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Background: Aclidinium/formoterol 400/12 µg is a twice-daily maintenance bronchodilator for 

COPD. This post hoc study evaluated aclidinium/formoterol vs aclidinium 400 µg, formoterol 

12 µg, or placebo in patient subgroups.

Patients and methods: Data were pooled from two 24-week Phase III clinical trials 

(ACLIFORM and AUGMENT). Patients (N=3,394) were analyzed by baseline airflow 

obstruction severity (moderate/severe), age (65/65 years), sex, and exacerbation history 

(0/1 exacerbation in the previous 12 months). Changes from baseline vs placebo and mono-

therapies were evaluated: morning pre-dose (trough) and morning 1-hour post-dose FEV
1
, 

Transition Dyspnea Index (TDI), and moderate/severe exacerbation rates (healthcare resource 

utilization [HCRU] and EXAcerbations of Chronic pulmonary disease Tool [EXACT] criteria).

Results: Aclidinium/formoterol improved the post-dose FEV
1
 vs placebo and monotherapy in 

all subgroups (all P0.01) and trough FEV
1
 vs placebo (P0.001) and formoterol (P0.05) 

across all subgroups. Improvements in trough FEV
1
 were observed vs aclidinium in patients 

with severe airflow obstruction, patients aged 65 years, males, and patients with exacerba-

tion history (P0.05). Improvements in TDI were observed vs placebo in all subgroups (all 

P0.001), monotherapies for patients with moderate (formoterol P0.05) or severe airflow 

obstruction (aclidinium P0.05), patients aged 65 years (aclidinium P0.01, formoterol 

P0.05), males (formoterol P0.05), and patients with no exacerbation history (formoterol 

P0.05). HCRU exacerbation rates were lower for aclidinium/formoterol vs placebo in patients 

with no exacerbation history (P0.01). EXACT exacerbation rates were lower for aclidinium/

formoterol in patients with moderate airflow obstruction vs placebo and aclidinium, patients 

aged 65 years vs placebo and 65 years vs formoterol, males vs placebo, and patients with 

no exacerbation history vs placebo (all P0.05).

Conclusion: Aclidinium/formoterol significantly improved post-dose FEV
1
, trough FEV

1
, and 

TDI vs placebo across all subgroups and vs monotherapy in many subgroups. These findings 

further support the benefits of aclidinium/formoterol for all patients with COPD.

Keywords: COPD, aclidinium, formoterol

Introduction
In clinical practice, the patient population with COPD is heterogeneous in nature, 

with the relationship between symptom severity, airflow limitation, and exacerbations 

differing between patients.1 Additionally, age is a known risk factor, with COPD 

being associated with a range of age-driven diseases,1,2 and there has been increasing 

Correspondence:  Anthony D D’Urzo
Primary Care Lung Clinic, 1670 Dufferin 
Street, Suite 107, Toronto, ON M6H 3M2, 
Canada
email tonydurzo@sympatico.ca 

Journal name: International Journal of COPD
Article Designation: Original Research
Year: 2019
Volume: 14
Running head verso: D’Urzo et al
Running head recto: D’Urzo et al
DOI: 185502

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/COPD.S185502
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:tonydurzo@sympatico.ca


International Journal of COPD 2019:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

480

D’Urzo et al

evidence in recent years for sex-related differences in COPD 

risk, progression, and outcomes, along with an increase in the 

prevalence of COPD in women.1,3 Consequently, in order to 

optimize treatment, it is important to consider specific factors 

that may influence treatment effectiveness and personalize 

the approach to treatment.4

There is substantial evidence that smoking cessation is 

an effective method to reduce deterioration in patients with 

COPD, and causes the rate of FEV
1
 decline to revert to that 

of the age-related decline seen in never-smokers.5–7 In terms 

of treatment, combining long-acting bronchodilators with 

different mechanisms of action, such as long-acting mus-

carinic antagonists (LAMAs) and long-acting β
2
-agonists 

(LABAs), has been shown to improve lung function and 

reduce symptoms compared to monotherapy in patients with 

COPD.1,8–12 Indeed, fixed-dose combinations of LAMAs and 

LABAs offer improved convenience to patients with symp-

tomatic COPD and may, therefore, improve treatment adher-

ence when compared to the use of separate inhalers.13 Two 

Phase III clinical trials (ACLIFORM [NCT01462942] and 

AUGMENT [NCT01437397]) demonstrated that a LAMA/

LABA combination of aclidinium/formoterol 400/12 µg 

twice daily (BID) significantly improves the lung function 

compared with monocomponents and placebo over 6 months 

in patients with moderate to severe COPD.10,11 Aclidinium 

bromide/formoterol fumarate 400/12 µg is now approved 

in over 50 countries, including the European Union, as a 

maintenance bronchodilator treatment to relieve symptoms 

in adult patients with COPD.14

Here, we present the results of a post hoc subgroup 

analysis of pooled data from ACLIFORM and AUGMENT 

evaluating the efficacy of aclidinium/formoterol vs placebo 

and monotherapies, by baseline airflow obstruction severity, 

patient age, sex, and prior exacerbation history, in order to 

gain further insight into optimal treatment strategies in dif-

ferent patient subgroups.

Patients and methods
Study design and patient population
In this post hoc analysis, data were pooled from ACLIFORM 

(NCT01462942) and AUGMENT (NCT01437397) – two 

24-week, double-blind, randomized, parallel-group, active- 

and placebo-controlled multicenter Phase III clinical trials 

in patients with moderate to severe COPD (Figure S1). 

Full details of ACLIFORM and AUGMENT, including 

patient inclusion and exclusion criteria, have been reported 

previously.10,11 In brief, eligible patients included male 

and female patients aged 40 years who were current or 

ex-smokers (history of 10 pack-years) with moderate to 

severe stable COPD (Global initiative for chronic Obstructive 

Lung Disease [GOLD] stage II/III; FEV
1
/FVC 0.70 and 

FEV
1
 30% to 80% predicted).1 Key exclusion criteria 

included: history or current diagnosis of asthma, respiratory 

infection or COPD exacerbation 6 weeks (3 months 

if hospitalized for exacerbations) prior to screening, or 

clinically significant cardiovascular or respiratory conditions 

other than COPD. Patients were permitted to use inhaled 

salbutamol (100 µg/puff) as reliever medication as needed; 

however, long-acting bronchodilators other than the study 

drug were not permitted during the study. Treatment with 

inhaled corticosteroids (ICS) was permitted, provided treat-

ment was stable for 4 weeks prior to screening.

Patients were randomized 2:2:2:2:1 (ACLIFORM) or 

1:1:1:1:1 (AUGMENT) to receive aclidinium/formoterol 

400/12 µg, aclidinium/formoterol 400/6 µg, aclidinium 

400 µg, formoterol 12 µg, or placebo BID via a multidose 

dry powder inhaler (DPI) (Genuair™/Pressair® [registered 

trademarks of the AstraZeneca group of companies; for use 

within the USA as Pressair® and Genuair™ within all other 

licensed territories], Cambridge, UK). Of the two doses of 

aclidinium/formoterol, only the therapeutic dose (400/12 µg) 

was assessed in this pooled post hoc analysis.

All patients provided written, informed consent prior 

to conducting any study-specific procedures. Both studies 

were approved by the local ethics committees (Table S1) and 

performed in accordance with the Declaration of Helsinki 

and Good Clinical Practice Guidelines.

endpoints
Details of all assessments performed, endpoints evaluated, 

and primary results for ACLIFORM and AUGMENT have 

been described previously.10,11 Co-primary efficacy endpoints 

in the pooled dataset were change from baseline in morn-

ing pre-dose (trough) FEV
1
 vs formoterol at week 24 and 

change from baseline in morning 1-hour post-dose FEV
1
 

vs aclidinium at week 24. Secondary efficacy endpoints 

included the improvement in dyspnea, assessed by the 

Transition Dyspnea Index (TDI) focal score at week 24. 

Additional efficacy endpoints included the rate of COPD 

moderate to severe exacerbations, as assessed by healthcare 

resource utilization (HCRU) and EXAcerbations of Chronic 

pulmonary disease Tool (EXACT) criteria. In this post hoc 

analysis, efficacy data were pooled and analyzed by baseline 

airflow obstruction severity (moderate vs severe), age group 

(65 vs 65 years), sex, and exacerbation history (0 vs 1 

in the previous 12 months).
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statistical methods
The pooled safety population included all patients who 

received at least one dose of study drug. Changes in all 

endpoints were analyzed for the pooled intent-to-treat (ITT) 

population, which included all randomized patients who 

took at least one dose of study drug and had a baseline and 

at least one post-baseline FEV
1
 assessment. Mean changes 

from baseline to 24 weeks were analyzed using a mixed 

model for repeated measures, adjusted by pre- and post-

bronchodilator FEV
1
 at screening, with age and baseline 

FEV
1
 as covariates, and treatment group, study, sex, smoking 

status, visit, treatment-by-visit, treatment-by-subgroup, and 

treatment-by-visit-by-subgroup interaction as fixed-effect 

factors. Data are presented as least squares mean differences 

between treatment groups (±95% CI) and were estimated 

based on this model. Estimates of the rate ratios (RR), 

95% CIs and P-values for HCRU and EXACT exacerbation 

rates per patient per year were derived using the negative 

binomial regression model with the total number of COPD 

exacerbations as response, age as a covariate, and treatment 

group, study, sex, baseline ICS use, baseline COPD severity 

(mild/moderate vs severe/very severe), and smoking status 

as factors.

Results
Patients
Of the 3,421 patients randomized to treatment across the 

ACLIFORM and AUGMENT studies, 3,398 were included 

in the pooled safety population and 3,394 were included 

in the pooled ITT population. The patient demographics 

and baseline characteristics of the pooled safety population 

were similar across treatment groups (Table 1); 58.1% had 

moderate airflow obstruction at baseline, most patients were 

male (60.0%) and Caucasian (94.0%), and around half of 

the patients (53.1%) were aged 65 years. As the patient 

population was not enriched for prior exacerbation history, 

only 28.7% of patients reported 1 exacerbation in the 

previous year.

When analyzed by airflow obstruction severity, age, 

exacerbation history, and sex, the baseline demograph-

ics and characteristics were similar across subgroups 

(Tables S2–S5). However, and as expected, a higher 

proportion of patients with severe airflow obstruc-

tion at baseline had 1 exacerbation in the previous 

12 months (34.5%) compared with those with moderate 

airflow obstruction (24.8%; Table S2). Similarly, patients 

aged 65 years or who had 1 exacerbation in the pre-

vious year had lower baseline FEV
1
 values (1.260 and 

1.299 L, respectively) than patients aged 65 years or 

without exacerbations (1.498 and 1.421 L, respectively; 

Tables S3 and S4). In addition, female patients had lower 

baseline FEV
1
 levels compared with male patients (1.135 

vs 1.554 L, respectively; Table S5).

Outcomes analyzed by baseline airflow 
obstruction severity
Aclidinium/formoterol provided statistically significant 

improvements vs placebo in trough FEV
1
 from baseline 

Table 1 Patient demographics and baseline characteristics (pooled safety population)

Aclidinium/formoterol  
400/12 µg (n=720)

Aclidinium  
400 µg (n=722)

Formoterol  
12 µg (n=716)

Placebo  
(n=526)

Total  
(n=2,684)

Age, mean years (SD) 63.4 (8.5) 63.7 (8.5) 63.5 (8.2) 63.7 (8.5) 63.6 (8.4)
65 years, n (%) 327 (45.4) 346 (47.9) 337 (47.1) 250 (47.5) 1,260 (46.9)
Male, n (%) 429 (59.6) 444 (61.5) 424 (59.2) 313 (59.5) 1,610 (60.0)
Caucasian, n (%) 672 (93.3) 677 (93.8) 673 (94.0) 500 (95.1) 2,522 (94.0)
Current smoker, n (%) 354 (49.2) 353 (48.9) 350 (48.9) 263 (50.0) 1,320 (49.2)
Mean cigarette consumption, pack-years (SD) 46.6 (25.1) 44.9 (23.7) 45.8 (22.3) 49.1 (26.5) 46.4 (24.3)
Severity of airflow obstruction, n (%)

Stage II (moderate)a 418 (58.1) 410 (57.1) 434 (60.8) 293 (55.9) 1,555 (58.1)
Stage III (severe)b 298 (41.4) 304 (42.3) 275 (38.5) 227 (43.3) 1,104 (41.3)

Baseline FeV1, L (SD) 1.387 (0.524) 1.376 (0.519) 1.397 (0.510) 1.382 (0.550) 1.386 (0.524)
Percent predicted FeV1 at baseline (SD) 48.7 (14.6) 47.9 (13.9) 48.9 (14.3) 47.4 (14.1) 48.3 (14.2)
BDI focal score (SD) 6.4 (2.1) 6.5 (2.1) 6.4 (2.2) 6.5 (2.2) 6.4 (2.2)
number of exacerbations in previous  
12 months, mean (SD)

0.5 (0.9) 0.5 (0.8) 0.4 (0.8) 0.3 (0.7) 0.4 (0.8)

0, n (%) 503 (69.9) 505 (69.9) 509 (71.1) 396 (75.3) 1,913 (71.3)
1, n (%) 217 (30.1) 217 (30.1) 207 (28.9) 130 (24.7) 771 (28.7)

Note: aGOLD Stage II (moderate): FEV1 50% to 80% predicted and FEV1/FVC 0.70.1 bGOLD Stage III (severe): FEV1 30% to 50% predicted and FEV1/FVC 0.70.1

Abbreviations: BDI, Baseline Dyspnea Index; GOLD, Global initiative for chronic Obstructive Lung Disease.
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to week 24 that were similar for patients with moderate 

(152 mL) and severe (121 mL) airflow obstruction (P0.001; 

Figure 1A). Improvements with aclidinium/formoterol vs 

placebo in post-dose FEV
1
 were also similar for patients with 

moderate (302 mL) and severe (283 mL) airflow obstruction 

(P0.001; Figure 1B). Statistically significant improvements 

were seen for aclidinium/formoterol vs formoterol mono-

therapy for both trough (moderate, 54 mL; severe, 88 mL) and 

post-dose FEV
1
 (moderate, 101 mL; severe, 129 mL) regard-

less of airflow obstruction severity (all P0.001). Changes 

with aclidinium/formoterol vs aclidinium monotherapy were 

statistically significant for both trough (44 mL, P0.05) and 

post-dose FEV
1
 (131 mL, P0.001) for patients with severe 

airflow obstruction; however, for moderate airflow obstruc-

tion, changes were statistically significant for post-dose FEV
1
 

only (106 mL, P0.001).

Figure 1 (Continued)
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Improvements in breathlessness were statistically signifi-

cant for aclidinium/formoterol vs placebo in patients with 

moderate and severe airflow obstruction (TDI focal scores 

1.17 and 1.78, respectively; both P0.001; Figure 1C). 

Statistically significant improvements were also observed 

vs formoterol monotherapy for moderate airflow obstruction 

(0.48) and vs aclidinium monotherapy for severe airflow 

obstruction (0.55) (both P0.05; Figure 1C).

The HCRU moderate/severe exacerbation rates in patients 

receiving placebo showed a higher exacerbation rate in 

patients with severe airflow obstruction compared with 

moderate airflow obstruction; however, no statistical analysis 

was conducted between these groups. Following treatment 

with aclidinium/formoterol, there were no significant differ-

ences in exacerbation RR vs any other treatment in patients 

with moderate airflow obstruction severity; however, a trend 

towards a lower exacerbation rate was observed when com-

paring aclidinium/formoterol with monotherapy or placebo 

in patients with severe airflow obstruction (Figure 1D). In 

contrast, the EXACT exacerbation RRs for patients with 

moderate airflow obstruction receiving aclidinium/formoterol 

were statistically significant vs placebo (0.68, P0.01) 

and aclidinium monotherapy (0.64, P0.001; Figure 1E); 

however, no significant changes between treatments were 

observed in patients with severe airflow obstruction.

Outcomes analyzed by baseline 
patient age
Statistically significant improvements in trough FEV

1
 were 

observed for aclidinium/formoterol vs placebo regardless of 

whether patients were aged 65 years (157 mL) or 65 years 

(118 mL, both P0.001; Figure 2A). Significant differences 

in trough FEV
1
 were also noted vs formoterol monotherapy in 

both age groups (66 and 71 mL, respectively; both P0.001) 

and vs aclidinium monotherapy in the 65 years group 

only (39 mL, P0.05). For post-dose FEV
1
, statistically 

significant differences were observed vs all treatment groups, 

regardless of patient age (65 years: vs placebo 328 mL, vs 

formoterol 123 mL, vs aclidinium 126 mL, and 65 years: 

vs placebo 253 mL, vs formoterol 101 mL, vs aclidinium 

106 mL, all P0.001; Figure 2B).

For TDI focal score, statistically significant improve-

ments were seen for aclidinium/formoterol vs placebo, 

regardless of age group (65 years 1.65 and 65 years 1.16, 

both P0.001; Figure 2C). Improvements were also seen vs 

formoterol and aclidinium monotherapies in the 65 years 

group only (0.57 P0.05 and 0.63 P0.01, respectively); 

however, improvements vs monotherapies in the 65 years 

group were not statistically significant.

For HCRU moderate/severe exacerbation RRs, a 

trend toward lower exacerbation rates was observed with 

aclidinium/formoterol vs all other treatment groups; how-

ever, no statistically significant changes were seen in either 

age group (Figure 2D). For EXACT exacerbation RRs, 

statistically significant differences were seen for patients 

aged 65 years receiving aclidinium/formoterol vs placebo 

and for patients aged 65 years vs formoterol monotherapy 

only (both RRs 0.76, P0.05; Figure 2E).

Outcomes analyzed by patient sex
Statistically significant improvements were observed in both 

sexes for aclidinium/formoterol vs placebo in both trough 

(female 101 mL, male 163 mL, both P0.001; Figure 3A) 

and post-dose FEV
1
 (female 231 mL, male 334 mL, both 

P0.001; Figure 3B). In addition, significant improvements 

in trough and post-dose FEV
1
 were observed in male patients 

Figure 1 Efficacy endpoints at week 24 analyzed by airflow obstruction severity (moderate vs severe).
Notes: (A) LS mean change from baseline in morning pre-dose (trough) FEV1;

a (B) LS mean change from baseline in morning 1-hour post-dose FEV1;
a (C) LS mean TDI focal 

score;a (D) HCRU exacerbation rate (moderate/severe) per patient/year;b and (E) EXACT exacerbation rate per patient/yearb (pooled ITT population). *P0.05; **P0.01; 
and ***P0.001. aAnalysis based on the mixed model for repeated measures. bAnalysis based on the negative binomial regression model. Error bars represent 95% CI.
Abbreviations: AB, aclidinium bromide; EXACT, EXAcerbations of Chronic pulmonary disease Tool; FF, formoterol fumarate; HCRU, healthcare resource utilization; 
ITT, intent-to-treat; LS, least squares; PBO, placebo; TDI, Transition Dyspnea Index.
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vs both aclidinium (44 mL, P0.01 and 148 mL, P0.001, 

respectively) and formoterol (86 and 125 mL, respectively; 

both P0.001) monotherapies; female patients demonstrated 

statistically significant improvements in trough FEV
1
 vs for-

moterol monotherapy only (41 mL, P0.05) and for post-dose 

FEV
1
 vs both aclidinium (67 mL, P0.01) and formoterol 

(93 mL, P0.001) monotherapies. Of note, changes from 

baseline in both trough and post-dose FEV
1
 for aclidinium/

formoterol vs placebo and monotherapies were numerically 

larger for men compared with women (no direct statistical 

comparison was made between male and female patients); 

however, analysis of the percentage change from baseline in 

both trough and post-dose FEV
1
 indicated similar changes 

from baseline for male and female patients (Figure S2).

Figure 2 (Continued)
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For breathlessness, aclidinium/formoterol provided 

statistically significant improvements in TDI focal score for 

both female and male patients vs placebo (1.54 and 1.36, 

respectively, both P0.001; Figure 3C). There was also a 

statistically significant difference in male patients vs for-

moterol monotherapy (0.54, P0.05); other improvements 

vs monotherapies were not statistically significant.

A trend toward lower HCRU moderate/severe exacerba-

tion RRs was seen with aclidinium/formoterol vs all other 

treatment groups in both male and female patients; however, 

the changes were not statistically significant (Figure 3D). 

Changes in EXACT exacerbation RRs were statistically sig-

nificant for male patients receiving aclidinium/formoterol vs 

placebo only (0.71, P0.01; Figure 3E).

Figure 2 Efficacy endpoints at week 24 analyzed by patient age (65 vs 65 years).
Notes: (A) LS mean change from baseline in morning pre-dose (trough) FEV1;

a (B) LS mean change from baseline in morning 1-hour post-dose FEV1;
a (C) LS mean TDI focal 

score;a (D) HCRU exacerbation rate (moderate/severe) per patient/year;b and (E) EXACT exacerbation rate per patient/yearb (pooled ITT population). *P0.05; **P0.01; 
and ***P0.001. aAnalysis based on the mixed model for repeated measures in pooled ITT population. bAnalysis based on the negative binomial regression model. Error bars 
represent 95% CIs.
Abbreviations: AB, aclidinium bromide; EXACT, EXAcerbations of Chronic pulmonary disease Tool; FF, formoterol fumarate; HCRU, healthcare resource utilization; 
ITT, intent-to-treat; LS, least squares; PBO, placebo; TDI, Transition Dyspnea Index.

Figure 3 (Continued)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2019:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

486

D’Urzo et al

Outcomes analyzed by baseline 
exacerbation history
Treatment with aclidinium/formoterol led to statistically 

significant improvements in trough FEV
1
 compared with 

placebo, irrespective of baseline exacerbation history (no 

exacerbations 129 mL, 1 exacerbation 158 mL, both 

P0.001; Figure 4A). Statistically significant improve-

ments were also seen in the 1 exacerbation group for 

trough FEV
1
 vs formoterol (94 mL) and aclidinium (74 mL, 

both P0.001) monotherapies, and in the no exacerbations 

group vs formoterol only (57 mL, P0.001). For post-dose 

FEV
1
, there were improvements with aclidinium/formoterol 

vs all treatment groups, regardless of exacerbation history 

(no exacerbations: placebo 277 mL, formoterol 91 mL, acli-

dinium 93 mL; 1 exacerbation: placebo 331 mL, formoterol 

164 mL, aclidinium 173 mL; all P0.001; Figure 4B).

For TDI focal score, there were statistically significant 

improvements with aclidinium/formoterol vs placebo 

regardless of exacerbation history (no exacerbations, 1.35; 

1 exacerbation, 1.62; both P0.001) and in the no exac-

erbations group vs formoterol monotherapy only (0.51, 

P0.05; Figure 4C).

Figure 3 Efficacy endpoints at week 24 analyzed by patient sex.
Notes: (A) LS mean change from baseline in morning pre-dose (trough) FEV1;

a (B) LS mean change from baseline in morning 1-hour post-dose FEV1;
a (C) LS mean TDI focal 

score;a (D) HCRU exacerbation rate (moderate/severe) per patient/year;b and (E) EXACT exacerbation rate per patient/yearb (pooled ITT population). *P0.05; **P0.01; 
and ***P0.001. aAnalysis based on the mixed model for repeated measures in pooled ITT population. bAnalysis based on the negative binomial regression model. Error bars 
represent 95% CIs.
Abbreviations: AB, aclidinium bromide; EXACT, EXAcerbations of Chronic pulmonary disease Tool; FF, formoterol fumarate; HCRU, healthcare resource utilization; 
ITT, intent-to-treat; LS, least squares; PBO, placebo; TDI, Transition Dyspnea Index.

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2019:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

487

D’Urzo et al

When comparing HCRU moderate/severe exacerbation 

RRs, a higher exacerbation rate was observed in patients 

receiving placebo who had 1 exacerbation compared with 

those patients with no prior exacerbations. For patients 

receiving aclidinium/formoterol, statistically significant 

improvements in HCRU moderate/severe exacerbation 

RRs were seen in the no exacerbations group vs placebo 

only (0.57, P0.01; Figure 4D). For EXACT exacerba-

tions, RRs for patients with no exacerbations were lower vs 

both placebo (0.72, P0.01) and aclidinium monotherapy 

(0.80, P0.05; Figure 4E); all other improvements were 

numerical only.

Figure 4 (Continued)
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Discussion
In this post hoc analysis of pooled data from ACLIFORM and 

AUGMENT, aclidinium/formoterol significantly improved 

morning pre-dose (trough) FEV
1
, morning 1-hour post-

dose FEV
1
, and TDI focal score compared with placebo at 

24 weeks, regardless of baseline airflow obstruction, patient 

age, sex, or exacerbations history. Furthermore, improve-

ments were consistently seen in trough FEV
1
 for aclidinium/

formoterol vs formoterol monotherapy and for post-dose 

FEV
1
 vs both aclidinium 400 µg and formoterol 12 µg mono-

therapies at 24 weeks, across all patient subgroups. Although 

there was a trend towards lower HCRU exacerbation rates 

with aclidinium/formoterol vs placebo across patient sub-

groups, the changes were not statistically significant.

Increasing evidence for sex-related differences in COPD 

risk, progression, and outcomes has recently been noted, 

suggesting a need to assess the impact of COPD interven-

tions in male and female patients separately.3 Indeed, it has 

been suggested that the global prevalence of COPD may be 

increasing more rapidly in women than in men and the rate of 

COPD-related deaths in women is now reported to be higher 

than that of men in some countries.15,16 Differences have also 

been demonstrated in women vs men in short-term responses 

to bronchodilators,17 and ICS therapy.18 This may be due to 

women having lower absolute values of FEV
1
 than men due 

to male-female differences in airway caliber.17,19 Although 

improvements from baseline in FEV
1
 were numerically 

greater in males compared with females with aclidinium/

formoterol 400/12 µg in this analysis, when assessing per-

cent predicted FEV
1
, improvements were similar regardless 

of patient sex (no statistical comparison was made between 

male and female patients). This compares favorably with 

the previous findings of a sub-analysis of the Understanding  

Potential Long-Term Impacts on Function with Tiotropium 

(UPLIFT)  study investigating sex differences on the effects 

of tiotropium in patients with COPD.20

Pooled ACLIFORM and AUGMENT data have also pre-

viously been stratified by baseline symptoms using EXACT-

respiratory symptoms (E-RS) and Baseline Dyspnea Index 

(BDI).21 For E-RS, more symptomatic patients were defined 

as those patients with an E-RS baseline score 10 units, with 

less symptomatic patients having a baseline score 10 units. 

For BDI, a score of 7 units was used to identify more symp-

tomatic patients, and 7 units identified less symptomatic 

patients. Consistent improvements in bronchodilation and 

symptoms were found with aclidinium/formoterol vs mono-

therapies along with reduced exacerbations vs placebo in 

more symptomatic patients with moderate to severe COPD 

with both definitions. Interestingly, even those patients 

who were deemed to have a low symptom burden achieved 

benefits with aclidinium/formoterol vs monotherapies in 

post-dose FEV
1
, dyspnea, and early-morning symptoms.

One factor that may be affected by patient age is inhaler 

technique, which is dependent on the patient’s manual dexter-

ity and strength,22 and so may be impaired in older patients or 

those with comorbidities.23 Furthermore, effective delivery of 

medication via a DPI depends on the peak inspiratory flow rate 

that a patient is able to generate; this, in turn, is determined 

by two main factors: the patient’s lung performance and the 

internal device resistance, the former of these again, may be 

impacted by patient age as well as disease severity.24 Despite 

this, in this analysis, aclidinium/formoterol demonstrated 

statistically significant improvements vs placebo in trough 

FEV
1
, post-dose FEV

1
, and dyspnea in both age groups, along 

Figure 4 Efficacy endpoints at week 24 analyzed by prior exacerbation history (0 vs 1).
Notes: (A) LS mean change from baseline in morning pre-dose (trough) FEV1;

a (B) LS mean change from baseline in morning 1-hour post-dose FEV1;
a (C) LS mean TDI focal 

score;a (D) HCRU exacerbation rate (moderate/severe) per patient/year;b and (E) EXACT exacerbation rate per patient/yearb (pooled ITT population). *P0.05; **P0.01; 
and ***P0.001. aAnalysis based on the mixed model for repeated measures in pooled ITT population. bAnalysis based on the negative binomial regression model. Error bars 
represent 95% CIs.
Abbreviations: AB, aclidinium bromide; EXACT, EXAcerbations of Chronic pulmonary disease Tool; FF, formoterol fumarate; HCRU, healthcare resource utilization; 
ITT, intent-to-treat; LS, least squares; PBO, placebo; TDI, Transition Dyspnea Index.
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with numerical improvements in HCRU exacerbation rates, 

regardless of patient age. Of note, patients aged 65 years 

who received aclidinium/formoterol demonstrated a statis-

tically significant improvement in EXACT exacerbation 

rate compared with placebo that was not seen in patients 

aged 65 years, despite the fact that there was a comparable 

number of patients in both these subgroups. These findings are 

clinically relevant since recent real-life data suggest increased 

exacerbation activity with poor device handling.25,26

A previous pooled analysis of ACLIFORM and AUG-

MENT that stratified patients by concomitant ICS use 

demonstrated improvements in dyspnea compared with 

placebo, regardless of concomitant ICS use.12 Improve-

ments vs monotherapies, however, were only observed in 

patients not using ICS, suggesting that dual bronchodilation 

provides additional symptom benefit over the monotherapies 

in such patients. Similarly, improvements in HCRU and 

EXACT exacerbation rates were significantly reduced with 

aclidinium/formoterol compared with placebo in patients 

using ICS, but not those who were not using ICS. However, 

as might be expected in patients receiving concomitant ICS, 

baseline exacerbation rates were higher, making it easier to 

demonstrate a treatment effect in these patients. A further 

analysis revealed that aclidinium/formoterol also improved 

bronchodilation, regardless of ICS use.27

Limitations of the study include small patient numbers 

in some subgroups and a short study duration in the context 

of evaluating exacerbations, which may account for why 

some comparisons did not reach statistical significance. In 

particular, the patient population was not enriched for patients 

with prior exacerbations, leading to a relatively low number 

of exacerbations during the study; a larger number of patients 

studied for a longer duration would be required to demon-

strate the effect of treatments on exacerbation rates in this 

sub-population of the study. Furthermore, it is the view of the 

authors that the statistically significant reductions observed 

for EXACT exacerbations compared with placebo for male 

patients, patients with moderate airflow obstruction, patients 

aged 65 years, and patients with no history of exacerba-

tions, are most likely to be false positive results.

Conclusion
In conclusion, these data confirm the benefits of dual bron-

chodilator therapy with aclidinium/formoterol in patients 

with moderate to severe COPD, irrespective of baseline 

airflow obstruction, patient age, sex, or exacerbation history. 

This adds further support to previous analyses that have 

demonstrated significant improvements with aclidinium/

formoterol compared with placebo and monotherapies across 

multiple patient sub-groups and emphasizes the central role 

of dual bronchodilator therapy in COPD.

Abbreviations 
AB, aclidinium bromide; BDI, Baseline Dyspnea Index; 

BID, twice daily; DPI, dry powder inhaler; E-RS, EXACT-

respiratory symptoms; EXACT, EXAcerbations of Chronic 

pulmonary disease Tool; FF, formoterol fumarate; GOLD, 

Global initiative for chronic Obstructive Lung Disease; 

HCRU, healthcare resource utilization; ICS, inhaled cortico-

steroids; ITT, intent-to-treat; LABA, long-acting β
2
-agonist; 

LAMA, long-acting muscarinic antagonist; LS, least squares; 

PBO, placebo; RR, rate ratio; TDI, Transition Dyspnea Index.
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