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Abstract
Background Indacaterol acetate (IND), a long-acting β2-agonist in combination with mometasone furoate (MF), an inhaled 
corticosteroid (ICS), is being explored as a once-daily (od) treatment for asthma in children. This study examined the efficacy, 
safety, and systemic exposure of IND 75 µg and IND 150 µg in children with persistent asthma.
Methods In this Phase IIb, multicenter, randomized, double-blind, parallel-group study, pediatric patients (aged ≥ 6 to 
< 12 years) with persistent asthma were randomized (1:1) to receive either IND 75 µg od or IND 150 µg od via  Breezhaler® 
in combination with ICS background therapy. The primary endpoint was change from baseline in pre-dose trough forced 
expiratory volume in one second  (FEV1) after two weeks of treatment.
Results In total, 80 patients received IND 75 µg (n = 39) or IND 150 µg (n = 41). The study met its primary endpoint; both 
doses demonstrated improvements in pre-dose trough  FEV1 from baseline to Day 14 (mean change [Δ]: 212 mL, IND 75 
µg; 171 mL, IND 150 µg). The secondary spirometry parameters (post-dose  FEV1 after 1-h, post-dose forced vital capacity; 
morning and evening peak expiratory flow) also improved. Overall, 36.1% in IND 75 μg group and 25% patients in IND 150 
μg group achieved a decrease from baseline in Pediatric Interviewer-administered Asthma Control Questionnaire score of 
≥ 0.5 units. A dose-dependent increase in plasma IND concentration was noted between the two groups. Both IND doses 
demonstrated an acceptable safety profile.
Conclusions Once-daily IND 75 μg and IND 150 μg via  Breezhaler® in combination with background ICS therapy provided 
substantial bronchodilation in children with asthma and were well tolerated. Taken together, these clinical and systemic 
exposure findings support IND 75 μg as the most appropriate dose for evaluation in Phase III trials in combination with MF 
in pediatric asthma.
Trial Registration ClinicalTrials.gov (NCT02892019; 08-Sep-2016).
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1 Introduction

Asthma is a chronic inflammatory disorder of the airways 
affecting more than 262 million people of all ages, world-
wide [1, 2]. It is one of the most common chronic diseases 
reported in children [2]. As per the International study of 
Asthma and Allergies in Childhood (ISAAC), the global 
prevalence of asthma among children aged 6–7 years is 
10.8% [3, 4]. Childhood asthma is known for male pre-
dominance prior to puberty, common remission, and rare 
mortality, while adult-onset disease is more prevalent in 
women with low remission rates and increased mortal-
ity [5]. Recurrent episodes of wheezing, coughing, chest 
tightness, and dyspnea might affect the quality of life in 
children [5].

Although most pediatric asthma cases are controlled 
with low- to medium-dose inhaled corticosteroids (ICS), 
a substantial proportion of children require maintenance 
treatment of high-dose ICS with an additional controller 
for their symptom control [6]. The Global Initiative for 
Asthma (GINA) guidelines recommend the use of long-
acting β2-agonists (LABAs) in combination with ICS as 
maintenance therapy for children aged 6–11 years who 
remain symptomatic despite low doses of ICS (GINA 
Step 3) [7]. The addition of LABA to ICS has been shown 
to improve lung function and asthma control and reduce 
exacerbations and rescue medication use, with a similar 
safety profile to either ICS alone or placebo in pediatric 
patients with asthma [8–10]. Non-adherence to medication 
is a major cause of poor control of asthma and may be 
related to several factors including complicated regimen 
[11]. Although both once-daily (od) and twice-daily (bid) 
regimen were reported to be equally effective, od regi-
men improved adherence and had a lower risk of treatment 
discontinuation in pediatric and young patients [11–13]. 
However, the currently available ICS/LABA combination 
therapies for children require a bid regimen [14, 15]. Con-
sequently, there is a need for new treatment options for 
pediatric patients with asthma.

Indacaterol acetate (IND) is an ultra-LABA with rapid 
onset of action and sustained bronchodilator effect, mak-
ing it an ideal od combination with an ICS [16]. The od 
mometasone furoate (MF) and IND combination deliv-
ered via  Breezhaler® is already approved as a maintenance 
treatment of asthma in adults and adolescents [17]. How-
ever, od, single-inhaler, MF/IND combination is currently 
being developed for treating pediatric patients (aged 6–11 
years) with asthma [18]. The efficacy, safety, and dosing of 
IND in the pediatric population needed to be established 
to support pediatric development of od MF/IND.

Previously, a dose-ranging study has demonstrated 
the efficacy and safety of IND 75 μg and IND 150 μg 

in adult patients with asthma [19]. Limited information 
was available about the pharmacokinetics of IND in the 
pediatric asthma population prior to the conduct of the 
present study. However, systemic exposure (100–400 μg 
doses, od dosing for 7 days) assessments showed dose-
dependent increases which were comparable to adults 
(similar doses) in cross-study comparisons (data on file, 
CQAB149C2101). Based on the available data in adults 
[19–21] and pharmacokinetic information in children, IND 
75 μg and IND 150 μg were considered suitable for evalu-
ation to establish appropriate dose in combination therapy 
(ICS/LABA) for further studies in a pediatric population 
with persistent asthma [22].

The objective of this study was to assess the efficacy, 
safety, and systemic exposure of two IND doses (75 μg od 
and 150 μg od) administered via  Breezhaler® in children 
(aged ≥ 6 to < 12 years) with persistent asthma who were 
on background fluticasone propionate (FLU) to enable the 
selection of appropriate dose to be further progressed to 
long-term clinical trials.

2  Methods

2.1  Study Design

This was a Phase IIb, multicenter, randomized, double-
blind, 2-week treatment, parallel-group study in pediatric 
patients with persistent asthma conducted between April 
2017 and July 2019 [22]. The study consisted of a 30-day 
screening period, followed by a 2-week run-in period, a 
2-week treatment period, and a 30-day safety follow-up. 
The details of the study design are presented in Fig. 1. The 
study design did not include a placebo arm as including 
placebo is against scientific and ethical conduct when the 
background standard-of-care is not optimized for pediatric 
populations with asthma [23]. The study was approved by 
the independent ethics committee or institutional review 
boards of each participating center (Online Resource, 
Table  S1) and was conducted in accordance with the 
International Conference on Harmonization Guidelines 
for Good Clinical Practice and the Declaration of Helsinki.

Written informed consent from the parent/legal guard-
ian of pediatric participants and assent by the pediatric 
patient (depending on local requirements) were obtained. 
A single parent/legal guardian was designated to complete 
all electronic patient diary (e-Diary) entries and attend all 
clinic visits with the patient. The parent/legal guardian 
was required to be willing and able to assist the child with 
the procedures including compliance with study medica-
tion, completion of the e-Diary, etc.
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2.2  Participants

Participants were recruited from 29 centers across 11 
countries. Eligible patients included in the study were 
male and female children aged ≥ 6 years to < 12 years 
with asthma for ≥ 1 year prior to enrollment in the study 
and receiving a stable low-dose ICS (with or without 
additional controller), or stable medium-dose ICS (mono-
therapy or together with leukotriene receptor antagonist 
[LTRA]) for ≥ 4 weeks before screening. Patients who 
could tolerate FLU 100 μg bid and had a pre-broncho-
dilator forced expiratory volume in one second  (FEV1) 
≥ 50 and ≤ 90% of the predicted normal value at screen-
ing and demonstrated an increase in  FEV1 of ≥  12% 
within 30 min of administration of salbutamol 400 μg 
or albuterol 360 μg were included in the study. Patients 
were excluded if they were treated with high-dose ICS 
or medium-dose ICS in combination with a LABA, had 
evidence of an unstable disease within 4 weeks prior to 
screening, had experienced asthma attack/exacerbation 
requiring systemic corticosteroids or hospitalization or an 
emergency room visit within 3 months prior to screening 
or ≥ 3 separate exacerbations in the 12 months prior to 
screening. Patients with a history of long QT syndrome 
or a corrected QT interval measured at the start and end 
of the run-in period were also excluded. Patients who 
experienced moderate or severe asthma exacerbation were 
discontinued from the study during screening prior to ran-
domization (list of key inclusion and exclusion criteria is 
provided in the supplementary material).

2.3  Randomization and Procedures

Interactive response technology was used to randomize 
all the eligible patients to one of the treatment arms. This 
could ensure that the treatment assignment was unbiased, 
and all staff remained masked to allocation. Randomiza-
tion was stratified by region. Eligible patients were ran-
domly assigned (1:1) to receive IND 75 µg od or IND 150 
µg od, both via  Breezhaler®. The dose/regimen, route of 
administration, and duration of treatment were based 
upon known pharmacokinetic/pharmacodynamic effects 
of IND as well the clinical data from Phase II studies in 
asthma in adults and available data from children (data on 
file, CQAB149C2101). Indacaterol acetate od doses were 
administered in the morning via  Breezhaler®. Fluticasone 
propionate 100 μg bid (morning and evening) was delivered 
via  Diskus® throughout the study period. Patients were pro-
vided with a short-acting β2-agonist (100 μg salbutamol/90 
μg albuterol per inhalation) as rescue medication throughout 
the study period. All patients were required to attend clinic 
visits on Day 1 and Day 14 for their morning FLU dose, pre-
dose trough measurements of lung function prior to taking 
the study medication, and post-dose measurements. More 
information on randomization and procedure has been pro-
vided in supplementary material.

2.4  Outcome and Assessments

The primary end point was change in pre-dose trough  FEV1 
from baseline to Week 2 (Day 14) with IND 75 μg and IND 

Fig. 1  Study design. *Treatments were administered in the morning. bid twice-daily, ICS inhaled corticosteroids, od once-daily
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150 μg. The pre-dose trough  FEV1 was defined as the mean 
of two  FEV1 values measured at − 45 min and − 15 min 
pre-dose.

Secondary efficacy endpoints included change in Pediat-
ric Interviewer-Administered Asthma Control Questionnaire 
(ACQ-IA) score from baseline to Day 14, change in  FEV1 
and forced vital capacity (FVC) at Day 14 post-dose at 30 
min and 1 h, change in pre-dose peak expiratory flow (PEF, 
assessed once in the morning and once in the evening) over 
2 weeks of treatment, change in asthma symptoms and the 
use of rescue medication over 2 weeks. The proportion of 
patients who achieved a decrease in ACQ-IA score of ≥ 0.5 
units from baseline over 2 weeks was also assessed. Addi-
tional secondary endpoints included the evaluation of the 
systemic exposure to IND in plasma using a sparse pharma-
cokinetic sampling approach. Blood samples for pharma-
cokinetic analysis were collected at pre-dose (≤ 2 h) and at 
15-min and 1-h post-dose on Day 1 and Day 14 of treatment 
period. At specified time points, a 3-L blood sample was 
collected in lithium heparin tubes. In total, for the pharma-
cokinetic analysis, 18 mL blood was drawn. Within 30 min, 
the sample was centrifuged at 3–5 °C for 15 min at approxi-
mately 2000 g. Immediately after centrifugation, the super-
natant was transferred into 1.8 mL NUNC tubes that were 
frozen within 60 min of blood sampling over solid carbon 
dioxide (dry ice) and then, kept frozen at or below − 20 °C 
for pending analysis. All time points listed were relative to 
the time of dose administration and were recorded in eCRF 
(electronic Case Report Form). The concentrations of IND 
in plasma were determined by a validated liquid chromatog-
raphy–mass spectrometry/mass spectrometry (LC–MS/MS) 
method [24] at a single bioanalytical laboratory; the lower 
limit of quantification (LLOQ) was 5.00 pg/mL.

Safety and tolerability were evaluated for both doses of 
IND throughout the study. Adverse events (AEs) were moni-
tored for all patients evaluating the severity and relationship 
to treatment. MedDRA Version 22.0 has been used for the 
reporting of AEs. Electrocardiogram (ECG) and laboratory 
tests were also measured as part of the safety assessment.

2.5  Statistical Analyses

The primary and secondary efficacy analyses were based 
on the full analyses set (FAS), consisting of all randomized 
patients who received at least one dose of study medication. 
Supportive analyses for primary efficacy were performed in 
the per protocol set (PPS), which included all patients in the 
FAS who had no major protocol deviations. Patients in the 
PPS were analyzed according to the treatment they received. 
Continuous variables were summarized using descriptive 
statistics (n, mean, 25th percentile, median, 75th percentile, 
standard deviation [SD], minimum and maximum) and cat-
egorical variables were summarized in terms of the number 

and percentage of patients in each category. Inferential test-
ing statistics were not performed since the sample was small 
and power was limited. The safety set was used in the analy-
sis of pharmacokinetics and safety variables, comprising all 
patients who received at least one dose of study medica-
tion. The patients were analyzed according to the treatment 
received. Listings and descriptive statistics were provided 
for pharmacokinetic concentration data. Plasma concentra-
tions were expressed in pg/mL units. Concentrations below 
the LLOQ were treated as zero in summary statistics of con-
centration data. All analyses were performed using SAS Ver-
sion 9.4. Detailed information regarding statistical analysis 
is provided in supplementary material.

3  Results

In total, 80 patients were randomized (1:1) to receive IND 
75 µg or IND 150 µg. Most patients (95.0%) completed 
two weeks of treatment. Patient demographic and baseline 
asthma characteristics were well balanced across the treat-
ment groups (Table 1).

The study met its primary end point with both doses of 
IND showing improvement in the pre-dose trough  FEV1 
compared to baseline after 2 weeks of treatment. The median 
change from baseline in pre-dose trough  FEV1 was compara-
ble between IND 75 μg (167 mL) and 150 μg (154 mL) treat-
ment arms, although increase from baseline with IND 75 μg 
dose was numerically higher than that with IND 150 μg dose 
(Fig. 2). However, the mean change from baseline in pre-
dose trough  FEV1 for IND 75 μg (212 mL) was higher than 
that for IND 150 μg (171 mL). An extreme value (change 
from baseline of 1180 mL) observed in the IND 75 μg group 
and mean change from baseline might have been inflated in 
higher direction. Similarly, a supportive analysis to assess 
the treatment effects in PPS performed for pre-dose trough 
 FEV1 showed improvements with both doses of IND after 2 
weeks of treatment. The mean change from baseline  FEV1 
observed for the IND 75 μg dose (226 mL) was higher than 
that for the IND 150 μg dose group (195 mL).

At Day 14, both IND 75 µg and IND 150 μg showed 
improvement in post-dose  FEV1 compared with baseline 
after 30 min (mean change: 224 mL and 234 mL), and 1 
h (mean change: 258 mL and 224 mL) of drug adminis-
tration, respectively. The mean change of post-dose FVC 
from baseline was 141 mL and 81 mL with IND 75 µg and 
IND 150 μg, respectively, after 2 weeks of treatment. Both 
treatments showed improvements in the ACQ-IA score 
over 2 weeks with a 0.270 unit decrease from baseline in 
the IND 75 μg group and a 0.375 unit decrease from base-
line in the IND 150 μg group, respectively. Overall, 36.1% 
and 25% patients achieved a decrease from baseline in the 
ACQ-IA score of ≥ 0.5 units in IND 75 μg and 150 μg 
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dose groups, respectively. The improvement in post-dose 
 FEV1 was comparable across doses while improvement 
in post-dose FVC, and ACQ-IA score were higher for 
the IND 75 μg than that for the IND 150 μg dose group. 
Improvement in morning (mean change, 14.7 L/min and 
29.6 L/min) and evening (mean change, 15.2 L/min and 
29.7 L/min) PEF from baseline was observed with IND 
75 and 150 μg doses over 2 weeks of treatment, respec-
tively. The percentage of days without rescue medication 
and asthma symptom-free days were reduced in both IND 
75 μg and IND 150 μg doses over two weeks of treatment. 
Improvement in morning and evening PEF values, percent-
age of days without rescue medication and percentage of 
asthma symptom-free days was higher with IND 150 μg 
than IND 75 μg dose groups (Table 2).

A dose-dependent increase in plasma IND concentration 
was observed between the two IND dose groups from Day 
1 to Day 14 (Table 3).

Safety data for both treatments are shown in Table 4. 
Overall, 13 patients (34.2%) in the IND 75 μg group and 
3 patients (7.3%) in the IND 150 μg group experienced at 
least one AE. The most frequently reported AEs were upper 
respiratory tract infections and asthma exacerbations. No 
serious AEs or deaths were reported during the study period. 
One patient in the IND 75 μg dose group experienced treat-
ment-emergent severe AE of asthma (exacerbation) not 
related to treatment. Three patients were observed with 
suspected drug-related AEs (nausea, vomiting, increase in 
blood glucose and dysphonia) in the IND 75 μg dose and one 
patient (nausea) in the IND 150 μg dose group. One patient 
in each of the dose groups discontinued permanently due 
to AEs (nausea and vomiting) suspected to be drug related. 
No new or unexpected safety signals were observed in the 
study. The overall incidence or proportion of patients with 
newly occurring or worsening clinically notable laboratory 
or ECG values was low.

Table 1  Demographic and clinical characteristics of children with asthma

ACQ-IA Asthma Control Questionnaire – Interviewer Administered, eCRF electronic case report form, FEV1 forced expiratory volume in one 
second, ICS inhaled corticosteroids, IND indacaterol acetate, L liter, LABA long-acting β2-agonist
a Duration of asthma is calculated from the start date of asthma recorded on the eCRF until the date of screening
b ACQ-IA score is the mean of the 7 questions calculated as the sum of scores divided by the number of questions that were answered by the 
patient, provided there were at least 6 questions answered, and the missing question is neither Question 1 nor question 7
c FEV1 reversibility is calculated as increase in  FEV1 value after inhalation of bronchodilator (400 μg salbutamol or 360 μg albuterol, or equiva-
lent doses) relative to  FEV1 before inhalation of bronchodilator
d Prior asthma treatment 'Others' is a deviation from the inclusion criteria

Characteristics IND 75 µg
N = 39

IND 150 µg
N = 41

Total
N = 80

Age, years, mean ± SD 9.1 ± 1.6 9.3 ± 1.5 9.2 ± 1.5
Gender, n (%)
 Male 24 (61.5) 28 (68.3) 52 (65.0)
 Female 15 (38.5) 13 (31.7) 28 (35.0)

Duration of asthma, n (%)a

 1 to 5 years 10 (25.6) 18 (43.9) 28 (35.0)
 > 5 to 10 years 25 (64.1) 23 (56.1) 48 (60.0)
 > 10 years 4 (10.3) 0 4 (5.0)

Number of asthma exacerbations requiring treatment in the 12 months prior to start of the study, n (%)
 0 22 (56.4) 24 (58.5) 46 (57.5)
 1 9 (23.1) 9 (22.0) 18 (22.5)
 ≥ 2 8 (20.5) 8 (19.5) 16 (20.0)

Baseline ACQ-IA score, mean ±  SDb 1.0 ± 0.6 1.0 ± 0.7 1.0 ± 0.6
Pre-bronchodilator  FEV1, L, mean ± SD 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3
Pre-bronchodilator  FEV1, % predicted, mean ± SD 74.8 ± 7.8 75.5 ± 9.9 75.2 ± 8.9
FEV1 reversibility after salbutamol inhalation, % increase, mean ± 

 SDc
25.1 ± 13.9 24.7 ± 14.8 24.9 ± 14.3

Prior asthma treatment, n (%)
 Low-dose ICS 14 (35.9) 18 (43.9) 32 (40.0)
 Low-dose ICS + LABA 8 (20.5) 8 (19.5) 16 (20.0)
 Medium-dose ICS 14 (35.9) 12 (29.3) 26 (32.5)
  Othersd 3 (7.7) 3 (7.3) 6 (7.5)
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4  Discussion

In the present study, IND in combination with background 
ICS therapy proved beneficial in terms of lung function 
and asthma control with lower systemic exposure of the 
drug in pediatric patients with persistent asthma. The 
study showed that the IND 75 μg od or IND 150 µg od in 
combination with background ICS resulted in meaning-
ful improvements in pre-dose trough  FEV1 in both doses 
with greater benefits observed with the IND 75 μg group. 
Supportive analysis results were consistent with primary 
analysis showing higher improvement in the IND 75 μg 
dose group.

Studies indicating clinically relevant improvement 
in baseline pre-dose  FEV1 have been reported for other 
LABAs in patients aged ≥ 5 to < 12 years. In the CHASE 
3 study, budesonide/formoterol (160/9 µg) versus bude-
sonide (160 µg) alone in children (aged 6 to < 12 years) 
showed a statistically significant greater change from base-
line in pre-dose  FEV1 to 1-h post-dose  FEV1 with treat-
ment difference of 120 mL (95% CI 30–200; p = 0.006) 
at Week 12 while a numerical difference of 80 mL (95% 
CI 00–160; p = 0.063) was observed with budesonide/
formoterol (160/4.5 µg) versus budesonide (160 µg) alone 
[25]. In another study, fluticasone/formoterol (100/10 µg) 
was superior to fluticasone (100 µg) alone with a treat-
ment difference of 70 mL (95% CI 30–110) in change from 

pre-dose  FEV1 at baseline to 2-h post-dose  FEV1 over 12 
weeks in patients aged 5 to < 12 years with persistent 
asthma [26].

In the secondary efficacy analyses, the post-dose FVC 
change was greater in the IND 75 μg group than in the 
IND 150 μg group, while the change in post-dose  FEV1 
was comparable between both doses after 2 weeks of treat-
ment. Further, improvements in morning and evening PEF 
changes were observed with numerically greater values seen 
in IND 150 μg than in IND 75 μg. Earlier studies report 
no significant change in baseline pre-dose FVC to the post-
dose FVC with any of the ICS/LABA combinations studied 
(budesonide/formoterol, fluticasone/formoterol, fluticasone/
salmeterol vs ICS monotherapy) in children with asthma 
[25, 26]. A Cochrane review reported significantly greater 
improvement in morning PEF (7.55 L/min) and evening PEF 
(5.5 L/min) with ICS/LABA combination versus ICS alone 
in children with asthma [27]. In general, lung function ben-
efits observed in this study were consistent with previous 
studies that compared ICS/LABA combinations over ICS 
monotherapy in pediatric patients [8, 28].

Improvement in asthma control in terms of ACQ-IA 
score, rescue medication-free periods and asthma symptom-
free days from baseline were observed in both IND dose 
groups over 2 weeks of treatment. The results are in line with 
those of other studies reporting asthma control in children 
when treated with ICS/LABA therapy [13, 29–31].

Fig. 2  Change in pre-dose trough FEV1 for IND doses after two 
weeks of treatment. Pre-dose trough  FEV1 is defined as the mean of 
the two  FEV1 values measured 45- and 15-min pre-dose. Baseline 
 FEV1 is defined as average of the −45 min and −15 min  FEV1 val-
ues taken on Day 1 prior to the first dose. Only patients with a value 
at both baseline and Day 14 were included. Spirometry measure-
ments taken within 6 h of rescue medication use, or within 7 days 

of systemic corticosteroids use, or actually measured outside the 
22- to 30-h time window from the last dose of the previous day (Day 
13) were set to missing. There is an outlier in the IND 75 µg dose 
group (one patient with lower lung volume at the start of examina-
tion). FEV1 forced expiratory volume in one second, IND indacaterol 
acetate
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The present study established lower plasma concentra-
tions of the IND 75 μg compared with IND 150 μg in chil-
dren with asthma at the corresponding time points. Plasma 
concentrations of IND 75 µg od on Day 14 in patients with 
asthma aged ≥ 6 years and <12 years in this study were 
lower than the corresponding concentrations in adult patients 
with asthma at IND 150 µg od in a prior study (Table 3) [32]. 
The results agree with conclusions from an earlier study by 
Chawes et al [33], which compared the systemic exposure 
of beclomethasone dipropionate/formoterol combination in 

children, adolescents, and adults with asthma. The study 
observed that dosage regimen of medications should be 
adjusted for age and body weight to avoid high systemic 
drug levels in children when compared with adults. No new 
safety findings were reported with od IND doses indicat-
ing no incremental risks with LABA added on top of back-
ground ICS. This finding is in tandem with results of other 
trials in pediatric patients with asthma, in which use of a 
LABA as add-on to ICS did not contribute to additional 
safety concerns [25, 26].

The convenience of once-daily ICS/LABA dosing is 
likely to improve compliance in patients with asthma, lead-
ing to better patient outcomes [34]. A retrospective study 
has established improved adherence and asthma control with 
once-daily ICS/LABA administration compared to twice-
daily administration in adolescents with asthma [13].

5  Conclusions

Once-daily IND 75 μg and IND 150 μg delivered via 
 Breezhaler® with background ICS therapy, selected based 
on clinical evidence in adults and pharmacokinetic outcomes 
in children, showed meaningful improvement in lung func-
tion and asthma control in children aged ≥ 6 years and <12 
years with asthma. Both treatments were well tolerated 
with no new or unexpected safety concerns. Lower sys-
temic exposure compared to adults was observed with IND 
75 μg than IND 150 μg, while providing comparable lung 
function benefits. Based on these findings, IND 75 μg dose 
was considered appropriate for evaluating once-daily (MF/
IND) combination therapies in further confirmatory Phase 
III studies in this 6- to 11-year-old population.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40261- 023- 01300-8.
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Table 3  Plasma indacaterol concentration (pg/mL) following inhalation of IND 75 µg and IND 150 µg

IND indacaterol acetate

Time point IND 75 µg IND 150 µg

Day 1 Day 14 Day 1 Day 14

n Mean ± SD n Mean ± SD n Mean ± SD n Mean ± SD

Pre-dose 31 0 31 46.7 ± 29.6 35 0 38 80.9 ± 32.5
15-min post-dose 34 73.7 ± 39.6 35 137.3 ± 47.4 37 204.1 ± 98.3 38 393.1 ± 182.1
1-h post-dose 32 43.9 ± 20.8 34 103.0 ± 37.9 36 125.8 ± 63.1 38 255.5 ± 117.7

Table 4  Adverse events, serious adverse events, and deaths in safety 
set

A patient with multiple AEs with the same preferred term is counted 
only once for that preferred term. Only AEs reported whilst on study 
drug or within 7 days of the last dose (within 30 days for SAEs) are 
included
AE adverse event, IND indacaterol acetate

IND 75 µg, n (%)
N = 38

IND 150 
µg, n (%)
N = 41

Patients with at least one AE 13 (34.2) 3 (7.3)
 Asthma 2 (5.3) 1 (2.4)
 Dizziness 0 1 (2.4)
 Nausea 1 (2.6) 1 (2.4)
 Blood glucose increase 1 (2.6) 0
 Conjunctivitis 1 (2.6) 0
 Defect conduction intraventricular 1 (2.6) 0
 Dysphonia 1 (2.6) 0
 Influenza 2 (5.3) 0
 Limb injury 1 (2.6) 0
 Peak expiratory flow rate decrease 1 (2.6) 0
 Rhinitis 1 (2.6) 0
 Upper respiratory tract infection 3 (7.9) 0
 Vomiting 1 (2.6) 0

Patients with at least one AE leading 
to permanent discontinuation of 
study treatment

1 (2.6) 1 (2.4)

Number of patients with at least one 
AE suspected to be study drug 
related

3 (7.9) 1 (2.4)
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accordance with the third edition of Good Publication Practice guide-
lines (https:// www. ismpp. org/ gpp3).
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