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Introduction

Chronic obstructive pulmonar y disease (COPD) is an 
inflammatory disease of the lung characterized by progressive 
airflow obstruction that is not fully reversible (1). Despite the 
improvements in medication and public education, COPD is 
still a serious health problem in the United States and around 
the world (2,3). In 2008, chronic lower respiratory diseases, 
which are primarily due to COPD, were the 3rd leading cause of 
mortality. It is estimated that the direct economic cost of COPD 
and asthma in 2008 is approximately $53.7 billion (3). Prior to 
2000, studies show there was an increased rate of hospitalization 
and an age-adjusted mortality rate for COPD. Since 1999, there 

appears to have been a small decrease in age-adjusted mortality 
in men, but not in women. This reduction in mortality in COPD 
appears to correlate with the decreased prevalence in smoking, 
which has been steadily declining since 1965 (3). In 2010, the 
prevalence of smoking, the dominant risk factor for COPD, 
was 21.5% in men and 17.3% in women. In 2011, an estimated 
6.5% of U.S. adults (approximately 13.7 million) were diagnosed 
with COPD. Between 1999-2011, the prevalence appeared to 
decline. Since much of this data is based on self-reporting, the 
true prevalence of COPD, based on spirometry, and the actual 
mortality rate are likely underestimated (3). 

Lung damage from COPD has several causes including 
proinflammatory mediators, oxidative stress, and proteolytic 
digestion of the lung tissue (1). The repetitive damage of the 
lungs leads to a slow and gradual progression of obstruction 
to airflow. Although initially asymptomatic, the continued 
destruction of airway and lung parenchyma with subsequent 
worsening airflow obstruction leads to the development of 
progressive symptoms of cough, dyspnea, wheezing and chest 
tightness (3). While there is clinical variability, most patients 
have a progression of disease severity leading to an acceleration 
in sensation of dyspnea, decrease in physical activity and social 
functioning which correlates with a decline in forced expiratory 
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volume in 1s (FEV1) (3). Acute exacerbations of COPD can 
cause a rapid decline in lung function and increased dyspnea 
leading to poor quality of life, increased hospitalization and 
mortality (4). A number of pharmacologic interventions have 
been developed to improve lung function, as well as, decrease 
dyspnea and exacerbation rates (5). Long and short acting beta2-
agonists (β2-agonists), long and short acting anticholinergics, 
inhaled corticosteroids and phosphodiesterase inhibitors are 
now the cornerstones of treatment for COPD.

Current guidelines

Once COPD is diagnosed, pharmacologic and non-pharmacologic 
interventions are recommended depending on symptoms and 
disease severity. The goals of pharmacologic therapy are to 
improve lung function, and quality of life while reducing daily 
symptoms, and exacerbation rates. The current Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) guidelines 
recommends the use of long-acting bronchodilators as first-line 
maintenance treatment for moderate COPD and beyond (6). 

The prolonged duration of action of long-acting bronchodilators 
promotes medication adherence and compliance thus leading 
to improved clinical outcomes in COPD patients (5). Studies 
have shown that there is a strong correlation with medication 
adherence and dosing frequency (7). Currently available  
long-acting bronchodilators in the US include: twice-daily 
long-acting β-agonists (LABA), formoterol, arformoterol, and 
salmeterol; once-daily long acting anticholinergic (LAMA), 
tiotropium; twice daily LAMA, aclidinium, and indacaterol (5).  
Indacaterol is a once-daily LABA that was developed for 
maintenance therapy in patients with moderate to severe 
COPD. The European Union has approved indacaterol at a 
recommended dose of 150 μg once daily with a maximal dose of 
300 μg once daily. In the United States, indacaterol is licensed to 
be used at a dose of 75 μg once daily (5).

Pharmacology

In the early twentieth century, epinephrine was introduced 
as a  treatment of  acute asthma. Modif ication of  early 
catecholamine structures allowed for improved selectivity for the  
β2-adrenoreceptor, leading to the development of albuterol, a short 
acting β2-agonist (SABA). Eventually, there was development 
of longer-acting agents such as salmeterol and formoterol and 
finally the once-daily LABA, indacaterol. β2-agonists exert their 
effects via their ability to relax airway smooth muscle. They work 
by binding to active sites of β2-adrenoreceptors which are densely 
located on smooth muscle, resulting in the activation of adenylyl 
cyclase and the generation of intracellular cAMP (8). The increase 
in intracellular cAMP activates effector molecules such as cAMP-
dependent protein kinase A which are involved in the regulation of 

airway smooth muscle tone (8). 
Beta-agonists share a number of effects with epinephrine 

including: inhibiting airway smooth muscles; increasing 
heart rate, contraction and conduction; inhibiting mast 
cell degranulation; increasing glucose from glycogenolysis; 
increasing insulin and glucagon release, as well as, increasing or 
decreasing acetylcholine release (8).

β2-agonists are usually administered via inhalation, allowing 
for a direct route of drug delivery to the site of action at the 
lowest possible dose with the least systemic side effects. Studies 
show that the local drug concentration is the primary cause for 
β2-agonist’s therapeutic effects, since peak plasma concentration 
only accounts for a small fraction of the decrease in airway 
resistance (8). 

Pharmacokinetic reports show that indacaterol is rapidly 
absorbed via the pulmonary as well as the intestinal system, 
since a portion of the drug is always swallowed through the 
oropharynx into the gastrointestinal tract (8). In vitro studies 
show indacaterol has a median time to reach peak serum 
concentration of approximately 15 minutes after single or 
multiple doses. Another single-dose study of indacaterol at 600 
and 2,000 μg confirmed a rapid absorption with maximal serum 
concentration reached within 15 minutes (5). 

In vitro studies show that indacaterol has a high agonist 
efficacy at the human β2-adrenoreceptor with a binding affinity 
similar to formoterol. Indacaterol has a functional selectivity 
to β2-adrenoreceptor over β1-adrenoreceptor that is similar to 
formoterol and over the β3-adrenoreceptors, which is similar 
to formoterol and albuterol (8). It is still unclear how LABAs 
are able to sustain a long bronchodilator effect. The previous 
thought of slow receptor dissociation does not appear to be 
the key to LABA’s duration of action. It appears that the faster 
onset of action and longer duration of action of indacaterol is 
likely due to its lipid membrane interactions and ability for drug 
partitioning into lipophilic compartments upon inhalation (5,8). 
Another factor that may contribute to indacaterol’s long duration 
of action is its high affinity for small lipid raft microdomains, 
which is the location where β2-adrenoreceptors are in close 
contact with effector molecules. It appears that indacaterol has a 
twofold higher affinity for these lipid rafts than salmeterol, which 
may contribute to its longer duration of action (8). 

Toxicology evaluation of in vitro indacaterol shows no 
evidence of potential carcinogenicity and teratogenicity in 
embryo-fetal development. Multiple-dose studies of indacaterol 
at 400 and 800 μg for 14 days showed a rapid absorption and a 
mean elimination half-life >30 hrs (5).

Physiologic effects of indacaterol

Most COPD patients, especially those who continue to smoke, 
are known to lose lung function at an accelerated rate when 
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compared with normal patients. Due to its ease of use and 
reproducibility, FEV1 is frequently used to assess this decline in 
lung function in order to monitor and direct appropriate treatment 
in COPD patients. Mean trough FEV1 has been shown to be 
proportional to change in health status of COPD patients (9). In 
one randomized placebo-controlled study over a 52-week period, 
all 366 patients on once-daily indacaterol at doses of 150 or 300 μg  
had a significant increase in FEV1 of greater than or equal 
to 170 mL (10). This was found to be statistically significant 
when compared with placebo. Another double-blind placebo 
controlled study of 90 patients who were treated with 300 μg 
of indacaterol once-daily for three weeks showed an increased 
FEV1 by 250 mL, which was statistically significant when 
compared with placebo (11). FEV1 measurements are helpful in 
determining treatment efficacy, however it does not reflect the 
full burden of COPD subjects (12).

Although FEV1 is an essential measure used in diagnosing, 
staging, and treatment of COPD, there have been studies 
showing that changes in FEV1 only partially correlate with 
changes in dyspnea. The mechanism of dyspnea in COPD is 
complex and multifactorial requiring monitoring of several 
factors including FEV1, functional vital capacity (FVC), and 
both static and dynamic lung hyperinflation to fully assess the 
benefit to COPD patients (13,14). Physiologic parameters 
such as FEV1, inspiratory capacity (IC) and total lung capacity 
(TLC) are used to diagnose and monitor treatment response in 
COPD patients (9). Static lung volumes such as IC have been 
purported to correlate better with exercise tolerance and dyspnea 
than FEV1 and FVC, as a measure of lung hyperinflation (11).  
A reduced ratio of IC and TLC has been shown to correlate 
with mortality predictions (15). This makes measurement of IC 
as a marker for severity and treatment response to COPD useful 
in treatment studies. In a study by O’Donnell, patients receiving 
300 μg of indacaterol had an increase in IC of 170 mL at rest and 
an increase in end-exercise IC of 280 mL over placebo after three 
weeks of treatment (11). In another small randomized study in 
which 300 μg of indacaterol was used for three months as an add-on  
therapy, or replacement for other LABA, IC increased by 240 mL 
in the indacaterol treatment group. This study also showed a 
significant increase in six minute walk distance (6MWD), as well 
as, health related quality of life (HRQL) based on St. George’s 
Respiratory Questionnaire (SGRQ) (16).

SGRQ is a well validated, disease-specific assessment 
developed to evaluate the health status of patients with asthma 
or COPD, and is frequently used in clinical trials as an endpoint 
to assess treatment effect in COPD (17). Health status and 
dyspnea, judged by measures such as TDI and SGRQ, were 
noted to be improved in a 52-week study by Dahl using 300 or 
600 μg of indacaterol (16). Finally a meta-analysis on indacaterol 
with TDI data showed treatment doses of 150, 300 and 600 μg  
had significantly improvement in breathlessness in COPD 

patients when compared to placebo (18). 

Safety 

A safety study performed from data on multiple trials of indacaterol 
with once-daily dosing of 75, 150, 300, and 600 μg, elucidated 
five common adverse events. These include COPD worsening, 
nasopharyngitis, headache, cough, and upper respiratory tract 
infection (19). In this study, COPD worsening was found to 
be the most common adverse event, however its incidence 
was found to be less common on all doses of indacaterol when 
compared with placebo. The other most common adverse events 
showed no consistent increase or decrease in incidence with 
indacaterol at all doses when compared with placebo (19).

Many different studies on indacaterol have mentioned 
coughing immediately following administration. This adverse 
effect was highlighted in a study by Donohue et al. where 
approximately 15-20% of patients had a cough starting within  
15 seconds of drug administration and lasting less than  
15 seconds, with a median duration of less than or equal to  
6 seconds (19). Despite the frequency of immediate cough with 
medication, it was not associated with loss of efficacy, increased 
bronchospasm or discontinuation rates (20). 

Cardiac side effects including tachycardia, QT prolongation, 
and palpitation have been frequently cited as a class-effect with 
beta-agonists. Other adverse reactions that are recognized 
consequences to beta2-adrenoreceptor stimulation include 
hypokalemia, and hyperglycemia, which can be detrimental 
to the heart. A RCT of 388 subjects on dosing of indacaterol 
up to 600 μg per day showed no clinically relevant effect on 
the QT interval (21). In a 52-week RCT by Chapman et al. 
with once-daily dosing of indacaterol, there was no effect on 
serum potassium level and only a slight increase in elevated 
blood glucose levels in the treatment group (10). Additionally 
an analysis of fvie RCTs showed that symptoms of anxiety, 
palpitations, and tachycardia were not increased with 150 and 
300 μg dosing of indacaterol when compared with placebo (19). 
These findings show that indacaterol is well-tolerated at multiple 
doses with a good overall safety profile. 

Jiang et al. showed that there was a dose response to adverse 
effects with indacaterol use. This was demonstrated with the 
development of more adverse events compared to placebo in a  
52-week extended study of indacaterol 600 μg once-daily with 
risk ratio of 1.15. However it is also noteworthy that when 
compared with standard treatment of formoterol, a 52-week 
study found no more adverse events between the 600 μg of 
indacaterol and twice daily formoterol. Therefore, it seems that 
despite the adverse effects, a higher dose of indacaterol may 
provide better tolerance, improved patient compliance over the 
long term compared to formoterol (18). 
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Comparison studies

Several studies have been published to evaluate the bronchodilator 
effects and safety of indacaterol compared to currently available 
drugs.

Indacaterol vs. tiotropium

In 2010, Donohue et al. designed a randomized-controlled 
placebo study of 1,683 patients over a 26-week period to 
compare the efficacy of tiotropium and indacaterol. This was a 
two stage design, with initial two week stage used to determine 
the most efficacious dose of indacaterol by an independent 
committee. The 150 and 300 μg indacaterol doses were selected 
and compared with placebo and 18 μg of tiotropium. Spirometry 
was performed at baseline and at each visit. Dyspnea was 
evaluated based on the transition dyspnea index and health status 
was assessed with the SGRQ. At 12 weeks, there was an FEV1 
difference versus placebo of 180 mL for both dose of indacaterol 
and 140 mL for tiotropium. At 26 weeks the difference in FEV1 
over placebo was increased to 210 mL for 150 μg of indacaterol, 
240 mL for 300 μg of indacaterol and 240 mL for tiotropium 
(Figure 1). Overall, indacaterol was well tolerated with headache 
being the most commonly reported adverse event which were 
generally mild to moderate. Additional adverse events include: 
tachycardia, which was noted in the lower dose of indacaterol; 
tremors, which were rarely reported, and prolonged QTc interval 
which were few in number and did not lead to any adverse 
events. Previous studies have shown a low arrhythmogenic 
potential for indacaterol. The study showed an improvement 
in dyspnea but not in health status based on mean SGRQ 
scores. Indacaterol maintained its bronchodilator effects over a  
24-hour period of time. In this study it was felt that indacaterol 

was statistically noninferior to tiotropium (20). Other 
studies have confirmed that indacaterol is at least as effective 
as tiotropium and was able to show a statistically significant 
improvement in dyspnea and health status (based on SGRQ) 
with indacaterol compared to tiotropium (22).

Indacaterol vs. salmeterol

In 2011 Kornmann et al., published a study comparing the efficacy 
and safety of indacaterol with salmeterol. This was a placebo-
controlled study where patients were randomized to 150 μg  
of indacaterol once-daily, 50 μg of salmeterol twice daily or 
placebo over a 26-week period. A total of 838 patients completed 
the study with a significant difference compared to placebo noted 
in both indacaterol and salmeterol groups. The study showed a 
significant change in FEV1 over placebo of 170 mL at 12 weeks 
and 180 mL at 26 weeks in the indacaterol group and 110 mL 
at 12 and 26 weeks in the salmeterol group (Figure 2). There 
appeared to a significant improvement in health status (based 
on SGRQ) at 12 weeks and improvement in dyspnea (based 
on TDI scores) at 4, 8, 12 and 26 weeks for indacaterol and 12 
and 26 weeks for salmeterol. An evaluation done at 5 minutes 
after the first dose on the first day, showed an increase in FEV1 
over placebo by 110 mL with indacaterol and by 60 mL with 
salmeterol. A similar improvement of 60-100 mL in FEV1 was 
observed throughout the study for indacaterol over salmeterol at 
5 minutes. Adverse events noted in the study were similar across 
groups, with increased incidence of bacterial and viral upper 
respiratory tract infections in the indacaterol group (Table 1).  
Cough was reported on average 17.6% following inhalation 
of indacaterol which appears to occur within 15 seconds of 
inhalation and lasted approx 12 seconds. This adverse effect did 
not appear to be associated with increase bronchospasm or loss 
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Figure 1. Differences between active treatments compared to placebo (mL) on trough forced expiratory volume in 1s (FEV1). Data are presented as 
least squares means. All treatment differences versus placebo were significant for superiority at P<0.001. Both indacaterol doses were significant for 
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of efficacy (23). This study shows that once-daily indacaterol 
is generally superior to twice-daily salmeterol and formoterol 
based on trough FEV1, improvement in health status, as well as, 
dyspnea (23,24).

Several studies have shown that indacaterol 150 and 300 μg  
dosing appeared to have similar lasting effects on trough FEV1. 
The higher dose of indacaterol, 300 μg, appears to have an 
incremental benefit in improvement in dyspnea (based on 
transition dyspnea index) over tiotropium, both twice-daily 
bronchodilators, as well as, patient with more severe COPD. 
The safety profile and tolerability of the different dosages appear 
to be similar (5). Patient using indacaterol had decrease use 
for as-needed SABA even when compared with tiotropium or 
formoterol. Although not statistically significant there was a 
reduction in the number exacerbation compared to placebo with 

use of all bronchodilators (5). 
In 2011, Mahler et al. compared the efficacy of tiotropium 

monotherapy versus indacaterol 150 μg plus tiotropium in two 
identical double-blind randomized controlled studies over a 12 week  
period. Approx 1,100 patients with moderate to severe COPD 
were randomized in both studies. There was a statistically 
significant improvement in trough FEV1 of 80 and 70 mL with 
the combined treatment compared to monotherapy in each study 
respectively. This improvement was maintained in all subgroup 
analyses according to COPD severity, smoking status and inhaled 
corticosteroid use. Although the trough FEV1 was not as large as 
previous studies that compared indacaterol to tiotropium, there 
was an incremental improvement in FEV1 and IC which shows 
that there is additional bronchodilator response with reduction 
in lung hyperinflation from combining these medications (25). 
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 Table 1. Adverse effects. 

Indacaterol (%) Salmeterol (%) Placebo (%)

Subjects (n) 330 333 335

Pts with any adverse event(s) 169 (51.2) 152 (45.6) 156 (46.6)

COPD worsening 60 (18.2) 51 (15.3) 65 (19.4)

Nasopharyngitis 24 (7.3) 29 (8.7) 21 (6.3)

Upper respiratory tract infection

Bacterial 14 (4.2) 3 (0.9) 5 (1.5)

Viral 10 (3.0) 3 (0.9) 7 (2.1)

Lower respiratory tract infection 9 (2.7) 13 (3.9) 8 (2.4)

Back Pain 7 (2.1) 12 (3.6) 6 (1.8)
Data are presented as n (%) unless otherwise stated. Most common events listed for >3% of the patients in either indacaterol or salmeterol groups. 
COPD, chronic obstructive pulmonary disease (23).
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The proposed mechanism of additive effects of bronchodilators 
includes: relaxation of smooth muscle secondary to independent 
effects on sympathetic and parasympathetic pathways, differential 
distribution of β2-adrenergic and muscarinic receptors, or 
the interaction of the two receptors causing a potentiation of  
β2-receptor activation by muscarinic receptor blockage (25). 

A review article published in 2012 by Rodrigo et al. compared 
indacaterol (150-300 μg) with tiotropium or twice-daily LABAs. 
A total of five randomized controlled trials were reviewed 
which included approximately 6,000 participants. Two studies 
compared indacaterol with tiotropium and three studies 
compared indacaterol with twice-daily L ABAs. Analysis 
revealed that there was no statistically significant improvement 
in trough FEV1 between indacaterol and tiotropium but there 
was a significant improvement of 80 mL in trough FEV1 with 
indacaterol and twice-daily LABAs. Compared with tiotropium 
and twice-daily LABA, indacaterol had a significant reduction in 
rescue albuterol use and sensation of dyspnea, which provides 
insight into the effectiveness of treatment. Compared with twice-
daily LABA, indacaterol also had a significant improvement in 
health status, based on SGRQ. This study was able to quantify a 
number needed to treat with indacaterol of 10 patients in order 
to experience these clinical improvements over tiotropium or 
twice-daily LABAs. Although indacaterol showed improvement 
in health status, dyspnea and pulmonary function compared 
to tiotropium or twice-daily LABA, there was no significant 
difference in the rate of COPD exacerbation, withdrawal, adverse 
events or all-cause mortality (26). 

Indacaterol 75 μg dose 

There has been some controversy regarding the most efficacious 
dose for the treatment of COPD. An analysis of 801 patients with 
moderate to severe COPD who were treated for 2 weeks showed 
that 150 μg of indacaterol was the lowest dose that was superior 
to the active comparators, formoterol and tiotropium (27). 
Despite these studies, the Food and Drug Administration (FDA) 
approved indacaterol at a dose of 75 μg once daily. According 
to the FDA’s analysis of the original dose-exploration data, all 
doses on indacaterol fulfilled the criteria of trough FEV1 greater 
than 0.12 liters over placebo, as well as, produced a higher trough 
FEV1 with an area under the FEV1 curve 1 to 4 hours after a 
dose compared with other bronchodilators (28). It was felt that 
all doses were more effective than placebo without a significant 
increase in dose-response above the 75 μg dose. A 12 week 
placebo controlled study was performed by Novartis to compare 
the 75 and 150 μg doses of indacaterol; both dosages resulted in 
a significantly higher trough FEV1 than placebo. The study also 
showed a pooled analysis for HRQL (based on SGRQ) at week 
12 showing a statistically significant improvement with 75 μg 
dose of indacaterol over placebo, but higher doses did not show 

any incremental benefits in quality of life. An analysis of 23 trials 
with over 11,755 COPD patients did not show any significant 
worrisome findings for indacaterol at the 75 and 150 μg doses, 
but there was some concern for increase asthma exacerbation 
and respiratory related deaths with the 300 μg of indacaterol. 
Due to this risk-benefit evaluation, the FDA approved the use of 
75 μg dose of indacaterol in the United States (27).

Kerwin et al., published two identical studies in 2011 
comparing the efficacy of indacaterol 75 μg with placebo in a 
double-blind placebo-controlled study over a 12-week period. 
Each study evaluated approximately 320 patients and they 
both showed a significant improvement in trough FEV1 in 
the indacaterol group over placebo. The increase in trough 
FEV1 over placebo at 12 weeks was 120 and 140 mL for each 
study respectively (Figure 3). The 75 μg indacaterol dose also 
confirmed a rapid onset with prolong duration of action; the  
5 minutes post-dose on day one was approximately 90-100 mL  
which had sustained efficacy throughout the day (Figure 4). 
Approximately half of the patients in both studies reported 
adverse events. The most common event in each group, which 
were similar to previous studies, included COPD worsening, an 
acute cough, headache, nasopharyngitis and rarely tachycardia 
or muscle spasm. Although there were two deaths in the placebo 
group, this was not felt to be related to the study medication. This 
dose of indacaterol was also able to show a significant reduction 
in use of rescue albuterol showing its effectiveness to control 
symptoms (29).

A follow-up study by Gotfried et al., was published in 2012 
showing the secondary efficacy endpoints from the two double-
blind, placebo-controlled 12 weeks studies published by the 
same authors. Both studies showed a statistically significant 
improvement in dyspnea, measured by TDI, at 4 weeks but 
only in one study at 12 weeks. Health status, measured by 
the SGRQ, showed a clinically relevant improvement with 
indacaterol from baseline across all domains. Both studies showed 
numerical improvement in various symptom-based end-points, a 
few of which were statistically significant including percentage of 
days able to perform usual activities, percentage of days with no 
daytime symptoms, percentage of nights with no awakenings, as 
well as, overall number of COPD exacerbations. The use of rescue 
albuterol use was statistically significant with indacaterol in both 
studies. Although not specifically powered for these end-points, 
these studies show a clinically relevant improvement in health 
status, based on SGRQ scores, compared to baseline (30).

In 2012, Cope et al. published a meta-analysis comparing 
indacaterol 75 μg with fixed-dose combinations of formoterol-
budesonide or salmeterol-fluticasone. Based on the studies, 
indacaterol 75 μg resulted in a greater improvement in trough 
FEV1 at 12 weeks compared to formoterol-budesonide at 
doses of 9/160 and 9/320 μg twice-daily. This meta-analysis 
also showed that indacaterol 75 μg had a comparable change 
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in trough FEV1 from baseline compared with salmeterol-
fluticasone at 50/250 and 50/500 μg twice-daily doses. They 
concluded that indacaterol at 75 μg was at least as efficacious as 
formoterol-budesonide at both dosages and is comparable with 
salmeterol-fluticasone at both dosages (31).

In 2012, Cope et al. published another meta-analysis comparing 
75 μg indacaterol with usual doses of tiotropium, salmeterol, 
formoterol, and placebo. Overall, there were 22 randomized 

controlled trials that were included in the analysis. The results of 
the meta-analysis showed that 75 μg of indacaterol provides an 
FEV1 result that was comparable to tiotropium and salmeterol 
at 12 weeks and a higher FEV1 versus formoterol. With regards 
to assessment of HRQL, based on SGRQ, all treatments were 
more efficacious than placebo at 12 weeks. This shows that there 
is a comparable level of improvement in HRQL with indacaterol  
75 μg compared to tiotropium, salmeterol and formoterol (32). 

Study 1 Study 2 Study 1 Study 2
Day 2 Week 12

Placebo 1.27 1.37 1.25 1.35
Indacaterol 1.36 1.45 1.38 1.49
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Figure 3. Trough forced expiratory volume in the first second of respiration (FEV1) after the first dose (assessed pre-dose on the morning of day 2) 
and after 12 weeks of treatment (primary end point). Data represent least squares mean (SE). P<0.001 versus placebo (29).

Figure 4. Indacaterol-placebo difference in forced expiratory volume in the first second of respiration (FEV1) at post-dose time points (1, 2, 4 hrs,  
23 hrs 10 min, and 23 hrs 45 min) at week 12. Data represents least square means. All indacaterol-placebo differences were significant at P<0.001(29).
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Cost-effectiveness

Due to the large number of variables related to medication 
costs, including differing health policies, health insurance costs, 
medication compliance rates, pharmaceutical/commercial aspects 
and patient preferences, determining the cost-effectiveness of 
a medication is extremely difficult. Current data appears to 
indicate there is a difference in cost-effectiveness between 
bronchodilators. A recent cost-effectiveness analysis from 
Germany of indacaterol showed that indacaterol 150 μg is better 
(lower total cost with better outcomes) than tiotropium bromide 
or salmeterol. Another analysis comparing indacaterol 300 μg 
against tiotropium showed an incremental cost-effectiveness 
ratio of approximately 28,300 euros per quality-adjusted life 
years (33).

Conclusions

Indacaterol is a once-daily long-acting β2-agonist, approved 
for the treatment of moderate to severe COPD. It is currently 
approved in the United States at a dose of 75 μg and in the 
European Union at a recommended dose of 150 μg as well as 
300 μg for severe COPD. Studies show that it has a rapid onset of 
action, within 5 minutes, and provides prolonged bronchodilator 
effects, at least 24 hours. Current studies show that indacaterol 
is as effective as tiotropium and superior to twice-daily LABA, 
salmeterol and formoterol. Higher dosing of indacaterol did 
provide some incremental benefit associated with improvement 
in trough FEV1, and dyspnea, however some studies showed 
a trend towards increased adverse effects. The improvement in 
lung measurements correlate to clinical outcomes, including 
improvement in dyspnea, HRQL, and exacerbation rate when 
compared to some of the other available bronchodilators, but 
mainly when compared to placebo. Several studies show that 
indacaterol is generally well tolerated and has a favorable safety 
profile when compared to other bronchodilators without 
significant safety issues. The most prevalent side effect is a cough 
which is seen within seconds of inhalation with rapid resolution. 
This adverse effect does not appear to cause bronchospasm or 
loss of efficacy. Other relevant adverse effects include: worsening 
COPD, upper respiratory infection, and possible increase in 
asthma exacerbation, and asthma-related deaths, particularly 
at higher doses of indacaterol. There were no significant or 
clinical relevant cardiac effects, including QTc prolongation, 
tachycardia, high blood pressure, hypokalemia or hyperglycemia. 
Since current guidelines recommend at least one long-acting 
bronchodilator as first-line maintenance therapy for moderate 
symptomatic COPD patients, it seems that both indacaterol, a 
once-daily LABA, or tiotropium, a once-daily LAMA, would be 
an appropriate starting medication. The once-daily dosing will 
provide long acting bronchodilation and promote medication 

compliance in order to improve patient outcomes. If symptoms 
are not controlled with a once-daily bronchodilator, GOLD 
guidelines recommend combining a L ABA and L AMA . 
The use of indacaterol as add-on therapy has been shown to 
provide additional clinical improvement which will allow for a 
convenient treatment regimen compared to what most COPD 
patients currently use. This review shows that indacaterol 
is appropriate first-line or additive treatment option for the 
management of moderate to severe COPD (GOLD stage II-III) 
and, although not specifically studied, will likely be beneficial for 
late stage COPD (GOLD stage IV). 
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