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Abstract
Background and Objectives  The aim of this study was to evaluate the pharmacokinetics, safety, and tolerability of aclidinium 
bromide/formoterol fumarate in patients from China with moderate-to-severe chronic obstructive pulmonary disease (COPD).
Methods  In this open-label, repeat-dose, 5-day pharmacokinetic study (NCT03276078) of inhaled aclidinium bromide/
formoterol fumarate 400/12 µg twice daily, plasma concentrations of aclidinium, formoterol, and two aclidinium metabolites 
(LAS34823, LAS34850) were assessed (days 1 and 5). Adverse event (AE) data were collected.
Results  Twenty patients (15 [75%] males) with a mean age of 59.2 years were included. Median (range) time to maximum 
concentration on days 1 and 5 was 0.08 (0.08–0.50) and 0.08 (0.08–0.50) h, respectively, for aclidinium; and 1.00 (0.08–3.00) 
and 0.08 (0.08–1.50) h, respectively, for formoterol. Mean elimination half-life and accumulation ratio for area under the 
concentration–time curve during a dosage interval (AUC​τ) was 19.42 h and 2.0, respectively, for aclidinium; and 14.06 h and 
1.4, respectively, for formoterol. Steady-state maximum concentration (Cmax,ss) and AUC​τ on day 5 were 60.86 pg/mL and 
168.80 h·pg/mL, respectively, for aclidinium; and 6.47 pg/mL and 31.98 h·pg/mL, respectively, for formoterol. Aclidinium 
produced high coefficients of variation (day 1: AUC​τ 79.0%, Cmax 84.5%; day 5: AUC​τ 82.2%, Cmax 150.0%). Few AEs were 
reported, typically one per patient. One patient discontinued due to a serious AE (considered possibly unrelated to treatment).
Conclusions  Aclidinium/formoterol 400/12 µg twice daily was well-tolerated in patients from China with moderate-to-severe 
COPD. Safety findings were consistent with the known safety profile.
Clinical Trial Identifier  ClinicalTrials.gov, NCT03276078.

Key Points 

This study evaluated the pharmacokinetics, safety, and 
tolerability of inhaled aclidinium/formoterol for the 
treatment of moderate-to-severe chronic obstructive 
pulmonary disease in patients from China.

The demographic and baseline characteristics of the 
study population were found to be representative of the 
intended COPD patient population.

Safety outcomes were consistent with the known safety 
profile of aclidinium/formoterol from other patient 
populations.
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1  Introduction

Chronic obstructive pulmonary disease (COPD) is charac-
terized by progressive airflow obstruction associated with 
chronic inflammation in the airways and lungs due to nox-
ious particles or gases [1]. COPD is a leading cause of 
mortality worldwide and poses a significant global health 
burden [2]. In China, the prevalence of COPD is estimated 
to be as high as 8.2% in people aged over 40 years [3].

Long-acting muscarinic antagonists (LAMAs) have 
been shown to provide clinical benefits in the treatment 
of COPD by blocking muscarinic acetylcholine receptors 
in the bronchial smooth muscle, thereby decreasing cho-
linergic tone and relaxing the airways [1, 4]. In addition, 
long-acting β2-agonists (LABAs) stimulate the bronchial 
smooth muscle, resulting in increased airway caliber [1]. 
This reduction in bronchoconstriction improves airflow, 
reduces breathlessness and COPD exacerbations, increases 
exercise tolerance, and improves quality of life [1, 5].

Clinical studies have shown that combination treatment 
with a LABA and a LAMA results in greater improve-
ment in bronchodilation, as well as better symptom con-
trol, compared with monotherapies [1, 4, 6]. Consequently, 
several combinations of LABAs and LAMAs are approved 
for the treatment of COPD, including indacaterol/glyco-
pyrronium [7, 8], vilanterol/umeclidinium [9], tiotropium/
olodaterol [10, 11], glycopyrrolate/formoterol [12, 13], 
and aclidinium/formoterol [14, 15]. Of these, indacaterol/
glycopyrronium [16], vilanterol/umeclidinium [17] and 
glycopyrrolate/formoterol [18] have been approved in 
China.

The major metabolic pathways for aclidinium in humans 
are non-enzymatic and enzymatic hydrolysis of its carbox-
ylic ester moiety, which produces two inactive metabo-
lites, LAS34823 and LAS34850. Although the genetic 
locus of the enzyme responsible for the hydrolysis of acli-
dinium (butyrylcholinesterase) contains polymorphisms 
[19, 20], variation in pharmacokinetic (PK) variables for 
other LAMAs was low between different ethnicities in 
two studies [21, 22]; therefore, ethnicity was not expected 
to influence the PK of aclidinium/formoterol. This study 

aimed to bridge the known PK, safety, and tolerability 
characteristics of aclidinium bromide/formoterol fumarate  
400/12 μg twice daily in patients from China with moder-
ate-to-severe COPD.

2 � Methods

2.1 � Study Design

This was an open-label, repeat-dose, 5-day bridging study 
(NCT03276078) carried out at a single site in China  
(Phase I Clinical Research Center, the First Hospital of Jilin 
University) between November 2017 and June 2018. As 
this was a bridging study, no control group was included. 
Patients were trained on inhaler use during screening, which 
took place up to 21 days before the first dose of study drug 
was administered (Fig. 1), and again on day 1. From day 1 
to day 4, patients self-administered aclidinium/formoterol 
400/12 μg using a Genuair® dry powder inhaler (DPI) in 
the morning and evening. On day 5, patients took a morning 
dose only. All patients remained in the study center from  
day–1 until after sample collection and safety assessments 
on day 5, and were discharged 48 h after the last dose on 
day 7. A follow-up visit for safety purposes was conducted 
within 5 days of the last sample being taken.

2.2 � Patients

Patients (aged ≥ 40 years) who were current or former 
smokers (≥ 10 pack-years of smoking history), with a sta-
ble diagnosis (≥ 6 months prior to screening) of moder-
ate-to-severe COPD according to the Global Initiative for 
Chronic Obstructive Lung Disease  (GOLD) guidelines 
[1] (post-bronchodilator forced expiratory volume in 1 s 
[FEV1] ≥ 30% and < 80% of the predicted value, FEV1/
forced vital capacity < 70%), were eligible. Permitted med-
ications included inhaled corticosteroids; continuous oral 
or parenteral corticosteroids (dose equivalent: ≤ 10 mg/day  
prednisone; 10 mg every other day); oxygen therapy  
(< 15 h/day), provided treatment was stable ≥ 4 weeks prior 
to screening; and selective β-blocking agents, provided 

Fig. 1   Study design. BID twice 
daily, D day
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treatment was stable for ≥ 2 weeks. Leukotriene modifiers 
and phosphodiesterase type 4 inhibitors were not permitted 
within 14 days prior to day–1. Patients with a history (or cur-
rent diagnosis) of asthma, symptomatic bladder neck obstruc-
tion, acute urinary retention, symptomatic non-stable pros-
tatic hypertrophy, or a body mass index (BMI) ≥ 40 kg/m2  
were excluded. For further details of permitted and prohib-
ited medications, see Electronic Supplementary Table S1 
and Table S2.

2.3 � Ethics Approval

The Institutional Review Board of The First Hospital of Jilin 
University reviewed and approved the final protocol, any 
amendments, and the informed consent documentation. The 
study was performed in accordance with the Declaration of 
Helsinki and International Conference on Harmonisation 
Good Clinical Practice Guidelines, and conformed with 
local regulatory requirements.

2.4 � Pharmacokinetic Evaluations

Blood samples were collected on day 1 at 0 h (approxi-
mately 15 min before the morning dose), then after 5, 15, 
and 30 min, and 1, 1.5, 2, 3, 4, 6, 8, and 12 h post-morn-
ing dose (12-h sample collected 5 min before the evening 
dose). On days 2–4, blood samples were collected at 0 and 
12 h (approximately 5 min before the morning and even-
ing doses). On day 5, blood samples were collected at 0 h 
(approximately 5 min before the morning dose), then after 5, 
15, and 30 min, and 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36, and 48 h  
post-morning dose.

Plasma concentrations of aclidinium, formoterol, and the 
two aclidinium metabolites (LAS34823 and LAS34850) 
were extracted using solid-phase extraction (following pre-
cipitation of formoterol) and analyzed by liquid chromatog-
raphy with tandem mass spectrometry (Covance Pharma-
ceutical R&D Co., Ltd). The method was validated prior to 
sample analysis, and incurred sample reproducibility analy-
ses were performed during the study; aclidinium, formoterol, 
LAS34823, and LAS34850 were within the accepted criteria 
for incurred sample reproducibility.

On day 1 (0 h), concentrations less than the lower limit of 
quantification were set to zero; after this point, concentrations 
below the limit of quantification were set to missing for all 
concentration profiles. Assessments included area under the 
concentration–time curve during a dosage interval (AUC​τ);  
apparent total clearance of the drug from plasma after oral 
inhalation (CL/F); maximum concentration (Cmax); metabo-
lite ratio (MR); accumulation ratio (Rac); elimination half-
life (t½); time to reach Cmax (Tmax); and apparent volume of 
distribution (Vz/F). PK parameters were analyzed by means 
of a non-compartmental analysis model developed using an 

internally validated software system, Phoenix WinNonLin® 
v6.4 (Certara L.P., Princeton, NJ, USA).

2.5 � Safety Evaluations

Treatment-emergent adverse events (TEAEs; defined as any 
adverse event [AE] that started after the first dose of treat-
ment or within 15 days of the final dose) were monitored and 
coded using the Medical Dictionary for Regulatory Activi-
ties (MedDRA) version 20.1. Clinical laboratory parameters, 
blood pressure, and 12-lead electrocardiogram data were 
also collected.

2.6 � Statistical Analysis

A total of 20 patients were deemed sufficient to permit PK 
characterization. The PK analysis set comprised all patients 
who received one or more dose of study drug and had data 
for one or more of the following parameters: Cmax, steady-
state Cmax (Cmax,ss), AUC​τ, area under the plasma concentra-
tion–time curve from time zero to time of the last measura-
ble concentration (AUC​last), or steady-state AUC​τ (AUC​τ,ss), 
and were assumed not to be affected by factors such as proto-
col deviations; the safety analysis set comprised all patients 
who received one or more doses of study drug. Given the 
exploratory nature of this study, descriptive statistics were 
used throughout and no formal statistical hypothesis testing 
or corrections for multiplicity were performed. All statistical 
tests were conducted using the SAS 9.3 Statistical Package 
(SAS Institute Inc., Cary, NC, USA).

2.7 � Results

In total, 20 patients were included in the study. The mean 
age was 59.2 years, 15 (75%) patients were male, and the 
mean BMI was 24.7 kg/m2 (Table 1). Nine patients (45%) 
had moderate COPD and 11 (55%) had severe COPD. Mean 
pre-bronchodilator FEV1 was 1.4 L, with a post-bronchodi-
lator FEV1 of 54.1% of the predicted value; mean bronchial 
reversibility was 8.1%.

2.8 � Pharmacokinetic Outcomes

2.8.1 � Aclidinium

The median (range) Tmax was 0.08 (0.08–0.50) h on both 
day 1 and day  5; Cmax was 45.82  pg/mL on day 1 and  
60.86 pg/mL on day 5 at Cmax,ss; and AUC​τ was 85.45 h·pg/
mL on day 1 and 168.80 h·pg/mL on day 5 (Table 2, Fig. 2). 
The between-patient variability in systemic exposure was 
high at both day 1 (Cmax coefficient of variation [CV] 84.5%; 
AUC​τ CV 79.0%) and day 5 (Cmax,ss CV 150.0%; AUC​τ,ss 
CV 82.2%). On day 5, after reaching Cmax,ss, aclidinium 
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concentrations declined in a generally biphasic manner, with 
a mean t½ of 19.42 h. The mean CL/F, Vz/F, and Rac(Cmax) 
at day 5 were 3140 L/h, 81,990 L, and 1.30, respectively.

2.8.2 � Formoterol

The median (range) Tmax was 1.00 (0.08–3.00) h on day 1 and 
0.08 (0.08–1.50) h on day 5; Cmax was 4.79 pg/mL on day 

1 and 6.47 pg/mL on day 5; and AUC​τ was 22.78 h·pg/mL  
on day 1 and 31.98 h·pg/mL on day 5 (Table 2, Fig. 2). The 
between-patient variability in systemic exposure to formo-
terol was high at both day 1 (Cmax CV 62.8%; AUC​τ CV 
43.6%) and day 5 (Cmax CV 84.3%, AUC​τ CV 51.6%). On 
day 5, after reaching Cmax,ss, formoterol concentrations 
declined in a generally biphasic manner, with a mean t½ of 
14.06 h. The plasma profile on day 5 was characterized by 
the presence of two peaks, one at 5 min post-dose and one at 
1.5 h post-dose; the highest peak at 5 min was not present on 
day 1. The mean CL/F, Vz/F, and Rac(Cmax) were 422.2 L/h,  
8284 L, and 1.38, respectively.

2.8.3 � LAS34850

The median Tmax (range) of LAS34850 was 3.00 (1.50–6.00) h 
on day 1 and 3.00 (0.08–4.00) h on day 5; Cmax was 3149 pg/mL  
on day 1 and 3691 pg/mL on day 5; and AUC​τ was 20,330 
h·pg/mL on day 1 and 27,300 h·pg/mL on day 5 (Electronic 
Supplementary Table S3). The between-patient variability 
in systemic exposure to LAS34850 was high at both day 1  
(Cmax CV 55.6%; AUC​τ CV 54.2%) and day 5 (Cmax CV 
56.0%; AUC​τ CV 52.3%). Following Cmax, concentrations 
declined in a biphasic manner on day 5, with a mean t½ of 
20.95 h. The mean metabolite-to-parent ratios for LAS34850 
were high: 60.65–68.72 for Cmax and 161.70–237.90 for 
AUC​τ (Electronic Supplementary Table S3).

2.8.4 � LAS34823

The median Tmax (range) of LAS34823 was 1.75 (0.08–4.00) h  
and 0.50 (0.08–3.00) h on day 1 and day 5, respectively; Cmax 
was 38.82 pg/mL on day 1 and 81.02 pg/mL on day 5; and 

Table 1   Demographic and baseline characteristics

BMI body mass index, COPD chronic obstructive pulmonary disease, 
FEV1 forced expiratory volume in 1 s, SD standard deviation
a 50% ≤ FEV1 < 80% of the predicted value
b 30% ≤ FEV1 < 50% of the predicted value

Safety analysis set [n = 20]

Age, years [mean (SD)] 59.2 (6.8)
Male [n (%)] 15 (75)
BMI, kg/m2 [mean (SD)] 24.7 (3.3)
Pre-bronchodilator
 FEV1, L [mean (SD)] 1.4 (0.6)
 FEV1 % predicted [mean (SD)] 50.3 (13.8)

Post-bronchodilator
 FEV1, L [mean (SD)] 1.5 (0.6)
 FEV1 % predicted [mean (SD)] 54.1 (13.9)

COPD severity
 Moderatea [n (%)] 9 (45)
 Severeb [n (%)] 11 (55)

Reversibility
 Absolute, mL [mean (SD)] 93.5 (73.3)
 % [mean (SD)] 8.1 (8.1)

Table 2   Pharmacokinetic parameters of aclidinium and formoterol (pharmacokinetic analysis set)

Day 5 data were recorded at steady state. Data are expressed as geometric mean unless otherwise indicated
AUC​last area under the plasma concentration–time curve from time zero to the time of the last quantifiable concentration, AUC​τ area under the 
concentration–time curve during a dosage interval (τ), CL/F apparent total clearance of the drug from plasma after oral inhalation, Cmax maxi-
mum concentration, CV% coefficient of variation, Rac(AUC​τ) accumulation ratio calculated from AUC​τ, Rac(Cmax) accumulation ratio calculated 
from Cmax, t½ elimination half-life, Tmax time to reach Cmax, Vz/ F apparent volume of distribution

Parameter Aclidinium Formoterol

Day 1 [n = 20] Day 5 [n = 19] Day 1 [n = 20] Day 5 [n = 19]

Cmax, pg/mL [mean (CV%)] 45.82 (84.5) 60.86 (150.0) 4.79 (62.8) 6.47 (84.3)
Tmax, h [median (range)] 0.08 (0.08–0.50) 0.08 (0.08–0.50) 1.00 (0.08–3.00) 0.08 (0.08–1.50)
AUC​τ, h·pg/mL [mean (CV%)] 85.45 (79.0) 168.80 (82.2) 22.78 (43.6) 31.98 (51.6)
AUC​last, h·pg/mL [mean (CV%)] 78.61 (90.7) 20.04 (64.2)
t½, h [mean (range)] 19.42 (4.30–45.2) 14.06 (4.97–24.4)
CL/F, L/h [mean (range)] 3140 (1120–12,400) 422.2 (199–868)
Vz/F, L [mean (range)] 81,990 (9140–375,000) 8284 (2780–24,100)
Rac(Cmax) [mean (CV%)] 1.30 (216.6) 1.38 (90.2)
Rac(AUC​τ) [mean (CV%)] 1.97 (108.9) 1.44 (56.3)
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AUC​τ was 252.9 h·pg/mL on day 1 and 540.9 h·pg/mL on 
day 5 (Electronic Supplementary Table S3). The between-
patient variability in systemic exposure to LAS34823 was 
high at both day 1 (Cmax CV 86.6%; AUC​τ CV 60.6%) and 
day 5 (Cmax CV 69.5%; AUC​τ CV 55.0%). Following Cmax, 
concentrations declined in a multiphasic manner on day 5, 
with a mean t½ of 17.34 h. The mean metabolite-to-parent 
ratios for LAS34823 were high: 0.85–1.33 for Cmax and 
2.75–3.20 for AUC​τ (Electronic Supplementary Table S3).

Of note, several patients showed an anomalously low 
exposure to all four analytes (i.e., nearly flat concentra-
tion–time profiles) on day 1 and/or day 5 (Electronic Sup-
plementary Fig. S1), indicative of a failure to deliver the 
complete dose, likely due to poor inhalation technique.

2.9 � Safety Evaluations

Overall, aclidinium/formoterol 400/12 μg twice daily was 
well-tolerated. In total, nine TEAEs were reported in five 
patients (Electronic Supplementary Table S4), including 
one serious AE that resulted in discontinuation (bronchi-
tis, possibly not related to treatment). All TEAEs were mild 
in severity, except for bronchitis (severe) and blood pres-
sure increased (moderate). Four AEs were considered to be 
related to treatment by the investigator. The most common 
TEAE was proteinuria (n = 3), although two of these events 
were present at screening. Blood pressure and heart rate 

were stable throughout the duration of the study (Electronic 
Supplementary Fig. S2).

3 � Discussion

This study characterized the PK, safety, and tolerability of 
aclidinium/formoterol 400/12 µg twice daily in patients from 
China with moderate-to-severe COPD. When compared with 
previous studies, the demographic and baseline characteris-
tics of the study population were found to be representative 
of the intended COPD patient population [23]. Moreover, 
aclidinium/formoterol was well-tolerated, and safety out-
comes were similar to the known safety profile of aclidinium 
and formoterol in other populations [24–26].

While it is important to note that differences in PK 
between healthy volunteers and patients with COPD may 
be due to the disease itself, a number of previous studies 
have examined the single- and multiple-dose PK of acli-
dinium/formoterol in both healthy volunteers [27] and those 
with COPD [28]. In a phase IIa, multiple-dose study of 
24 patients in the US with moderate-to-severe COPD who 
received aclidinium/formoterol 400/12 μg, day 1 Cmax and 
area under the plasma concentration–time curve (AUC​0−t) 
for aclidinium were more than double the levels found in this 
analysis (102.0 pg/mL and 228.30 h·pg/mL, respectively), 
with a similar Tmax of 5 min post-dose [28]. This difference 
was maintained at 5 days, where Cmax,ss was 128.4 pg/mL  

a b

c d

Fig. 2   Geometric mean plasma concentrations of a aclidinium, b formoterol, c LAS34850, and d LAS34823 (pharmacokinetic analysis set). SD 
standard deviation
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and AUC​0−t steady state was 404.3 h·pg/mL. A similar 
pattern was found with formoterol, where day 1 Cmax and  
AUC​0−t were approximately doubled (9.6 pg/mL and 42.3 
h·pg/mL, respectively), and day 5 Cmax was more than dou-
bled (16.7 pg/mL), compared with this study. Despite these 
differences, the aclidinium Rac (1.38) was similar to this 
study (formoterol value was not disclosed). In a phase I, 
single-dose study of 30 healthy volunteers in Germany who 
received aclidinium/formoterol 400/12 μg, aclidinium Cmax 
was six times greater (270 pg/mL) and AUC​0−t was three 
times higher (229 h·pg/mL) than the values observed in this 
study, although Tmax was comparable (0.08 h) [27]. In addi-
tion, formoterol PK values were approximately double the 
values in this study (Cmax 9.3 pg/mL; AUC​0−t 32.4 h·pg/mL), 
with a comparable Tmax of 0.08 h.

A number of PK studies examining aclidinium 400 μg 
monotherapy, which has comparable PK as the combi-
nation product, have also been conducted [29, 30]. In a 
phase I, multiple-dose study of 30 healthy US volunteers 
receiving aclidinium 400 μg, Cmax and AUC​0−t were both 
approximately four times greater than in this study at day 
1 (194.2 pg/mL and 324.9 h·pg/mL, respectively), with an 
increase of four times and three times, respectively, on the 
evening of day 7 compared with day 5 in this study (Cmax 
240.5 pg/mL and AUC​0−t 468.4 h·pg/mL) [29]; however, 
Tmax remained similar (0.08 h). A phase I, open-label, mul-
tiple-dose PK study of 24 patients from Germany with COPD 
segregated patients by age group (younger patients, mean age 
53 years; older patients, mean age 73 years; both n = 12) [30]. 
Patients receiving aclidinium 400 μg had a Cmax of 82.3 and  
71.2 pg/mL, with an AUC​τ of 193.5 h·pg/mL and 171.3 h·pg/mL  
on day 1 for younger and older patients, respectively, 
approximately double the values found in this study. These 
levels were maintained at day 3 (Cmax 86.1 and 67.8 pg/mL, 
and AUC​τ 199.6 and 191.1 h·pg/mL). Tmax occurred slightly 
later than in this study, at 0.17 and 0.25 h for younger and 
older patients, respectively, at day 1, and 0.25 h for both 
patient age groups at day 3.

In comparing these data, it would appear that Cmax and 
AUC​τ values were lower in Chinese patients when compared 
with the largely Caucasian patient populations of the US and 
German studies. However, Tmax values were generally simi-
lar, except for German patients in the de la Motte study, who 
had a longer Tmax in both younger and older patient groups 
[28, 30]. The lower exposures noted in Chinese patients are 
likely related to the suboptimal inhalation technique in this 
study, as discussed in the limitations.

Limitations of this study include the low patient num-
bers; however, the number of patients included is typical of 
a bridging study. The PK of inhaled products, either from 
a DPI or a metered-dose inhaler, is largely dependent on a 
proper inhalation technique. Drugs such as aclidinium have 
very poor oral availability, while formoterol has modest oral 

availability; therefore, the majority of systemic exposure 
comes from drugs deposited in the lung [14, 15, 31, 32]. 
Thus, the high between-patient variability observed in some 
patients is likely due to a suboptimal inhalation technique, 
particularly for formoterol on day 1; numerous patients did 
not have the expected early peak in Tmax indicative of lung 
absorption, but rather had a median Tmax at approximately 
1 h post-treatment, suggesting primarily gastrointestinal 
absorption [14, 15]. Furthermore, although the day 5 for-
moterol profiles showed consistently earlier Tmax at 5 min 
(indicative of lung absorption), reflecting a better inhalation 
technique, many patients also had secondary peaks in Tmax 
at approximately 2 h, indicative of gastrointestinal absorp-
tion [14, 15]. In addition, several patients had almost flat 
profiles for both aclidinium and formoterol, indicating a lack 
of complete dose delivery. Several other potential causes of 
between-patient variability have been reported and should 
also be given consideration.

4 � Conclusions

In summary, aclidinium/formoterol 400/12 µg was well-
tolerated in patients from China with moderate-to-severe 
COPD, and safety findings were consistent with the known 
safety profile of aclidinium and formoterol. However, a sub-
optimal inhalation technique among some patients likely 
influenced absorption of aclidinium/formoterol, leading to 
lower exposure and contributing to the high between-patient 
variability in PK characteristics.
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