mately half-way through the study, therefore the two
subpopulations were not completely concurrent.
Together with study completion at 122 MACE events,
this led to a longer follow-up time for patients with
a COPD exacerbation history with respect to MACE
and mortality; however, comparison of treatment effects
between subgroups remain valid. In the ASCENT-COPD
study, aclidinium was shown to be non-inferior to pla-
cebo for MACE risk. Finally, exacerbation history in
the year prior to recruitment was ascertained via taking
patient history, and therefore was subject to recall bias
and uncertainty; COPD exacerbations are frequently
under-reported”® and some overlap in exacerbation his-

tory between groups cannot be excluded.
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Figure 4 Time to first moderate or severe COPD exacerbation (A), moderate or severe COPD exacerbation rate during the first year (B), and COPD exacerbation
treatments (C) (on-treatment analysis). Negative binomial model with factors, including treatment, exacerbation history, and their interaction. An RR >| indicated higher
risk of exacerbation with aclidinium and an RR <I indicated lower risk of exacerbation with aclidinium.

Abbreviations: A, aclidinium; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; N, total number of patients; n, number of patients receiving specified

treatment; P, placebo; RR, rate ratio.

Conclusion

In this pre-specified subgroup analysis of the ASCENT-

COPD study of patients with moderate-to-very severe

COPD and increased CV risk, patients with a history of

COPD exacerbation were found to have increased CV

risk, compared with patients who had no prior exacerba-
tions. However, there was no safety signal to suggest
increased risk of MACE or mortality due to aclidinium
vs placebo, irrespective of exacerbation history. In addi-

tion, treatment with aclidinium reduced the rate of COPD
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Figure 5 Change from baseline in morning (trough) FEV, during the first year (on-treatment analysis). Baseline = average of two pre-dose values prior to administration of
first dose, or one value if only one is available, or pre-dose bronchodilator value at screening if both are missing. Change in baseline FEV, (least square mean * standard
error) analysis is based on a mixed model for repeated measures with pre- and post-bronchodilator FEV, values at screening, and baseline FEV, as factors. On-treatment
analysis included all patients who completed | year or were on-treatment when the study was stopped.

Abbreviations: A, aclidinium; FEV/, forced expiratory volume in | second; N, total number of patients; n, number of patients receiving specified treatment; P, placebo.

exacerbations in patients, regardless of exacerbation
history.

Aclidinium may be used to prevent future COPD
exacerbations in patients with moderate-to-very severe
COPD and increased CV risk without increased risk of
MACE or mortality, regardless of exacerbation history.

Abbreviations

A, aclidinium; CAT, COPD assessment test; CI, confidence
interval; COPD, chronic obstructive pulmonary disease; CV,
cardiovascular; FEV, forced expiratory volume in 1 second,;
HR, hazard ratio, MACE, major adverse cardiovascular
event; N, total number of patients; n, number of patients
with events; P, placebo; RR, rate ratio; SD, standard deviation.
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