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Abstract

This was a 52-week, double-blind, extension study in which COPD patients previously 

treated with twice-daily (BID) aclidinium bromide 200 μg or 400 μg during a 12-week 

lead-in study (ACCORD COPD I) continued the same treatment, while patients 

previously receiving placebo were rerandomized (1:1) to aclidinium 200 μg or 400 μg 

BID. The primary objective of this study was to evaluate the long-term safety and 

tolerability of aclidinium treatment. Effi cacy outcomes included bronchodilation, 

health status, and rescue medication use. A total of 467 patients completed the 

lead-in study and 291 patients consented to participate in the extension. At study 

end, the percentages of patients who reported a treatment-emergent adverse event 

(TEAE) were similar for both treatments (200 μg, 77.4%; 400 μg, 73.7%). Incidence 

of anticholinergic TEAEs was low and similar for both treatments, with dry mouth 

reported in only 1 patient (400 μg). Cardiac TEAEs were reported by a similarly low 

percentage of patients (<5% for any event in any group) with no apparent dose 

dependence. Improvements from baseline in lung function were greatest for patients 

who received continuous aclidinium treatment and those who were rerandomized 

from placebo to aclidinium 400 μg; these improvements were generally sustained 

throughout the study. Health status and overall rescue medication use was improved 

from baseline for both treatments. The safety profi le of twice-daily aclidinium and 

sustained improvements in lung function and health status throughout the 52-week 

extension study support its use as a long-term maintenance treatment for patients 

with COPD. (Clinical trial registration number NCT00970268).
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Introduction

An estimated 64 million people worldwide are reported to suff er from chronic 
obstructive pulmonary disease (COPD) (1), a major global health challenge with 
projected increases in prevalence, mortality, and associated healthcare costs (2). 
Although not fully reversible, COPD is a treatable disease, with the reduction of 
symptoms and improvement of health status identifi ed as important treatment 
goals by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) (3).

Long-acting inhaled bronchodilators are recommended by the GOLD 
guidelines for eff ective disease management (3). Aclidinium bromide is a novel 
inhaled long-acting muscarinic antagonist (LAMA) indicated for maintenance 
treatment of COPD. In patients with COPD, treatment with twice-daily (BID) 
aclidinium 200 μg and 400 μg provided signifi cant improvements in lung func-
tion compared with placebo as early as the fi rst administered dose that were 
sustained until the end of the 1- to 24-week studies (4–7). In addition, both doses 
of aclidinium were associated with signifi cant improvement in health status and 
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COPD symptoms, as well as a reduction in breathlessness 
(6, 7). Th e effi  cacy and safety profi les of twice-daily acli-
dinium have been previously described in clinical trials up 
to 6 months in duration (6, 7), but long-term data have not 
yet been reported for these outcomes.

Here we present the results from the 1-year extension 
of the ACCORD COPD I study (AClidinium in Chronic 
Obstructive Respiratory Disease I) (6). Th e primary 
objective of this study was to evaluate the long-term 
safety and tolerability of aclidinium in patients with 
moderate-to-severe COPD who received an additional 
52 weeks of twice-daily aclidinium 200 μg or 400 μg after 
12 weeks of treatment with the same aclidinium dose 
or with placebo. Th e long-term effi  cacy of aclidinium in 
pulmonary function and patient-related outcomes was 
also assessed in this study.

Methods

Study design
Th is was a Phase 3, multicenter, randomized, double-
blind, parallel-group, 52-week, long-term extension 
study (NCT00970268) of ACCORD I (6), which was a 
12-week randomized, double-blind, placebo-controlled 
trial conducted in patients with moderate-to-severe 
COPD in North America. Patients who completed the 
lead-in study were enrolled in the extension study if they 
agreed to participate in the 52-week extension. Patients 
who received aclidinium 200 μg or 400 μg BID during 
the lead-in study continued the same treatment, and 
patients who received placebo were rerandomized (1:1) 
to twice-daily aclidinium 200 μg or 400 μg in the exten-
sion study. Both aclidinium doses were administered 
via a novel, multidose, dry powder inhaler (Genuair®/
PressairTM)*. Written informed consent was provided 
by the patient before initiation of any procedure in the 
extension study. Th e protocol was approved by the Insti-
tutional Review Board at each study center; the study 
was conducted according to International Conference 
on Harmonisation/Good Clinical Practice guidelines 
and the Declaration of Helsinki.

Study population
Key eligibility criteria for participation in the lead-in 
study have been described previously (6). Key exclu-
sion criteria in this study were abnormalities in clinical 
laboratory values, vital signs, or electrocardiographic 
(ECG) results such as prolongation of QTc interval 
(Bazett-corrected) greater than 500 msec, clinically 
signifi cant anticholinergic eff ects in the lead-in study, 
noncompliance with treatment or attending study visits 
during the lead-in study, and signifi cant interruption of 
double-blind treatment between the end of the lead-in 
study and the initiation of the extension study.

Th e use of long-acting beta
2
-agonists (LABA) and other 

anticholinergics were prohibited during the study. Patients 
receiving LABA/inhaled corticosteroid (ICS) maintenance 
therapy prior to study entry were maintained on the ICS 

component alone. Albuterol and salbutamol were permit-
ted as rescue medications; COPD background medica-
tions such as long-acting theophylline, ICS, and oral or 
parenteral corticosteroids (�10 mg/day of prednisone or 
20 mg every other day) were also allowed provided that 
treatment was stable for �4 weeks before study entry. 
Discontinuation of rescue medication, ICS, or theophyl-
line was required �6 hours before a study visit. 

Assessments and outcome measures
Visit 1 (enrollment) of the extension study was the fi nal 
visit of the lead-in study. Safety and effi  cacy were evalu-
ated during study visits at 12, 24, 36, 48, and 52 weeks 
after completion of the lead-in study; safety was also 
assessed 1 week after enrollment in the extension study. 
Safety assessments include those reported or observed 
during the extension study only, while effi  cacy assess-
ments included measurements made during both the 
lead-in and extension studies. Safety was assessed dur-
ing the extension study based on documentation of any 
adverse event (AE) reported by the patient or observed by 
the investigator (an approach consistent with AE report-
ing in clinical trials), clinical laboratory tests, vital signs, 
physical examinations, and ECGs. An AE was classifi ed as 
treatment-emergent if it started on or after the date of the 
fi rst dose of double-blind treatment of the extension study 
(until 30 days after the last treatment dose) or if it started 
before the fi rst dose in the extension study and contin-
ued during the study with increased severity. Assessment 
of relationship to treatment of AEs was provided by 
the study investigator. Lung function was assessed by 
standardized spirometry (8); assessments were made at 
premorning dose (–45 and –15 minutes [–60 and –10 at 
enrollment]) and postmorning dose (0.5, 1.0, 2.25, and 
3.0 hours) at Visit 1 of the extension study, and at 12, 
24, and 52 weeks thereafter. Health status was assessed 
using St. George’s Respiratory Questionnaire (SGRQ). 
Rescue medication use was assessed daily using an 
electronic diary, with baseline use assessed during the 
1-week period prior to treatment initiation in the lead-
in study. Overall use of rescue medication was assessed 
over a 64-week period, from the date of the fi rst dose 
administered during the lead-in study to the last dose 
administered during the extension study.

Th e change from baseline (randomization visit of 
the lead-in study) to Week 64 (Week 52 of the exten-
sion) in morning predose (trough) FEV

1
 (calculated as 

the mean of the 2 morning predose FEV
1
 readings) was 

the primary effi  cacy outcome. Th e change from base-
line to Week 64 in peak FEV

1
 (maximum FEV

1
 reading 

observed �3 hours postdose) was the secondary effi  -
cacy outcome. Additional effi  cacy outcomes included 
change from baseline by visit in trough and peak FEV

1,

SGRQ total and domain scores (symptoms, activity, and 
impact), and the percentage of patients achieving clini-
cally important improvements in the SGRQ total score 
(defi ned as a decrease of �4 points) (9) at intermediate 
time points, as well as daily rescue medication use.
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Statistical analysis
For each safety and effi  cacy outcome, the baseline value 
used for analysis was the original baseline value from 
the lead-in study, unless otherwise specifi ed. All safety 
analyses were done using descriptive statistics and were 
based on the safety population (all patients who took 
at least one dose of treatment in the extension study). 
All effi  cacy analyses were considered exploratory and 
performed using the intent-to-treat (ITT) population, 
which consisted of all patients in the safety population 
who had a baseline FEV

1
 assessment in the lead-in study 

and at least one FEV
1
 assessment during the treatment 

phase of the extension study. Imputation of missing 
data was done by the last observation carried forward 
(LOCF) approach. Effi  cacy outcomes were analyzed 
using an analysis of covariance (ANCOVA) model with 
treatment sequence and sex as factors and baseline value 
and age as covariates. Rescue medication outcomes were 
analyzed similarly, but used only treatment sequence as 
a factor and baseline value as the covariate. Th e sample 

size of this extension study was dependent on the num-
ber of patients who completed the lead-in study and 
agreed to enroll in the extension study and was thus not 
based on statistical considerations.

Results

Study population
Of the 467 patients with COPD who completed the 
lead-in study, 291 enrolled in the extension study 
(Figure 1). Similar proportions of patients who com-
pleted the lead-in study entered the extension study 
across the treatment sequences, with the lowest pro-
portion in the placebo-aclidinium sequences (60%) 
versus continuous aclidinium (63%–64%). As the 
number of patients in the placebo group of the lead-in 
study who enrolled in the extension study were divided 
into 2 treatment groups (aclidinium 200 μg or 400 μg) 
upon study entry, the number of patients who were 
rerandomized to either aclidinium dose from placebo 

Figure 1. Study Flow Chart. ITT = intent to treat.
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(n � 44, placebo-aclidinium 200 μg; n � 46, placebo-
aclidinium 400 μg) was smaller compared with the 
number of patients who received continuous aclidin-
ium treatment (n � 95, aclidinium 200 μg-aclidinium 
200 μg; n � 106, aclidinium 400 μg-aclidinium 400 μg) 
at the beginning of this study. 

A total of 289 patients received at least 1 dose of the 
double-blind treatment and were included in the safety 
population. Of these patients, 246 had a baseline in 
the lead-in study and at least 1 FEV

1
 assessment after 

enrolling in the extension study and were thus included 
in the ITT population for effi  cacy analyses. Patients had 
a mean (SD) age of 64 (10) years and a baseline FEV

1
 of 

1.3 (0.5) L (Table 1). Characteristics at baseline (ran-
domization visit of the lead-in study) were generally 
similar for all treatment sequences (Table 1) but with 
slightly better lung function and health status at baseline 
for patients switched from placebo to aclidinium 200 μg 
compared with patients in other treatment sequences.

Safety
Treatment-emergent AEs (TEAEs) were mostly mild 
to moderate in severity and reported by similar per-
centages of patients across all treatment sequences 
during the 52-week extension study (Table 2). COPD 
exacerbation was the most frequently reported TEAE. 
Th e lowest percentage of patients reporting this TEAE 
was in the continuous aclidinium 400 μg treatment 
sequence; the highest percentage of patients reported 
this TEAE in the placebo-aclidinium 200 μg treatment 
sequence. 

Among all TEAEs reported in this study, such events 
that were considered by investigators to be related to 
treatment occurred in a similar percentage of patients 
treated with 200 μg (10.2%) or 400 μg (12.5%). TEAEs 
considered related to treatment that occurred with both 
aclidinium doses included dyspnea, headache, increased 
gamma-glutamyltransferase, and blood creatine phos-
phokinase; each of which was reported by �2 patients 
(�1.5%) for either dose. 

Th e percentages of patients in the continuous acli-
dinium 200 μg or 400 μg treatment sequences who 
discontinued the study due to a TEAE were 15.1% 
and 7.5%, respectively; 11.4% and 13.0% of patients, 
who switched from placebo to aclidinium 200 μg or 
400 μg, respectively, discontinued from the study due 
to a TEAE. Th e most commonly reported TEAE that 
resulted in study discontinuation was COPD exac-
erbation (continuous aclidinium 200 μg, 3.2%; con-
tinuous aclidinium 400 μg, 1.9%; placebo-aclidinium 
200 μg, 2.3%), followed by dyspnea (continuous 
aclidinium 200 μg, 1.1%; placebo-aclidinium 400 μg, 
2.2%) and rash (continuous aclidinium 400 μg, 0.9%; 
placebo-aclidinium 200 μg, 2.3%). Th e percentages 
of patients who discontinued due to a TEAE in the 
current study were greater than those in the 12-week 
lead-in study (200 μg, 6.0%; 400 μg, 4.2%); however, 
COPD exacerbations and dyspnea were also the most 
frequent TEAEs leading to treatment discontinuation 
in the lead-in study. Th ese TEAEs led to discontinuation 
of a similar percentage of patients in the lead-in study 
(COPD exacerbation: 200 μg, 2.2%; 400 μg, 0.5%; 

Table 1. Demographic and baseline characteristics of patients in the extension studya

Characteristic

Treatment Sequence

Total
N = 289

Aclidinium 200 μg Aclidinium 400 μg

Prior treatment in lead-in study

Total
n = 137

Prior treatment in lead-in study

Total
n = 152

Placebo
n = 44

Aclidinium 200 μg
n = 93 

Placebo
n = 46

Aclidinium 400 μg
 n = 106

Age, mean (SD), years 65.0 (11.4) 62.5 (9.4) 63.3 (10.1) 65.0 (9.1) 64.1 (10.0) 64.4 (9.7) 63.9 (9.9)

Male, n (%) 23 (52.3) 51 (54.8) 74 (54.0) 24 (52.2) 52 (49.1) 76 (50.0) 150 (51.9)

Caucasian, n (%) 42 (95.5) 83 (89.2) 125 (91.2) 44 (95.7) 101 (95.3) 145 (95.4) 270 (93.4)

BMI, mean (SD), kg/m2 27.8 (5.1) 27.6 (5.2) 27.7 (5.2) 27.5 (5.2) 27.0 (4.9) 27.1 (5.0) 27.4 (5.1)

Current smoker, n (%) 19 (43.2) 42 (45.2) 61 (44.5) 19 (41.3) 47 (44.3) 66 (43.4) 127 (43.9)

Smoking history, mean (SD), pack-years 50.4 (31.6) 52.5 (24.0) 51.8 (26.6) 54.7 (31.8) 57.1 (29.5) 56.4 (30.1) 54.2 (28.6)

Postbronchodilator FEV1, mean (SD), % of 
predicted value 60.1 (12.9) 52.2 (13.2) 54.8 (13.6) 53.2 (13.8) 53.7 (12.7) 53.6 (13.0) 54.1 (13.3)

Postbronchodilator FEV1/FVC, mean (SD), % 56.6 (11.0) 52.1 (9.9) 53.5 (10.4) 53.3 (10.0) 51.7 (9.7) 52.2 (9.8) 52.8 (10.1)

Bronchial reversibility,b mean (SD), % 11.8 (13.7) 16.7 (15.9) 15.1 (15.4) 16.7 (11.8) 14.0 (12.3) 14.9 (12.2) 15.0 (13.7)

Baseline FEV1,
c mean (SD), L 1.51 (0.53) 1.30 (0.51) 1.37 (0.52) 1.33 (0.58) 1.31 (0.47) 1.31 (0.51) 1.34 (0.52)

SGRQ total score, c mean (SD) 38.4 (14.9) 43.8 (17.6) 42.0 (16.9) 44.6 (17.7) 47.0 (16.3) 46.3 (16.7) 44.3 (16.9)

Rescue medication use, c mean (SD), puffs/day 3.6 (3.3) 3.8 (3.3) 3.8 (3.3) 3.7 (4.4) 4.4 (5.4) 4.2 (5.1) 4.0 (4.3)

a Safety population at Visit 1 (enrollment) of the lead-in study unless otherwise indicated; bcalculated as % change = 100 x (postbronchodilator FEV1)-(prebronchodilator FEV1)/(prebronchodila-
tor FEV1); 

cIntent-to-treat population at Visit 2 (randomization) of the lead-in study; BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; SD, standard 
deviation, SGRQ, St. George’s Respiratory Questionnaire.
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dyspnea: 200 μg, 0; 400 μg, 1.1%) compared with those 
in the extension study.

Typically expected anticholinergic AEs occurred 
in small numbers of patients (�5% overall) and were 
reported by similar percentages of patients who 
received either aclidinium dose. Constipation and 
urinary tract infections (UTI) (Table 2) were the most 
common anticholinergic AEs, of which only the UTI 
reported by 1 patient in the continuous aclidinium 
400 μg treatment sequence was considered treatment 
related. Dry mouth was only reported by 1 patient in 
the extension study (placebo-400 μg); this was consid-
ered related to treatment. 

Th e incidence of cardiac-related TEAEs was low, 
with any individual event being reported by �5% of 
patients with either aclidinium dose. Th e most fre-
quently reported cardiac events were left/right bundle 
branch (LBB/RBB) block, atrioventricular (AV) block 
fi rst degree, and congestive cardiac failure (Table 3). 
Two events each of LBB block and AV block fi rst degree 

were reported on the fi rst day of the extension study 
in patients who had received placebo in the lead-in 
study. Th ese patients had been rerandomized to receive 
aclidinium during the extension (LBB block: 200 μg, 
n � 2; AV block: 200 μg, n � 1; 400 μg, n � 1) but 
had not yet received active treatment at the time the 
AE was reported. Of all the reported cardiac TEAEs, 
3 patients reported such events that were considered 
by study investigators to be related to treatment. One 
patient who switched from placebo to aclidinium 
200 μg reported treatment-related acute coronary syn-
drome. At the time of this event, the patient also had a 
nonserious treatment-related coronary artery disease. 
Th e same patient also reported atrial fi brillation that was 
considered related to treatment. Prior to study entry, 
this patient had a history of cardiac disorders which 
included coronary angioplasty and coronary artery 
bypass. A patient who received continuous aclidinium 
400 μg reported treatment-related congestive cardiac 
failure and also had a history of cardiac disorders prior 

Table 2. Treatment-emergent adverse events (TEAEs) reported by ≥2% of total patients (number [%]; safety population)

Preferred Term

Aclidinium 200 μg Aclidinium 400 μg

Total
N = 289

Prior treatment in 
lead-in study

Total
n = 137

Prior treatment in 
lead-in study

Total
n = 152

Placebo
n = 44

Aclidinium 200 μg 
n = 93

Placebo
n = 46

Aclidinium 400 μg
 n = 106

At least 1 TEAE 35 (79.5) 71 (76.3) 106 (77.4) 35 (76.1) 77 (72.6) 112 (73.7) 218 (75.4)

COPD exacerbation 13 (29.5) 22 (23.7) 35 (25.5) 12 (26.1) 21 (19.8) 33 (21.7) 68 (23.5)

Nasopharyngitis 4 (9.1) 5 (5.4) 9 (6.6) 2 (4.3) 10 (9.4) 12 (7.9) 21 (7.3)

Upper respiratory tract infection 3 (6.8) 6 (6.5) 9 (6.6) 2 (4.3) 6 (5.7) 8 (5.3) 17 (5.9)

Urinary tract infection* 2 (4.5) 3 (3.2) 5 (3.6) 2 (4.3) 7 (6.6) 9 (5.9) 14 (4.8)

Sinusitis 4 (9.1) 6 (6.5) 10 (7.3) 1 (2.2) 3 (2.8) 4 (2.6) 14 (4.8)

Arthralgia 2 (4.5) 5 (5.4) 7 (5.1) 2 (4.3) 3 (2.8) 5 (3.3) 12 (4.2)

Back pain 2 (4.5) 5 (5.4) 7 (5.1) 0 (0) 4 (3.8) 4 (2.6) 11 (3.8)

Cough 0 (0) 5 (5.4) 5 (3.6) 3 (6.5) 2 (1.9) 5 (3.3) 10 (3.5)

Contusion 0 (0) 4 (4.3) 4 (2.9) 4 (8.7) 1 (0.9) 5 (3.3) 9 (3.1)

Dyspnea 0 (0) 5 (5.4) 5 (3.6) 2 (4.3) 2 (1.9) 4 (2.6) 9 (3.1)

Blood glucose increased 3 (6.8) 3 (3.2) 6 (4.4) 3 (6.5) 0 (0) 3 (2.0) 9 (3.1)

Left bundle branch block 3 (6.8) 3 (3.2) 6 (4.4) 0 (0) 3 (2.8) 3 (2.0) 9 (3.1)

Hypertension 2 (4.5) 4 (4.3) 6 (4.4) 0 (0) 3 (2.8) 3 (2.0) 9 (3.1)

Pneumonia 3 (6.8) 3 (3.2) 6 (4.4) 1 (2.2) 2 (1.9) 3 (2.0) 9 (3.1)

Edema peripheral 0 (0) 3 (3.2) 3 (2.2) 2 (4.3) 3 (2.8) 5 (3.3) 8 (2.8)

Rash 1 (2.3) 2 (2.2) 3 (2.2) 0 (0) 5 (4.7) 5 (3.3) 8 (2.8)

Headache 1 (2.3) 3 (3.2) 4 (2.9) 1 (2.2) 3 (2.8) 4 (2.6) 8 (2.8)

Increased gamma-glutamyltransferase 2 (4.5) 3 (3.2) 5 (3.6) 1 (2.2) 2 (1.9) 3 (2.0) 8 (2.8)

Fall 0 (0) 4 (4.3) 4 (2.9) 2 (4.3) 1 (0.9) 3 (2.0) 7 (2.4)

Bronchitis 0 (0) 1 (1.1) 1 (0.7) 1 (2.2) 4 (3.8) 5 (3.3) 6 (2.1)

Anxiety 0 (0) 3 (3.2) 3 (2.2) 0 (0) 3 (2.8) 3 (2.0) 6 (2.1)

Cystitis 1 (2.3) 2 (2.2) 3 (2.2) 0 (0) 3 (2.8) 3 (2.0) 6 (2.1)

Constipation* 2 (4.5) 2 (2.2) 4 (2.9) 0 (0) 2 (1.9) 2 (1.3) 6 (2.1)

Data reported as number (%); *AEs typically reported with LAMA treatment.
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to entering the study. Th e third patient who reported a 
treatment-related cardiac TEAE (AV block fi rst degree) 
received continuous aclidinium 400 μg treatment dur-
ing the study. 

Th e percentage of patients who reported on-therapy 
serious adverse events (SAEs) was similar between the 
2 aclidinium doses (200 μg, 14.6%; 400 μg, 13.2%). COPD 
exacerbation was the most frequently reported SAE, 
with similar proportions of patients reporting this SAE 
for aclidinium 200 μg (3.6%) and 400 μg (4.6%). All other 
SAEs were reported by �3% of patients who received 
either aclidinium dose for any event. Th ree SAEs were 
considered by investigators to be related to study treat-
ment, including the previously discussed treatment-
related acute coronary syndrome in the patient switched 
from placebo to aclidinium 200 μg. A patient who 
received continuous aclidinium 400 μg treatment had 2 
treatment-related SAEs (severe hypertension and severe 
hemorrhagic stroke) on the same day. Th e hypertension 
resolved 4 days after occurrence and the hemorrhagic 
stroke resulted in study termination 32 days after occur-
rence. Th is patient had a history of hypertension and 
mitral valve prolapse prior to study entry.

Two deaths were reported during the study, neither 
of which were considered to be related to treatment. 
One patient who received continuous aclidinium 200 μg 
treatment died due to an accidental multiple drug over-
dose to oxycodone and morphine. One patient who 
received continuous aclidinium 400 μg treatment had 
severe esophagitis at the time of death; no cause of death 
or death certifi cate was available. 

Th e changes from baseline in clinical laboratory tests, 
vital signs, and ECG parameters were similar between 
the treatment sequences and not of clinical concern. 

Lung function
Patients who received continuous aclidinium 200 μg or 
400 μg demonstrated improvements from baseline in 
morning predose (trough) FEV

1
 throughout the lead-in 

and extension studies, with trough FEV
1
 change from base-

line values at study end of 69 mL and 56 mL, respectively 

(Figure 2A). Patients who were rerandomized to aclidinium 
200 μg or 400 μg from placebo in the lead-in study exhib-
ited a change from baseline in trough FEV

1
 of –60 mL and 

–18 mL, respectively, at the start of the extension study. 
Twelve weeks after initiation of treatment with aclidinium 
200 μg or 400 μg (fi rst time point assessed), these patients 
demonstrated improvements from baseline in trough FEV

1

(Figure 2B) similar to those observed at the end of the 
12-week lead-in study for patients who were on continuous 
aclidinium treatment (Figure 2A). However, the improve-
ments from baseline in trough FEV

1
 decreased at Week 

64 for patients who switched from placebo to aclidinium 
200 μg, in contrast to the generally maintained improve-
ment observed in the other treatment arms. 

Patients on continuous aclidinium 200 μg or 400 μg 
throughout the lead-in and extension studies showed 
improvements from baseline in peak FEV

1
 at Week 12 

(247 mL and 285 mL, respectively) that were main-
tained until Week 64 (213 mL and 219 mL, respectively) 
(Figure 3A). Patients who originally received placebo 
in the lead-in study demonstrated improvements from 
baseline in peak FEV

1
 following 12 weeks of treatment 

with aclidinium 200 μg or 400 μg. Th is improvement 
was maintained through study end only with the 400 μg 
dose (Figure 3B) and was of a magnitude similar to what 
was observed in patients who were continuously treated 
with aclidinium 400 μg (Figure 3A).

Health status
Patients who received continuous treatment with acli-
dinium 200 μg or 400 μg showed clinically important 
improvements from baseline (�4-unit decrease) (9) 
in SGRQ total scores in the 12-week lead-in study 
and in the 52-week extension period, with numeri-
cally greater improvements observed at the end of the 
study with aclidinium 400 μg (–7.9 units) compared 
with aclidinium 200 μg (–7.0) (Figure 4A). Patients 
who received placebo during the lead-in study showed 
improvements from baseline in SGRQ total scores 
at Week 12; further numerical improvements from 
baseline were observed when patients were switched 

Table 3. Treatment-emergent cardiac adverse events reported by ≥2 patients in the total population (number [%]; safety population)

Preferred term

Aclidinium 200 μg Aclidinium 400 μg

Total
N = 289

Prior treatment in lead-in study

Total
n = 137

Prior treatment in lead-in study

Total
n = 152

Placebo
n = 44

Aclidinium 200 μg 
n = 93

Placebo
n = 46

Aclidinium 400 μg 
n = 106

Any cardiac TEAE 6 (13.6) 10 (10.8) 16 (11.7) 1 (2.2) 9 (8.5) 10 (6.6) 26 (9.0) 

 Left/right bundle branch block 3 (6.8) 5 (5.4) 8 (5.8) 0 (0) 3 (2.8) 3 (2.0) 11 (3.8)

 Atrioventricular block fi rst degree 1 (2.3) 2 (2.2) 3 (2.2) 1 (2.2) 1 (0.9) 2 (1.3) 5 (1.7) 

 Coronary artery disease 1 (2.3) 0 1 (0.7) 0 1 (0.9) 1 (0.7) 2 (0.7)

 Congestive cardiac failure 2 (4.5) 0 2 (1.5) 0 1 (0.9) 1 (0.7) 3 (1.0) 

 Ventricular extrasystoles 1 (2.3) 1 (1.1) 2 (1.5) 0 0 0 2 (0.7)
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to aclidinium during the extension study (Figure 4B). 
After 52 weeks of aclidinium treatment, a numerically 
greater improvement from baseline was observed with 
the 400 μg dose (–5.7 units) compared with the 200 μg 
dose (–4.9 units) (Figure 4B).

Improvements from baseline in each of the 3 SGRQ 
domains in patients who received continuous aclidinium 
treatment ranged from 7.2 to 13.1 units for symptoms, 
3.3 to 8.2 units for activity, and 5.8 to 7.5 for impact 
throughout the extension study. Th ese were generally 
greater in magnitude compared with those observed in 
patients who switched from placebo to aclidinium (0.7 
to 10.8, 2.9 to 6.9, and 2.5 to 7.4 for each of the domains, 
respectively).

Th e percentage of patients who achieved a ≥4-unit 
decrease from baseline in SGRQ total scores ranged 
from 43.2% to 65.6% for all treatment sequences 
throughout the extension study. At study end (Week 
64), a numerically greater percentage of patients who 
received continuous aclidinium treatment achieved a 
clinically important improvement in SGRQ total scores 
(200 μg, 50.7%; 400 μg, 64.4%) compared with those who 
switched from placebo to aclidinium 200 μg (43.2%) or 
400 μg (59.0%).

Rescue medication use
Over the 64-week treatment period, which included 
the lead-in and extension studies, mean rescue medi-
cation use for all treatment sequences (continuous 
aclidinium 200 μg and 400 μg, 2.6 and 2.2 puffs/day, 
respectively; placebo-aclidinium 200 μg and placebo-
aclidinium 400 μg, 2.3 and 2.7 puffs/day, respectively) 
were less than at baseline (Table 1).

Discussion

Most patients with COPD require continued use of 
pharmacotherapies for eff ective management of the 
disease, therefore, assessing the long-term safety and 
effi  cacy of any new treatment option is essential to eval-
uating its therapeutic potential. Cardiovascular disease 
is a common co-morbidity in patients with COPD (10), 
highlighting the importance of evaluating cardiac safety 
of COPD therapies. 

In this long-term extension study, both doses of 
twice-daily aclidinium 200 μg and 400 μg were well 
tolerated throughout the 52-week period following 
the 12-week lead-in study, with no diff erences in safety 
profi les observed between doses. Anticholinergic AEs 

Figure 2. Least squares mean (SE) change from baseline in trough FEV1 in patients on continuous aclidinium treatment (A) or switched from placebo to aclidinium (B).
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typically expected with LAMA treatment occurred in a 
small number of patients in this study, with dry mouth 
being reported in only 1 patient. Cardiac events were 
infrequent and were reported by a numerically higher 
proportion of patients with the 200 μg dose compared 
with the higher dose, suggesting the absence of a dose-
dependent eff ect. Th e safety profi le observed with 
long-term aclidinium treatment in the current study 
appears to support the safety and tolerability of acli-
dinium reported in previous studies with twice-daily 
aclidinium ranging in duration from 12 to 24 weeks 
(6, 7). Th e tolerability of aclidinium may be due to its 
rapid plasma hydrolysis (11–14), which suggests that 
treatment with the drug may lead to fewer systemic 
side eff ects. As the lead-in study excluded patients 
with clinically signifi cant cardiovascular conditions 
or unstable cardiac disease (6), a more comprehensive 
evaluation of the cardiac safety of aclidinium may be 
obtained from clinical studies with patients suff ering 
from cardiovascular co-morbidities. 

In terms of effi  cacy, patients with COPD who received 
continuous treatment with twice-daily aclidinium 200 μg 
or 400 μg showed improvements in bronchodilation 
that were maintained until the end of the 64-week study. 
Th ese results suggest that bronchodilation effi  cacy 

reported as early as the fi rst day of treatment in earlier 
studies of shorter duration (6, 7) may be sustained with 
long-term treatment with aclidinium. 

The observed decline in lung function outcomes at 
study end, particularly in patients who switched from 
placebo to aclidinium, may have been due to a high 
degree of variability as a consequence of the small 
number of patients enrolled in the placebo-aclidin-
ium treatment sequences. These patients (n � 44, 46) 
were less than half the number of the patients enrolled 
in the continuous aclidinium treatment sequences 
(n � 95, 106). In addition, the number of patients 
who completed the study in either placebo-aclidin-
ium treatment sequence was also approximately half 
the number of patients who completed continuous 
aclidinium treatment, further contributing to the 
variability and the decline in lung function observed 
at Week 64. Furthermore, patients that switched from 
placebo to aclidinium 200 μg had slightly better lung 
function and health status at baseline (ie, randomiza-
tion at lead-in) compared with patients in the other 
treatment sequences, which may have contributed to 
the less robust treatment efficacy observed for this 
group. Regardless of the initial treatment taken 
during the lead-in study, patients who received the 

Figure 3. Least squares mean (SE) change from baseline in peak FEV1 in patients on continuous aclidinium treatment (A) or switched from placebo to aclidinium (B).
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aclidinium 400 μg dose demonstrated improvements 
in lung function in the extension study that were 
sustained up to study end, similar to what has been 
previously reported in studies with shorter treatment 
periods (6, 7).

Although spirometric assessments remain the pri-
mary outcome measure in COPD management, health 
status has been shown to better correlate with patient 
symptoms such as breathlessness (15, 16) and is thus an 
important goal in the eff ective management of COPD 
(3). In this long-term study, continuous aclidinium treat-
ment provided the greatest magnitude of improvement 
in SGRQ total scores, with diff erences from baseline at 
study end ranging from 7 to 8 units. Th ese improve-
ments in SGRQ provide evidence for the continued 
effi  cacy of aclidinium with long-term treatment that 
has previously been demonstrated in aclidinium clinical 
studies of shorter duration (6, 7). Th e improvements in 

health status in this study, as well as the observed reduc-
tion in rescue medication use, suggest that long-term 
aclidinium treatment may provide substantial benefi ts 
to patients in symptom management. 

One limitation of this study may have been an 
artificial bias in patient selection as only those who 
completed the lead-in study and agreed to participate 
in the extension study were included. This may have 
led to a patient population of “healthy survivors,” a 
phenomenon typically observed in long-term stud-
ies wherein patients with more severe disease dis-
continue treatment (17–19). As such, the possible 
contribution of the “survivor” effect on the safety 
and efficacy outcomes in this study would need to be 
further evaluated. Second, the lack of a placebo arm 
makes it difficult to comprehensively evaluate the full 
therapeutic benefits of aclidinium over one year of 
treatment. Nevertheless, the current study, which was 

Figure 4. Least squares mean (SE) change from baseline in SGRQ total score in patients on continuous aclidinium treatment (A) or switched from placebo to aclidinium (B).
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conducted primarily to assess the long-term safety 
and tolerability of aclidinium, provides important 
information addressing both those questions and the 
persistence of therapeutic benefits.

Conclusion

In summary, these data show that long-term treatment 
with twice-daily aclidinium 200 μg or 400 μg was eff ec-
tive and well tolerated in patients with moderate-to-
severe COPD, with similar safety profi les observed for 
both doses. Aclidinium 400 μg consistently provided 
improvements in bronchodilation and health status as 
well as reduced rescue medication use that were main-
tained throughout the 52-week treatment period in the 
extension study, supporting the eff ectiveness of acli-
dinium treatment observed in earlier studies. 
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