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Introduction

Inhaled bronchodilators are the mainstay of the current management 
of chronic obstructive pulmonary disease (COPD) (1). Only for 
subjects that can be classified as group A patients according 
to the last GOLD classification of severity because they have 
few symptoms and a low risk of exacerbations, a short-acting 
bronchodilator is recommended as first choice (2). For all other 
COPD patients long-acting formulations are preferred over 
short-acting formulations (2). Two classes of long-acting inhaled 
bronchodilators are available—long-acting β2-agonists (LABAs) 
and long-acting muscarinic antagonists (LAMAs). LABAs 
directly induce bronchodilation by relaxing airway smooth 
muscle through stimulation of β2-adrenoceptors, whereas 

LAMAs prevent acetylcholine-induced bronchoconstriction by 
acting as competitive antagonists on muscarinic receptors (3).

Because of the central role of long-acting bronchodilators in 
the treatment of COPD, in recent years there has been a renewed 
interest in the field and now once-daily (OD) bronchodilators 
are in development in an attempt to simplify the management of 
COPD patients (3,4). In effect, an important step in simplifying 
COPD management and improving adherence with prescribed 
therapy is to reduce the dose frequency (3,4). Therefore, the 
incorporation of OD dosing is an important strategy to improve 
compliance, and is a regime preferred by most patients (3,4). 
Indacaterol is the first ultra-LABA approved that has a 24-hour 
bronchodilatory effect, allowing for OD administration (5).

Pharmacological profile of indacaterol

Indacaterol is a novel chirally pure inhaled ultra-LABA. Within 
a series of 8-hydroxyquinoline 2-aminoindan derived β2-
adrenoceptor agonists, lipophilicity was used as the basis for 
the design and rationalization of their onset and duration of 
action profiles, as assessed by a guinea pig tracheal-strip assay. 
In addition to lipophilicity, potency and intrinsic efficacy 
have also been shown to be contributing factors in regulating 
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these in vitro time course profiles. Selected from these studies 
was the 5,6-diethyl substituted indan analogue, (R)-5-{2-[(5, 
6-diethyl-2,3-dihydro-1H-inden-2-yl)amino]-1-hydroxyethyl}-
8-hydroxyquinolin-2(1H)-one, indacaterol (Figure 1) (6). 
Extensive preclinical studies involving indacaterol have been 
performed both in vitro and in vivo and have documented 
that it demonstrates a unique rapid onset of action and a 
bronchodilating effect that lasts for 24 h (5,6).

Indacaterol seems to have a high intrinsic activity at human 
β2-adrenoceptors in vitro (Table 1). The mean maximum 
effect (Emax) for indacaterol was 73% of the maximum effect 
of isoprenaline, compared with 90%, 38%, and 47% for 
formoterol, salmeterol, and salbutamol, respectively (7). 
Like formoterol, indacaterol is a very weak agonist at the 
β1-adrenoceptor (mean Emax =16% of the maximal effect of 
isoprenaline) but acts as a full agonist at the β3-adrenoceptor 
(mean Ema x =113%) (7).  Studies w ith isolated human 
bronchi and small-airway lung slices showed that indacaterol 
behaves as a high efficacy β2-agonist, with an onset of action 
that is not significantly different from that of formoterol or 
salbutamol but significantly faster than that of salmeterol, and 

a significantly longer duration of action than either formoterol 
or salmeterol (8,9). In particular, a study that compared the 
properties of indacaterol with those of salmeterol, formoterol, 
and salbutamol on small airways in precision-cut human lung 
slices contracted with carbachol (9) confirmed that the onset 
of action is fast for salbutamol, formoterol, and indacaterol, 
whereas it is significantly slower for salmeterol, and indicated 
that indacaterol and formoterol have a higher intrinsic efficacy 
than salbutamol and salmeterol. It was also shown that 
indacaterol, in contrast to salmeterol, does not antagonize the 
bronchorelaxant effect of a short-acting β2-agonist (8).

It is noteworthy that no tachyphylaxis has been demonstrated 
for indacaterol, although significant improvement in protection 
against 5-hydroxytryptamine-induced bronchoconstriction 
has been documented after 5-day dosing of indacaterol and 
formoterol (compared with a single treatment), but not with 
salmeterol, at least in guinea pig airways (7). The fact that 
indacaterol behaves as a nearly full β2-agonist could explain 
why indacaterol does not induce tachyphylaxis and also does 
not antagonize the bronchorelaxant effect of a short-acting  
β2-agonist. Although low-efficacy agonists may cause less 
receptor desensitization at equal occupancy, they require more 
receptors to generate a subsequent response and so will be more 
sensitive to loss of functional receptors (10). High-efficacy 
agonists, in contrast, may cause a greater loss of receptors, but 
are more tolerant to this, as they have “spare receptors,” resulting 
in a loss in potency but not necessarily any loss of maximal 
effect and are therefore less sensitive to loss of receptors through 
desensitization (10). Preclinical data also suggest that, for a 
given degree of bronchodilator activity, indacaterol has a greater 
cardiovascular safety margin than formoterol or salmeterol (7).

The faster onset of action and longer duration of action 
of indacaterol compared with some other β2-agonists may be 
related to interactions with lipid bilayers (11). Indacaterol and 
salmeterol show no major, but several minor, differences in their 
steady-state and kinetic interactions with lipid membranes, and 
the sum of these small differences, including higher partitioning 
of indacaterol into the microenvironment of the receptor and 
its faster membrane permeation, is thought to contribute to its 
faster onset and longer duration of therapeutic action. A striking 
difference was observed between indacaterol and salmeterol on 
membrane fluidity. Although indacaterol did not alter membrane 
fluidity, salmeterol drastically increased membrane fluidity. This Figure 1. Chemical structure of indacaterol.

Table 1. Functional properties of indacaterol against the three human β-adrenoceptor subtypes. From Battram et al. (7).

β1 pEC50 IA β2 pEC50 IA β3 pEC50 IA Selectivity for β2 over β1

6.60±0.24 16±2 8.06±0.02 73±1 6.72±0.13 113±7 1.46
pEC50 is the negative logarithm of the molar drug concentration that produces a cAMP response equal to 50% of its maximal response. IA is the 
percentage of isoprenaline-induced maximal response. Selectivity for β2 over β1 expressed as pEC50 at β2-adrenoceptor–pEC50 at β1-adrenoceptor.
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may affect the function of the β2-adrenoceptor, reducing the 
intrinsic efficacy of salmeterol (11). It has also been suggested 
that lipid rafts, which are areas of cell membranes in which  
β2-adrenoceptors are held together in close contact with signaling 
molecules and effectors, and calveolae, which are a special 
type of lipid raft, being small (50-100 nm) invaginations of the 
plasma membrane in airway smooth muscle, might play a role 
in the long duration of action of indacaterol (11). Indacaterol 
has a 2-fold higher affinity for raft microdomains compared with 
salmeterol, which might contribute to the difference in duration of 
action between these two drugs. It has also been suggested that the 
higher intrinsic efficacy of indacaterol offsets the high lipophilicity 
that is important for achieving the long duration of action (12). In 
fact, in primary human bronchial smooth muscle cells, indacaterol 
displays a similar intrinsic activity to formoterol that, combined 
with comparable lipophilicity, translates to a faster rate of cAMP 
accumulation, which plays a key role in β2-adrenoceptor-induced 
smooth muscle relaxation in the airways.

Clinical development of indacaterol

Pharmacokinetics and dose-finding

(14C) indacaterol single 800-μg (free base) dose administered 
orally to healthy male subjects was absorbed fairly rapidly 
with Cmax occurring at 1.75 h (13). Unmodified indacaterol 
was the major circulating drug-related component, with the 
monohydroxylated metabolite, P26.9, its glucuronide, P19, 
and the 8-O-glucuronide of indacaterol, P37, also contributing 
significantly to the serum profile. Excretion of radioactivity and 
indacaterol into urine accounted for ∼10% and 0.55% of the 
dose, respectively. Excretion of radioactivity, indacaterol, and 
P26.9 + P30.3 into feces accounted for ∼85%, 55%, and 24% 
of the dose, respectively. No ethnicity effect was observed on 
indacaterol systemic pharmacokinetic profile (14).

Preliminary studies documented that, after inhalation, 
indacaterol is rapidly absorbed into the systemic circulation with 
a median Tmax of 15 min. It has linear and dose-proportional 
pharmacokinetics, and steady state is reached within 12 days of 
OD dosing at doses of 150, 300 and 600 µg (15).

In patients with COPD, comprehensive assessment of the 
dose response relationship of indacaterol provided a robust 
confirmation that 75 μg is the minimum effective dose, and that 
150 and 300 μg provided optimal bronchodilation, particularly 
in patients with severe disease (16). It is reasonable and safe to 
increase the dose of indacaterol in those stable COPD patients 
who are under regular therapy with indacaterol 150 μg from 
which they do not draw the maximum benefit because they are 
unable to perceive bronchodilation. However, only a minority 
of patients seem to benefit from this dose escalation, at least in 
terms of spirometric improvement (17).

Short-term studies

Several short-term studies have explored the effect of indacaterol 
in COPD patients. Single doses (150 and 300 μg) of indacaterol 
demonstrated a fast onset of action similar to that for salbutamol 
and faster than that for salmeterol-fluticasone (18). Moreover, 
OD indacaterol (150 μg) is at least as effective as tiotropium 
bromide, with a faster onset of action (within 5 min) (19) and a 
slightly superior activity in reducing lung hyperinflation (20) on 
the first day of dosing.

Indacaterol 300 μg resulted in significant improvement in 
exercise endurance time, not only after 3 weeks but also after a 
single-dose (21). Reduced hyperinflation was suggested to be 
one of the reasons for improved exercise performance achieved 
following indacaterol treatment (21). In any case, there is 
evidence that indacaterol 150 μg improves daily physical activity 
in patients with COPD. In a Japanese study (22), the number 
of steps, duration of moderate or greater physical activity, and 
energy expenditure were significantly increased after treatment 
with indacaterol compared with baseline data in all patients with 
COPD; the metabolic equivalent of task was also significantly 
enhanced after treatment with indacaterol.

It has also been documented that a regular treatment with 
indacaterol does not alter bronchodilator response to repeated 
doses of this short-acting β2-agonist in COPD patients (23).

Long-term studies

The efficacy of indacaterol in the maintenance treatment of 
adults with COPD has been assessed in large, randomized, 
double-blind, parallel-group, placebo-controlled, multicenter 
phase III trials (24-31).

Analysis of these trials (32) shows that 150 and/or 300 μg 
of indacaterol OD was more effective than tiotropium bromide, 
formoterol, or salmeterol for improving trough FEV1 values 
versus placebo. COPD exacerbations were significantly reduced 
versus placebo for 150 or 300 μg of indacaterol OD. In a 52-week  
study (24), OD treatment with indacaterol prolonged the time 
to the first COPD exacerbation and was effective in reducing 
incidence and frequency of COPD exacerbations, with no 
significant difference between indacaterol and formoterol. 
Patients treated with indacaterol had a significantly higher 
percentage of days with no use of as-needed rescue salbutamol 
than did placebo recipients in all large studies. Moreover, 
the percentages of days with no rescue medication were 
significantly (P<0.05) higher in the indacaterol groups than the 
active comparator groups in all studies. In general, indacaterol 
seemed to have greater effects on most COPD symptoms 
than tiotropium bromide, formoterol, or salmeterol, although 
differences between indacaterol and active comparators were not 
consistently statistically significant. Indacaterol also provided 
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significant and clinically relevant better health-related quality 
of life. In all studies designed to investigate whether indacaterol 
has the same tolerability of LABAs already on the market, 
indacaterol was well tolerated at all doses and with a good overall 
safety profile (5).

A Bayesian mixed treatment comparison that used individual 
patient-level data from four randomized controlled trials 
concluded that indacaterol is expected to be comparable to 
formoterol, salmeterol, and tiotropium, providing higher FEV1 
than formoterol and salmeterol and greater improvement in 
the St. George’s Respiratory Questionnaire (SGRQ) total score 
than tiotropium. Indacaterol 150 μg provided comparable 
improvement in dyspnea, while indacaterol 300 μg demonstrated 
the greatest response overall (33).

Since dyspnea is the most troublesome symptom of COPD, 
and is often frightening for the patient, it has been examined in 
focused systematic reviews and meta-analyses to establish the 
real importance of indacaterol in the maintenance treatment of 
COPD.

A systematic  rev iew and meta-analysis  of  avai lable 
randomized placebo-controlled studies used number of patients 
achieving the minimum clinically important difference (MCID) 
for Transition dyspnea index (TDI) score ≥1 as an outcome 
measure, and evaluated the efficacy of OD indacaterol on TDI 
scores in patients with stable COPD (34). A favorable effect 
was consistently obtained for indacaterol over placebo. A trend 
of increasing patient benefit was observed as indacaterol doses 
increased. In effect, the results of a post-hoc analysis of pooled 
data from clinical studies involving 3,177 patients with COPD 
suggest that indacaterol 300 μg may be a useful treatment option 
for subjects who experience more severe breathlessness, those 
with ‘more dyspnoea’ [modified Medical Research Council 
(Mmrc) scale ≥2] (35). Intriguingly, an ample proportion 
of patients respond with a MCID from baseline in TDI total 
score also after indacaterol 75 μg, with broadly similar effects in 
subgroups of patients with moderate COPD (GOLD II) or with 
severe-to-very severe COPD (GOLD III-IV) (36).

Many of the pivotal placebo-controlled studies with 
indacaterol included pre-specified analyses of the primary 
efficacy outcome (trough FEV1 after 12 weeks of treatment) in 
patient subgroups defined according to factors such as COPD 
severity, use of inhaled corticosteroids (ICS), age and smoking 
status. A post-hoc analysis of pooled clinical study data that 
investigated efficacy and safety of indacaterol compared with 
placebo and other was reviewed using pooled 6-month data from 
four clinical studies with 3,035 patients treated with indacaterol 
and the twice-daily LABAs (37). Although many patients had 
pre-existing cerebro- and cardiovascular conditions, there was 
no significant increase in the risk for cerebro- and cardiovascular 
adverse events with indacaterol compared with placebo, nor with 
formoterol or salmeterol. Neither the incidence nor the relative 

risk increased numerically with increasing dose of indacaterol. 
Electrocardiogram measurements of QTc interval were also 
reported, since QTc interval prolongation is an indication 
of possible arrhythmogenic long-acting bronchodilators 
(formoterol, salmeterol, open-label tiotropium) in patient 
subgroups defined by COPD severity and ICS use at baseline, 
showed that indacaterol maintained its efficacy regardless of 
disease severity or use of concurrent ICS. Hazard ratios versus 
placebo for time to first COPD exacerbation showed a significant 
effect of indacaterol in nonusers [150 µg, 0.47 (P=0.001); 
300 µg, 0.64 (P<0.05)] and a smaller nonsignificant effect in 
ICS users (0.77 and 0.72 for 150 and 300 µg, respectively). 
Indacaterol 150 μg had the best overall efficacy profile in the 
GOLD stage II patients while, in patients with more severe 
disease, indacaterol 300 μg provided useful improvements in 
dyspnoea (38). Indacaterol provided effective bronchodilation 
with significant, clinically relevant improvements in dyspnoea 
and health status compared with placebo also when it was given 
to patients with moderate-to-severe COPD not receiving other 
maintenance treatments (39).

Safety

In all studies, indacaterol was well tolerated at all doses and 
with a good overall safety profile. The rates of adverse events 
characteristic of β2-agonist, including muscle spasm, headache, and 
tremor, were comparable between indacaterol and placebo (5).

The cerebro- and cardiovascular safety of indacaterol effects. 
With all the LABAs, the incidence of notable values was low and 
similar to placebo. Increases of >60 ms occurred in 0.1-0.3% of 
patients receiving indacaterol and 0.3% of placebo patients.

An analysis of major cardiovascular adverse events (MACEs) 
with indacaterol and the twice-daily LABAs, using pooled data 
from all studies of ≥12 weeks’ duration, reported a nonsignificant 
reduction with all LABAs relative to placebo (40). There was no 
relationship with indacaterol dose. Interestingly, also results for 
QTc interval, plasma potassium, and blood glucose showed no 
clinically significant changes with indacaterol treatment.

In some trials, cough was the most common adverse event, 
with the mean percentage of attended visits at which patients 
experienced cough after inhalation of indacaterol that ranged 
from 14.1% to 18.4% across the indacaterol dose groups, 
compared with 2% in the placebo group, and increased slightly 
with increasing indacaterol dose (40). For the majority of 
patients, the cough started within 15 seconds of inhalation and 
lasted for ≤15 seconds; the median duration in the indacaterol 
groups at each visit was ≤6 seconds.

Cost-effectiveness

The majority of economic evaluations have indicated that 
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pharmacotherapy for COPD in ambulatory care is cost-effective. 
Cost-effectiveness seems to derive from an improvement in 
lung function and a reduction in the number of exacerbations, 
which translates into cost savings from fewer hospitalizations. 
These cost savings then need to be contrasted with the price of 
pharmacotherapy (41).

A cost-utility analysis showed that indacaterol 150 μg is 
dominant (lower total costs and better outcomes) against 
tiotropium and salmeterol (42). An alternative analysis 
comparing indacaterol 300 μg (maximum dose) to tiotropium 
in Germany showed an incremental cost-effectiveness ratio 
(ICER) of approximately EUR 28,300 per quality-adjusted life 
year (QALY) (43). Also in UK Indacaterol dominated in the 
comparison with salmeterol producing an incremental QALY 
gain of 0.008 and cost savings of £ 110 per patient over a 3-year 
time horizon (44). In the comparison with tiotropium over 
the same time horizon, indacaterol remained the dominant 
strategy, producing an incremental QALY gain of 0.008 and cost 
savings of £ 248 per patient. The one-way sensitivity analysis 
indicated that the proportion of patients in each of the COPD 
stages and the mortality rate associated with very severe COPD 
were the variables with the largest impact on the results. The 
probabilistic sensitivity analyses showed that over 72% and 89% 
of the iterations when compared with salmeterol and tiotropium, 
respectively, produced dominant results for indacaterol.

Positioning indacaterol in the therapeutic 
scheme of COPD

When we treat a patient with mild/moderate stable COPD, we 
must always question whether it is better to start with a β-agonist 

or an antimuscarinic agent and if the answer is yes, as we believe 
that it is right, we must also ask whether it is appropriate to put 
all patients with COPD into regular treatment with a long-lasting 
bronchodilator (45).

Current guidelines do not distinguish between the efficacy 
of bronchodilators and suggest that the choice between 
them depends on availability and patient response in terms 
of symptom relief and side effects (1,2). However, data from 
efficacy trials suggest that twice-daily LABAs (salmeterol and 
formoterol) are preferable to short-acting antimuscarinic agents 
(ipratropium) (46,47), whereas OD tiotropium, a LAMA 
(48,49), and indacaterol, an ultra-LABA (50), are superior to 
LABAs.

A recent systematic review that explored the efficacy and 
safety of indacaterol in comparison with tiotropium found 
similar efficacy between indacaterol (150-300 μg/day) and 
tiotropium (18 μg/day) on trough FEV1 after 12-26 weeks of 
treatment, but it produced statistically significantly better results 
in clinical outcomes of dyspnea, use of as needed salbutamol 
and health status compared with tiotropium (42). Moreover, as 
already mentioned, a cost-utility analysis showed that indacaterol 
150 μg is dominant (lower total costs and better outcomes) 
against tiotropium and salmeterol (42).

These findings suggest that it is preferable to initiate the 
treatment of the patient with mild/moderate stable COPD 
choosing indacaterol (Figure 2). However, in people with 
COPD who remain symptomatic on treatment with indacaterol, 
adding a LAMA is the preferable option (51). Concurrent 
administration of indacaterol and tiotropium is an effective 
treatment strategy for patients with moderate to severe COPD to 
promote bronchodilation and lung deflation with no additional 

Figure 2. Possible placement of indacaterol in the first choice GOLD 2013 chart.

GOLD 4

GOLD 3

GOLD 2

GOLD 1

ICS+Indacaterol
or

LAMA

ICS+Indacaterol
or

LAMA

SAMA prn
or

SABA prn

Indacaterol
or

LAMA

mMRC 0-1
CAT <10

mMRC ≥2
CAT ≥10

E
xa

ce
rb

at
io

ns
 p

er
 y

ea
r≥2

1

0

A B

DC



Cazzola et al. Indacaterol for COPD564

safety signal (52). The novel, OD, dual bronchodilator QVA149, 
containing a fixed dose of the LABA indacaterol with the 
LAMA glycopyrronium, is under development. In a 26-week 
trial, QVA149 demonstrated superiority versus treatment with 
indacaterol or glycopyrronium, with a safety and tolerability 
profile similar to placebo (53).

Obviously, we must question if and when we must add an 
ICS (“combined” therapy) or even if it is not preferable to use an 
ICS/LABA fixed dose combination.

A meta-analysis of 15 placebo-controlled randomized clinical 
trials suggests that indacaterol monotherapy (150 and 300 μg) is at 
least as good as formoterol/budesonide (9/320 and 9/160 μg) and 
comparable with salmeterol/fluticasone (50/250 and 50/500 μg) 
with respect to lung function (trough FEV1) (54). Indacaterol 
monotherapy (150 and 300 μg) also provides comparable 
efficacy in terms of health status (SGRQ total score) versus 
formoterol/budesonide (9/320 and 9/160 μg) and salmeterol/
fluticasone 50/500 μg, as well as improvements in breathlessness 
(TDI total score) similar to those provided by salmeterol/
fluticasone (50/250 and 50/500 μg) (54). It must be highlighted 
that QVA149 is a potential future treatment option for non-
exacerbating symptomatic COPD patients, offering additional 
benefits over LABA/ICS combinations in terms of significantly 
superior and clinically relevant improvements in lung function 
and improvements in important patient-reported outcomes 
including dyspnoea and rescue medication use (55).

In any case, although it seems that ICSs provide no additional 
value in reducing exacerbations when used concurrently with 
LABAs, and this supports the conviction of using indacaterol 
monotherapy in patients with mild/moderate stable COPD, 
combination treatment appears to be more effective than a 
β-agonist alone in patients with low FEV1 (56). In particular, 
although results from large Phase III trials indicate that QVA149 
is able to prevent moderate to severe COPD exacerbations, 
with an effect that is superior compared with the single LAMA 
glycopyrronium (57), it is advisable to combine indacaterol 
with a OD ICS, as mometasone furoate or ciclesonide, in these 
patients and, in those patients who have many symptoms and a 
high risk of exacerbations, to combine QVA149 with a OD ICS.
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