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Purpose: Indacaterol is a novel, once daily, inhaled ultra-long-acting b2-agonist for the treatment of
chronic obstructive pulmonary disease (COPD). Here we compared the 24-h spirometry profile of once
daily indacaterol 300 mg with that of placebo and twice daily salmeterol 50 mg in patients with COPD.
Methods: This randomized, multicenter, placebo-controlled, crossover study comprised three 14-day
treatment periods (with 14-day washouts). Patients (male/female �40 years) with moderate-to-severe
COPD were randomized to receive double-blind indacaterol 300 mg or placebo once daily, or open-label
salmeterol 50 mg twice daily. The primary outcome measure was 24-h post-dose (trough) FEV1 (mean of
FEV1 at 23 h 10 min and 23 h 45 min post-indacaterol dose) after 14 days. FEV1 was assessed at multiple
time points on Days 1 and 14 of each treatment period. Safety and tolerability were also monitored.
Results: Of 68 randomized patients, 61 completed. Trough FEV1 (primary endpoint) on Day 14 for
indacaterol was 200 mL higher than placebo (p < 0.001), exceeding the prespecified minimum clinically
important difference (120 mL), and was 90 mL higher than for salmeterol (p ¼ 0.011). After Day 1, trough
FEV1 for indacaterol was 150 mL higher than placebo (p < 0.001). Indacaterol provided superior bron-
chodilation compared with placebo (p < 0.001) across the full 24-h assessment period on Days 1 and 14.
In addition, on both days, indacaterol provided superior FEV1 compared with salmeterol (p < 0.05) at
many post-baseline time points, including 5 min post-dose. All treatments were well tolerated.
Conclusions: Once daily indacaterol 300 mg produced effective sustained 24-h bronchodilation from the
first dose, an efficacy profile superior to placebo and twice daily salmeterol. Given its effective bron-
chodilation with once daily dosing, indacaterol is likely to be a useful treatment option for patients with
moderate-to-severe COPD.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Chronic obstructive pulmonary disease (COPD) is a major (and
increasing) cause of morbidity and mortality worldwide [1]. The
condition is characterized by progressive airflow limitation and air
trapping, resulting in hyperinflation. This hyperinflation reduces
inspiratory capacity resulting in dyspnea and limitations in exercise
capacity [2].
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COPD treatment guidelines, including those from the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) [2], advo-
cate the use of inhaled bronchodilators, including b2-agonists, at
all COPD stages to improve expiratory flow and emptying of the
lungs, thereby reducing hyperinflation at rest and during exercise
[2]. Regular treatment with long-acting bronchodilators in
symptomatic COPD patients has been shown to be more effective
and convenient than treatment with short-acting bronchodilators
[2]. Currently available inhaled long-acting b2-agonists (LABAs),
such as salmeterol and formoterol, induce bronchodilation that
lasts for approximately 12 h and are therefore administered twice
daily [3e6].

Indacaterol is a novel, inhaled, ultra-LABA [7] for the treatment
of COPD. In clinical trials, indacaterol has demonstrated 24-h
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bronchodilation with once daily dosing, with a good overall safety
and tolerability profile [8,9]. Themajority of studies conducted thus
far with indacaterol have incorporated relatively few spirometric
assessments between 12 and 22 h post-dose. This study was
therefore conducted to further characterize the 24-h lung spiro-
metric profile of indacaterol 300 mg once daily in patients with
moderate-to-severe COPD by incorporating multiple spirometric
assessments across the full 24-h dosing interval.

2. Methods

This was a Phase III, randomized, multicenter, double-blind,
placebo-controlled, crossover study conducted at specialized
respiratory care centers in Belgium, Spain, and the US (Clinical-
Trials.gov registration no.: NCT00622635) [10]. The study was
approved by the institutional review board or the independent
ethics committee of each participating study center and was con-
ducted in accordance with the ethical principles embodied in the
Declaration of Helsinki (1989) and applicable local regulations.
Written informed consent was obtained from each patient before
their participation in the study.

2.1. Patients

Male and female patients aged �40 years with a clinical
diagnosis of moderate-to-severe COPD (as classified by the
GOLD 2006 guidelines) [11], smoking history of at least 20 pack
years, post-bronchodilator forced expiratory volume in 1 s
(FEV1) <80% and �30% of the predicted normal value and post-
bronchodilator FEV1/forced vital capacity (FVC) <70% at
screening were eligible for enrolment in the study. Patients
were excluded from the study if they had concomitant pulmo-
nary disease, type I diabetes or uncontrolled type II diabetes,
uncontrolled hypertension, unstable ischemic heart disease, or
malignancy. Patients who had a history of asthma, had been
hospitalized for a COPD exacerbation in the 6 weeks prior to
screening or during the run-in period, or had experienced
respiratory tract infection within 6 weeks prior to screening
were also excluded.

2.2. Study design and interventions

The study comprised a pre-screening visit, a 14-day screening
period, and three 14-day treatment periods. At the pre-screening
visit, patients’ ongoing COPD medications were reviewed and, if
necessary, adjusted from prohibited to allowable COPD therapy.
During screening, patients were assessed for eligibility and
monitored to ensure that they remained stable on their
permissible COPD treatment. At the baseline visit, eligible
patients were randomized equally (using a validated system) to
one of six treatment sequences (each with three treatment
periods).

In each treatment period, patients received either double-blind
indacaterol 300 mg once daily (qd) delivered via a single-dose dry
powder inhaler (SDDPI), matching placebo qd, or open-label sal-
meterol 50 mg twice daily (bid) via a multi-dose dry powder inhaler
according to the assigned treatment sequence. Each treatment
period was separated by a washout period of 14 days.

2.3. Concomitant medication

Allowable therapy included the use of inhaled corticosteroids,
provided the regimen had been stabilized for at least 1 month prior
to the screening visit. The following medications could not be used
after the screening visit: the long-acting anticholinergic agent
tiotropium, short-acting anticholinergics, short-acting b2-agonists,
LABAs other than those used in this study, xanthine derivatives,
parenteral or oral corticosteroids, and fixed-dose combinations of
b2-agonists and inhaled corticosteroids. Albuterol was the only
rescue medication permitted throughout the study, although visits
had to be rescheduled if it was taken within 6 h prior to the pre-
dose spirometry measurements during that visit.

2.4. Assessments and outcomes

2.4.1. Efficacy
On Days 1 and 14 of each treatment period, spirometry was

conducted at �50 and �15 min pre-dose and at 5, 15, and
30 min and 1, 2, 3, 4, 5, 6, 8, and 10 h, 11 h 10 min, 11 h 45 min,
14 h, 20 h 10 min, 20 h 45 min, 22 h, 23 h 10 min, and 23 h
45 min post-dose. FEV1 was assessed at all time points; inspi-
ratory capacity was assessed at each time point, except 5 and
30 min post-dose. Spirometry was performed in accordance
with the American Thoracic Society/European Respiratory
Society standards [12].

The primary efficacy outcome was 24-h post-dose (trough)
FEV1 (mean of the FEV1 measurements at 23 h 10 min and 23 h
45 min post-indacaterol dose, that is, 11 h 10 min and 11 h 45 min
after the second of the twice daily doses of salmeterol) following
14 days of treatment. Secondary and exploratory outcomes
included individual time point FEV1 on Day 1 and Day 14, trough
FEV1 after 1 day of treatment, the mean of FEV1 measurements at
11 h 10 min and 11 h 45 min post-dose (times representing the end
of the dosing interval for the first salmeterol dose) as well as at
20 h 10 min and 20 h 45 min post-dose (times when patients
would awaken and lung function would be at its lowest [13]) on
Day 1 and Day 14, and inspiratory capacity on Day 1 and Day 14. All
comparisons with (open-label) salmeterol were considered
exploratory.

2.4.2. Safety
Adverse events (AEs) and serious AEs (SAEs) were recorded,

alongwith evaluation of their severity, duration, and relationship to
study drug. Other safety assessments included: urinalysis; regular
monitoring of hematology, blood chemistry (including serum
potassium and blood glucose), vital signs, and body weight; and
assessment of corrected QT interval (QTc).

2.5. Sample size determination and statistical analysis

The patient numbers were chosen to provide at least 90% power
for the primary endpoint (trough FEV1 on Day 14) and 80% power
for FEV1 at each individual time point on Day 14; the relative sizes
of the standard deviations implied that the latter conditionwas the
limiting factor. Assuming a minimum FEV1 difference from placebo
of 120 mL for indacaterol for each time point over the 24-h post-
dose period on Day 14, a standard deviation of 276 mL [14,15],
a two-sided significance level of 5%, and a power of 80%, a sample
size of approximately 44 patients was estimated prior to the study.
This sample size implies at least 94% power for the primary
objective. Allowing for a 15% dropout rate and with the number
inflated to ensure balance across the treatment sequences, it was
estimated that 54 patients were to be randomized (nine for each
treatment sequence).

The primary efficacy analysis was performed on a modified
intent-to-treat (mITT) population, which included all randomized
patients who received at least one dose of study drug and had post-
randomization efficacy data (the modification being that patients
were analyzed according to the treatments received). All patients
who received at least one dose of study drug were included in the



Table 1
Demographics and baseline clinical characteristics (safety population).

Characteristics Participants (N ¼ 68)

Age (years), mean (SD) 65.6 (9.03)

Sex, n (%)
Male 52 (76.5)
Female 16 (23.5)

Race, n (%)
Caucasian 65 (95.6)
Black 3 (4.4)

BMI (kg/m2), mean (SD) 27.1 (5.54)
Duration of COPD (years), mean (SD) 9.3 (8.14)

Smoking history, n (%)
Ex-smoker 43 (63.2)
Current smoker 25 (36.8)

Number of pack years, mean (SD) 49.2 (24.52)

Post-bronchodilator FEV1 (% predicted), mean (SD) 53.0 (13.37)
Post-bronchodilator FEV1/FVC (%), mean (SD) 48.6 (10.50)
FEV1 reversibility (% increase), mean (SD) 13.4 (10.67)

SD ¼ standard deviation; FEV1 ¼ forced expiratory volume in 1 s; FVC ¼ forced vital
capacity. Pack years ¼ total years of smoking multiplied by cigarette packs smoked
per day.

See the text for treatment – placebo contrasts.
**p=0.001; ***,p<0.001 vs placebo; ++p=0.011 vs salmeterol.
Trough = average of 23 h 10 min and 23 h 45 min post-dose
values; FEV = forced expiratory volume;
LSM = least square means; SE = standard error.
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Fig. 1. Least squares means trough FEV1 (L) on Day 14 (modified intent-to-treat
population).
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safety population, which was used in the analysis of all safety
variables.

The primary efficacy variable was analyzed using a mixed model,
with treatment group and periodmodeled as fixed effects, patient as
a random effect, and period baseline FEV1 as a covariate. Similar
mixed effect models were used to analyze all the secondary and
exploratory efficacy variables. The least squares means (LSM), i.e.,
means adjusted for the covariates in the model, of the treatment
contrast for indacaterol 300 mg versus placebo were estimated along
with the associated 95% confidence intervals and two-sided p-values.

AE and SAE data; laboratory data for hematology, blood
biochemistry, and urinalysis; electrocardiogram (ECG) results; and
measurements of vital signs were summarized descriptively by
treatment group. The corrected QT interval was calculated from the
QT and RR intervals using Fridericia’s formula (QTcF) [16,17]. All
tests of hypotheses used were two-tailed and interpreted at the 5%
Table 2
Treatment difference in FEV1 (L) on Day 1 and Day 14 (modified intent-to-treat populati

Comparison

24-h trough FEV1

On Day 1 Indacaterol e Placebo
Indacaterol e Salmeterol
Salmeterol e Placebo

On Day 14 (primary endpoint) Indacaterol e Placebo
Indacaterol e Salmeterol
Salmeterol e Placebo

Mean of 11 h 10 min and 11 h 45 min post-dose
On Day 1 Indacaterol e Placebo

Indacaterol e Salmeterol
Salmeterol e Placebo

On Day 14 Indacaterol e Placebo
Indacaterol e Salmeterol
Salmeterol e Placebo

Mean of 20 h 10 min and 20 h 45 min post-dose
On Day 1 Indacaterol e Placebo

Indacaterol e Salmeterol
Salmeterol e Placebo

On Day 14 Indacaterol e Placebo
Indacaterol e Salmeterol
Salmeterol e Placebo

CI ¼ confidence interval; FEV1 ¼ forced expiratory volume in 1 s; LSM ¼ least squares m
significance level. The data were analyzed using SAS statistical
software version 9.1.3 for Windows (SAS Institute Inc., Cary, North
Carolina, USA).
3. Results

3.1. Patient disposition, demographics, and baseline characteristics

This study was conducted at 11 centers in 3 countries (6 in the
USA, 3 in Belgium, and 2 in Spain). Out of 101 patients screened, 68
were randomized, and 61 (89.7%) completed the study. The most
common reason for premature discontinuation was AE(s) (four
patients), followed by withdrawal of consent (two patients) and
abnormal test result(s) (one patient). Discontinuations were higher
during treatment with salmeterol (n ¼ 4) compared with indaca-
terol (n ¼ 1) or placebo (n ¼ 2).
on).

LSM � SEM 95% CI p-value

0.15 � 0.025 (0.10, 0.19) <0.001
0.04 � 0.024 (�0.01, 0.09) 0.106
0.11 � 0.025 (0.06, 0.16) <0.001
0.20 � 0.034 (0.13, 0.27) <0.001
0.09 � 0.035 (0.02, 0.16) 0.011
0.11 � 0.035 (0.04, 0.18) 0.001

0.17 � 0.022 (0.13, 0.22) <0.001
0.08 � 0.022 (0.04, 0.13) <0.001
0.09 � 0.022 (0.04, 0.13) <0.001
0.21 � 0.033 (0.15, 0.28) <0.001
0.11 � 0.033 (0.04, 0.17) 0.001
0.10 � 0.034 (0.04, 0.17) 0.003

0.16 � 0.024 (0.11, 0.21) <0.001
0.02 � 0.023 (e0.03, 0.06) 0.519
0.14 � 0.024 (0.10, 0.19) <0.001
0.20 � 0.033 (0.13, 0.26) <0.001
0.06 � 0.033 (e0.01, 0.12) 0.087
0.14 � 0.033 (0.08, 0.21) <0.001

ean; SEM ¼ standard error of the mean.
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Fig. 3. Twenty-four-hour FEV1 profile on Day 14 (modified intent-to-treat population).
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The baseline demographics and clinical characteristics of all
randomized patients are shown in Table 1. All patients were current
or former smokers, and the majority were male.

3.2. Efficacy

3.2.1. Primary efficacy outcome: trough FEV1 on Day 14, indacaterol
vs placebo

For the primary endpoint, 24-h post-dose (trough) FEV1 after 14
days of treatment, indacaterol was significantly superior to placebo,
with the least squares mean (LSM) treatment difference between
indacaterol and placebo being 200 mL (Fig. 1, Table 2). The mean
(standard deviation [SD]) change from baseline to 24 h post-dose
trough FEV1 after 14 days of treatment was 180 (230) mL for
indacaterol and �30 (200) mL for placebo.

3.2.2. Trough FEV1 on Days 1 and 14
Indacaterol was also significantly superior to salmeterol for

trough FEV1 on Day 14 with the LSM difference between the two
treatments being 90 mL (Table 2). In addition, salmeterol demon-
strated significantly superior trough Day 14 FEV1 results as
compared with placebo (Table 2). After 1 day of treatment, the
trough FEV1 for both indacaterol and salmeterol was significantly
superior to that of placebo, with the value for indacaterol being
numerically higher than salmeterol (Fig. 2, Table 2).

3.2.3. Serial measurements of FEV1 over 24 h
Serial measurements of FEV1 over 24 h on Day 14 are shown in

Fig. 3. Indacaterol was statistically superior to placebo at all post-
baseline time points on both Day 1 and Day 14 (p< 0.001 at all time
points, including 50 min and 15 min pre-dose on Day 14). In
addition, on Day 14 indacaterol provided either numerically or
statistically superior FEV1 as compared with salmeterol at all time
points (Fig. 3). On Day 1, the LSM treatment difference in FEV1
between indacaterol and salmeterol was statistically significant at
each post-dose time point up to and including 11 h 45min, with the
later time points showing numerical superiority of indacaterol over
salmeterol.

3.2.4. Mean of FEV1 values at 11 h 10 min and 11 h 45 min, and of
20 h 10 min and 20 h 45 min post-dose

On both Day 1 and Day 14, the LSM treatment difference in the
mean of 11 h 10min and 11 h 45min post-dose FEV1measurements
See the text for treatment – placebo contrasts.
***p<0.001 vs placebo
Trough = average of 23 h 10 min and 23 h 45 min post-dose
values; FEV = forced expiratory volume;
LSM = least square means; SE = standard error.
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Fig. 2. Least squares means trough FEV1 (L) on Day 1 (modified intent-to-treat
population).
were statistically significant for indacaterol versus placebo, inda-
caterol versus salmeterol, and salmeterol versus placebo (p < 0.001
for all comparisons) (Table 2). Similarly, on both Day 1 and Day 14,
the LSM treatment difference in the mean of 20 h 10 min and 20 h
45 min post-dose FEV1 measurements was statistically significant
for indacaterol versus placebo and salmeterol versus placebo
(p< 0.001 for both comparisons) (Table 2). The valuewas higher for
indacaterol than salmeterol on Day 14 (p ¼ ns; Table 2).

3.2.5. Serial measurement of IC
The 24-h profile of inspiratory capacity measurements for all

treatments on Day 14 are shown in Fig. 4. Data from the 3-h post-
dose time point are excluded from the figure as one patient on
indacaterol reported an out-of-range value (12.37 L). On both Day 1
and Day 14, the LSM treatment difference between indacaterol and
placebo was statistically significant at all post-baseline time points.
In addition, indacaterol was numerically or statistically superior to
salmeterol at all post-baseline time points on Days 1 and 14.

3.3. Safety

The overall incidence of AEs was 25.8% (17/66), 15.4% (10/65),
and 28.8% (19/66) with indacaterol, salmeterol, and placebo,
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Fig. 4. Twenty-four-hour inspiratory capacity profile on Day 14 (modified intent-to-
treat population).



Table 3
Adverse events overall and by primary system organ class (safety population).

Indacaterol
N ¼ 66
n (%)

Salmeterol
N ¼ 65
n (%)

Placebo
N ¼ 66
n (%)

Patients with any AE(s) 17 (25.8) 10 (15.4) 19 (28.8)
Primary system organ class
Respiratory, thoracic, and mediastinal
disorders

7 (10.6) 2 (3.1) 6 (9.1)

Infections and infestations 5 (7.6) 4 (6.2) 5 (7.6)
Musculoskeletal and connective tissue
disorders

4 (6.1) 1 (1.5) 4 (6.1)

Investigations 2 (3.0) 1 (1.5) 0
Nervous system disorders 2 (3.0) 0 3 (4.5)
Cardiac disorders 1 (1.5) 0 0
Gastrointestinal disorders 1 (1.5) 1 (1.5) 3 (4.5)
Reproductive system and breast disorders 1 (1.5) 1 (1.5) 0
Vascular disorders 1 (1.5) 1 (1.5) 0
General disorders and administration site
conditions

0 0 2 (3.0)

Injury, poisoning and procedural
complications

0 2 (3.1) 0

Psychiatric disorders 0 1 (1.5) 0
Renal and urinary disorders 0 0 1 (1.5)
Skin and subcutaneous tissue disorders 0 1 (1.5) 1 (1.5)
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respectively (Table 3). The most frequently-reported AEs were
cough for indacaterol (indacaterol: 3, 4.5%; salmeterol: 0; placebo:
1, 1.5%); rhinitis for salmeterol (indacaterol: 0; salmeterol: 2, 3.1%;
placebo: 0); and back pain for placebo (indacaterol: 0; salmeterol:
0; placebo: 4, 6.1%). Only one AE was reported as severe (ligament
sprain while on salmeterol).

Four patients discontinued due to AEs during the study. Two
patients while on indacaterol treatment and one on the placebo
experienced a COPD exacerbation and (as specified in the protocol)
were discontinued from the study. In addition, one patient reported
pneumonia while on placebo, leading to study drug discontinua-
tion. None of these were suspected to be study drug related. No
death was reported during the study.

There were no clinically notable potassium values (defined as
a minimum post-baseline value of <3.0 mmol/L) with indacaterol
or salmeterol during the study. One patient reported a clinically
notable potassium value while on placebo. The incidence of clini-
cally notable blood glucose levels (defined as a maximum post-
baseline value of >9.99 mmol/L) for indacaterol (7/66, 10.6%) and
salmeterol (5/65, 7.7%) was similar and lower than that for placebo
(10/66, 15.2%). No patient had an abnormally high pulse rate (>130
bpm, or �120 bpm and increase from baseline �15 bpm). Only one
patient had a >60 ms change in QTcF from baseline, which was
observed after administration of salmeterol. No QTcF values
>500 ms were reported.

4. Discussion

The majority of studies conducted so far with once daily inda-
caterol have incorporated relatively few spirometric assessments
between 12 and 22 h post-dose. This has generally been done to
permit patients to rest overnight and avoid the requirement for
them to remain in the study center for a full 24-h period. This was
the first study to evaluate the spirometric profile of indacaterol
300 mg once daily in patients with COPD across the full 24-h dosing
interval. In particular, the time points at 11 h 10 min and 11 h
45 min were included in this study to accurately evaluate spirom-
etry assessments at the end of the dosing interval for the first sal-
meterol dose. Furthermore, the time points at 20 h 10 min and 20 h
45 minwere included because it was anticipated that this would be
the time during the dosing interval when lung functionwould be at
its lowest (modeling the time when patients would awaken).
In this study, indacaterol demonstrated significantly superior
bronchodilation compared with placebo at all post-dose time
points throughout the full 24-h assessment period starting from
the first post-baseline time point (5 min). The LSM treatment
difference in trough FEV1 between indacaterol and placebo after 14
days of treatment was 200 mL, which exceeded the set threshold of
120 mL for clinically relevant bronchodilation. In addition, trough
FEV1 was also statistically significantly higher for indacaterol versus
placebo after 1 day of treatment. Some diurnal variation in lung
function was observed, with the lowest values, as anticipated,
measured at 20 h 10 min post-dose, perhaps because patients were
allowed to rest during the 6 h interval between 14 and 20 h post-
dose. In patients with COPD, sleep has negative effects on respira-
tion and gas exchange [18], such that patients often wake in a state
of hypoxia, with wheezing and shortness of breath. It is of note,
therefore, that the efficacy of indacaterol was maintained at this
time point.

The findings from this study are also noteworthy because they
demonstrate the full 24-h efficacy of once daily indacaterol from
the very first dose. This has also been observed in previous studies
of indacaterol in patients with COPD [9,19] and is in contrast to the
onset of action of salmeterol, which was more gradual. Other
studies have also shown that salmeterol is associated with an onset
of action of approximately 10e15 min [20], achieving peak bron-
chodilation approximately 2 h after administration [21]. The only
other once-daily bronchodilator currently available is tiotropium,
which also has a more gradual onset of action than indacaterol,
with some sources suggesting that tiotropium may take 3e4 days
to reach full pharmacological effect [22,23].

As salmeterol is a LABA recommended for twice daily use as
regular maintenance therapy in COPD, a comparison between sal-
meterol and once daily indacaterol was of interest in this study.
Although, given the open-label nature the salmeterol comparisons
are initial exploratory findings, in subsequent blinded studies
(including a 14-day crossover study and a 26-week parallel group
study) similar FEV1 differences between indacaterol and salmeterol
were observed [24,25]. The open-label treatment design of sal-
meterol was selected for practical purposes in a study that, as
a result of the multiple spirometry measurements, could poten-
tially have high withdrawal rates. Salmeterol, if included in
a double-blind manner, would require a double-dummy design
with patients using both inhalers every day during the treatment
periods. In contrast, the current design was much less complex for
patients (as during the indacaterol and placebo periods they only
used study medication once daily), so potentially contributing to
the high study completion rate.

The 14-day time point was selected as primary endpoint in
this study as previous studies have shown that indacaterol rea-
ches pharmacodynamic steady-state prior to this time [8,26].
Likewise, in an earlier salmeterol study, bronchodilator efficacy
after 2 weeks of treatment was comparable to that seen after 1
year [27]. In the current study, indacaterol was significantly
superior to salmeterol after 1 and 14 days of treatment in terms of
FEV1 at most time points up to and including 11 h 45 min, with
later time points favoring indacaterol and reaching statistical
significance on Day 14 at 23 h 10 min and 23 h 45 min post-dose.
Moreover, as evident from the 24-h lung function profile, use of
indacaterol was associated with a reduction in the ‘dipping’ in
lung function, seen in salmeterol treatment towards the end of
the dosing interval. The results of this study therefore indicate
that indacaterol dosed once daily has a bronchodilator profile that
is consistently numerically superior to salmeterol dosed twice
daily, and for most time points also statistically superior to sal-
meterol. Although this study assessed the efficacy of indacaterol
for up to 14 days, other studies have examined its efficacy for up
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to 52 weeks. In these studies, indacaterol demonstrated 24-h
bronchodilation with no evidence of loss in efficacy on repeated
once daily dosing, with statistical superiority to twice daily for-
moterol [26,28].

In COPD, LABAs act on peripheral airways to reduce air trap-
ping within the lungs, thereby reducing lung volumes and
improving hyperinflation and exercise capacity [2]. Inspiratory
capacity has been shown to be a reliable indicator of the devel-
opment of hyperinflation, a key determinant of dyspnea in
patients with COPD [29]. Therefore, inspiratory capacity is a useful
parameter when studying the effects of a bronchodilator.
Improvements in inspiratory capacity with indacaterol, as
observed in this study, suggest improvements in hyperinflation,
which may in turn lead to improvements in patient-focused
outcomes such as dyspnea. Similar improvements in inspiratory
capacity have been observed with indacaterol in previous studies,
with a single 300 mg dose of indacaterol having a greater effect on
inspiratory capacity than formoterol 12 mg bid [30]. Further, in
a 14-day cycle ergometry study, indacaterol 300 mg provided
a statistically significant 317 mL improvement vs placebo in peak
inspiratory capacity during exercise e indicating an improvement
in dynamic hyperinflation [31]. This improvement was accompa-
nied by a statistically significant 3.33 unit improvement vs
placebo in the Transitional Dyspnea Index. The effect of indaca-
terol on inspiratory capacity during exercise is being investigated
further in additional studies.

In terms of safety, all treatments in this study demonstrated
good overall safety and tolerability profiles. The overall rate of
AEs was comparable between indacaterol and placebo, with
nearly all AEs reported in this study being mild or moderate in
severity. In a 52-week study that compared indacaterol 300
and 600 mg once daily with formoterol and placebo, indacaterol
was also well tolerated, with a safety profile that indicated
minimal impact on QTc interval and systemic b2-mediated
events [28].

5. Conclusion

Indacaterol 300 mg once daily produced effective bronchodila-
tion from the first dose, with efficacy compared with placebo that
was sustained over 24-h. The efficacy of indacaterol was greater
than that of open-label salmeterol administered twice daily. Inda-
caterol was generally well tolerated with a good overall safety
profile. Indacaterol is therefore a useful alternative to the estab-
lished bronchodilator therapies in patients with moderate-to-
severe COPD. The sustained 24-h profile of indacaterol supports the
convenience of once daily dosing.
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