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ABSTRACT  

Aclidinium bromide is a novel, long-acting, muscarinic antagonist in phase III 

development for the maintenance treatment of COPD.  This phase IIb study 

investigated the efficacy and safety of aclidinium for the treatment of moderate to 

severe COPD to establish the optimal dose for phase III studies.  A total of 464 

patients with moderate to severe stable COPD were randomised to double-blind, 

once-daily treatment with aclidinium (25, 50, 100, 200, or 400 μg), placebo, or open-

label tiotropium (18 μg) for 4 weeks.  Spirometric measurements were performed at 

22–24 h after the first dose and then at weekly intervals, and from 0.5–6 h post-dose 

on day 1 and day 29.  Compared with placebo, aclidinium 200 μg and 400 μg 

significantly increased trough FEV1 on day 29 versus baseline.  During the first 6 h 

post-dose, the bronchodilatory effect of aclidinium (all doses) on day 1 was 

comparable to that on day 29.  Time to peak FEV1 was 3 h for aclidinium 100–

400 μg.  Aclidinium was well tolerated, with no dose-dependent effect on ECG, 

laboratory parameters, or adverse events. The incidence of AEs was generally 

comparable to placebo.  Aclidinium produced sustained bronchodilation over 24 h and 

was well tolerated during this short-term study. Based on these data, aclidinium 200 

μg was selected as the investigational dose for future clinical trials in COPD. 
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1.  Introduction 

Chronic obstructive pulmonary disease (COPD) is a preventable and treatable lung 

disease that is progressive and characterised by airflow limitation that is not fully 

reversible; it is associated with an abnormal inflammatory response of the lung to 

noxious particles or gases, particularly cigarette smoke [1].  COPD is highly prevalent 

[2], responsible for 2.7 million deaths globally in 2000 [3], and associated with 

increased morbidity and mortality as well as a reduced quality of life [4,5].  The 1997 

Global Burden of Disease Study report has projected that COPD will become the third 

leading cause of death worldwide by 2020 [2].  

Cholinergic mechanisms are involved in the pathophysiology of obstructive airways 

disease and, therefore, anticholinergic agents are considered to play a significant role 

in its treatment.  There are currently only two approved anticholinergic treatment 

options for COPD; a short-acting agent, ipratropium, and a long-acting agent, 

tiotropium.  The Global Initiative for Chronic Obstructive Lung Disease [1] 

recommends daily management of COPD with long-acting bronchodilators, such as 

anticholinergics, which offer more effective and convenient treatment than short-

acting bronchodilators. Currently, there is only one approved long-acting 

anticholinergic bronchodilator, to which patients have different responses both in 

terms of efficacy and tolerability. Consequently, development of additional long-

acting anticholinergic treatment options is warranted.   

Aclidinium bromide is a novel agent with specificity for muscarinic receptors 

currently in clinical development for the treatment of COPD.  Preclinical studies have 

shown aclidinium to be a potent muscarinic receptor antagonist [6] that is rapidly 

hydrolysed in human plasma to two major inactive metabolites [6].  These 

pharmacologic properties give aclidinium a unique profile that could offer significant 

advantages to the COPD patient providing sustained bronchodilation and a reduced 

potential for systemic side effects.   

The pharmacokinetics and pharmacodynamics of aclidinium have been investigated in 

phase I (doses of 50, 300, and 600 μg) [7] and phase IIa (doses of 100, 300, and 

900 μg) [8] studies.  The results from the phase I study showed that, in healthy 
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subjects, aclidinium produced significant, long-lasting (≥24 h) protection against 

methacholine-induced bronchoconstriction.  The phase IIa study in patients with 

COPD showed that aclidinium provided sustained increases in forced expiratory 

volume in one second (FEV1), which suggests suitability for once-daily dosing.  In 

both studies, aclidinium was not detected in the plasma, which suggests a limited 

potential for systemic adverse events.  

This phase IIb study was designed to assess the efficacy, safety, and tolerability of 

aclidinium compared with placebo, and to establish the optimal dose of aclidinium for 

use in phase III studies.  

 

2.  Materials and methods 

2.1. Centres 

This was a phase IIb study conducted in 42 centres in Europe and Russia.  The trial 

was conducted in accordance with the amended Declaration of Helsinki (2002) and 

followed the International Conference on Harmonisation Good Clinical Practice 

Guidelines.   

2.2. Study subjects 

Male and female patients with a diagnosis of stable moderate to severe COPD 

according to American Thoracic Society criteria [9] were included in the study.  

Patients had to be ≥40 years of age, have a smoking history of ≥10 pack-years, and 

FEV1 in the range of 30–65% of predicted normal (Quanjer predicted normal value 

[10]) at the screening visit.  At visit 1, the randomisation visit, pre-dose FEV1 had to 

be within 20% of the screening visit value.  At both the screening visit and visit 1, the 

ratio between FEV1 and forced vital capacity (FVC) was required to be ≤70%.  

Patients were excluded for any of the following reasons: history of or current asthma, 

allergic rhinitis, or atopy; reversibility to inhaled salbutamol 400 µg >20% of pre-

dose value; blood eosinophil count >400 cells/mm3; respiratory tract infection or 

COPD exacerbation within 1 month (or hospitalisation with 3 months) of the 
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screening visit; clinically significant or relevant cardiovascular conditions, laboratory 

tests, or electrocardiogram (ECG) parameters; QTcB >450 ms; history of narrow-

angle glaucoma, symptomatic prostatic hypertrophy, or bladder neck obstruction.   

Concomitant use of inhaled corticosteroids, oral sustained-release theophyllines 

(dosing suspended at least 48 h before each study visit), antihistamines, nedocromil, 

and ketotifen was permitted, provided a stable dose was administered prior to 

randomisation.  The morning dose of these medications was delayed until after 

completion of the spirometry measurements at each visit.  Salbutamol 100 μg/puff 

was allowed as rescue medication, although use was not permitted for 8 h prior to any 

visit.  Any other medication used for the treatment of COPD was withdrawn prior to 

study start, and medications with pro-arrhythmic effects or that affected heart rate or 

QTc were not permitted.  

2.3. Study design 

This was a randomised, parallel-group, multicentre, double-blind (open-label for 

patients randomised to tiotropium), dose-finding study.  After the screening visit, 

patients fulfilling the inclusion/exclusion criteria underwent a 14-day run-in period to 

ensure disease stability and washout of prohibited medications, followed by a 4-week 

treatment period during which they were randomised to one of seven treatments: 

aclidinium 25 μg, 50 μg, 100 μg, 200 μg, or 400 μg; matching placebo; or tiotropium 

18 μg.  All treatments were taken once-daily in the morning between 08.00 and 12.00.  

There were five study visits: day -14 (screening), days 1-2, day 8, day 15, and day 29.   

Aclidinium and placebo were administered via a novel multi-dose dry-powder inhaler 

(Genuair®, Almirall Sofotec, Germany) developed from the Novolizer® which is 

approved and established in Europe.  The new inhaler is a breath actuated, multidose, 

dry powder inhaler with a cyclone system for rapid particle dispersion, which 

generates a high fine particle dose (drug mass of particles <5 μm expressed as the 

percentage of the nominal dose that is available for deposition in the lungs) of 29-

50% across a range of different drug types [10].  Tiotropium was administered via 

HandiHaler®.  Aclidinium was supplied by Laboratorios Almirall, Spain, and 

tiotropium (Boehringer Ingelheim, Germany) was purchased commercially. 
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2.4. Measurements 

Two spirometry measurements were taken at 1-hour intervals at the screening visit 

and before randomisation on day 1, and the averaged values provided the screening 

and baseline spirometry measurements.  Efficacy spirometry measurements were 

taken at 0.5, 1, 2, 3, 4, 5, and 6 h after the first and last dose (days 1 and 29, 

respectively) in addition to 22, 23, and 24 h after the first dose and at each study visit 

(i.e. after the 7th, 14th, and 28th day of drug administration).  Three acceptable readings 

were taken for each measurement at each time point according to the ATS/ERS 

recommendations on spirometric assessments [11]. 

The primary efficacy end point was trough FEV1 on day 29 for aclidinium (all doses) 

versus placebo.  Trough FEV1 was defined as the mean value of the three highest 

readings assessed at 22, 23, and 24 h following the trial drug administration.  

Secondary end points included trough FEV1 on days 2, 8, and 15; trough FVC 

(defined in the same way as FEV1) on days 2, 8, 15, and 29; change from baseline in 

trough and peak FEV1 and FVC; change from baseline in total and component 

(symptoms, activity, and impact) scores of the St. George’s Respiratory Questionnaire 

(SGRQ); improvement in Transition Dyspnoea Index (TDI); number of days with 

COPD symptoms; change from baseline in average morning and evening peak 

expiratory flow rate (PEFR); and use of rescue medication throughout the study.  Data 

on COPD symptoms, PEFR, and rescue medication were as recorded in the patient’s 

diary. 

Exploratory sub-group analyses of trough FEV1 at day 29 were performed by gender, 

age (<65 years, ≥65 years), COPD severity (FEV1 ≥50% predicted, ≥35–49% 

predicted, <35% predicted), smoking status, responder or non-responder after first 

dose (responder was defined as increase in FEV1 ≥12% and ≥200 ml at 0–6 hours), 

and response to salbutamol (increase over pre-dose <12%, ≥12%). 

Adverse events were recorded throughout the study.  Other safety investigations 

included a 12-lead ECG at screening, day 1 and day 29, and laboratory tests for 

haematology, biochemistry and urinalysis at screening and day 29. 
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2.5. Statistical analysis 

The planned sample size was 413 evaluable patients (59 per treatment group).  This 

number of patients provided a power of 80% to detect a difference of 120 ml in trough 

FEV1 on day 29 between one of the aclidinium doses and placebo with a type I error 

rate of 0.05 (two-sided significance level).  To allow for a dropout rate of 10% post-

randomisation, it was planned to randomise a total of 462 patients (66 patients per 

treatment group). 

Efficacy data are reported for the intent-to-treat (ITT) population, defined as all 

randomised patients who received at least one dose of study medication and who had 

a baseline and at least one post-baseline efficacy assessment.  The safety population 

was comprised of all randomised patients who received at least one dose of study 

medication. 

FEV1 and FVC variables, PEFR, SGRQ total score, TDI and use of rescue medication 

were evaluated using an analysis of covariance (ANCOVA) with treatment, country, 

and treatment-by-country interaction as factors, and baseline value as covariate.  The 

interaction term was omitted from the model if it was not statistically significant.  The 

treatment effect was initially assessed in an overall test with treatment comparisons 

undertaken only if this first test was statistically significant.  Pairwise comparisons 

were based on Fisher’s protected Least Significance Difference method to control for 

multiple tests.  Treatment effects were estimated by least square means (LS Means), 

their standard errors (SE), and 95% confidence intervals (CI).  Data were analysed 

using the SAS® System version 8.2.  Number of days with COPD symptoms, time to 

peak values, sub-group populations, and safety parameters were analysed 

descriptively. 

Missing spirometry data were handled as follows: for discontinuations because of lack 

of efficacy, the least favourable value prior to discontinuation was imputed; for other 

discontinuations, the last value carried forward approach was used. When only some 

values were missing from a test day, linear interpolation was used to estimate a value 

missing between two valid measurements.  If values were missing for an entire visit 

or at the beginning or the end of an assessment period (i.e. 0.5, 6, 22, or 24 h), time-

matched values of the previous available visit were used. 
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3.  Results 

3.1. Subject demographics 

A total of 464 patients were randomised to treatment, and 441 patients completed the 

study (Fig. 1).  The safety population comprised all 464 patients, and the ITT 

population consisted of 460 patients.  Baseline characteristics of the ITT population 

by treatment group are shown in Table 1. The demographic and baseline 

characteristics for the ITT population were comparable across treatment groups. 

3.2. Trough FEV1 on day 29 

Aclidinium increased trough FEV1 values on day 29 in a dose-dependent manner 

(primary efficacy variable; Fig. 2).  Aclidinium at doses of 200 μg and 400 μg and 

tiotropium were statistically significantly more effective than placebo in increasing 

trough FEV1 at day 29.  Adjusted mean differences in trough FEV1 for aclidinium 

compared with placebo were 39 ml (25 μg; P>0.05), 36 ml (50 μg; P>0.05), 83 ml 

(100 μg; P>0.05), 148 ml (200 μg; P = 0.006), and 128 ml (400 μg; P = 0.018); and 

for tiotropium compared with placebo the adjusted mean difference in FEV1 was 

161 ml (18 μg; P = 0.003). 

3.3. Trough FEV1 at other time points 

After the first dose on day 1, a statistically significant increase in trough FEV1 

compared with placebo was observed for aclidinium 200 μg (P = 0.044) and 

tiotropium 18 μg (P = 0.005).  Across the four study visits, improvements in trough 

FEV1 were sustained in the active treatment groups, although with some variability 

observed on days 8 and 15 in the aclidinium 200 μg group (Fig. 3). 

3.4. FEV1 improvements 0–6 h 

A dose-dependent increase in FEV1 was also observed following the first 

administration of aclidinium on day 1, with statistically significant increases from 

baseline in FEV1 versus placebo seen at the first assessment (30 min after dosing) and 

maintained through the first 6 h post-administration for the aclidinium 100 μg 
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(P = 0.014), 200 μg (P<0.001), and 400 μg (P<0.001) and tiotropium 18 μg (P = 0.02) 

(Fig. 4a).  These changes were clinically significant at all time points for aclidinium 

200 μg and 400 μg and tiotropium 18 μg. 

On day 29, there were statistically significant increases in mean FEV1 over placebo 

throughout the 6-h assessment for aclidinium 100 μg, 200 μg, and 400 μg, as well as 

for tiotropium 18 μg (P<0.001 in all cases except for the aclidinium 100 μg dose: 

P = 0.006) (Fig. 4b). 

3.5. Changes in peak FEV1 

In line with the increases in mean FEV1, there were also dose-dependent increases in 

change from baseline in peak FEV1 for aclidinium 25–200 μg (Table 2).  These 

changes were statistically significant and similar on day 1 and day 29 for aclidinium 

100 μg, 200 μg, and 400 μg compared with placebo.   

Median time to peak FEV1 on day 1 was 3 h for aclidinium 200 μg and 400 μg and 4 h 

for tiotropium 18 μg (Table 2).  On day 29, median time to peak FEV1 was 2 h for 

aclidinium 200 μg, and 3 h for aclidinium 400 μg and tiotropium 18 μg (Table 2). 

3.6. Changes in FVC 

Over the first 6 h following treatment on day 1, statistically significant improvements 

in FVC over baseline (P≤0.028) were observed from 30 min post administration for 

aclidinium 200 μg (0.194 l) and 400 μg (0.111 l), and tiotropium 18 μg (0.108 l), and 

from 1 h post administration for aclidinium 50 μg (0.120 l) and 100 μg (0.150 l).  

Statistically significant improvements from baseline in FVC (P≤0.024) were 

maintained throughout the 6 h post-dose period; at 6 h aclidinium 50 μg (0.160 l), 

200 μg (0.224 l), and 400 μg (0.140 l), and tiotropium 18 μg (0.186 l).  On day 29, all 

treatments showed statistically significant increases over baseline in FVC (P<0.035) 

at all time points assessed from 30 min–6 h.  

3.7. Other secondary end points 

During the 4-week treatment period, the SGRQ total score decreased (improved) from 

baseline with all doses of aclidinium.  The percentage of patients with a clinically 
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meaningful improvement in SGRQ total score of ≥4 points from baseline ranged from 

52.6% in the 400 μg group to 64.4% in the 100 μg group. The improvements seen in 

the SGRQ were mainly due to changes in the symptoms and impacts components. 

There was a trend towards an increase in TDI total score compared with placebo for 

all doses of aclidinium.  Statistically significant increases in the TDI component 

scores functional impairment, magnitude of task, and transition focal component were 

seen with aclidinium 100 μg and 400 μg compared with placebo; there was no 

significant difference compared with placebo for any treatment group in the 

magnitude of effort component score. 

Overall, there were no differences between any active treatment group and placebo in 

the mean number of days when COPD symptoms of breathlessness, cough, wheeze, or 

sputum were reported or the number of daily puffs of salbutamol taken as rescue 

medication compared with baseline. 

3.8. Safety evaluation 

Aclidinium was well tolerated; most AEs were mild to moderate in intensity and 

considered by the investigators to be unrelated to treatment.  AEs reported by ≥2 

patients are shown in Table 3.  The incidence of specific AEs was low across all 

active treatment groups and comparable with placebo, with the exception of headache, 

which occurred with an incidence of >5% in the aclidinium 50 μg and 100 μg groups 

(6.2% and 10.0%, respectively), and dry mouth, which occurred with an incidence of 

6.2% in the tiotropium group.  There was no relationship between the dose of 

aclidinium and the number of AEs. 

There was one non-fatal serious AE of severe COPD exacerbation after 1 day of 

treatment with aclidinium 100 μg that resulted in the patient discontinuing the study.  

This AE was considered by the investigator as unlikely to be related to study drug.  

Six other patients withdrew from the study because of AEs: one in the placebo group, 

two in each of the aclidinium 50 μg and 200 μg groups, and one in the tiotropium 

18 μg group.  The only AEs leading to withdrawal of more than one patient were 

cough, hoarseness, and dry mouth. 
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There were no clinically relevant changes in laboratory parameters or vital signs in 

any of the treatment groups.  The ECG results showed no dose-related changes in 

cardiovascular function associated with aclidinium treatment, and QTc changes from 

baseline were similar to placebo. 

 

4.  Discussion 

The results from this randomised, parallel-group, dose-finding study showed that 

aclidinium provided a sustained 24-h bronchodilation effect in patients with moderate 

to severe COPD that was significantly superior to placebo.  The effect was maintained 

over the 4 weeks of the study, which indicated an absence of any treatment-associated 

tachyphylaxis.  The aclidinium doses selected in this study ranged from an expected 

non-effective dose (25 µg) to a known safe and effective dose (400 µg).  The trough 

FEV1 results showed a maximal effect with aclidinium 200 μg daily.  The minimum 

effective dose, defined as the lowest dose of aclidinium which significantly improved 

FEV1 over placebo on day 29, was 100 μg in this COPD population.  

Spirometric results observed for aclidinium 200 μg and 400 μg administered once-

daily were similar to those observed with tiotropium 18 μg over the 4 weeks of the 

study.  However, a direct comparison between aclidinium and tiotropium cannot be 

made as the tiotropium arm was included in the study for exploratory purposes and 

the drug was administered in an open-label fashion, which may have resulted in the 

introduction of bias to the tiotropium estimates.  The mean increase in trough FEV1 

for aclidinium 200 μg, aclidinium 400 μg and tiotropium suggested clinically 

meaningful and significant bronchodilation (≥200 ml) [12].   

The variations in mean trough FEV1 seen at day 8 and day 15 with the aclidinium 

200 μg dose (Fig. 3) were unexpected observations.  However, the differences 

between mean FEV1 on days 8 and 15 versus day 29 (the maximum value) were 

≤65 ml.  This variability is considered to be well within the acceptable FEV1 

repeatability criteria of 150 ml, according to the latest ATS/ERS Task Force on 

Standardisation of Lung Function Testing [13].  As similar fluctuations in the trough 

FEV1 for aclidinium 200 μg on days 8 and 15 were not observed with the aclidinium 
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100 μg and 400 μg doses, and consistent results were seen across all aclidinium doses 

for FVC, a parameter which is not likely to be affected by patient expiratory effort, it 

is considered that the FEV1 results for the 200 μg dose are most likely due to random 

variability. 

Although there was some evidence of a trend to a faster median time to peak FEV1 

with aclidinium 200 μg and 400 μg compared with tiotropium, no conclusions can be 

drawn from these data due to the variability seen in each of the treatment groups.  

Additional studies will be required to determine whether these observations are 

substantiated.  

During this study there was a trend towards improvements in the TDI total score and 

the SGRQ total score, although there was no apparent relationship with aclidinium 

dose. Whilst this was a short-term study, improvements in these variables over a 

longer time period could result in substantial improvements in patient quality of life 

and, therefore, these data are encouraging.  

The type of AEs reported during the use of anticholinergic agents is important 

because muscarinic receptors are widely distributed outside of the airways and lungs.  

Therefore, it is important that such therapies have minimal systemic exposure to 

reduce the risk of unwanted systemic effects [14].  Previous studies have shown low 

and transient concentrations of aclidinium in plasma [8], suggesting that the incidence 

of systemic anticholinergic AEs would be very low [6].  The safety results from this 

study confirm a very low incidence of reported AEs with all doses of aclidinium.   

Patients were not allowed in this study if they had a reversibility to inhaled 

salbutamol 400 µg ≥20% of pre-dose value in order to exclude highly reversible 

patients.  Results from the recent studies indicate that patients with COPD 

demonstrate substantial acute bronchodilator reversibility using three different 

published criteria [15], suggesting that partial reversibility (FEV1 change ≥12% after 

maximal bronchodilation) should no longer be an exclusion criterion in clinical trials.  

In our study, the mean reversibility to salbutamol of the study population at baseline 

was 7.8% (SD = 7.7), however, the allowance of patients with a greater 

bronchodilator reversibility than 12% may have contributed to better discrimination 

between different doses of aclidinium. 
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In conclusion, aclidinium is effective at providing sustained bronchodilation over 24 h 

without any evidence of treatment-associated tachyphylaxis with a minimum effective 

dose in patients with moderate to severe chronic COPD of 100 μg.  The safety results 

confirmed the positive safety profile of aclidinium, particularly in terms of a very low 

propensity to cause anticholinergic AEs.  Based on the efficacy, safety, and 

tolerability results from this study, aclidinium 200 μg once daily was selected for 

evaluation in phase III studies. 
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Figure legends 

Figure 1. Patient disposition. 

Figure 2. Trough FEV1 values on day 29 (intent-to-treat population). 

Figure 3. Trough FEV1 values throughout the study (intent-to-treat population). 

Figure 4. Change from baseline in FEV1 0-6 h post-administration (intent-to-treat 

population). A. Day 1. B. Day 29. 

Figure footnotes 

Figure 3: Statistically significant increase compared with placebo for aclidinium 

200 μg at Day 1 (P = 0.044) and Day 29 (P = 0.006); aclidinium 400 μg at Day 15 

(P = 0.035) and Day 29 (P = 0.018); and tiotropium 18 μg at all time points 

(P ≤ 0.005) 

Figure 4: a) Statistically significant increases from baseline versus placebo at all time 

points for aclidinium 100 μg (P = 0.014), 200 μg (P<0.001), and 400 μg (P<0.001) 

and tiotropium 18 μg (P = 0.02). b) Statistically significant increases over placebo at 

all time points for aclidinium 100 μg, 200 μg, and 400 μg, as well as for tiotropium 

18 μg (P<0.001 in all cases except for the aclidinium 100 μg dose: P = 0.006).  
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Table 1 Demographic and baseline characteristics of the intent-to-treat population 

 Placebo Aclidinium Tiotropium 

  
(n=64) 

25 μg 
(n=65) 

50 μg 
(n=65) 

100 μg 
(n=69) 

200 μg 
(n=66) 

400 μg 
(n=67) 

18 μg 
(n=64) 

Age, mean (SD) 
years 

61.2 (9.43) 60.4 (10.35) 61.1 (9.21) 61.6 (9.53) 62.1 (8.41) 62.0 (8.93) 62.2 (8.32) 

Male, % 85.9 75.4 72.3 78.3 86.4 79.1 87.5 

BMI, mean (SD) 
kg/m2 

26.3 (5.10) 26.0 (4.57) 26.1 (5.21) 25.6 (4.66) 26.1 (3.78) 26.1 (5.03) 25.0 (3.94) 

Duration of COPD, 
mean (SD) years 

5.3 (4.63) 8.0 (7.84) 5.7 (5.97) 8.4 (7.85) 6.1 (5.78) 5.9 (5.87) 8.0 (7.46) 

Current smoker, % 51.6 44.6 55.4 52.2 57.6 58.2 62.5 

Smoking 
consumption, mean  
(SD) pack-years 

41.8 (17.66) 43.2 (20.78) 39.8 (12.86) 45.0 (20.35) 48.1 (23.95) 43.4 (17.40) 48.4 (23.54) 

FEV1, mean (SD) l 1.37 (0.312) 1.41 (0.381) 1.37 (0.382) 1.38 (0.340) 1.47 (0.391) 1.30 (0.287) 1.39 (0.390) 

Predicted FEV1, 
mean SD % 

46.2 (9.16) 48.5 (9.58) 47.2 (10.28) 48.2 (9.60) 49.2 (10.12) 46.0 (9.38) 47.0 (10.17) 

FVC, mean (SD) l 2.68 (0.581) 2.62 (0.718) 2.55 (0.654) 2.65 (0.711) 2.82 (0.735) 2.55 (0.631) 2.65 (0.751) 

Ratio FEV1/FVC, 52.1 (10.90) 54.9 (10.06) 54.3 (9.60) 53.6 (10.88) 53.3 (10.53) 52.4 (10.60) 54.0 (10.45) 
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mean (SD) % 

Bronchodilator 
reversibility,a mean 
(SD) % 

8.5 (8.38) 7.6 (7.60) 7.9 (7.65) 6.8 (7.79) 9.0 (7.24) 7.6 (7.64) 7.1 (7.36) 

a100 x FEV1 (after salbutamol)/FEV1 (prior to salbutamol). 
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Table 2 Peak FEV1 values (intent-to-treat population) 

 Placebo Aclidinium Tiotropium 

  
(n=64) 

25 μg 
(n=65) 

50 μg 
(n=65) 

100 μg 
(n=69) 

200 μg 
(n=66) 

400 μg 
(n=67) 

18 μg 
(n=64) 

Least squares mean (SEM) change from baseline versus placebo [95% confidence interval], l 

Day 1 NA 0.031 (0.037) 
[-0.042, 0.103] 

0.058 (0.037) 
[-0.014, 0.131] 

0.103 (0.037) 
[0.031, 0.174] 

0.148 (0.037) 
[0.076, 0.221] 

0.123 (0.037) 
[0.051, 0.196] 

0.104 (0.037) 
[0.031, 0.177] 

P-value NA 0.408 0.113 0.005 <0.001 <0.001 0.005 

Day 29 NA 0.062 (0.053) 
[-0.043, 0.167] 

0.104 (0.053) 
[-0.001, 0.209] 

0.129 (0.053) 
[0.025, 0.233] 

0.202 (0.053) 
[0.098, 0.307] 

0.204 (0.053) 
[0.099, 0.308] 

0.215 (0.053) 
[0.048, 0.258] 

P-value NA 0.245 0.051 0.015 <0.001 <0.001 <0.001 

Median (range) time to peak, hours 

Day 1 2.0 (0.5–6.0) 4.0 (0.5–6.0) 4.0 (0.5–6.0) 2.0 (0.5–6.0) 3.0 (0.5–6.0) 3.0 (0.5–6.0) 4.0 (0.5–6.0) 

Day 29 2.0 (0.5–6.0) 2.0 (0.5–6.0) 2.0 (0.5– 6.0) 2.0 (0.5–6.0) 2.0 (0.5–6.0) 3.0 (0.5–6.0) 3.0 (0.5–6.0) 

Definition of abbreviation:  NA: Not applicable.  
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Table 3 Adverse events reported by ≥2 patients in any treatment group (safety population) 

 Number (%) of patients reporting adverse events 

 Placebo Aclidinium Tiotropium 

  
(n=64) 

25 μg 
(n=66) 

50 μg 
(n=65) 

100 μg 
(n=70) 

200 μg 
(n=67) 

400 μg 
(n=67) 

18 μg 
(n=65) 

At least one AE 8 (12.5) 14 (21.2) 11 (16.9) 19 (27.1) 12 (17.9) 15 (22.4) 17 (26.2) 

Headache 1 (1.6) 2 (3.0) 4 (6.2) 7 (10.0) 2 (3.0) 1 (1.5) 2 (3.1) 

Dry mouth 1 (1.6) 0 3 (4.6) 1 (1.4) 3 (4.5) 1 (1.5) 4 (6.2) 

Chronic obstructive 
airways disease 
exacerbated 

0 1 (1.5) 3 (4.6) 1 (1.4) 1 (1.5) 2 (3.0) 0 

Cough 1 (1.6) 0 3 (4.6) 0 0 1 (1.5) 3 (4.6) 

Hoarseness 1 (1.6) 0 1 (1.5) 1 (1.4) 2 (3.0) 1 (1.5) 0 

Dizziness 0 2 (3.0) 0 0 0 1 (1.5) 1 (1.5) 

Hypertension NOS 1 (1.6) 0 0 2 (2.9) 0 1 (1.5) 0 

Lower respiratory tract 
infection NOS 

1 (1.6) 2 (3.0) 0 1 (1.4) 0 0 0 

Rhinitis NOS 1 (1.6) 0 0 0 2 (3.0) 1 (1.5) 0 
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Fatigue 0 1 (1.5) 0 0 0 0 2 (3.1) 

Vomiting NOS 0 0 0 1 (1.4) 0 2 (3.0) 0 

Blood glucose 
increased  

0 0 0 0 0 0 2 (3.1) 

Cystitis NOS 0 2 (3.0) 0 0 0 0 0 

Dyspnoea 0 0 0 0 0 0 2 (3.1) 

Superventricular 
extrasystoles 

0 2 (3.0) 0 0 0 0 0 

Definition of abbreviation:  NOS: Not otherwise specified. 
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