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Abstract: Indacaterol is a novel, inhaled once-daily ultra
long-acting 8,-agonist for the treatment of COPD. This
randomised, double-blind, placebo-controlled, two-period
crossover study evaluated the effect of two-week treatment
with indacaterol 300 s.g on peak and isotime exercise
inspiratory capacity (IC) in patients with COPD. Patients (40-80
years) with post-bronchodilator forced expiratory volumein 1s
(FEVq)/forced vital capacity (FVC) <70%, percent predicted
FEV; >40% and <80%, smoking history >20 pack-years and
functional residual capacity >120% of predicted normal were
randomised to receive indacaterol 300 ug or placebo
once-daily via a single-dose dry powder inhaler. Following 14
days of treatment, IC at peak and isotime during constant-load
(80% of maximum workload) cycle ergometry was analysed
using linear mixed-effects models. Safety and tolerability were
also monitored. Twenty-seven patients (67% male; mean age,
61.3 years) were randomised; 24 completed the study. On Day
14, indacaterol showed statistically significant improvements
over placebo in peak (317 mL [95% Cl: 118-517]; p < 0.01) and
isotime IC (268 mL [95% Cl: 104-432]; p < 0.01). Statistically
significant improvements were observed with indacaterol
versus placebo on Day 14 for the following secondary
endpoints: resting IC, trough FEV,, dyspnoea (BDI/TDI and Borg
CR10 scale at isotime) and exercise endurance time. Indacaterol
was well tolerated, with no serious adverse events or deaths. In
conclusion, indacaterol 300 xg administered once-daily
showed a clinically relevant increase in IC after 14 days of
treatment, reflecting a reduction in dynamic hyperinflation.

Keywords: Indacaterol, COPD, Inspiratory capacity, Dyspnoea,
Bronchodilator, FEV;.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a chronic
progressive lung disorder resulting in symptoms of increas-
ing dyspnoea on exertion. These symptoms impair exercise

tolerance and result in limitation or avoidance of activity. The
underlying pathophysiology is peripheral airway obstruction
and loss of elastic recoil of alveolar attachments, which re-
sults in progressive air trapping during expiration, leading
to lung hyperinflation. Hyperinflation is reflected by a de-
crease in inspiratory capacity (IC), and an increase in end-
expiratory lung volume, particularly during exercise, which
results in dyspnoea and exercise intolerance (1).

Current clinical practice guidelines recommend the use of
bronchodilators for the symptomatic management of COPD
(1). Bronchodilators, such as inhaled $,-agonists and anti-
cholinergics, act on peripheral airways and reduce air trap-
ping, thereby reducing lung volumes, improving symptoms
and increasing exercise capacity (1).

Indacaterol is a novel, inhaled once-daily ultra long-acting
B2-agonist (LABA) (2) that has been approved in a number of
countries, including throughout the European Union, for the
maintenance treatment of moderate to severe COPD. In pre-
vious studies, indacaterol has demonstrated 24-h bronchodi-
lation (3-4), with no loss in efficacy on once daily dosing for
up to a year (4), and a good overall safety profile (4). Further,
in a previous study, a single 300 g dose of indacaterol had
a greater effect on resting IC than formoterol 12 g admin-
istered twice daily (5). The aim of the present study was to
evaluate the effect of indacaterol on dynamic and static lung
hyperinflation, breathlessness, and health status in patients
with moderate-to-severe COPD.

MATERIALS AND METHODS

Study design

This was a four-centre, double-blind, randomised, placebo-
controlled, two-way crossover study designed to examine
the effect of two weeks of treatment with indacaterol 300
g administered once-daily via a single-dose dry powder
inhaler (SDDPI). The study was conducted in accordance
with the Declaration of Helsinki (1989). Institutional review
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board or independent ethics committee approval was ob-
tained from each participating study centre, and all patients
provided written informed consent prior to taking part in the
study.

Study participants

Patients of either sex, aged 40-80 years, with a diagnosis of
COPD (according to the Global Initiative of Chronic Ob-
structive Lung Disease 2005 guideline) (6) and a smoking
history of at least 20 pack years were eligible for enrolment in
the study if they demonstrated a post-bronchodilator forced
expiratory volume in 1 s (FEV;) >40% but <80% of the
predicted normal value, a post-bronchodilator FEV,/forced
vital capacity (FVC) <70% and a plethysmographic func-
tional residual capacity (FRC) >120% of the predicted nor-
mal value.

Patients were excluded from the study if they had signifi-
cant concomitant pulmonary disease or a history of asthma.
Patients were also excluded if they experienced oxygen desat-
uration to <80% during cycle exercise while breathing room
air.

Randomisation and interventions

The study consisted of a 21-day screening period (patients at-
tended two screening visits within this period), one baseline
visit, two 14-day treatment periods (washout of 4 to 21 days
between periods), and a study completion visit between 14
and 21 days after the second treatment period. Eligible pa-
tients were randomised to one of two treatment sequences
using a validated system. In both treatment sequences, inda-
caterol 300 ;g or matching placebo was administered once
daily via an SDDPI for 2 weeks. Treatments were concealed
from patients, investigators, clinic staff performing the as-
sessments and data analysts from the time of randomisation
to database lock.

Rescue medication (short-acting f,-agonists) was pre-
scribed to the study participants for the duration of the study;
however, patients were advised to avoid taking rescue med-
ication 6 h prior to the first assessment on study visit days.
Patients had to discontinue LABA monotherapy at least 48
h prior to screening, and were not permitted any LABA
at any time during the study. The use of inhaled corticos-
teroids (ICSs) was permitted at a stable dose and regimen
throughout the study, providing patients had been using that
dose and regimen for at least a month prior to the screening
visit. Patients using a fixed-dose combination of a LABA and
an ICS were to discontinue the LABA component prior to
the screening visit, and were to continue the equivalent ICS
monotherapy for the duration of the trial.

Outcomes and assessments

Cardiopulmonary exercise testing was performed using
incremental and submaximal cycle ergometry (7). At
screening, patients underwent an incremental exercise test
to determine their maximum workload (Wmax), defined
as the greatest workload achieved for a continuous 30-s
period (maintaining at least 40 revolutions/min). The
incremental exercise test procedure was as follows: 3 min
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resting, followed by 3 min unloaded pedalling, followed
by exercise with loaded pedalling (commencing with 10 W
workload at 60 revolutions/min, increasing by 10 W/min
until exhaustion, i.e., the patient was unable to continue).

During the treatment periods, dynamic IC measurements
were made during a constant-load, submaximal (80% of
Wmax) cycle ergometry test, as follows: 3 min resting, fol-
lowed by 1 min unloaded pedalling, followed by exercise with
loaded pedalling (at 80% Wmax) until exhaustion. During
the submaximal cycle ergometry tests, IC was assessed over
the final 30 s epoch of each 2 min interval using a hand-held
spirometer (Viasys Masterscope) mounted to a mobile stand
whilst the patient remained seated on the bike.

Quality assurance methods put in place to ensure good
quality exercise endurance tests and data included: all sites
used the same make and model of hand-held spirometry;
spirometers were calibrated on every study visit; all investi-
gators received detailed training on the exercise endurance
test methodology (with the training including practice runs
of the exercise endurance tests); at site initiation visits, prac-
tice runs were conducted for pulmonary function and exer-
cise tests to ensure that the site staff were all familiar with
(and competent in) the tests; all spirometry data were over-
read by the same person to ensure a consistent approach; and
all data entered into the database were verified against source
materials at site by the same monitor.

The primary efficacy variable was IC at peak and isotime
on Day 14 during constant-load (80% Wmax) cycle ergom-
etry. Peak IC was defined as the last IC measurement taken
in each exercise period before exhaustion. Isotime IC was de-
fined as the IC assessed at the last time point that the patient
was still exercising during the individual shortest submaxi-
mal exercise test in the study (8).

The secondary efficacy variables included exercise
endurance time, static (resting) IC, dyspnoea (transition
dyspnoea index [TDI] and Borg CR10) and trough FEV,
(mean of the measurements at 23 h 30 min and 24 h post-
dose). Exercise endurance time was defined as the exercise
time on submaximal load and was measured during sub-
maximal cycle ergometry. Static (resting) IC, FRC, TLC and
RV were assessed predose on Days 1 and 14 assessed using
whole body plethysmography. Dyspnoea was measured at
baseline (predose on Day 1 of each treatment period) using
the baseline dyspnoea index (BDI) and during the treatment
periods using the TDI (capturing changes from baseline). A
TDI total score of 1 is considered to be a clinically significant
improvement from baseline (9-11). The Borg CRI10 scale
is a 12-point rating scale that was used to measure the level
of dyspnoea before and during the submaximal exercise
tests (12). Spirometry was performed to assess FEV;, FVC,
percent predicted FEV, and FEV,/FVC. Spirometry equip-
ment and the testing procedure were in accordance with the
American Thoracic Society standards (13-15).

Safety assessments included recording of adverse
events (AEs) and serious AEs (SAEs), electrocardiograms
(ECGs), monitoring of vital signs and standard clinical
laboratory evaluations (haematology, blood chemistry and
urinalysis).
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Table 1. Demographic summary and baseline clinical characteristics
(safety population)

Variable Total, N = 27
Age (years), mean & SD 61.34+7.22
Sex, n (%)

Female 9 (33.3)

Male 18 (66.7)
Race, n (%)

Caucasian 27 (100)
BMI (kg/m?), mean (SD) 25.6 (3.36)
Concomitant ICS use, n (%) 10 (37.0)
FEV1* (L), mean &+ SD 1.48+0.515
% predicted FEV* 51.5+£11.42
FVC* (L)

Mean £ SD 3.22+0.885
FEV/FVC* (%)

Mean £ SD 46.11+9.84

*Post-bronchodilator.

Statistical analysis

The analysis of the primary endpoints, Day 14 isotime and
peak IC, was performed at a two-sided 5% significance level.
As this was an exploratory study, all other efficacy endpoints
were analysed using a two-sided 10% significance level. No
adjustment for multiple comparisons was performed. It was
calculated that a sample size of 21 patients would have 80%
power to detect a difference of 200 mL in treatment means
in IC at isotime on Day 14 (the predefined clinically relevant
difference), assuming a standard deviation (SD) of 310 mL
and a two-sided significance level of 5%. Assuming a dropout
rate of approximately 10%, it was calculated that a total of 24
patients would need to be randomised. All randomised pa-
tients who received at least one dose of study medication and
had at least one post-baseline assessment for the primary ef-
ficacy variable were included in the analyses of efficacy data;
patients who received at least one dose of study medication
were included in the safety analyses.

The primary endpoints, isotime and peak IC, were anal-
ysed using linear mixed effects models, with the baseline iso-
time or peak measurement as a covariate (assessed prior to
the start of Treatment Period 1), treatment, sequence and pe-
riod as fixed effects, and subject as a random effect. The sec-
ondary efficacy endpoints were analysed using similar mod-
els (note that for some, e.g. BDI, baseline was assessed at the
start of each treatment period). The results are presented as
least squares means with the exception of FRC, TLC and RV
results, which are presented as raw means.

Table 2. Exercise-related assessments on Day 14

RESULTS

Patient disposition and demographics

A total of 27 patients with COPD were enrolled, of whom
three discontinued prior to completing the study (two due
to administrative reasons, and one as a result of an adverse
event whilst receiving placebo). The baseline demograph-
ics and clinical characteristics of these patients are shown in
Table 1. All 27 patients enrolled were included in the analyses.
One patient withdrew during the first treatment period (for
administrative reasons), and so overall 26 patients received
both indacaterol and placebo. The other two patients with-
drew during their second treatment period.

Efficacy

Indacaterol-placebo differences for mean peak and isotime
IC on Day 14 (n = 25) were 317 mL (95% CI: 118-517; p
< 0.01) and 268 mL (95% CI: 104-432; p < 0.01), respec-
tively (Table 2, with raw mean values in Figure 1). Statistically
significant differences were also noted on Day 1 (n = 26),
with an indacaterol-placebo difference of 250 mL for mean
peak IC (p < 0.001) and 148 mL for mean isotime IC (p <
0.03). Mean resting IC on Day 14 with indacaterol showed an
improvement of 182 mL (90% CI: 70-294; p < 0.05) versus
placebo. In addition, there was a greater reduction from base-
line in raw mean resting FRC and RV with indacaterol than
placebo.

TLC hardly changed from baseline with indacaterol, com-
pared with a slight decrease in the placebo group (Table 3).
Exercise endurance time in patients treated with indacaterol
was statistically higher than in those treated with placebo on
Day 14 (an increase of 1.46 min; 90% CI: 0.70-2.22; p <
0.01; Figure 1; the difference on Day 1 was 0.53 min; 90%
CL: —0.23-1.29; p = NS). For Borg CR10, a significant de-
crease (i.e., improvement) was observed between indacaterol
and placebo at isotime on Day 14, with a non-significant de-
crease at peak time on Day 14 (Table 4), and with no statisti-
cally significant difference on Day 1 between indacaterol and
placebo for either endpoint.

The mean TDI at Day 14 with indacaterol was higher than
with placebo (Table 4). In relation to spirometric results, the
mean trough FEV, on Day 14 was higher for indacaterol than
placebo (Table 4), while the mean trough FVC with inda-
caterol was also higher than with placebo (difference of 273
mL; 90% CI: 159—388 mL; p < 0.001).

Indacaterol 300 ug—
Placebo Indacaterol 300 ug placebo P-value

IC at Peak (L)

N=25 2.05 (1.93, 2.16) 2.36 (2.25, 2.48) 0.317 (0.118, 0.517)° 0.0033
IC at Isotime (L)

N=25 2.10 (1.99, 2.21) 2.37 (2.25, 2.48) 0.268 (0.104, 0.432)° 0.0026
Exercise endurance

time (min)

N=25 7.01 (6.05, 7.98) 8.47 (7.50, 9.44) 1.459 (0.703, 2.216) 0.0032

Data are least squares means (90% confidence intervals), unless indicated otherwise; *95% confidence intervals; IC = Inspiratory capacity.

COPD: Journal of Chronic Obstructive Pulmonary Disease
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Figure 1. Isotime and peak inspiratory capacity and exercise endurance time on Days 1 and 14.

Safety and tolerability

The overall incidence of AEs was 35% in both the indacaterol
and placebo treatment groups. Most of the AEs reported were
mild or moderate in severity, and most were not suspected of
being study drug related. There were no deaths, SAEs, or sig-
nificant AEs during this study. One patient withdrew from
the study because of an AE (ST depression during exercise)
following placebo treatment. Changes in vital signs were as-
sessed as being not clinically significant by the investigators.
No clinically relevant effects were seen in ECG and physical
examinations, and no patient had any corrected QT interval
values that were considered to be prolonged.

DISCUSSION

The present study is the first to evaluate the effect of in-
dacaterol on dynamic lung hyperinflation and exercise en-
durance in patients with COPD. The major findings of this
study were that treatment with indacaterol 300 ;g once-daily
for 2 weeks was associated with statistically significant im-
provements in IC at peak and isotime, together with statis-
tically significant improvements in exercise endurance time

Table 3. Whole body plethysmography on Day 14

Baseline Placebo Indacaterol 300 g
N =27 N=25 N=25
FRC (L) 4.99 (0.813) 4.98 (0.630) 4.64 (0.805)
TLC (L) 7.40 (1.147)  7.38 (1.094) 7.48 (1.188)
RV (L) 4.99 (0.813) 4.98 (0.630) 4.64 (0.805)

Data are means (standard deviations); IC = Inspiratory capacity, FRC = Functional
residual capacity, TLC = Total lung capacity, RV = Residual volume.

Copyright © 2011 Informa Healthcare USA, Inc.

and dyspnoea. The improvements over placebo in both peak
and isotime IC on Day 14 exceeded 200 mL (the prespecified
level of clinical relevance). The improvement in IC probably
occurred as a result of increased tidal expiratory flow rates
and improved lung emptying consequent to enhanced airway
patency. Thus with increased IC, the required alveolar venti-
lation could be achieved at lower operating volumes, which in
turn might favour muscle function and dynamic mechanics
during exercise.

Dynamic hyperinflation is a primary mechanism for ex-
ertional dyspnoea and reduced exercise capacity associated
with COPD (16-17). O’Donnell et al confirmed that exer-
cise endurance time (during submaximal cycle exercise test-
ing), Borg CR10 dyspnoea ratings and measurements of IC
are highly reproducible and responsive to change in patients
with COPD (18). In the present study, the exercise endurance
time, as measured during submaximal exercise testing, was
1.46 min higher after 14 days of treatment with indacaterol
compared with placebo. In hyperinflated patients as recruited
in this study (FRC >120%), an improvement in hyperinfla-
tion permits greater increases in tidal volume and ventilation
during exercise and, consequently, an improved exercise ca-
pacity (18-19).

In recognition of the importance of dyspnoea as the main
symptom experienced by patients with COPD, two measures
of dyspnoea were included in the present study. Borg CR10
evaluates exertional dyspnoea whereas the TDI assesses the
impact of dyspnoea on activities of daily living. It is notewor-
thy that indacaterol significantly improved Borg CR10 score
at isotime on Day 14 (which was not symptom limited) com-
pared to placebo. Although indacaterol was only associated
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Table 4. Trough FEV, Borg CR10 scores and TDI total scores on Day 14

Placebo N = 25 Indacaterol 300 ug N = 25 Indacaterol 300 g —placebo P-value
Trough FEV; (L) 1.53 (1.45, 1.62) 1.68 (1.59, 1.76) 0.145 (0.060, 0.229) 0.0076
Borg CR10 scores at Isotime 6.7 (5.9,7.5) 5.2 (4.4,6.0) —1.46 (—2.27, —0.65) 0.0052
Borg CR10 scores at Peak 8.7 (8.1,9.4) 8.1(7.5,8.8) —0.59 ( — 1.26, 0.09) 0.1485
TDI scores —2.3 (—3.6, —1.0)* 1.0 (—0.3,2.4)" 3.33(1.46, 5.19) 0.0047

Data are least squares means and 90% confidence intervals; TDI = transition dyspnoea index; *N = 22; ®N = 20.

with modest improvements in the Borg CR10 score at peak,
this could be because the duration of the constant load test
was symptom limited — in other words patients stopped ex-
ercising as a result either of intolerable dyspnoea or of muscle
fatigue, both of which would be reflected in the Borg CR10
score.

For the assessment of dyspnoea by TDI scale, the differ-
ence between indacaterol and placebo on Day 14 (3.33 units)
was in excess of the 1 unit that is recognised as clinically
meaningful (20). This improvement in dyspnoea (TDI) was
accompanied by an improvement of 182 mL in resting IC
after 14 days of treatment with indacaterol compared with
placebo, together with significant improvement (p < 0.05) in
trough FEV, of 145 mL. These results are consistent with a
previous study that showed that a single dose of indacaterol
demonstrated greater improvements in both resting IC and
FEV, compared with twice daily formoterol (5), and confirm
the 24-h bronchodilator efficacy of indacaterol in patients
with COPD. Likewise, in the indacaterol treatment groups,
there were improvements in a range of volume measures in-
cluding FVC, VC and RV. Moreover, the use of indacaterol
was also associated with reductions in FRC and reciprocal in-
crease in resting IC.

The results of our study are also in line with a previ-
ous double-blind, placebo-controlled, parallel-group study
with tiotropium, a once-daily long-acting anticholinergic,
wherein 42 days of treatment with tiotropium was associated
with sustained reductions of lung hyperinflation at rest and
during exercise (8). The authors of that study hypothesised
that increased IC with tiotropium permitted greater expan-
sion of tidal volume and therefore contributed to significant
improvements in dyspnoea and exercise endurance (8).

With respect to the safety results, indacaterol was well tol-
erated with a good overall safety profile, consistent with pre-
vious studies (21). The frequency of AEs was the same in both
groups, all were mild or moderate in severity, and none of
the AEs were significant nor were deemed to be study drug
related.

In conclusion, indacaterol provided a sustained (over a 14-
day period) improvement compared with placebo in IC at
both peak and isotime, with significant improvements in rest-
ing spirometry measures, TDI scores, dyspnoea, and exercise
endurance.
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