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A B S T R A C T

Background

Indacaterol is an inhaled long-acting beta2-agonist that is administered once daily and has been investigated as a treatment for chronic

obstructive pulmonary disease (COPD). Four different doses have been investigated (75 mcg, 150 mcg, 300 mcg and 600 mcg). The

relative effects of different doses of once-daily indacaterol in the management of patients with COPD are uncertain.

Objectives

To compare the efficacy and safety of indacaterol versus placebo and alternative twice-daily long-acting beta2-agonists for the treatment

of patients with stable COPD.

Search methods

We identified trials from the Cochrane Airways Group Specialised Register of trials (CAGR), handsearched respiratory journals and

meeting abstracts and searched the Novartis trials registry and ClinicalTrials.gov. The date of the most recent search was 8 November

2014.

Selection criteria

We included all randomised controlled trials comparing indacaterol at any dose versus placebo or alternative long-acting beta2-agonists.

Trials were required to be of at least 12 weeks’ duration and had to include adults older than 18 years with a confirmed spirometric

diagnosis of COPD.

Data collection and analysis

Two review authors (JBG, EJD) independently assessed for possible inclusion all citations identified as a result of the search. Disagree-

ments were resolved through discussion or, if required, through resolution by a third review author (RWB). One review author (JBG)

extracted data from trials identified by the search and entered these data into Review Manager 5.1 for statistical analysis. Data entry

was cross-checked by a second review author (EJD, CJC).
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Main results

A total of 13 trials with 9961 participants were included in the review. Ten trials with a total of 8562 participants involved an

indacaterol versus placebo comparison. Five trials with a total of 4133 participants involved an indacaterol versus twice-daily beta2-

agonist comparison. The comparator beta2-agonists were salmeterol, formoterol and eformoterol. One of these trials, with a total of

90 participants, provided no data that could be used in this review. Two trials included both indacaterol versus placebo and indacaterol

versus twice-daily beta2-agonist comparisons. Trials were between 12 weeks and 52 weeks in duration. Overall the quality of the evidence

was strong, and risk of significant bias was minimal in most of the included studies. Enrolled participants had stable COPD across a

range of spirometric severities. Forced expiratory volume in 1 second (FEV1) was generally between 30% and 80% predicted, and a

mean FEV1 of approximately 50% was predicted in most studies. Patients with concurrent respiratory disease, including asthma, were

excluded. Concomitant use of inhaled corticosteroids was permitted.

The primary objectives were to compare trough FEV1 at the end of dosing, exacerbation rates and quality of life. Significant adverse

events, mortality and dyspnoea were included as secondary outcomes. Compared with placebo, a significant and clinically relevant

improvement in trough FEV1 was noted with indacaterol (mean difference (MD) 149.11, 95% confidence interval (CI) 137.09 to

161.12). In addition, compared with placebo, a significant improvement in mean St George Respiratory Questionaire (SGRQ) score

(MD -3.60, 95% CI -4.36 to -2.83) was reported, and the proportion of participants experiencing clinically relevant improvement in

SGRQ score was significantly greater (odds ratio (OR) 1.64, 95% CI 1.46 to 1.845. Compared with twice-daily beta2-agonists, a small

but statistically significant increase in trough FEV1 was seen with indacaterol (MD 61.71 mL, 95% CI 41.24 to 82.17). Differences

between indacaterol and twice-daily beta2-agonists in mean SGRQ scores (MD -0.81, 95% CI -2.28 to 0.66) and in the proportions

of participants achieving clinically relevant improvements in SGRQ scores (OR 1.07, 95% CI 0.87 to 1.32) were not statistically

significant, but the confidence intervals are too wide to permit the conclusion that the treatments were equivalent.

Authors’ conclusions

For patients with stable COPD, use of indacaterol versus placebo results in statistically significant and clinically meaningful improve-

ments in lung function and quality of life. The clinical benefit for lung function is at least as good as that seen with twice-daily long-

acting beta2-agonists, but the comparative effect on quality of life remains uncertain, as important differences cannot be excluded.

P L A I N L A N G U A G E S U M M A R Y

Indacaterol for the treatment of people with stable COPD

Review question

1. What is the effect of treatment with indacaterol versus no treatment on stable COPD?

2. What is the effect of treatment with indacaterol versus twice-daily beta2-agonists on stable COPD?

Background

Chronic obstructive pulmonary disease (COPD) is a progressive lung disease that causes shortness of breath and impairs quality of life.

In addition, sudden worsening of symptoms (acute exacerbations) may require additional treatment or hospitalisation and may result

in further impairment in quality of life.

Several different medicines can be used to treat patients with COPD; inhaled long-acting beta2-agonists are one example. Until recently,

inhaled long-acting beta2-agonists required twice-daily dosing. Indacaterol is an inhaled beta2-agonist that requires once-daily dosing.

We aimed to assess the following.

1. The effect of indacaterol in the treatment of participants with stable COPD.

2. How indacaterol compares with available alternative twice-daily long-acting beta2-agonists.

Study characteristics

13 trials with a total of 9961 participants were included in this review. Ten trials with a total of 8562 participants involved an

indacaterol versus placebo comparison. Five trials with a total of 4133 participants involved an indacaterol versus twice-daily beta2-

agonist comparison. Two trials included both indacaterol versus placebo and indacaterol versus twice-daily beta2-agonist comparisons.
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Trials were between 12 and 52 weeks duration and compared doses between 75 mcg and 600 mcg. In most trials, mean forced expiratory

volume in 1 second (FEV1) was approximately 50% predicted.

Key results

1. Indacaterol is an effective medication for the treatment of patients with stable COPD. It results in improved lung function and

quality of life.

2. Indacaterol led to improvements in lung function that were clinically similar to those seen with twice-daily long-acting beta2-agonists.

3. No measurable difference was noted between indacaterol and twice-daily long-acting beta2-agonists with respect to quality of life,

but important differences cannot be excluded.

4. No significant difference was observed in the number of participants suffering a serious adverse event or mortality, but the confidence

intervals were too wide because very few events could be used to rule out important differences.

Quality of the evidence

Overall the quality of the evidence was judged to be high.

Summary

Indacaterol is an effective treatment for patients with stable COPD; it offers benefits that are clinically similar to those of existing twice-

daily preparations within the same class of medication but provides the possible advantage of once-daily dosing.

3Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Indacaterol versus placebo

Patient or population: people with COPD

Settings: community

Intervention: indacaterol

Comparator: placebo

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

Number of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Indacaterol

End-of-study trough

FEV1

mL

Follow-up: 12 to 52

weeks

Mean end-

of -study trough FEV1 in

control groups was

1170 to 1360 mL

Mean end-

of -study trough FEV1 in

the intervent ion groups

was

149.11 mL higher

(137.09 to 161.12

higher)

5001

(10 studies)

⊕⊕⊕⊕

High

This value is greater

than the minimum clin-

ically important dif f er-

ence of 100 mL (

Donahue 2005)

Number of participants

with a clinically signif-

icant improvement in

QOL

SGRQ

Follow-up: 12 to 52

weeks

425 per 1000 548 per 1000

(519 to 578)a
OR 1.64

(1.46 to 1.845

4906

(9 studies)

⊕⊕⊕⊕

High

Number of participants

with clinically signif-

icant improvement in

dyspnoea

TDI

Follow-up: 12 to 52

440 per 1000 607 per 1000

(576 to 636)a
OR 1.96

(1.73 to 2.22)

4577

(8 studies)

⊕⊕⊕⊕

High
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weeks

Number of participants

experiencing 1 or more

exacerbations

Follow-up: 12 to 52

weeks

222 per 1000 188 per 1000

(167 to 212)

OR 0.81

(0.7 to 0.94)

4807

(7 studies)

⊕⊕⊕⊕

High

Serious adverse events

Follow-up: 12 to 52

weeks

72 per 1000 72 per 1000

(60 to 87)

OR 1.00

(0.82 to 1.23)

6065

(9 studies)

⊕⊕⊕©

M oderateb

M ortality

Follow-up: 12 to 52

weeks

4 per 1000 2 per 1000

(1 to 4)

OR 0.42

(0.16 to 1.08)

5694

(9 studies)

⊕⊕⊕©

M oderateb

* The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on

the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: Conf idence interval; OR: Odds rat io.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

aBaseline risk calculated f rom raw responder numbers in placebo arm at end of treatment. Absolute benef it and 95% CIs

calculated f rom www.nntonline.net/ visualrx/ .
b95% CIs around the point est imate of ef fect include both appreciable benef it and no dif ference.
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B A C K G R O U N D

Chronic obstructive pulmonary disease (COPD) is a leading cause

of morbidity and mortality globally. Several pharmacotherapeutic

interventions have demonstrated efficacy in modifying a variety of

long-term clinical outcomes associated with the disease. These in-

clude inhaled corticosteroids, inhaled long-acting muscarinic an-

tagonists and inhaled long-acting beta2-agonists. The latter class,

used alone or in combination, has an established role in the treat-

ment of COPD, particularly with respect to reducing exacerba-

tions and improving quality of life. Until recently, although these

agents have been classed as ’long-acting,’ their pharmacokinetic

profile has required twice-daily dosing. Indacaterol is a new beta2-

agonist that is administered once daily and has recently been ap-

proved by several regulatory authorities around the world for the

treatment of patients with stable COPD. As it requires only once-

daily dosing, indacaterol offers possible benefits for adherence over

previously available agents.

Description of the condition

Chronic obstructive pulmonary disease was the fifth leading cause

of death worldwide in 2002, and is projected to become the third

leading cause by 2030 (WHO 2008). It presents a considerable fi-

nancial and social burden for both societies and individuals (Buist

2007; Gershon 2010). This chronic, usually progressive disease,

which is characterised by airflow limitation that is not fully re-

versible, occurs as a consequence of exposure to noxious parti-

cles or gases (GOLD 2014). Exposure to cigarette smoke is the

most important risk factor for development of the disease in high-

income countries. In low-income countries, exposure to smoke

from the burning of biomass fuels indoors has been identified as

an additional important cause. Although patients may be asymp-

tomatic in early stages of disease, its clinical course is characterised

by progressive dyspnoea, often associated with chronic cough and

sputum production. This course is often punctuated by ’exacer-

bations,’ defined as acute deterioration in symptoms of dyspnoea,

cough or sputum beyond day-to-day fluctuations in the disease.

Such exacerbations have a major impact on quality of life and in

developed countries account for the greatest burden on healthcare

systems (GOLD 2014).

Description of the intervention

Indacaterol is an inhaled once-daily beta2-agonist that results in

smooth muscle relaxation and bronchodilation. It has been inves-

tigated for the treatment of patients with COPD, predominantly

those with moderate to severe spirometric deficits. It was approved

in 2009 by the European Medicines Agency (EMA) for the treat-

ment of patients with COPD and in 2011 by the Food and Drug

Administration (FDA) in the United States.

How the intervention might work

Similar to other beta2-agonists, indacaterol is thought to work

through stimulation of beta2-adrenergic receptors within respira-

tory smooth muscle, resulting in bronchodilation. This in turn

improves respiratory mechanics, resulting in improved dyspnoea.

Why it is important to do this review

Chronic obstructive pulmonary disease is a common disorder that

is associated with significant morbidity and mortality. Given the

irreversible effects of the disease, available pharmacological options

for its treatment are relatively limited. As it was recently approved

across several healthcare jurisdictions, including Europe and the

United States, prescription of this medication is likely to escalate in

the future. Therefore it is important that potential prescribers have

a keen understanding of the efficacy and safety of this drug, both

in its own right and compared with other available treatments for

the disease, in particular, twice-daily long-acting beta2-agonists.

O B J E C T I V E S

To compare the efficacy and safety of indacaterol versus placebo

and alternative twice-daily long-acting beta2-agonists for the treat-

ment of patients with stable COPD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials of at least 12 weeks’ du-

ration. We did not exclude trials on the basis of blinding. Trials

using additional bronchodilators that were not part of the com-

parison were excluded because of the possibility that they might

introduce bias.

Types of participants

Adults older than 18 years with a confirmed spirometric diagnosis

of COPD.

Types of interventions

1. Experimental intervention: once-daily indacaterol at any

dose.

2. Comparator interventions:

i) Placebo.

6Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)
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ii) Twice-daily long-acting beta2-agonists.

Types of outcome measures

Outcome measures did not form part of the eligibility criteria for

inclusion of studies in this review.

Primary outcomes

1. Trough forced expiratory volume in one second (FEV1).

2. Mean difference in quality of life.

3. Number of participants with a clinically significant

improvement in quality of life.

Secondary outcomes

1. Peak FEV1.

2. Mean difference in dyspnoea.

3. Number of participants experiencing a clinically significant

improvement in dyspnoea.

4. Serious adverse events.

5. Mortality.

6. Number of participants experiencing at least one protocol-

defined exacerbation.

Search methods for identification of studies

Electronic searches

We identified trials from the Cochrane Airways Group Specialised

Register of trials (CAGR), which is maintained by the Informa-

tion Specialist for the group. The register is derived from system-

atic searches of bibliographic databases, including the Cochrane

Central Register of Controlled Trials (CENTRAL), MEDLINE,

EMBASE, the Cumulative Index to Nursing and Allied Health

Literature (CINAHL), the Allied and Complementary Medicine

Database (AMED) and PsycINFO, and handsearching of respi-

ratory journals and meeting abstracts (please see Appendix 1 for

further details). The TSC searched all records in the CAGR coded

as ’COPD’ using the following terms:

(indacaterol or OnBrez or Breezhaler or Arcapta or ultra-long* or

“ultra long*”).

This search was carried out in August 2014. We also conducted

a search of ClinicalTrials.gov (www.clinicaltrials.gov) and of the

Novartis clinical trials registry (www.novctrd.com). We searched

all databases from their inception to the present and imposed no

restriction on language of publication.

Searching other resources

We searched reference lists of all primary studies and review arti-

cles for additional references. We contacted authors of identified

trials and asked them to identify other published and unpublished

studies. We also contacted manufacturers and experts in the field.

Data collection and analysis

Selection of studies

Two review authors (JBG, EJD) independently assessed for po-

tential inclusion all citations that were identified as a result of the

search. Disagreement was resolved through discussion. Abstracts

and full-text papers were assessed for inclusion, and disagreements

were resolved through discussion or, if required, through resolu-

tion by a third review author (RWB).

Data extraction and management

One review author (JBG) extracted data from trials identified

by the search and entered these data into Review Manager 5.1

(RevMan 2011) for statistical analysis. Data were cross-checked

by a second review author (EJD, CJC).

Assessment of risk of bias in included studies

Two review authors (JBG, EJD) independently assessed risk of

bias for each study using the criteria outlined in the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011).

Disagreements were resolved by discussion and through consulta-

tion with a third review author (RWB). We assessed risk of bias

according to the following domains.

1. Allocation sequence generation.

2. Concealment of allocation.

3. Blinding of participants and investigators.

4. Incomplete outcome data.

5. Selective outcome reporting.

Each source of bias was graded as having low, high or unclear risk.

Measures of treatment effect

We analysed dichotomous data as odds ratios (ORs) using the

Mantel-Haenszel method. We analysed continuous data using

mean differences (MDs).

Unit of analysis issues

Dichotomous data were analysed using participants rather than

events as the unit of analysis. For repeated observations, the longest

follow-up from each study was selected. When an estimate of an

effect measure was presented (rather than summary data for the

intervention group) and a P value or a confidence interval (CI)
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was provided, the standard error (SE) was estimated as described

in the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins 2011).

Dealing with missing data

Investigators and study sponsors were contacted to verify key study

characteristics and to provide missing numerical outcome data

when possible. Data were analysed on an intention-to-treat basis,

except in some instances where the study sponsor was required to

provide outcome data where there were small numerical differences

between the participants randomised and participants analysed.

Assessment of heterogeneity

We used the I2 statistic to measure heterogeneity among the trials

included in each analysis. We considered I2 > 50% to be significant

(see protocol), and when this was the case, potential causes of

heterogeneity were explored. We postulated a priori that potential

sources of heterogeneity would be due to the following.

1. Differences in methodological quality and risk of bias.

2. Differences in usage of concomitant inhaled and systemic

medications.

3. Differences in doses of indacaterol or comparator long-

acting beta2-agonists.

Assessment of reporting biases

We contacted study authors and manufacturers to obtain miss-

ing outcome data. We identified additional trials by searching the

manufacturers’ trial registers, by contacting the manufacturers di-

rectly and by searching ClinicalTrials.gov (http://clinicaltrials.gov/

).

Data synthesis

We used adjusted analysis of covariance (ANCOVA) as the primary

method of synthesising study results when these were available, and

we combined them using the generic inverse variance method in

RevMan. This method was not specified in the protocol but offers

the advantage of taking into account participant characteristics

(including baseline values). When such data were not available, we

used raw end-of-study data instead. Types of outcome data used

for FEV1, quality of life and dyspnoea are included in Table 1 and

Table 2.

A ’Summary of findings’ table for six key outcomes in each com-

parison was created using GRADEpro software, in keeping with

methods described in Chapter 12 of the Cochrane Handbook for

Systematic Reviews of Interventions (Higgins 2011). Additional re-

sults are detailed in the body of this report.

Subgroup analysis and investigation of heterogeneity

We planned to carry out the following subgroup analyses.

1. Global Initiative on Obstructive Lung Disease (GOLD)

class 2, GOLD class 3 and GOLD class 4 for both placebo and

long-acting beta2-agonist (LABA) comparisons.

2. Salmeterol versus formoterol/eformoterol for LABA

comparison.

3. Trials of between 12 and 24 weeks and trials ≥ 24 weeks.

We used only primary outcomes for these subgroup analyses. We

performed subgroup analyses according to indacaterol dose on

both primary and secondary outcomes as post hoc analyses.

When we identified substantial heterogeneity, we explored this

by performing a sensitivity analysis; we systematically excluded

studies from the overall analysis on the basis of potential sources

of heterogeneity as mentioned above.

Sensitivity analysis

We investigated studies at high risk of bias by removing these

studies as part of a sensitivity analysis.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of

excluded studies.

Results of the search

The search retrieved 194 references. A total of 117 records were

screened after duplicates were removed. Twelve were ultimately

included for quantitative analysis (Figure 1).
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Figure 1. Study flow diagram.
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Included studies

A total of 13 trials were identified for inclusion. Two trials com-

pared indacaterol versus both placebo and an alternative long-

acting beta2-agonist.(Dahl 2010; Kornmann 2011). Ten trials

with a total of 8562 participants involved a placebo compari-

son (Bateman 2013; Dahl 2010; Donohue 2010; Feldman 2010;

Kerwin 2011 Study 1; Kerwin 2011 Study 2; Kinoshita 2012;

Kornmann 2011; Mroz 2013; Yao 2014). Five trials with a total

of 4133 participants involved a long-acting beta2-agonist compar-

ison (Dahl 2010; Izbicki 2014; Korn 2011; Kornmann 2011; To

2011); formoterol was the long-acting beta2-agonist in Dahl 2010,

and salmeterol was the long-acting beta2-agonist in Korn 2011,

Kornmann 2011 and To 2011. Izbicki 2014 did not provide data

that could be used in this review. One trial did not perform a direct

comparison of indacaterol versus placebo or a twice-daily beta2 -ag-

onist but included indacaterol and placebo arms (Bateman 2013).

For the 75 mcg indacaterol analysis, data were derived from two

12-week trials with identical methodology (Kerwin 2011 Study

1; Kerwin 2011 Study 2). All studies other than Mroz 2013 were

sponsored by Novartis, and at least one author of all published

papers was an employee of Novartis. All trials were between 12

and 52 weeks in duration. Participants were recruited across a wide

range of centres, predominantly in the United States, Canada, Eu-

rope and Asia. Inclusion criteria were similar across all trials. Par-

ticipants were 40 years of age or older with confirmed COPD, as

defined by GOLD criteria; had an FEV1 of between 30% and 80%

predicted; and had at least a 10-pack-year smoking history. In all

studies other than Mroz 2013, participant characteristics were well

matched between intervention and control arms. In most trials,

mean FEV1 was approximately 50% to 55% predicted. Yao 2014

deliberately enrolled participants with more severe disease, and

mean FEV1 in this trial was approximately 35% predicted in active

and control arms. In Mroz 2013, Izbicki 2014 and To 2011, the

mean FEV1 was not explicitly stated. Participants were required to

have been on stable doses of maintenance therapy in the six to eight

weeks before study commencement. Inhaled corticosteroids were

continued at fixed doses. Except when a specific comparison was

performed, alternative long-acting bronchodilators were ceased.

Participants with asthma were excluded. Individuals with unstable

COPD and those whose condition had recently exacerbated were

also generally excluded. Outcomes assessed included a variety of

spirometric outcomes, quality of life as measured by St George

Respiratory Questionnaire (SGRQ), dyspnoea as measured by the

Transitional Dyspnoea Index, adverse events, mortality and exac-

erbations. The definition of an exacerbation was not standardised

across trials, and definitions of exacerbations were not universally

reported. In two trials (Dahl 2010; Donohue 2010), an exacerba-

tion was defined as the onset of worsening of one or more respi-

ratory symptom (dyspnoea, cough, sputum purulence or volume

or wheeze) for three or more consecutive days requiring an escala-

tion in treatment (administration of systemic steroids, antibiotics

or oxygen) and/or a hospital admission or emergency department

visit. In two trials (Kerwin 2011 Study 1; Kerwin 2011 Study

2), the definition was worsening of two or more major symptoms

(dyspnoea, sputum volume or purulence) or worsening of one

major and one minor symptom (sore throat, cold, fever without

other cause, increased cough or increased wheeze) for at least two

consecutive days and requiring treatment with antibiotics and/or

steroids. In two trials (Kinoshita 2012; Kornmann 2011), exac-

erbations were not included as prespecified outcomes and defini-

tions were not available. However data were supplied upon request

by study authors and by Novartis. In Feldman 2010, exacerba-

tions were included in a global assessment of adverse events, and

data were unavailable for this outcome. In most studies, mixed-

model statistical analyses were performed, with treatment, smok-

ing status and, when relevant, country as fixed effects, and baseline

FEV1 and reversibility as co-variates. Missing data were generally

imputed using last observation carried forward.

Excluded studies

Of 23 full-text articles reviewed, 11 were excluded (see

Characteristics of excluded studies). Five were excluded because

study duration was less than 12 weeks (Barnes 2010; Beeh 2011;

Khindri 2011; Magnussen 2010; Van de Maele 2010). Two studies

were excluded because open-label tiotropium was administered in

both indacaterol and placebo arms (Mahler 2012 Study 1; Mahler

2012 Study 2). One study was a meta-analysis of three trials al-

ready included in the review (Jones 2011). Another study was not

a randomised controlled trial (Hataji 2013). One study did not

compare indacaterol versus placebo or another long-acting beta2-

agonist (Buhl 2011). Another was a 26-week continuation study

of Donohue 2010, in which participants randomly assigned in the

original study were asked to consent to continuation, and this was

therefore no longer a comparison of participants as randomly as-

signed (Chapman 2011). The final analysis for this trial included

data over the entire 52-week period encompassed by Donohue

2010 and Chapman 2011; therefore to avoid double counting of

participants, the two trials could not be combined in the same

meta-analysis.

Risk of bias in included studies

Overall risk of bias was judged to be low (see Figure 2).
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

Randomisation was generally adequate and automated systems

were used in most studies. In Yao 2014, To 2011 and Feldman

2010, the method of randomisation was unclear. Mroz 2013 was

judged to be at high risk of selection bias in view of baseline

imbalances in this study.

Blinding

Blinding was generally sufficient to protect against significant per-

formance and detection bias. To 2011 was an open-label trial, and

it is possible that this may have introduced bias. Blinding in Mroz

2013 was uncertain, as no clear report a placebo inhaler device

was provided.

Incomplete outcome data

Outcome reporting was generally adequate, although in some

studies handling and reporting of incomplete outcome data were

not clear. Rates of dropout were fairly similar across experimental

and control arms-generally between 10% and 20% across different

studies-with a tendency toward slightly greater loss of participants

from placebo arms. It seems unlikely that this has led to significant

systematic bias.

Selective reporting

Risk of selective reporting bias was generally low. However in

Kerwin 2011 Study 1 and Kerwin 2011 Study 2, a variety of sec-

ondary outcomes were incompletely reported and risk of reporting

bias was judged to be high. In Feldman 2010 SGRQ score was not

a prespecified outcome. However SGRQ scores were supplied by

Novartis upon request.

Other potential sources of bias

None identified.

Effects of interventions

See: Summary of findings for the main comparison Indacaterol

versus placebo; Summary of findings 2 Indacaterol versus

twice-daily long-acting beta2-agonists for chronic obstructive

pulmonary disease

Indacaterol versus placebo

Trough FEV1 at the end of the dosing interval

Higher scores measured using spirometry indicate improvement

in lung function, and 100 mL represents a clinically important dif-

ference in FEV1 (Donahue 2005). Ten trials contributed data on

this outcome from 5001 participants. Compared with placebo, the

mean trough FEV1 was significantly greater with indacaterol (MD

149.11, 95% CI 137.09 to 161.12) (Analysis 1.1). The trough

FEV1 was significantly greater for indacaterol than for placebo for

75 mcg (MD 130.00 mL, 95% CI 101.72 to 158.28), 150 mcg

(MD 146.52 mL, 95% CI 129.94 to 163.11), 300 mcg (MD

169.27 mL, 95% CI 144.52 to 194.02) and 600 mcg doses (MD

150.00 mL, 95% CI 100.62 to 199.38). Significant heterogene-

ity was identified in the 300 mcg analysis (I2 = 53%). This was

largely a consequence of results from Mroz 2013. This study was

a much smaller study than the Novartis-sponsored trials and was

at higher risk of bias (Figure 2). In addition only raw end-of-study

data were available, and these showed significantly overestimates

of treatment effect in this study due to poorly matched experimen-

tal and placebo arms at trial commencement (baseline FEV1 was

1.22 L in the placebo group and 1.78 L in the indacaterol group

at study commencement). Sensitivity analysis was performed by

excluding Mroz 2013 from the 300 mcg analysis. No significant

change in the estimate of treatment effect was noted for the 300

mcg dose of indacaterol compared with placebo (MD 167.78 mL,

95% CI 142.98 to 192.57). Exclusion of Mroz 2013 from the

entire analysis similarly had no significant impact on the overall

estimate of treatment effect of indacaterol compared with placebo

(MD 148.74 mL, 95% CI 136.72 to 160.76). Subgroup analysis

of trials of less than 24 weeks (MD 148.99 mL, 95% CI 129.11

to 168.86) and 24 weeks or longer (MD 149.26 mL, 95% CI

134.01 to 164.51) demonstrated significant increases in trough

FEV1 with indacaterol compared with placebo (Analysis 1.2). Het-

erogeneity in subgroup analysis of trials of less than 24-weeks was

significant (I2 = 66). Statistical heterogeneity was largely explained

by the results reported by Mroz 2013, which as discussed above

was a small study with less robust methodology.The estimate of

treatment effect in Kinoshita 2012 was also slightly greater than in

the remaining three studies.The reason for this is unclear, as aside

from Mroz 2013, all studies had similar trial methodologies and

statistical analyses, and were judged to be generally at low risk of

bias.

Data were insufficient for planned subgroup analysis by GOLD

class severity.

Quality of life

Lower scores measured using the SGRQ indicate improvement in

quality of life; four units represents a clinically important differ-

ence (Jones 2002). Ten trials contributed data from 4938 partici-

pants for this outcome. Compared with placebo, the mean SGRQ
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score was significantly lower with indacaterol (MD -3.60, 95% CI

-4.36 to -2.83) (Analysis 1.3). Mean SGRQ scores were signifi-

cantly lower with indacaterol than with placebo for 75 mcg (MD -

3.70, 95% CI -5.66 to -1.74), 150 mcg (MD -3.43, 95% CI -4.53

to -2.32), 300 mcg (MD -3.49, 95% CI -4.94 to -2.03) and 600

mcg doses (MD -4.60, 95% CI -7.07 to -2.13). No significant sta-

tistical heterogeneity was noted. Sensitivity analysis was performed

by removing Mroz 2013 because of concerns over methodologi-

cal quality. This did not significantly alter the estimate of effect

for indacaterol compared with placebo overall, nor for the 300

mcg subgroup analysis. Planned subgroup analysis by trial dura-

tion demonstrated slightly greater improvement in mean SGRQ

for trials of less than 24 weeks (MD -4.11, 95% CI -5.60 to -2.62)

than for trials 24 weeks or longer in duration (MD -3.15, 95%

CI -4.12 to -2.19), but the difference between subgroups was not

statistically significant (test for subgroup differences: Chi² = 1.11,

df = 1 (P value 0.25), I² = 10.3%) (Analysis 1.4).

Data were insufficient for planned subgroup analysis by GOLD

class severity.

Number of participants with a clinically significant

improvement in quality of life

Compared with placebo, the odds of achieving an improvement in

SGRQ score of at least four points overall were significantly greater

with indacaterol (OR 1.64, 95% CI 1.46 to 1.85) (Analysis 1.5).

We estimate that for 1000 participants with stable COPD treated

for 12 to 52 weeks, 121 more participants (95% CI 94 to 151)

would experience a clinically significant improvement in quality

of life with indacaterol than with placebo (as shown in the Cates

plot in Figure 3).

Figure 3. Cates plot. Participants with a clinically significant improvement in quality of life with indacaterol

compared with placebo.
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Compared with placebo, the odds of achieving an improvement

in SGRQ score of at least four points were significantly greater for

75 mcg indacaterol (OR 1.73, 95% CI 1.24 to 2.41), 150 mcg

indacaterol (OR 1.67, 95% CI 1.41 to 1.98), 300 mcg indacaterol

(OR 1.46, 95% CI 1.15 to 1.85) and 600 mcg indacaterol doses

(OR 1.95, 95% CI 1.30 to 2.94). No significant difference be-

tween subgroups was noted (test for subgroup differences: Chi² =

1.78, df = 3 (P value 0.62), I² = 0%). Planned subgroup analysis

by trial duration demonstrated slightly increased odds of achiev-

ing an improvement in SGRQ of at least four points in trials of

less than 24 weeks (OR 1.90, 95% CI 1.51 to 2.38) compared

with trials 24 weeks or longer (OR 1.45, 95% CI 1.26 to 1.67),

and the difference between subgroups was significant (test for sub-

group differences: Chi² = 3.86, df = 1 (P value 0.02), I² = 74.1%)

(Analysis 1.6).

Data were insufficient for planned subgroup analysis by GOLD

class severity.

Peak FEV1

Six trials contributed data on this outcome from 1657 partici-

pants. Overall peak FEV1 was significantly greater with indacaterol

than with placebo (MD 181.21 mL, 95% CI 129.10 to 233.32)

(Analysis 1.9). Peak FEV1 was significantly greater for indacaterol

than for placebo for 75 mcg (MD 196.56 mL, 95% CI 107.15 to

285.98), 150 mcg (MD 200.91 mL, 95% CI 111.71 to 290.12)

and 300 mcg doses (MD 173.50 mL, 95% CI 69.92 to 277.09).

No statistically significant difference in peak FEV1 was noted with

indacaterol compared with placebo for the 600 mcg dose (MD

30.00 mL, 95% CI -172.77 to 232.77). Data for the 600 mcg

comparison were derived from one 52-week trial (Dahl 2010),

whereas data for the other comparisons came from trials of be-

tween 12 weeks’ and 26 weeks’ duration. Overall no significant

statistical heterogeneity was noted (I2 = 0%).

Dyspnoea

Higher scores on the Transitional Dyspnoea Index (TDI) indicate

improvement in breathlessness; one unit represents a clinically

important difference (Witek 2003). Eight trials contributed data

from 4722 participants for this outcome. Compared with placebo,

overall mean TDI score was significantly higher with indacaterol

(MD 1.00, 95% CI 0.82 to 1.17) (Analysis 1.7). Mean TDI scores

were significantly greater with indacaterol than with placebo for

75 mcg (MD 0.77, 95% CI 0.27 to 1.27), 150 mcg (MD 0.96,

95% CI 0.70 to 1.22), 300 mcg (MD 1.13, 95% CI 0.83 to 1.43)

and 600 mcg doses (MD 0.98, 95% CI 0.51 to 1.45). Statistical

heterogeneity was significant in the 75 mcg subgroup analysis (I2

= 54%), which included two trials of identical methodology and

participants with similar demographics. However overall statistical

heterogeneity was not significant.

Number of participants experiencing a clinically significant

improvement in dyspnoea

Compared with placebo, the odds of achieving an improvement

in TDI score greater than or equal to 1 overall were significantly

greater with indacaterol (OR 1.96, 95% CI 1.73 to 2.22) (Analysis

1.8). We estimate that for 1000 participants with stable COPD

treated for 12 to 52 weeks, 166 more participants (95% CI 136 to

196) would have a clinically significant improvement in dyspnoea

with indacaterol than without (Figure 4).
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Figure 4. Cates plot. Participants with a clinically significant improvement in dyspnoea with indacaterol

compared with placebo.

Compared with placebo, the odds of achieving an improvement

in TDI score of at least one point were significantly greater for 75

mcg indacaterol (OR 1.76, 95% CI 1.26 to 2.45), 150 mcg inda-

caterol (OR 1.87, 95% CI 1.56 to 2.24), 300 mcg indacaterol (OR

2.25, 95% CI 1.81 to 2.81) and 600 mcg doses (OR 1.80, 95%

CI 1.20 to 2.70). Overall no significant statistical heterogeneity

was observed. Heterogeneity was significant in the 300 mcg com-

parison, which included four trials (Dahl 2010; Donohue 2010;

Kinoshita 2012; Yao 2014). The odds of achieving a significant

improvement in TDI were lower in Dahl 2010 and Kinoshita

2012 than in Donohue 2010 and Yao 2014. The reasons for this

are unclear. Trial participants had similar degrees of airflow limita-

tion (mean FEV1 was generally 50% predicted), trial methodology

was similar, all were judged to be at relatively low risk for signifi-

cant systematic bias and all used similar mixed-models statistical

approaches to data analysis. The effect of statistical heterogeneity

was explored by performing a random-effects analysis, which did

not result in a significantly different point estimate of effect for

this outcome.

Serious adverse events

Nine trials contributed data on serious adverse events from 6065

participants. Overall no statistically significant difference in the

odds of experiencing a serious adverse event was noted for inda-

caterol compared with placebo (OR 1.00,95% CI 0.82 to 1.23).

Subgroup analysis by dose did not demonstrate significant differ-

ences between placebo and indacaterol 75 mcg (OR 0.60, 95%

CI 0.24 to 1.46), indacaterol 150 mcg (OR 1.01, 95% CI 0.75

to 1.37), indacaterol 300 mcg (OR 1.04, 95% CI 0.74 to 1.45)

and indacaterol 600 mcg (OR 1.09, 95% CI 0.65 to 1.83) (test

for subgroup differences: Chi² = 3.07, df = 3 (P value 0.38), I² =

15Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



2.2%) (Analysis 1.10). The confidence intervals are too wide to

rule out important differences in serious adverse events between

indacaterol and placebo.

Mortality

Nine trials contributed data on mortality from 5694 participants.

Overall no significant difference was observed in the odds of mor-

tality with indacaterol compared with placebo (OR 0.42, 95% CI

0.16 to 1.08). Subgroup analysis by dose did not demonstrate sig-

nificant differences between placebo and indacaterol 75 mcg (OR

0.19, 95% CI 0.01 to 4.07), indacaterol 150 mcg (OR 0.86, 95%

CI 0.23 to 3.16), indacaterol 300 mcg (OR 0.25, 95% CI 0.02 to

2.72) and indacaterol 600 mcg (OR 0.10, 95% CI 0.00 to 2.11)

(test for subgroup differences: Chi² = 2.40, df = 3 (P value 0.49),

I² = 0%) (Analysis 1.11). The confidence intervals are too wide

to rule out important differences in mortality between indacaterol

and twice-daily beta2-agonists.

Number of participants experiencing at least one protocol-

defined exacerbation

Compared with placebo, the overall odds of experiencing at least

one exacerbation were significantly less with indacaterol (OR 0.81,

95% CI 0.70 to 0.94). Subgroup analysis by dose did not demon-

strate significant differences between indacaterol 75 mcg (OR

0.85, 95% CI 0.49 to 1.45), 150 mcg (OR 0.82, 95% CI 0.66 to

1.02), 300 mcg (OR 0.84, 95% CI 0.65 to 1.09) and 600 mcg

(OR 0.74, 95% CI 0.51 to 1.06) (test for subgroup differences:

Chi² = 0.37, df = 3 (P value 0.95), I² = 0%) (Analysis 1.12).

Indacaterol versus alternative twice-daily beta2-

agonists

Trough FEV1 at the end of the dosing interval

Higher scores measured using spirometry indicate an improve-

ment in lung function, and 100 mL represents a clinically impor-

tant difference in FEV1 (Donahue 2005). Four trials contributed

data on this outcome from 4708 participants. Formoterol and sal-

meterol were compared with 150 mcg, 300 mcg and 600 mcg

doses of indacaterol. Compared with alternative twice-daily beta2-

agonists, the mean trough FEV1 was significantly greater with in-

dacaterol (MD 73.76 mL, 95% CI 57.33 to 90.19) (Analysis 2.1).

The trough FEV1 was significantly greater for indacaterol com-

pared with twice-daily beta2-agonists for 150 mcg (MD 62.56 mL,

95% CI 42.71 to 82.40), 300 mcg (MD 97.17 mL, 95% CI 60.51

to 133.83) and 600 mcg doses (MD 100.00 mL, 95% CI 51.21

to 148.79). Trough FEV1 was slightly greater for the 300 mcg and

600 mcg doses than for the 150 mcg dose, but this finding was

not statistically significant (test for subgroup differences: Chi² =

3.90, df = 2 (P value 0.14), I² = 48.7%). Overall no significant

heterogeneity was observed (I2 = 15%).. Subgroup analysis by type

of twice-daily beta2-agonist demonstrated a significant increase in

FEV1 for indacaterol compared with salmeterol (MD 64.50 mL,

95% CI 45.79 to 83.20). Data for the formoterol comparison

were derived from one trial only (Dahl 2010), which compared

600 mcg indacaterol versus placebo. This study demonstrated a

significant improvement in trough FEV1 with indacaterol com-

pared with formoterol (MD 98.19 mL, 95% CI 68.88 to 127.50).

Subgroup analysis by trial duration demonstrated a significantly

increased FEV1 with indacaterol compared with alternative twice-

daily beta2-agonists for trials 24 weeks or longer (MD 122.98 mL,

95% CI 102.37 to 143.59) and for trials of less than 24 weeks

(MD 60.00 mL, 95% CI 37.00 to 83.00) (Analysis 2.2). Het-

erogeneity in analysis of trials 24 weeks or longer was significant

(I2 = 73%). The estimate of effect from Dahl 2010 was signifi-

cantly greater than in the other three studies. The reasons for this

are unclear, although it is possible that the modified intention-to-

treat analysis used in this study (participants from six sites were

excluded for non-conformance with good clinical practice) may

have contributed. Only one study (Korn 2011) was less than 24

weeks in duration.

Data were insufficient for planned subgroup analysis by GOLD

class severity.

Quality of life

Lower scores measured using the SGRQ indicate improvement in

quality of life; four units represents a clinically important differ-

ence (Jones 2002). Two trials contributed data on this outcome

from 1523 participants. Formoterol and salmeterol were compared

with 150 mcg, 300 mcg and 600 mcg doses of indacaterol. Overall

no statistically significant differences in mean SGRQ scores were

noted between indacaterol and twice-daily beta2-agonists (MD -

0.81, 95% CI -2.28 to 0.66) (Analysis 2.3). Kornmann 2011 was

the only trial that contributed data to the 150 mcg comparison,

whilst Dahl 2010 was the only trial that performed 300 mcg and

600 mcg comparisons. No significant differences were noted be-

tween indacaterol and twice-daily beta2-agonists for the 150 mcg

(MD -1.20, 95% CI -3.42 to 1.02), 300 mcg (MD -0.50, 95%

CI -3.27 to 2.27) and 600 mcg doses (MD -0.50, 95% CI -3.27

to 2.27). Both trials were 24 weeks or longer in duration. There-

fore subgroup analysis by trial duration was not performed. Sub-

group analysis by type of twice-daily beta2-agonist demonstrated

no significant differences between indacaterol and salmeterol (MD

-1.20, 95% CI -3.42 to 1.02) or between indacaterol and for-

moterol (MD 0.42, 95% CI -1.21 to 2.05).

Data were insufficient for planned subgroup analysis by GOLD

class severity.

Number of participants with a clinically significant

improvement in quality of life
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Two trials contributed data on this outcome from 1520 partici-

pants. Formoterol and salmeterol were compared with 150 mcg,

300 mcg and 600 mcg doses of indacaterol. Overall no signifi-

cant difference was observed between indacaterol and twice-daily

beta2-agonists in the odds of achieving a clinically significant im-

provement in SGRQ (OR 1.07, 95% CI 0.87 to 1.32) (Analysis

2.5). No significant differences were noted between indacaterol

and alternative twice-daily beta2-agonists in the odds of achieving

a clinically significant improvement in quality of life with 150 mcg

(OR 1.17, 95% CI 0.85 to 1.61), 300 mcg (OR 0.93, 95% CI

0.63 to 1.37) and 600 mcg doses (OR 1.09, 95% CI 0.74 to 1.61).

Both trials were 24 weeks or longer in duration (Analysis 2.6).

Therefore subgroup analysis by trial duration was not performed.

Data were insufficient for planned subgroup analysis by GOLD

class severity.

Peak FEV1

Two trials contributed data on this outcome from 491 partici-

pants. Formoterol and salmeterol were compared with 150 mcg,

300 mcg and 600 mcg doses of indacaterol. No significant dif-

ference was observed between indacaterol and alternative twice-

daily beta2-agonists with respect to peak FEV1 (MD 4.68, 95%

CI -93.79 to 103.16) (Analysis 2.9). Subgroup analysis by dose

demonstrated no significant differences between indacaterol and

alternative twice-daily beta2-agonists for the 150 mcg (MD 40.00,

95% CI -113.72 to 193.72), 300 mcg (MD -30.00, 95% CI -

212.29 to 152.29) and 600 mcg doses (MD -10.00, 95% CI -

190.45 to 170.45). No significant heterogeneity was observed (I2

= 0%).

Dyspnoea

Higher scores on the TDI indicate improvement in breathless-

ness; one unit represents a clinically important difference (Witek

2003). Three trials contributed data on this outcome from 2404

participants. Formoterol and salmeterol were compared with 150

mcg, 300 mcg and 600 mcg doses of indacaterol. Compared with

twice-daily long-acting beta2 -agonists, overall mean TDI score was

significantly greater with indacaterol (MD 0.54, 95% CI 0.30 to

0.79) (Analysis 2.7). Subgroup analysis by dose demonstrated a

significant increase in TDI with indacaterol 150 mcg compared

with twice-daily long-acting beta2-agonists (MD 0.66, 95% CI

0.37 to 0.95). No significant differences were observed between

indacaterol and twice-daily long-acting beta2 -agonists for 300 mcg

(MD 0.19, 95% CI -0.46 to 0.84) and 600 mcg doses (MD 0.30,

95% CI -0.35 to 0.95). The 150 mcg comparison involved two

trials (Korn 2011; Kornmann 2011) of 12 weeks’ and 26 weeks’

duration, respectively; both used salmeterol as the active compara-

tor. Data on the 300 mcg and 600 mcg doses were received from

only one 52-week trial (Dahl 2010), which used formoterol as the

active comparator.

Number of participants experiencing a clinically significant

improvement in dyspnoea

Three trials contributed data on this outcome from 2536 partic-

ipants. Formoterol and salmeterol were compared with 150 mcg,

300 mcg and 600 mcg doses of indacaterol. Overall, no significant

differences were observed in the odds of experiencing an improve-

ment in TDI greater than or equal to one point with indacaterol

compared with twice-daily long-acting beta2-agonists (OR 1.11,

95% CI 0.94 to 1.32) (Analysis 2.8). Subgroup analysis by dose

demonstrated no significant differences between indacaterol and

alternative twice-daily beta2-agonists for the 150 mcg (OR 1.21,

95% CI 0.98 to 1.50), 300 mcg (OR 0.87, 95% CI 0.59 to 1.29)

and 600 mcg doses (OR 1.06, 95% CI 0.72 to 1.58). Hetero-

geneity in the 150 mcg comparison was significant (I2 = 65%).

Korn 2011 demonstrated significant improvement in the odds of

achieving an improvement in TDI greater than or equal to one

point, whereas Kornmann 2011 and Dahl 2010 did not. The rea-

son for the difference between Korn 2011 and Kornmann 2011

for this particular outcome is unclear, especially given the simi-

lar improvements in mean TDI noted in these two studies. Both

were large trials recruiting more than 1000 participants; both used

salmeterol as the active comparator, had similar trial methodolo-

gies and statistical analyses, recruited participants from generally

similar geographic locations and enrolled participants with similar

baseline characteristics. Both trials were judged to be at generally

low risk of bias.

Serious adverse events

Four trials contributed data on serious adverse events from 3266

participants. Formoterol and salmeterol were compared with 150

mcg, 300 mcg and 600 mcg doses of indacaterol. Compared with

twice-daily long-acting beta2-agonists, no statistically significant

difference in serious adverse events was reported with indacaterol

(OR 1.02, 95% CI 0.79 to 1.32) (Analysis 2.10). No significant

differences were observed between twice-daily beta2-agonists and

indacaterol 150 mcg (OR 1.44, 95% CI 0.92 to 2.25), indacaterol

300 mcg (OR 1.00, 95% CI 0.66 to 1.52) and indacaterol 600

mcg (OR 0.71, 95% CI 0.45 to 1.13). The confidence intervals

are too wide to rule out important differences in serious adverse

events between indacaterol and twice-daily beta2-agonists.

Mortality

Four trials contributed data on mortality from 3266 participants.

Formoterol and salmeterol were compared with 150 mcg, 300 mcg

and 600 mcg doses of indacaterol. Compared with twice-daily

long-acting beta2-agonists, no significant differences in mortality

were noted with indacaterol (OR 1.00, 95% CI 0.31 to 3.28)

(Analysis 2.11). No significant differences were reported between

twice-daily beta2-agonists and indacaterol 150 mcg (OR 2.35,

95% CI 0.35 to 15.98), indacaterol 300 mcg (OR 0.82, 95% CI

17Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)
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0.11 to 6.27) and indacaterol 600 mcg (OR 0.17, 95% CI 0.01 to

4.18). The confidence intervals are too wide to rule out important

differences in mortality between indacaterol and twice-daily beta2 -

agonists.

Number of participants experiencing at least one protocol-

defined exacerbation

Two trials contributed data on this outcome from 1869 partici-

pants. Formoterol and salmeterol were compared with 150 mcg,

300 mcg and 600 mcg doses of indacaterol. Compared with twice-

daily long-acting beta2-agonists, no significant differences were

observed in the odds of experiencing at least one exacerbation

with indacaterol (OR 1.04, 95% CI 0.84 to1.29) (Analysis 2.12).

Compared with twice-daily beta2-agonists, no significant differ-

ences were observed in the odds of experiencing at least one ex-

acerbation with indacaterol 150 mcg (OR 1.21, 95% CI 0.80 to

1.82), indacaterol 300 mcg (OR 1.06, 95% CI 0.74 to 1.53) and

indacaterol 600 mcg (OR 0.90, 95% CI 0.62 to 1.30).
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Indacaterol versus twice-daily long-acting beta2- agonists for chronic obstructive pulmonary disease

Patient or population: pat ients with chronic obstruct ive pulmonary disease

Settings: community

Intervention: indacaterol

Comparison: twice-daily long-act ing beta2-agonists

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

Number of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Twice-daily long-act-

ing beta2- agonists

Indacaterol

End-of-study trough

FEV1

mL

Follow-up: 12 to 52

weeks

Mean end-

of -study trough FEV1 in

the control groups was

1310 to 1390 mL

Mean end-

of -study trough FEV1 in

the intervent ion groups

was

73.76 mL higher

(57.33 to 90.19 higher)

2708

(4 studies)

⊕⊕⊕⊕

High

This value is less than

the minimum clinically

important dif f erence of

100 mLd (Donahue

2005)

Number of participants

with a clinically signif-

icant improvement in

quality of life

SGRQ

Follow-up: 26 to 52

weeks

498 per 1000 515 per 1000

(464 to 567)a
OR 1.07

(0.87 to 1.32)

1520

(2 studies)

⊕⊕⊕©

M oderateb

Number of participants

with a clinically signif-

icant improvement in

dyspnoea

TDI

Follow-up: 12 to 52

581 per 1000 606 per 1000

(566 to 647)a
OR 1.11

(0.94 to 1.32)

2536

(3 studies)

⊕⊕⊕©

M oderateb
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weeks

Number of participants

experiencing at least 1

exacerbation

Exacerbat ions

Follow-up: 26 to 52

weeks

241 per 1000 254 per 1000

(215 to 297)

OR 1.07

(0.86 to 1.33)

1869

(2 studies)

⊕⊕⊕©

M oderateb

Serious adverse events

Adverse events

Follow-up: 12 to 52

weeks

78 per 1000 80 per 1000

(63 to 101)

OR 1.02

(0.79 to 1.32)

3266

(4 studies)

⊕⊕⊕©

M oderateb

M ortality

Deaths

Follow-up: 12 to 52

weeks

2 per 1000 2 per 1000

(1 to 7)

OR 1.00

(0.31 to 3.28)

3266

(4 studies)

⊕⊕⊕©

M oderatec

* The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is based on

the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95% CI).

CI: Conf idence interval; OR: Odds rat io.

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

M oderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

aBaseline risk taken f rom raw responder numbers at the end of treatment. Absolute risk and 95% CIs calculated f rom

www.nntonline.net/ visualrx.
b95% CIs around the point est imate of ef fect include both no dif ference and appreciable benef it .
c95% CIs around the point est imate of ef fect include both signif icant benef it and signif icant harm.
dMinimum clinically important dif f erence.
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D I S C U S S I O N

Summary of main results

Indacaterol versus placebo

Compared with placebo, once-daily dosing with indacaterol results

in statistically significant and clinically relevant increases in trough

forced expiratory volume in one second (FEV1) (Analysis 1.1).

Subgroup analysis by dose demonstrated similar improvements in

trough FEV1 across 75 mcg, 150 mcg, 300 mcg and 600 mcg

doses. All exceeded the minimum clinically relevant difference

of 100 mL (Donahue 2005). Planned subgroup analysis by trial

duration demonstrated a sustained response to indacaterol over

52 weeks, with similar improvements in trough FEV1 reported in

trials of less than 24 weeks and in 24 weeks or longer in duration

(Analysis 1.2).

Quality of life was improved for a significant number of par-

ticipants with indacaterol compared with placebo. The overall

mean St George Respiratory Questionnaire (SGRQ) score was

lower with indacaterol (Analysis 1.3). Similar responses were noted

across 75 mcg, 150 mcg, 300 mcg and 600 mcg doses. Although

the overall point estimate of effect did not reach the accepted four

unit minimum clinically important difference for an improve-

ment in quality of life (Jones 2002), the odds of achieving an

SGRQ score improvement of four or more points were signifi-

cantly greater with indacaterol than with placebo over 12 to 52

weeks. We estimate that for 1000 participants with stable chronic

obstructive pulmonary disease (COPD), 121 more participants

would experience a clinically significant improvement in quality

of life with indacaterol than without (Figure 3). The odds of a

clinically significant improvement in quality of life were similar

with all four doses of indacaterol.

Other planned primary outcome analyses were exacerbation rates

and proportions of people with a clinically significant deterioration

in quality of life. Data were insufficient to include these outcomes

in a meta-analysis.

Secondary outcomes included mean dyspnoea scores, proportions

of participants with a clinically significant improvement in dys-

pnoea, peak FEV1, serious adverse events and mortality. As data

were insufficient for a comparison of exacerbation rates, we also

compared the number of participants experiencing at least one

exacerbation as a further post hoc secondary analysis.

Overall mean dyspnoea scores (Analysis 1.7), odds of achieving

a clinically significant improvement in dyspnoea (Witek 2003)

(Analysis 1.8) and peak FEV1 (Analysis 1.9) were all significantly

improved with indacaterol compared with placebo. We estimate

that for 1000 participants with stable COPD, 166 more partici-

pants would have a clinically significant improvement in dyspnoea

with indacaterol than with placebo over 12 to 52 weeks (Figure

4).

The overall odds of experiencing at least one exacerbation were sig-

nificantly less with indacaterol than with placebo (Analysis 1.12).

Many trials were of short duration, and the definition of exacer-

bation was not standardised across trials. Furthermore, it was not

possible to measure exacerbation rates as had been planned because

data were insufficient. Finally, for each tested dose, a statistically

significant reduction in the number of participants experiencing

at least one exacerbation was not demonstrated. Therefore, whilst

inspection of the forest plot does not suggest a significant dose-

response effect, it is difficult to be confident about the true effect

of indacaterol on exacerbations for any individual dose. Nonethe-

less, we estimate that overall, for 1000 participants treated with

indacaterol for stable COPD, 34 fewer participants would expe-

rience at least one exacerbation over a treatment period of 12 to

52 weeks compared with untreated participants.

No significant difference was noted between indacaterol and

placebo in the number of participants suffering a serious adverse

event (Analysis 1.10) or mortality (Analysis 1.11), but the confi-

dence intervals are too wide to rule out important differences.

Other planned secondary outcomes were 24-hour area under the

curve FEV1, peak forced vital capacity (FVC) and number of par-

ticipants experiencing clinically significant deterioration in dysp-

noea. Data were insufficient for analysis of these outcomes.

Indacaterol versus twice-daily long-acting beta2-
agonists (LABAs)

Fewer data were available for the comparison of indacaterol versus

alternative long-acting beta2-agonists, and only four trials overall

contributed data (Dahl 2010; Korn 2011; Kornmann 2011; To

2011).

Compared with twice-daily beta2-agonists, trough FEV1 was nu-

merically greater with indacaterol (Analysis 2.1), although this did

not exceed the generally accepted minimal clinically important dif-

ference (Donahue 2005). Similar improvements were seen with in-

dacaterol at 150 mcg, 300 mcg and 600 mcg doses. A sustained re-

sponse to indacaterol was once again demonstrated, with improve-

ments in trough FEV1 reported with indacaterol in trials greater

than and less than 24 weeks in duration (Analysis 2.2). Subgroup

analysis by type of twice-daily beta2-agonist demonstrated small

and probably clinically irrelevant improvements in trough FEV1

in the formoterol comparison than in the salmeterol comparison,

although only Dahl 2010 involved a formoterol comparison.

Overall, quality of life was not significantly different with inda-

caterol compared with twice-daily beta2-agonists, and no signifi-

cant differences were demonstrated in terms of mean SGRQ scores

(Analysis 2.3) or in the proportion of participants achieving a

clinically significant improvement in SGRQ (Analysis 2.5) (Jones

2002). Only two trials contributed quality of life data (Dahl 2010;

Kornmann 2011); therefore meaningful subgroup analysis is not

possible.
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Other planned primary outcome analyses included exacerbation

rates and proportions of people with a clinically significant dete-

rioration in quality of life. Data were insufficient for inclusion of

these outcomes in a meta-analysis.

Secondary outcomes included mean dyspnoea scores, proportions

of participants with a clinically significant improvement in dysp-

noea, peak FEV1, serious adverse events and mortality. As in the

placebo comparison, data were insufficient for a comparison of

exacerbation rates, and so the number of participants experienc-

ing at least one exacerbation was examined as a further post hoc

secondary analysis.

The overall mean dyspnoea score was significantly greater with in-

dacaterol than with twice-daily beta2-agonists, but this finding did

not exceed the minimum clinically important difference (Witek

2003) (Analysis 2.7). The odds of achieving a clinically significant

improvement in dyspnoea were not statistically significantly differ-

ent with indacaterol than with twice-daily beta2-agonists (Analysis

2.8). In the 150 mcg comparison (Korn 2011; Kornmann 2011),

a statistically significant improvement in mean Transitional Dys-

pnoea Index (TDI) was seen with indacaterol compared with sal-

meterol, although this was likely to have been clinically irrelevant.

In these two trials, the odds of achieving a clinically significant

improvement in dyspnoea were increased only in Korn 2011. The

reason for the discrepancy in this outcome between Korn 2011 and

Kornmann 2011 is unclear. Both trials used similar methodology,

enrolled participants with similar degrees of airflow limitation and

were believed to be at overall relatively low risk of bias. Only one

study examined 300 mcg and 600 mcg dose comparisons (Dahl

2010). No significant difference in mean TDI or in the odds of

achieving a clinically significant improvement in dyspnoea was

noted at 300 mcg or 600 mcg doses. The major methodological

difference between the 150 mcg comparison and the 300 mcg and

600 mcg comparisons was the use of formoterol in Dahl 2010

and salmeterol in Korn 2011 and Kornmann 2011. In addition

the former was a 52-week study, whereas the latter two were trials

of 6 months’ duration or less. Given the limited number of tri-

als available, significant caution should be applied in drawing any

conclusions from subgroup analyses for these outcomes.

No significant differences were noted in the odds of experienc-

ing at least one exacerbation, the odds of a serious adverse event

or mortality between indacaterol and twice-daily beta2-agonists,

either overall or within any of the subgroups by dose, although

again the confidence intervals are too wide to rule out important

differences.

Other planned secondary outcomes were 24-hour area under the

curve FEV1, peak FVC and number of participants experiencing

a clinically significant deterioration in dyspnoea. Data were insuf-

ficient for analysis of these outcomes.

Overall completeness and applicability of
evidence

Indacaterol versus placebo

A strong body of evidence is based on a total of 9961 partic-

ipants overall. All trials aside from Mroz 2013 were sponsored

by the manufacturer, and inclusion and exclusion criteria were

similar. All trials assessed participants with stable COPD across

a range of spirometric severities; mean FEV1 was approximately

50% predicted in most trials. One trial specifically enrolled par-

ticipants with severe disease, and mean FEV1 was 35% predicted

(Yao 2014). Broad international recruitment was seen across these

studies, with participants enrolled predominantly from the United

States, Canada, Europe, India, Asia and China. It is therefore likely

that the results could be generalised to most symptomatic patients

with stable COPD and a postbronchodilator FEV1 of between

30% and 80% predicted. Patients with a diagnosis of asthma,

those requiring long-term oxygen therapy and those with con-

comitant pulmonary disease were generally excluded from trials,

and results should be extrapolated to such patients with caution.

In addition patients with diabetes, active malignancy, history of

long QT syndrome or prolonged QTc were generally excluded.

Four doses were compared with placebo: 75 mcg, 150 mcg, 300

mcg and 600 mcg. Most of the data have been derived from trials

assessing 150 mcg and 300 mcg doses of indacaterol. For 75 mcg,

two 12-week trials of identical design were conducted, and for the

600 mcg comparison, one 52-week trial was completed. Therefore

relatively fewer data have been reported for these doses.

Fewer data were also found for comparisons with alternative long-

acting beta2-agonists, with only four trials contributing to final

analyses. Results for these outcomes therefore should also be in-

terpreted with some caution.

Quality of the evidence

The evidence was generally of good quality. All included data were

reported by randomised controlled trials, with generally limited

potential for significant bias. Trials demonstrated similar estimates

of treatment effects in the same direction for primary outcomes.

When significant heterogeneity was identified, this was often ex-

plained by differences in the methodological quality of included

trials. In a few select instances, statistical heterogeneity was diffi-

cult to explain, with relevant trials having similar inclusion and

exclusion criteria, enrolling participants with similar severity of

disease and using similar methodology and statistical approaches.

Mroz 2013 was a small study that was judged to be of lower

methodological quality. The method used for random sequence

generation, allocation concealment and blinding of participants

and personnel was not specified. In Kerwin 2011 Study 1 and

Kerwin 2011 Study 2, some predefined secondary endpoints were

not published, although outcomes of interest were made available

by the manufacturer. To 2011 was an open-label trial with signif-

icant potential for bias. Finally, it is possible that in Dahl 2010,

exclusion of participants from six investigator sites for non-con-
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formance with good clinical practice may have introduced bias.

Potential biases in the review process

Bias in the review process was minimised by the use of com-

prehensive search terms across six separate medical bibliographic

databases including the Cochrane Central Register of Controlled

Trials. In addition, the manufacturers’ registers of trials were man-

ually searched and respiratory journals were handsearched for ad-

ditional references. All references were cross-checked against clin-

cicaltrials.gov, and an additional search of this database was per-

formed. Two review authors independently determined inclusion

and exclusion of trials, extracted data and judged risk of bias to

minimise error.

For continuous outcomes, in most cases mean adjusted data were

extracted from published ANCOVA analyses. However in some

instances only raw end-of-study data were available, and when this

was the case, we combined adjusted and raw data (Table 1 and

Table 2). It is possible that this approach may have introduced

some bias into the results, although the overall effect of this is likely

to be very low. One open-label study comparing indacaterol versus

alternative long-acting beta2-agonists reported quality of life data

that could not be used in this review; this may have introduced

bias (Izbicki 2014). However only 90 participants were included

in this study and the overall impact is likely to be very low.

Most reported data were obtained from methodologically robust

randomised controlled trials, and the potential for introduction of

significant systematic biases within these trials generally is believed

to be low. Rates of attrition were generally between 10% and 20%,

often with slightly greater loss of participants from placebo than

from experimental arms. Loss to follow-up was most commonly

due to unsatisfactory therapeutic effect or to adverse events. It is

possible therefore that unmatched attrition between placebo and

experimental arms may have introduced some bias, and such bias

would most likely lead to underestimation of the treatment effects

of indacaterol. However, again the overall impact of such bias is

likely to be low.

Agreements and disagreements with other
studies or reviews

Han 2013 performed a systematic review comparing the odds of

a clinically significant improvement in dyspnoea with indacaterol

versus placebo, and their results are consistent with the findings of

this review. As in this review, investigators demonstrated increased

odds of achieving a TDI improvement greater than or equal to

one point with 75 mcg, 150 mcg and 300 mcg doses of inda-

caterol compared with placebo, with similar estimates of effect

noted across all doses.

Rodrigo 2012 performed a systematic review that included a com-

parison of any dose of indacaterol versus tiotropium and alter-

native long-acting beta2-agonists, and assessed trough FEV1 and

the odds of clinically significant improvements in dyspnoea and

quality of life. This study demonstrated a similar small improve-

ment in trough FEV1 with indacaterol at any dose compared with

twice-daily beta2-agonists. However, in contrast to this review, the

odds of achieving a clinically significant improvement in quality

of life were greater with indacaterol than with alternative long-

acting beta2-agonists. This finding was due to a greater estimate of

effect in pooled results from Dahl 2010. The reason for this differ-

ence is unclear, although fewer participants were analysed in our

52-week analysis for this outcome than were reported in Rodrigo

2012. Data were insufficient for this outcome, and unadjusted 52-

week data were supplied for this review by the manufacturer upon

request. Therefore in our review, this outcome will not include

imputed data from participants who dropped out of the study.

In addition we performed a fixed-effect generic inverse variance

analysis, whereas these review authors performed a Mantel-Haen-

szel meta-analysis using a random-effects model to account for

differences in participant demographics and trial methodologies.

Rodrigo 2012 also demonstrated increased odds of a clinically sig-

nificant improvement in dyspnoea for indacaterol compared with

twice-daily long-acting beta2-agonists, whereas we found no sig-

nificant differences between the two interventions. The point es-

timate of effect for Kornmann 2011 was greater than in our re-

view for this outcome. This review used generic inverse variance

to include published 26-week data, whereas these review authors

again used a random-effects Mantel-Haenszel meta-analysis.

Decramer 2012 pooled data from Donohue 2010, Kornmann

2011 and Dahl 2010 and analysed a maintenance treatment-naive

subgroup. Review authors demonstrated clinically significant im-

provements in trough FEV1, dyspnoea and quality of life for inda-

caterol 150 mcg and 300 mcg compared with placebo. No signifi-

cant difference in the hazard ratio was noted for time to first exac-

erbation, although review authors did report a reduction in risk of

exacerbation for participants receiving maintenance treatment. No

significant increase in serious adverse events was reported. These

results are consistent with the findings of this review and suggest

that findings can be extended to patients not previously given al-

ternative maintenance therapy.

Chung 2013 performed a systematic review comparing indacaterol

versus placebo and alternative twice-daily beta2-agonists. This re-

view judged the evidence to be generally of lower quality caused

by potential bias associated with unclear sequence generation. The

authors of this review believed that risk of bias due to inadequate

sequence generation was low across most studies. Compared with

placebo, these review authors found a similar clinically relevant

improvement in trough FEV1. They did not pool results for qual-

ity of life or dyspnoea. Compared with twice-daily long-acting

beta2-agonists, review authors found a similar small improvement

in trough FEV1. They did not pool results for quality of life or

dyspnoea but noted that no significant difference was reported for

these outcomes in any of the included trials.
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Jiang 2013 also performed a systematic review comparing in-

dacaterol versus placebo and alternative bronchodilators (in-

cluding tiotropium). Compared with placebo, review authors

demonstrated similar clinically significant improvements in trough

FEV1 and mean dyspnoea scores. They included fewer trials and

tiotropium analyses in their alternative bronchodilator compar-

isons; therefore these results cannot be directly compared with our

own.

Finally, model-based approaches have suggested a dose-response

relationship below 150 mcg (Renard 2011) and individual trials

have suggested that 300 mcg of indacaterol conveyed incremental

benefits above 150 mcg with respect to symptom control, as evi-

denced by lower dyspnoea scores and less requirement for rescue

short-acting bronchodilator use (Ribeiro 2012). No clear dose-

response effect was seen across the range of outcomes and analyses

included in our review, although the incremental response with

300 mcg versus 150 mcg indacaterol has been reported in partic-

ipants with more severe COPD (Donohue 2010), and we were

unable to perform subgroup analysis by severity of COPD.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Indacaterol provides clinically meaningful improvements in lung

function that are associated with improvements in quality of life

and dyspnoea across all doses between 75 mcg and 600 mcg. In

addition, indacaterol reduces the chance of experiencing an ex-

acerbation. Indacaterol is therefore an appropriate treatment for

patients with confirmed symptomatic stable COPD who do not

have concurrent respiratory disease including asthma.

Indacaterol offers an alternative to twice-daily beta2-agonists and

results in clinically similar improvements in lung function, with

the possible advantage of once-daily dosing. Some uncertainty

remains regarding its effect on quality of life, however the effects

of indacaterol and twice-daily beta2-agonists for this outcome are

likely comparable.

Evidence is currently insufficient to confirm the effects of inda-

caterol on serious adverse events and mortality.

Implications for research
1. Further long-term data would be useful for defining the

impact of indacaterol on exacerbations, serious adverse events

and mortality.

2. Further data would be useful for defining potential

differences in efficacy between indacaterol and alternative long-

acting beta2-agonists, particularly with respect to quality of life

and dyspnoea.

3. Further data examining potential dose-response curves

would be useful, particularly with respect to severity of

underlying COPD.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bateman 2013

Methods Design: multi-centre, randomised, double-blind, parallel-group, placebo-controlled

trial. 26-week duration. Additional bronchodilators other than albuterol were discon-

tinued. Inhaled corticosteroids were continued at the same dose. Efficacy outcomes were

analysed on an intention-to-treat basis. Safety outcomes were analysed according to the

treatment received. Patients were recruited from research centres in Europe, North Amer-

ica, South America, Asia, Australia, China, Taiwan and South Africa

Run-in:14 days

Participants Population: 2144 participants with stable moderate to severe COPD by GOLD crite-

ria were randomly assigned (QVA149 110/50 (glycopyrronium/indacaterol) 475, inda-

caterol 477, glycopyrronium 475, tiotropium 483, placebo 234). Predominantly male

population (75.4%). Mean age of 64 years. Predominantly Caucasian and Asian popula-

tion. Most participants had moderate COPD by GOLD criteria. QVA149, indacaterol,

glycopyrronium, tiotropium and placebo arms (57.8%, 56.5%, 57.9%, 58.8% and 57.

8%) were taking concomitant inhaled corticosteroids respectively. Mean FEV1 was 54%

to 55% predicted across all experimental arms

Inclusion criteria: adults > 39 years with stable GOLD stage 2 or 3 (by 2008 criteria)

COPD and at least a 10-pack-year smoking history, postbronchodilator FEV1/FVC <

70% (400 mcg salbutamol), FEV1 < 80% but >29%

Exclusion criteria: pregnant women or women of childbearing potential, history of

medication intolerance to any of the classes of trial medications, history of long QT

syndrome or QTc > 450 seconds or other clinically significant ECG abnormalities, un-

controlled diabetes, narrow-angle glaucoma, prostatic hyperplasia, bladder neck obstruc-

tion or moderate to severe chronic kidney disease, malignancy within previous 5 years,

requirement for long-term oxygen therapy, exacerbation within the previous 6 weeks or

lower respiratory tract infection within 4 weeks, previous lung surgery, history of asthma,

active participation in pulmonary rehabilitation

Interventions 1. Indacaterol/Glycopyrronium (QVA149) 110/50 mcg

2. Indacaterol 150 mcg

3. Glycopyrronium 50 mcg

4. Open-label tiotropium 18 mcg

5. Placebo

Outcomes Primary outcome: trough FEV1 at 26 weeks for QVA 149 vs its mono components

Secondary outcomes: QVA149, indacaterol and glycopyrronium versus placebo, 26-

week TDI and SGRQ scores, rescue medication use, health status, participant symptoms,

safety and tolerability, cardiovascular safety, other lung function endpoints

Notes Study funded by Novartis and Novartis employees contributed to manuscript preparation

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement
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Bateman 2013 (Continued)

Random sequence generation (selection

bias)

Low risk Randomisation via interactive response

technology (IRT)

Allocation concealment (selection bias) Low risk IRT linked the participant to a treatment

arm with a unique medication number for

the study drug. Randomisation data re-

mained strictly confidential and inaccessi-

ble to anyone involved in the study until

the time of unbinding

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Identity of treatments was concealed by

identical packaging, labelling, schedule

of administration, appearance, taste and

colour. Tiotropium was open-label. Bioan-

alysts of pharmacokinetic samples were un-

blinded

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Outcome assessors were blinded to treat-

ment allocation

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Rates and reasons for dropouts were clearly

reported. Higher rate of dropout from the

placebo arm than from other treatment

arms was due to protocol deviation, con-

sent withdrawal and unsatisfactory thera-

peutic effect

Selective reporting (reporting bias) Low risk Primary and secondary outcomes were re-

ported

Dahl 2010

Methods Design: double-blind, parallel, randomised, controlled trial. 52 weeks’ duration. Addi-

tional inhaled bronchodilators other than albuterol discontinued. Modified intention-

to-treat analysis performed. Origin of participants not stated

Run-in: 2 weeks

Participants Population: 1732 participants with a diagnosis of moderate to severe COPD were ran-

domly assigned. Mean age was 63 years. Recruitment was predominantly from Europe,

Russia and the UK. In the indacaterol 300 mcg, indacaterol 600 mcg, formoterol, and

placebo arms, 55.6%, 53.2%, 50.9% and 51.9% of participants were taking concomi-

tant ICS, respectively. Mean FEV1 was between 50% and 52% predicted in all arms of

the study

Inclusion criteria: age > 40, smoking history > 20 pack-years, FEV1/FVC < 0.7, post-

bronchodilator FEV1 30% to 80% predicted

Exclusion criteria: respiratory tract infection or hospitalisation in previous 6 weeks, oral

corticosteroids or change in ICS in previous month, diagnosis of asthma
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Dahl 2010 (Continued)

Interventions 1. Indacaterol 300 mcg

2. Indacaterol 600 mcg

3. Formoterol 12 mg

4. Placebo

Outcomes Primary endpoint: 24-hour postdose trough FEV1 after 12 weeks, active medication

compared with placebo.

Other outcomes: Transitional Dyspnoea Index (TDI), use of as needed salbutamol, St

George Respiratory Questionnaire (SGRQ), BODE index (body mass index, obstruc-

tion, dyspnoea, exercise), safety and tolerability

Follow-up on days 1, 2, 15, 29, 84, 85, 113, 168, 197, 253, 364 and 365

Values reported at baseline and at weeks 12 and 52

Notes Study was supported by Novartis, and some authors were Novartis employees. Novar-

tis directly supplied data for: Indacaterol versus placebo (trough FEV1, quality of life,

dyspnoea, peak FEV1, number of participants experiencing at least one exacerbation,

and mortality); Indacaterol versus LABA (trough FEV1, quality of life, dyspnoea, peak

FEV1, number of participants experiencing at least one exacerbation)

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Participants were randomly allocated to

treatment using an automated interactive

system

Allocation concealment (selection bias) Low risk Allocation via automated interactive sys-

tem, with both participants and investiga-

tors blinded to allocation; double-dummy

technique

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Double-blinded trial

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Outcome assessors were blinded to treat-

ment allocation

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Reasons for dropout across treatment and

control arms reported. Higher dropout rate

in placebo arm. Efficacy data from 6 sites

excluded on the basis of “non-conformance

with good clinical practice”

Selective reporting (reporting bias) Low risk All prespecified outcomes reported, not just

statistically significant outcomes
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Donohue 2010

Methods Design: 26-week, randomised, double-blind, placebo-controlled trial (with open-label

tiotropium). Adaptive seamless extension of 2-week dose finding study, with 150 mcg

and 300 mcg indacaterol doses selected from 4 possible indacaterol doses (75 mcg, 150

mcg, 300 mcg, 600 mcg). Intention-to-treat analysis. Spirometry, quality of life and

dyspnoea data analysed at 12 weeks

Run-in: no run-in. Continuation of a 2-week dose-finding trial via adaptive seamless de-

sign methodology. Participants randomly assigned to indacaterol, tiotropium or placebo

continued for a further 26 weeks with additional participants recruited

Participants Population: 1250 participants randomly assigned to indacaterol or placebo (416 to

indacaterol 150 mcg, 416 to indacaterol 300 mcg, 418 to placebo). Participants were

recruited from the United States, Europe, the Middle East, Asia, India and the UK.

Mean age was 63 years. Of the indacaterol 150 mcg, indacaterol 300 mcg and placebo

populations, 38.2%, 37.3% and 38.5%, respectively, were receiving concurrent ICS.

Mean FEV1 was between 53% and 56% predicted in all arms

Inclusion criteria: patients 40 years of age or older with 20-pack-year or longer smoking

history,

FEV1/FVC < 70%, FEV1 < 80% and > 29%

Exclusion criteria: asthma, hospitalisation with COPD exacerbation or lower respira-

tory tract infection within previous 6 weeks, requirement for long-term oxygen ther-

apy, concomitant pulmonary disease, diabetes, active malignancy, history of long QT

syndrome or prolonged QTc, hypersensitivity to study drugs and drugs related to study

drugs, recent administration of live attenuated vaccine, history of poor medication ad-

herence, inability to use a dry powder inhaler

Interventions 1. Indacaterol 150 mcg

2. Indacaterol 300 mcg

3. Placebo

4. Tiotropium 18 mcg

Outcomes Primary outcome: trough FEV1 at 12 weeks

Secondary outcomes: ’days of poor control,’ Transitional Dyspnoea Index, SGRQ, non-

inferiority (of at least 1 dose of indacaterol) to tiotropium, adverse events

Notes Trial supported by Novartis.

Novartis directly supplied data for Indacaterol versus placebo (peak FEV1, number of

participants experiencing at least one exacerbation)

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Automated interactive voice response sys-

tem

Allocation concealment (selection bias) Low risk Allocation via interactive voice system.

The only information communicated with

sponsor and investigators was the selected

doses. Personnel involved in the study re-
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Donohue 2010 (Continued)

mained blinded for the remainder of the

study. Tiotropium arm was open label

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Sponsor, investigators and participants re-

mained blinded until the study database

was locked. An independent dose selection

committee had access to unblinded data at

the end of stage 1 but communicated to

sponsor and investigators only the chosen

doses for stage 2

All participants received medication via

single-dose dry powder inhaler

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Data were analysed by a separate body

(Datamap GmbH, funded by Novartis);

treatment decodes were received only by

programmers and statisticians after stage 2

database was locked

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Completion rates were reported for each

arm but reasons for dropout were not fur-

ther specified. Higher dropout rates were

reported from the placebo arm

Selective reporting (reporting bias) Unclear risk Low risk for primary outcomes

Subjective secondary safety outcomes were

not prespecified. ’Days of poor control’ (a

key secondary outcome) was not reported

on

Feldman 2010

Methods Design: 12-week, multi-centre, double-blind, placebo-controlled, parallel-group, ran-

domised controlled trial. Participants recruited from the United States. Additional in-

haled bronchodilators other than albuterol discontinued

Run-in: 14 days

Participants Population: 416 participants. Mean age 63 years. 28.9% and 34.1% of participants were

taking concomitant ICS in the indacaterol and placebo arms, respectively, and mean

FEV1 was 54.4% and 55.8%, respectively. Recruitment from the United States

Inclusion criteria: adults > 40 years with COPD and at least a 20-pack-year smoking

history

Postbronchodilator FEV1/FVC < 70% (400 mcg salbutamol)

FEV1 < 80% but > 29%

Exclusion criteria: lower respiratory tract infection or hospitalisation with acute exacer-

bation of COPD within previous 6 weeks, asthma, any alternative significant cardiovas-

cular or respiratory disease, type 1 or poorly controlled type 2 diabetes, history of long

QT syndrome or prolonged QTc
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Feldman 2010 (Continued)

Interventions 1. Indacaterol 150 mcg

2. Placebo

Outcomes Primary outcome: trough FEV1 at 12 weeks

Secondary outcomes: trough FEV1 after 1 dose and at day 29, individual time point

FEV1 on day 1 and week 12, peak FEV1 on day 1 and week 12, standardised AUC FEV1

between 5 minutes and 4 hours, 5 minutes and 1 hour, 1 hour and 4 hours at week 12

Other outcomes: diary-recorded symptoms

Unspecified outcomes: SGRQ scores were not a prespecified outcome but were recorded

and provided by Novartis

Notes Trial sponsored by Novartis, which was also involved in preparation and review of the

manuscript

Novartis directly supplied data for: trough FEV1, quality of life, peak FEV1.

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Method of randomisation was not explic-

itly specified: “eligible patients were ran-

domised using validated systems”

Allocation concealment (selection bias) Low risk Method of allocation concealment was not

specified, although all study drugs were

identical in appearance and administration

schedule

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Excluding participant emergencies, partic-

ipants, investigators, clinical staff perform-

ing assessments and data analysts and spon-

sors trial team; all were blinded from ran-

domisation to database lock

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Data analysts were blinded until database

lock

Incomplete outcome data (attrition bias)

All outcomes

Low risk Rates and reasons for attrition were clearly

reported: similar between groups

Selective reporting (reporting bias) High risk All prespecified outcomes were reported.

SGRQ scores were recorded and provided

by Novartis, although they were not a spec-

ified outcome in the manuscript
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Izbicki 2014

Methods Design: 12-week multi-centre, randomised, open-label study comparing indacaterol ver-

sus alternative long-acting beta2-agonists for patients whose current treatment regimen

included a twice-daily long-acting beta2-agonist

Run-in: not stated

Participants Population: 90 participants. Mean age 65 years. Predominantly male participants

Inclusion criteria: diagnosis of chronic obstructive pulmonary disease (COPD) (mod-

erate to severe as classified by the Global Initiative for Chronic Obstructive Lung Disease

(GOLD) Guidelines, 2007); postbronchodilator forced expiratory volume in 1 second

(FEV1) < 80% and ≥ 30% of predicted normal value; postbronchodilator FEV1/FVC

(forced vital capacity) < 70%; current COPD bronchodilator treatment includes a LABA

bronchodilator or a fixed-dose combination of LABA and inhaled corticosteroid (ICS)

Exclusion criteria: history of asthma; currently receiving treatment for COPD with

tiotropium; diabetes Type I or uncontrolled diabetes Type II; history of certain cardio-

vascular co-morbid conditions

Interventions 1. Indacaterol 150 mcg

2. Alternative twice-daily beta2-agonist

Outcomes Primary outcome: change in health-related quality of life as measured by COPD clinical

questionnaire

Notes Trial sponsored by Novartis

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Currently available in abstract format only;

method of random sequence generation

not stated

Allocation concealment (selection bias) High risk Open-label study

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Open-label study

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Method of blinding of outcome assessment

was unclear

Incomplete outcome data (attrition bias)

All outcomes

Low risk Similar rates of dropout were noted across

both study arms

Selective reporting (reporting bias) Low risk Only one primary outcome has been re-

ported
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Kerwin 2011 Study 1

Methods Design: 12-week, double-blind, randomised, placebo-controlled trial. 1 arm of 2 identi-

cal trials, with analysis performed on combined population of trials. Additional inhaled

bronchodilators other than albuterol were discontinued

Run-in: 2 weeks

Participants Population: 318 participants were randomly assigned. Mean age 61 years. In the inda-

caterol and placebo arms, 40% and 35% of participants were taking concomitant ICS,

respectively, and mean FEV1 was 56% and 54% predicted, respectively

Inclusion criteria: > 40 years of age, at least a 10-pack-year smoking history

FEV1 < 80% and > 29%

FEV1/FVC < 70% post 360 mcg albuterol

Exclusion criteria: lower respiratory tract infection or hospitalisation with an acute

exacerbation of COPD within the previous 6 weeks, asthma, any alternative significant

cardiovascular or respiratory disease, type 1 or poorly controlled type 2 diabetes, history

of long QT syndrome or prolonged QTc

Interventions 1. Indacaterol 75 mcg once daily

2. Placebo

Outcomes Primary outcome: trough FEV1 at 12 weeks

Secondary outcomes: other spirometric variables, use of rescue albuterol, quality of life

(SGRQ), dyspnoea (TDI), exacerbations, diary card symptom scores

Notes Novartis sponsored trial, and Novartis employees were directly involved in preparation

and drafting of the manuscript

Novartis directly supplied data for: trough FEV1, quality of life, dyspnoea, peak FEV1,

number of participants experiencing at least one exacerbation

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Automated random assignment via active

voice response/web system

Allocation concealment (selection bias) Low risk Participants and investigating staff were

blinded to treatment allocation from ran-

domisation to study completion; probably

done

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Placebo and Indacaterol were administered

via identical inhalers

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Persons performing outcome assessments

were blinded to allocations
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Kerwin 2011 Study 1 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk Roughly comparable dropout rates, simi-

lar reasons for dropouts across groups, rates

of dropout slightly higher in the placebo

group

Selective reporting (reporting bias) High risk Dyspnoea and other subjective endpoints

were secondary outcomes that were not re-

ported in published data or were reported

with minimal detail (although some data

are available from Novartis)

Kerwin 2011 Study 2

Methods Design: 12-week, double-blind, randomised, placebo-controlled trial. 1 arm of 2 iden-

tical trials, with analysis performed on combined population of the trials. Additional

inhaled bronchodilators other than albuterol were discontinued

Run-in: 2 weeks

Participants Population: 323 participants were randomly assigned. Mean age 64 years. In the inda-

caterol and placebo arms, 43% and 48% of participants were taking concomitant ICS,

respectively, and mean FEV1 was 54% and 53%, respectively

Inclusion criteria: > 40 years of age, at least a 10-pack-year smoking history

FEV1 < 80% and > 29%

FEV1/FVC < 70% post 360 mcg albuterol

Exclusion criteria: lower respiratory tract infection or hospitalisation with an acute

exacerbation of COPD within previous 6 weeks, asthma, any alternative significant

cardiovascular or respiratory disease, type 1 or poorly controlled type 2 diabetes, history

of long QT syndrome or prolonged QTc. Inhaled anticholinergic medications were not

permitted

Interventions 1. Indacaterol 75 mcg once daily

2. Placebo

Outcomes Primary outcome: trough FEV1 at 12 weeks

Secondary outcomes: other spirometric variables, use of rescue albuterol, health status

(SGRQ), dyspnoea (TDI), exacerbations, diary card symptom scores

Notes Novartis sponsored trial, and Novartis employees were directly involved in preparation

and drafting of the manuscript

Novartis directly supplied data for: trough FEV1, quality of life, dyspnoea, peak FEV1,

number of participants experiencing at least one exacerbation

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Automated random assignment via active

voice response/web system
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Kerwin 2011 Study 2 (Continued)

Allocation concealment (selection bias) Low risk Participants and investigating staff were

blinded to treatment allocation from ran-

domisation to study completion; probably

done

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Placebo and indacaterol were administered

via identical inhalers

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Persons performing outcome assessments

were blinded to allocations

Incomplete outcome data (attrition bias)

All outcomes

Low risk Roughly comparable dropout rate, similar

reasons for dropouts across groups, rates

of dropout slightly higher in the placebo

group

Selective reporting (reporting bias) High risk Dyspnoea and other subjective endpoints

were secondary outcomes that were not re-

ported in published data or were reported

with minimal detail (although some data

are available from Novartis)

Kinoshita 2012

Methods Design: 12-week, multi-centre, randomised, double-blind, placebo-controlled, parallel-

group study. Participants were recruited from Asian countries including Japan. Additional

inhaled bronchodilators other than albuterol were discontinued

Run-in: not specified

Participants Population: 347 participants were randomly assigned. Mean age 66.7 years. Mean FEV1

was 53.7%. In the indacaterol 150 mcg, indacaterol 300 mcg and placebo arms, 22%,

22% and 23% of participants were taking concomitant inhaled corticosteroids, respec-

tively

Inclusion criteria: adults > 39 years with at least 20-pack-year smoking history

FEV1 < 80% > 29%, FEV1/FVC < 70%

Exclusion criteria: lower respiratory tract infection or hospitalisation with an acute

exacerbation of COPD within the previous 6 weeks, requirement for long-term oxygen

therapy, asthma, any alternative significant cardiovascular or respiratory disease, type 1

or poorly controlled type 2 diabetes, history of long QT syndrome or prolonged QTc,

history of vaccination with live attenuated vaccines within the previous 30 days or during

the run-in period

Interventions 1. Indacaterol 150 mcg

2. Indacaterol 300 mcg

3. Placebo
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Kinoshita 2012 (Continued)

Outcomes Primary outcome: 12-week trough FEV1

Secondary outcomes:- trough FEV1 at weeks 2, 4, 8, individual time point FEV1 and

FVC on day 1, peak FEV1 on day 1

Other outcomes: health status, diary cards, dyspnoea, rescue medication, safety and

tolerability

Notes Trial was sponsored by Novartis, which assisted in preparation of the manuscript

Novartis directly supplied data for: trough FEV1, dyspnoea, peak FEV1, number of

participants experiencing at least one exacerbation

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomisation using a validated auto-

mated system

Allocation concealment (selection bias) Unclear risk Allocation via an automated system, al-

though the method of allocation conceal-

ment was not specified. Matching placebo

was used

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Participant, caregiver, investigator, out-

comes assessor were all blinded, and match-

ing placebo was used

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Blinded outcome assessment

Incomplete outcome data (attrition bias)

All outcomes

Low risk Higher rate of attrition from placebo arm,

primarily due to adverse events

Selective reporting (reporting bias) Low risk All prespecified outcomes were reported

Korn 2011

Methods Design: double-blind, parallel, randomised, controlled trial. 12 weeks’ duration. Ad-

ditional inhaled bronchodilators other than albuterol were discontinued. Intention-to-

treat analysis was performed. Participants were recruited from the USA, Europe and

India

Run-in: 2 weeks

Participants Population: 1123 participants with a diagnosis of moderate to severe COPD were

randomly assigned. Mean age was 62.8 years. Mean FEV1 was 51.8% predicted. In

the indacaterol and salmeterol arms, 45.8% and 46.1% of participants were taking

concomitant inhaled corticosteroids, respectively

Inclusion criteria: Adults > 40 years with at least a 10-pack-year smoking history
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Korn 2011 (Continued)

FEV1/FVC < 0.7, FEV1 30% to 80% predicted post bronchodilator

Exclusion criteria: respiratory tract infection or COPD exacerbation during previous 6

weeks, diagnosis of asthma, concomitant pulmonary disease, long-term oxygen therapy,

type 1 or uncontrolled type 2 diabetes, cancer with less than 5-year survival, lung cancer,

QTc abnormalities, live vaccine in previous 30 days

Interventions 1. Indacaterol 150 mcg

2. Salmeterol 50 mcg

Outcomes Primary endpoint:- FEV1 standardised area under the curve (AUC) from 5 minutes to

11 hours 45 minutes at week 12

Secondary endpoints: 24-hour trough FEV1 at week 12, FEV1 and FVC measured over

24 hours, Transitional Dyspnoea Index (TDI) and rescue medication use

Follow-up on days 1, 2, 28, 29, 84, 85

Values were reported at baseline; additional information was obtained from study authors

for post-treatment data

Notes Study was supported by Novartis, and some study authors were Novartis employees

Novartis directly supplied data for: trough FEV1, serious adverse events and mortality.

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomisation was performed using an au-

tomated interactive voice response system

Allocation concealment (selection bias) Low risk Allocation was performed via automated

interactive voice response system with par-

ticipants and assessors blinded to alloca-

tion; double-dummy design

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Allocated interventions were not known

by participants or by personnel during the

study

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Outcome assessors were blinded to treat-

ment allocation

Incomplete outcome data (attrition bias)

All outcomes

Low risk Rates and reasons for dropout were similar

across all arms

Selective reporting (reporting bias) Low risk All prespecified outcomes were reported

39Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Kornmann 2011

Methods Design: double-blind, parallel, randomised, controlled trial. 26 weeks’ duration. Ad-

ditional inhaled bronchodilators other than albuterol were discontinued. Patients were

recruited from Canada, Europe, South America, India and Taiwan

Run-in: 2 weeks

Participants Population: 1002 participants with a diagnosis of moderate to severe COPD were

randomly assigned. Mean age 63 years. In the indacaterol 150 mcg, salmeterol 50 mcg

and placebo arms, 45%, 46% and 40% were taking concomitant inhaled corticosteroids,

respectively. Mean FEV1 was 54%, 53% and 53%, respectively

Inclusion criteria: age > 40, smoking history > 20 pack-years, FEV1/FVC < 0.7, FEV1

30% to 80% predicted post bronchodilator

Exclusion criteria: respiratory tract infection or COPD exacerbation during previous 6

weeks, diagnosis of asthma, concomitant pulmonary disease, long-term oxygen therapy,

type 1 or uncontrolled type 2 diabetes, cancer with less than 5-year survival, lung cancer,

QTc abnormalities, shift workers

Interventions 1. Indacaterol 150 mcg

2. Salmeterol 50 mcg

3. Placebo

Outcomes Primary endpoint: 24-hour postdose trough FEV1 after 12 weeks.

Other endpoints: SGRQ, Transitional Dyspnoea Index (TDI), symptom diaries, use of

as needed salbutamol

Follow-up at day 2, weeks 4, 8, 12, 26

Values reported at baseline; additional information obtained from study authors for post-

treatment data

Notes Study was supported by Novartis, and some authors were Novartis employees

Novartis directly supplied data for: Indacaterol versus placebo (number of participants

experiencing at least one exacerbation); Indacaterol versus LABA (dyspnoea, number of

participants experiencing at least one exacerbation)

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Participants were randomly allocated to

treatment using an automated system

Allocation concealment (selection bias) Low risk Allocation via automated system, double-

dummy design

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Allocated interventions were not known by

participants or personnel during the study;

placebo appears adequate

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Outcome assessors were blinded to treat-

ment allocation
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Kornmann 2011 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Higher dropout rates in placebo arm were

largely due to withdrawal of consent or un-

satisfactory therapeutic effect

Selective reporting (reporting bias) Low risk All outcomes were reported, not just statis-

tically significant outcomes

Mroz 2013

Methods Design: 12-week, randomised, controlled trial. Population analysed was not specified.

Number of centres was not specified. Alternative inhaled long-acting beta2-agonists were

ceased. Use of alternative inhaled bronchodilators was not specified

Run-in: not specified

Participants Population: 34 predominantly male participants with a diagnosis of COPD were ran-

domly assigned with 17 participants in each arm (spirometric criteria and method of

diagnosis of COPD not specified). Mean age 63 years. Other baseline characteristics

were not specified

Interventions 1. Indacaterol 300 mcg

2. Placebo

Outcomes Spirometry, lung volumes, diffusing capacity for carbon monoxide, SGRQ, 6-minute

walk distance (6MWD) and 6MWD-related dyspnoea and fatigue scores and arterial

blood oxygen saturation were performed at 4, 8 and 12 weeks

Notes Authors directly supplied data for: trough FEV1 and quality of life.

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Method of randomisation was not speci-

fied. Placebo and experimental arms were

poorly matched with respect to lung func-

tion at the start of the trial, with higher

lung function reported in the indacaterol

arm, raising the suggestion of inadequate

sequence generation

Allocation concealment (selection bias) High risk Method of allocation was not specified

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Method of blinding was not specified. Un-

clear whether a placebo inhaler device was

used
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Mroz 2013 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Unclear who performed outcome assess-

ments and whether they were blinded to

treatment allocation

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Dropouts were not reported

Selective reporting (reporting bias) Low risk Diffusing capacity of carbon monoxide was

not reported. Otherwise all outcomes were

reported

To 2011

Methods Design: parallel, open-label, randomised, controlled trial. 52 weeks’ duration. Modified

intention-to-treat analysis. Japanese participants

Run-in: not stated

Participants Population: 186 participants with a diagnosis of moderate to severe COPD were ran-

domly assigned. Mean age was 68 years

Inclusion criteria: adults > 40 years with at least a 20-pack-year smoking history

FEV1/FVC < 0.7, FEV1 30% to 80% predicted post bronchodilator

Exclusion criteria: respiratory tract infection or COPD exacerbation during previous

6 weeks, diagnosis of asthma, concomitant pulmonary disease, type 1 or uncontrolled

type 2 diabetes, cancer with less than 5-year survival, lung cancer, certain cardiovascular

co-morbidities

Interventions 1. Indacaterol 300 mcg

2. Salmeterol 50 mcg

Outcomes Primary outcome: blood glucose, QTc, serum potassium, blood pressure and pulse rate,

other adverse events

Secondary outcome: trough FEV1

Follow-up weeks 4, 8, 12, 24, 36, 44 and 52

Notes Unpublished trial; unable to obtain further data

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Method of randomisation was unclear

Allocation concealment (selection bias) High risk Open-label trial

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Open-label trial
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To 2011 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Method of blinding of outcome assessment

was unclear

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Similar rates of dropout in both arms for

similar reasons

Selective reporting (reporting bias) Low risk All prespecified outcomes were reported

Yao 2014

Methods Design: 26-week, multi-centre, randomised, double-blind, placebo-controlled, parallel-

group trial. Participants were recruited from Austalia, China and India, and were pre-

dominantly of Asian ethnicity. Intention-to-treat analysis was performed

Run-in: washout of LABAs and LAMAs of 2 days and 7 days, respectively

Participants Population: 563 participants of predominantly Asian ethnicity were randomly assigned

from Australia, China and India. Mean age was 65.4 years. Theophylline was allowed

to be continued. 34% to 35% of participants were taking concomitant inhaled corticos-

teroids. Mean FEV1 was 49% to 50% predicted across all groups

Mean age: Indacaterol 150 mcg 66.2 years, indacaterol 300 mcg 65.5 years, placebo 64.

6 years

Inclusion criteria: Adults > 40 years with at least a 10-pack-year smoking history

FEV1/FVC < 70%, FEV1 < 80% and > 29%

Exclusion criteria: lower respiratory tract infection or hospitalisation with an acute

exacerbation of COPD within the previous 6 weeks, requirement for long-term oxygen

therapy, asthma, any alternative significant cardiovascular or respiratory disease, type 1

or poorly controlled type 2 diabetes, history of long QT syndrome or prolonged QTc,

a history of vaccination with live attenuated vaccines within the previous 30 days or

during the run-in period

Interventions 1. Indacaterol 150 mcg

2. Indacaterol 300 mcg

3. Placebo

Outcomes Primary outcome: trough FEV1 at 12 weeks

Secondary outcomes: trough FEV1 at other time points, TDI and SGRQ at weeks 8,

12, 26, daily symptoms and rescue medication use

Notes Novartis-sponsored trial

Risk of bias Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Method of randomisation was not specified
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Yao 2014 (Continued)

Allocation concealment (selection bias) Low risk Not specified, but both interventions and

placebo via identical inhalers; probably

done

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk Participants, caregivers, investigators all

blinded to treatment allocations; probably

done

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Outcomes assessors blinded to treatment

allocations; probably done

Incomplete outcome data (attrition bias)

All outcomes

Low risk Slightly greater proportion of participants

discontinued in placebo arm; main differ-

ence was loss to follow-up and unsatisfac-

tory therapeutic effect in placebo arm

Selective reporting (reporting bias) Low risk Prespecified outcomes reported

6MWD: 6-minute walk distance; AUC: area under the curve; BODE: body mass index, obstruction, dyspnoea, and exercise; COPD:

chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; GOLD: Global

Initiative for Chronic Obstructive Lung Disease; ICS: inhaled corticosteroid; IRT: interactive response technology; LABA: long-

acting beta2-agonist; LAMA: long-acting muscarinic agonist; SGRQ: St George’s Respiratory Questionnaire; TDI: Transitional

Dyspnoea Index.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Barnes 2010 An initial dose-finding 14-day trial that formed part of a longer trial with an adaptive seamless design

Beeh 2011 Insufficient duration

Buhl 2011 Comparison with tiotropium. No long-acting beta2-agonist (LABA) or placebo arm

Chapman 2011 1. 26-Week extension of Donohue 2010 for participants consenting to remain in trial. Therefore not truly

a randomised controlled trial, and significant potential for the introduction of bias

2. Analysis was performed over the entire 52-week period; therefore participants would be double-counted

and standard meta-analysis was not possible

Hataji 2013 Non-randomised trial

Jones 2011 Meta-analysis of 3 trials already included in the analysis
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(Continued)

Khindri 2011 Healthy participants, length of study insufficient

Magnussen 2010 Insufficient follow-up

Mahler 2012 Study 1 Open-label tiotropium was prescribed in both experimental and control arms

Mahler 2012 Study 2 Open-label tiotropium was prescribed in both experimental and control arms

Van de Maele 2010 Insufficient follow-up

Characteristics of ongoing studies [ordered by study ID]

CQVA149A2336

Trial name or title A 12 Week Treatment, Multi-center, Randomized, Double-blind, Parallel-group, Placebo and Active Con-

trolled Study to Assess the Efficacy, Safety, and Tolerability of Indacaterol Maleate/Glycopyrronium Bromide

in COPD Patients With Moderate to Severe Airflow Limitation

Methods Randomized, double-blind, parallel-group, placebo and active controlled study

Participants Male and female patients ≥ 40 years of age

Patients with stable COPD according to GOLD 2011

Patients with a postbronchodilator FEV1 ≥ 30% and < 80% predicted and a postbronchodilator FEV1/FVC

< 0.70

Current smokers or ex-smokers who have a smoking history of at least 10 pack-years

Patients with a modified Medical Research Council (mMRC) grade 2 or greater

Interventions QVA149

Long-acting muscarinic antagonist (LAMA)

Long-acting beta2-agonist (LABA)

Placebo

Outcomes Primary outcome:

Standardized forced expiratory volume in 1 second

Area under the curve following 12 weeks of treatment

Secondary outcomes:

Total St George Respiratory Questionnaire score

Trough forced expiratory volume in 1 second

Level of breathlessness experienced by participants using the Transitional Dyspnoea Index following 12 weeks

of treatment

Rescue medication use (number of puffs) reported by participants using the patient electronic diary following

12 weeks of treatment

Daily symptoms reported using the patient electronic diary following 12 weeks of treatment

Morning symptoms reported using the patient electronic diary following 12 weeks of treatment

Evening symptoms reported using the patient electronic diary following 12 weeks of treatment

Forced expiratory volume in 1 second at all time points
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CQVA149A2336 (Continued)

Forced vital capacity at various time points

Starting date November 2012

Contact information Novartis Pharmaceuticals

Notes

Novartis CQAB149BIL01

Trial name or title A 12 Week Multi-centre Randomised Open Label Study Evaluating the Efficacy and Safety of Treatment

Regimes That Include ONbrez (Indacaterol) in Patients With Moderate to Severe COPD (MOVE-ON)

Methods Multi-centre, randomised, open-label study

Participants Adults > 39 years with stable COPD and at least a 10-pack-year smoking history

Postbronchodilator FEV1/FVC < 70% (400 mcg salbutamol)

FEV1 < 80% but > 29%

Participants already treated with twice-daily long-acting beta2-agonist

Interventions 150 mcg indacaterol vs existing twice-daily beta2-agonist

Outcomes Clinical COPD questionnaire score; adverse events

Starting date March 2011

Contact information Novartis Pharmaceuticals

Notes

Novartis CQVA149A2337

Trial name or title A 12-Week Treatment, Multi-center, Randomized, Double-blind, Parallel-group, Placebo and Active Con-

trolled Study to Assess the Efficacy, Safety, and Tolerability of Indacaterol Maleate/Glycopyrronium Bromide

in COPD Patients With Moderate to Severe Airflow Limitation

Methods Randomized, double-blind, parallel-group, placebo and active controlled study

Participants Male and female patients who have signed informed consent and are ≥ 40 years of age

Patients with stable chronic obstructive pulmonary disease (COPD) according to GOLD 2011

Patients with a postbronchodilator forced expiratory volume in 1 second (FEV1) ≥ 30% and < 80% predicted

and a postbronchodilator FEV1/forced vital capacity (FVC) < 0.70

Current smokers or ex-smokers who have a smoking history of at least 10 pack-years

Patients with an mMRC grade 2 or greater

Interventions LABA/LAMA

Long-acting muscarinic antagonist (LAMA)
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Novartis CQVA149A2337 (Continued)

Placebo

Long-acting beta2-agonist (LABA)

Outcomes Primary outcome:

Standardized forced expiratory volume in 1 second (FEV1)

Area under the curve (AUC) following 12 weeks of treatment

Secondary outcomes:

Change in health status based on total score and percentage of participants with clinically significant im-

provement, as reported by participants using the St George Respiratory Questionnaire (SGRQ) following 12

weeks of treatment

Trough forced expiratory volume in 1 second (FEV1) following 12 weeks of treatment

Level of breathlessness experienced by participants evaluated using the Transitional Dyspnoea Index (TDI)

following 12 weeks of treatment

Medication use (number of puffs) reported by participants using the patient electronic diary following 12

weeks of treatment

Evaluation of symptoms reported using the patient electronic diary following 12 weeks of treatment

Evaluation of forced expiratory volume in 1 second (FEV1) at all time points

Evaluation of forced vital capacity (FVC) at all time points

Starting date December 2012

Contact information Novartis Pharmaceuticals

Notes

AUC: area under the curve; COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative or Chronic Obstructive Lung

Disease; FEV1: forced expiratory volume in 1 second ;FVC: forced vital capacity; LABA: long-acting beta2-agonist; LAMA: long-

acting muscarinic agonist; mMRC: modified Medical Research Council; SGRQ: St George’s Respiratory Questionnaire; TDI:

Transitional Dyspnoea Index.
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D A T A A N D A N A L Y S E S

Comparison 1. Indacaterol vs placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Trough FEV1 (by dose) 10 5001 Mean Difference (Fixed, 95% CI) 149.11 [137.09,

161.12]

1.1 Indacaterol 75 mcg 2 594 Mean Difference (Fixed, 95% CI) 130.0 [101.72, 158.

28]

1.2 Indacaterol 150 mcg 6 2521 Mean Difference (Fixed, 95% CI) 146.52 [129.94,

163.11]

1.3 Indacaterol 300 mcg 5 1438 Mean Difference (Fixed, 95% CI) 169.27 [144.52,

194.02]

1.4 Indacaterol 600 mcg 1 448 Mean Difference (Fixed, 95% CI) 150.0 [100.62, 199.

38]

2 Trough FEV1 (by trial duration) 10 4993 Mean Difference (Fixed, 95% CI) 149.16 [137.06,

161.26]

2.1 Trials < 24 weeks 5 1340 Mean Difference (Fixed, 95% CI) 148.99 [129.11,

168.86]

2.2 Trials ≥ 24 weeks 5 3653 Mean Difference (Fixed, 95% CI) 149.26 [134.01,

164.51]

3 Quality of life (by dose) 10 4938 Mean Difference (Fixed, 95% CI) -3.60 [-4.36, -2.83]

3.1 Indacaterol 75 mcg 2 583 Mean Difference (Fixed, 95% CI) -3.70 [-5.66, -1.74]

3.2 Indacaterol 150 mcg 6 2502 Mean Difference (Fixed, 95% CI) -3.43 [-4.53, -2.32]

3.3 Indacaterol 300 mcg 5 1408 Mean Difference (Fixed, 95% CI) -3.49 [-4.94, -2.03]

3.4 Indacaterol 600 mcg 1 445 Mean Difference (Fixed, 95% CI) -4.6 [-7.07, -2.13]

4 Quality of lIfe (by trial duration) 10 4975 Mean Difference (Fixed, 95% CI) -3.44 [-4.25, -2.63]

4.1 Trials < 24 weeks 5 1329 Mean Difference (Fixed, 95% CI) -4.11 [-5.60, -2.62]

4.2 Trials ≥ 24 weeks 5 3646 Mean Difference (Fixed, 95% CI) -3.15 [-4.12, -2.19]

5 Number of participants

with a clinically significant

improvement in quality of life

(by dose)

9 4906 Odds Ratio (Fixed, 95% CI) 1.64 [1.46, 1.85]

5.1 Indacaterol 75 mcg 2 583 Odds Ratio (Fixed, 95% CI) 1.73 [1.24, 2.41]

5.2 Indacaterol 150 mcg 6 2502 Odds Ratio (Fixed, 95% CI) 1.67 [1.41, 1.98]

5.3 Indcaterol 300 mcg 4 1376 Odds Ratio (Fixed, 95% CI) 1.46 [1.15, 1.85]

5.4 Indacaterol 600 mcg 1 445 Odds Ratio (Fixed, 95% CI) 1.95 [1.30, 2.94]

6 Number of participants

with a clinically significant

improvement in quality of life

(by trial duration)

9 4972 Odds Ratio (Fixed, 95% CI) 1.56 [1.38, 1.76]

6.1 Trials < 24 weeks’ duration 4 1284 Odds Ratio (Fixed, 95% CI) 1.90 [1.51, 2.38]

6.2 Trials ≥ 24 weeks’

duration

5 3688 Odds Ratio (Fixed, 95% CI) 1.45 [1.26, 1.67]

7 End-of-study dyspnoea (by dose) 8 4577 Mean Difference (Fixed, 95% CI) 1.00 [0.82, 1.17]

7.1 Indacaterol 300 mcg 4 1403 Mean Difference (Fixed, 95% CI) 1.13 [0.83, 1.43]

7.2 Indacaterol 75 mcg 2 597 Mean Difference (Fixed, 95% CI) 0.77 [0.27, 1.27]

7.3 Indacaterol 150 mcg 5 2138 Mean Difference (Fixed, 95% CI) 0.96 [0.70, 1.22]
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7.4 Indacaterol 600 mcg 1 439 Mean Difference (Fixed, 95% CI) 0.98 [0.51, 1.45]

8 Number of participants

experiencing a clinically

significant improvement in

dyspnoea

8 4577 Odds Ratio (Fixed, 95% CI) 1.96 [1.73, 2.22]

8.1 Indacaterol 75 mcg 2 597 Odds Ratio (Fixed, 95% CI) 1.76 [1.26, 2.45]

8.2 Indacaterol 150 mcg 5 2138 Odds Ratio (Fixed, 95% CI) 1.87 [1.56, 2.24]

8.3 Indacaterol 300 mcg 4 1403 Odds Ratio (Fixed, 95% CI) 2.25 [1.81, 2.81]

8.4 Indacaterol 600 mcg 1 439 Odds Ratio (Fixed, 95% CI) 1.80 [1.20, 2.70]

9 Peak FEV1 6 1657 Mean Difference (IV, Fixed, 95% CI) 181.21 [129.10,

233.32]

9.1 Indacaterol 75 mcg 2 545 Mean Difference (IV, Fixed, 95% CI) 196.56 [107.15,

285.98]

9.2 Indacaterol 150 mcg 3 601 Mean Difference (IV, Fixed, 95% CI) 200.91 [111.71,

290.12]

9.3 Indacaterol 300 mcg 3 383 Mean Difference (IV, Fixed, 95% CI) 173.50 [69.92, 277.

09]

9.4 Indacterol 600 mcg 1 128 Mean Difference (IV, Fixed, 95% CI) 30.0 [-172.77, 232.

77]

10 Serious adverse events 9 6065 Odds Ratio (M-H, Fixed, 95% CI) 1.00 [0.82, 1.23]

10.1 Indacaterol 75 mcg 2 641 Odds Ratio (M-H, Fixed, 95% CI) 0.60 [0.24, 1.46]

10.2 Indacaterol 150 mcg 6 2958 Odds Ratio (M-H, Fixed, 95% CI) 1.01 [0.75, 1.37]

10.3 Indacaterol 300 mcg 4 1825 Odds Ratio (M-H, Fixed, 95% CI) 1.04 [0.74, 1.45]

10.4 Indacaterol 600 mcg 1 641 Odds Ratio (M-H, Fixed, 95% CI) 1.09 [0.65, 1.83]

11 Mortality 9 5694 Odds Ratio (M-H, Fixed, 95% CI) 0.42 [0.16, 1.08]

11.1 Indacaterol 75 mcg 2 641 Odds Ratio (M-H, Fixed, 95% CI) 0.19 [0.01, 4.07]

11.2 Indacaterol 150 mcg 5 2586 Odds Ratio (M-H, Fixed, 95% CI) 0.86 [0.23, 3.16]

11.3 Indacaterol 300 mcg 4 1826 Odds Ratio (M-H, Fixed, 95% CI) 0.25 [0.02, 2.72]

11.4 Indacaterol 600 mcg 1 641 Odds Ratio (M-H, Fixed, 95% CI) 0.10 [0.00, 2.11]

12 Number of participants

experiencing at least 1

protocol-defined exacerbation

7 4807 Odds Ratio (M-H, Fixed, 95% CI) 0.81 [0.70, 0.94]

12.1 75 mcg 2 638 Odds Ratio (M-H, Fixed, 95% CI) 0.85 [0.49, 1.45]

12.2 150 mcg 4 2170 Odds Ratio (M-H, Fixed, 95% CI) 0.82 [0.66, 1.02]

12.3 300 mcg 3 1403 Odds Ratio (M-H, Fixed, 95% CI) 0.84 [0.65, 1.09]

12.4 600 mcg 1 596 Odds Ratio (M-H, Fixed, 95% CI) 0.74 [0.51, 1.06]

Comparison 2. Indacaterol vs LABAs

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Trough FEV1 (by dose) 4 2708 Mean Difference (Fixed, 95% CI) 73.76 [57.33, 90.19]

1.1 Indacaterol 150 mcg 2 1625 Mean Difference (Fixed, 95% CI) 62.56 [42.71, 82.40]

1.2 Indcaterol 300 mcg 2 625 Mean Difference (Fixed, 95% CI) 97.17 [60.51, 133.

83]

1.3 Indacaterol 600 mcg 1 458 Mean Difference (Fixed, 95% CI) 100.0 [51.21, 148.

79]
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2 Trough FEV1 (by trial duration) 4 2708 Mean Difference (Fixed, 95% CI) 94.93 [79.58, 110.

28]

2.1 Trials < 24 weeks 1 1034 Mean Difference (Fixed, 95% CI) 60.0 [37.00, 83.00]

2.2 Trials ≥ 24 weeks 3 1674 Mean Difference (Fixed, 95% CI) 122.98 [102.37,

143.59]

3 Quality of life (by dose) 2 1523 Mean Difference (Fixed, 95% CI) -0.81 [-2.28, 0.66]

3.1 Indacaterol 150 mcg 1 591 Mean Difference (Fixed, 95% CI) -1.2 [-3.42, 1.02]

3.2 Indacaterol 300 mcg 1 474 Mean Difference (Fixed, 95% CI) -0.5 [-3.27, 2.27]

3.3 Indacaterol 600 mcg 1 458 Mean Difference (Fixed, 95% CI) -0.5 [-3.27, 2.27]

4 Quality of lIfe (by trial duration) 2 1523 Mean Difference (Fixed, 95% CI) 0.42 [-1.21, 2.05]

4.1 Trials ≥ 24 weeks 2 1523 Mean Difference (Fixed, 95% CI) 0.42 [-1.21, 2.05]

5 Number of participants

with a clinically significant

improvement in quality of life

(by dose)

2 1520 Odds Ratio (Fixed, 95% CI) 1.07 [0.87, 1.32]

5.1 Indacaterol 150 mcg 1 591 Odds Ratio (Fixed, 95% CI) 1.17 [0.85, 1.61]

5.2 Indacaterol 300 mcg 1 473 Odds Ratio (Fixed, 95% CI) 0.93 [0.63, 1.37]

5.3 Indacaterol 600 mcg 1 456 Odds Ratio (Fixed, 95% CI) 1.09 [0.74, 1.61]

6 Number of participants

with a clinically significant

improvement in quality of life

(by trial duration)

2 1520 Odds Ratio (Fixed, 95% CI) 1.06 [0.86, 1.31]

6.1 Trials ≥ 24 weeks 2 1520 Odds Ratio (Fixed, 95% CI) 1.06 [0.86, 1.31]

7 Dyspnoea (by dose) 3 2404 Mean Difference (Fixed, 95% CI) 0.54 [0.30, 0.79]

7.1 Indcaterol 150 mcg 2 1485 Mean Difference (Fixed, 95% CI) 0.66 [0.37, 0.95]

7.2 Indacaterol 300 mcg 1 468 Mean Difference (Fixed, 95% CI) 0.19 [-0.46, 0.84]

7.3 Indacaterol 600 mcg 1 451 Mean Difference (Fixed, 95% CI) 0.3 [-0.35, 0.95]

8 Number of participants

experiencing a clinically

significant improvement in

dyspnoea

3 2536 Odds Ratio (Fixed, 95% CI) 1.11 [0.94, 1.32]

8.1 Indacaterol 150 mcg 2 1620 Odds Ratio (Fixed, 95% CI) 1.21 [0.98, 1.50]

8.2 Indacaterol 300 mcg 1 467 Odds Ratio (Fixed, 95% CI) 0.87 [0.59, 1.29]

8.3 Indacaterol 600 mcg 1 449 Odds Ratio (Fixed, 95% CI) 1.06 [0.72, 1.58]

9 Peak FEV1 [mL] 2 491 Mean Difference (IV, Fixed, 95% CI) 4.68 [-93.79, 103.

16]

9.1 indacaterol 150 mcg 1 220 Mean Difference (IV, Fixed, 95% CI) 40.0 [-113.72, 193.

72]

9.2 indacaterol 300 mcg 1 139 Mean Difference (IV, Fixed, 95% CI) -30.0 [-212.29, 152.

29]

9.3 indacaterol 600 mcg 1 132 Mean Difference (IV, Fixed, 95% CI) -10.0 [-190.45, 170.

45]

10 Serious adverse events 4 3266 Odds Ratio (M-H, Fixed, 95% CI) 1.02 [0.79, 1.32]

10.1 indacaterol 150 mcg 2 1784 Odds Ratio (M-H, Fixed, 95% CI) 1.44 [0.92, 2.25]

10.2 indacaterol 300 mcg 2 840 Odds Ratio (M-H, Fixed, 95% CI) 1.00 [0.66, 1.52]

10.3 indacaterol 600 mcg 1 642 Odds Ratio (M-H, Fixed, 95% CI) 0.71 [0.45, 1.13]

11 Mortality 4 3266 Odds Ratio (M-H, Fixed, 95% CI) 1.00 [0.31, 3.28]

11.1 indacaterol 150 mcg 2 1784 Odds Ratio (M-H, Fixed, 95% CI) 2.35 [0.35, 15.98]

11.2 indacaterol 300 mcg 2 840 Odds Ratio (M-H, Fixed, 95% CI) 0.82 [0.11, 6.27]

11.3 indacaterol 600 mcg 1 642 Odds Ratio (M-H, Fixed, 95% CI) 0.17 [0.01, 4.18]
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12 Number of participants

experiencing at least 1

protocol-defined exacerbation

2 1869 Odds Ratio (M-H, Fixed, 95% CI) 1.04 [0.84, 1.29]

12.1 indacaterol 150 mcg 1 668 Odds Ratio (M-H, Fixed, 95% CI) 1.21 [0.80, 1.82]

12.2 indacaterol 300 mcg 1 605 Odds Ratio (M-H, Fixed, 95% CI) 1.06 [0.74, 1.53]

12.3 indacaterol 600 mcg 1 596 Odds Ratio (M-H, Fixed, 95% CI) 0.90 [0.62, 1.30]

Analysis 1.1. Comparison 1 Indacaterol vs placebo, Outcome 1 Trough FEV1 (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 1 Trough FEV1 (by dose)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 150 148 120 (20.4085) 9.0 % 120.00 [ 80.00, 160.00 ]

Kerwin 2011 Study 2 146 150 140 (20.4085) 9.0 % 140.00 [ 100.00, 180.00 ]

Subtotal (95% CI) 296 298 18.0 % 130.00 [ 101.72, 158.28 ]

Heterogeneity: Chi2 = 0.48, df = 1 (P = 0.49); I2 =0.0%

Test for overall effect: Z = 9.01 (P < 0.00001)

2 Indacaterol 150 mcg

Bateman 2013 435 191 130 (15.3064) 16.0 % 130.00 [ 100.00, 160.00 ]

Donohue 2010 349 158 160 (25.222) 5.9 % 160.00 [ 110.57, 209.43 ]

Feldman 2010 202 189 130 (24) 6.5 % 130.00 [ 82.96, 177.04 ]

Kinoshita 2012 109 52 170 (25.0929) 6.0 % 170.00 [ 120.82, 219.18 ]

Kornmann 2011 300 274 180 (20.4085) 9.0 % 180.00 [ 140.00, 220.00 ]

Yao 2014 176 86 130 (20.4085) 9.0 % 130.00 [ 90.00, 170.00 ]

Subtotal (95% CI) 1571 950 52.5 % 146.52 [ 129.94, 163.11 ]

Heterogeneity: Chi2 = 6.15, df = 5 (P = 0.29); I2 =19%

Test for overall effect: Z = 17.32 (P < 0.00001)

3 Indacaterol 300 mcg

Dahl 2010 321 140 160 (25.2778) 5.9 % 160.00 [ 110.46, 209.54 ]

Donohue 2010 361 158 180 (25.2919) 5.9 % 180.00 [ 130.43, 229.57 ]

Kinoshita 2012 110 52 200 (25.1118) 6.0 % 200.00 [ 150.78, 249.22 ]

Mroz 2013 17 15 630 (221.9592) 0.1 % 630.00 [ 194.97, 1065.03 ]

Yao 2014 178 86 130 (25.5107) 5.8 % 130.00 [ 80.00, 180.00 ]

-200 -100 0 100 200

Favours placebo Favours Indacaterol

(Continued . . . )
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(. . . Continued)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

Subtotal (95% CI) 987 451 23.6 % 169.27 [ 144.52, 194.02 ]

Heterogeneity: Chi2 = 8.49, df = 4 (P = 0.08); I2 =53%

Test for overall effect: Z = 13.40 (P < 0.00001)

4 Indacaterol 600 mcg

Dahl 2010 308 140 150 (25.1928) 5.9 % 150.00 [ 100.62, 199.38 ]

Subtotal (95% CI) 308 140 5.9 % 150.00 [ 100.62, 199.38 ]

Heterogeneity: not applicable

Test for overall effect: Z = 5.95 (P < 0.00001)

Total (95% CI) 3162 1839 100.0 % 149.11 [ 137.09, 161.12 ]

Heterogeneity: Chi2 = 19.51, df = 13 (P = 0.11); I2 =33%

Test for overall effect: Z = 24.33 (P < 0.00001)

Test for subgroup differences: Chi2 = 4.40, df = 3 (P = 0.22), I2 =32%

-200 -100 0 100 200

Favours placebo Favours Indacaterol
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Analysis 1.2. Comparison 1 Indacaterol vs placebo, Outcome 2 Trough FEV1 (by trial duration).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 2 Trough FEV1 (by trial duration)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Trials < 24 weeks

Feldman 2010 202 189 130 (24) 6.6 % 130.00 [ 82.96, 177.04 ]

Kerwin 2011 Study 1 150 148 120 (20.4085) 9.1 % 120.00 [ 80.00, 160.00 ]

Kerwin 2011 Study 2 146 150 140 (20.4085) 9.1 % 140.00 [ 100.00, 180.00 ]

Kinoshita 2012 219 104 185.0685 (17.7618) 12.1 % 185.07 [ 150.26, 219.88 ]

Mroz 2013 17 15 630 (221.9592) 0.1 % 630.00 [ 194.97, 1065.03 ]

Subtotal (95% CI) 734 606 37.1 % 148.99 [ 129.11, 168.86 ]

Heterogeneity: Chi2 = 11.66, df = 4 (P = 0.02); I2 =66%

Test for overall effect: Z = 14.69 (P < 0.00001)

2 Trials ≥ 24 weeks

Bateman 2013 476 232 130 (15.3064) 16.3 % 130.00 [ 100.00, 160.00 ]

Dahl 2010 539 280 154.2857 (18.3182) 11.4 % 154.29 [ 118.38, 190.19 ]

Donohue 2010 710 317 170.169 (17.8804) 11.9 % 170.17 [ 135.12, 205.21 ]

Kornmann 2011 300 274 180 (20.4085) 9.1 % 180.00 [ 140.00, 220.00 ]

Yao 2014 354 171 130 (16.3572) 14.2 % 130.00 [ 97.94, 162.06 ]

Subtotal (95% CI) 2379 1274 62.9 % 149.26 [ 134.01, 164.51 ]

Heterogeneity: Chi2 = 6.68, df = 4 (P = 0.15); I2 =40%

Test for overall effect: Z = 19.18 (P < 0.00001)

Total (95% CI) 3113 1880 100.0 % 149.16 [ 137.06, 161.26 ]

Heterogeneity: Chi2 = 18.34, df = 9 (P = 0.03); I2 =51%

Test for overall effect: Z = 24.16 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.98), I2 =0.0%
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Analysis 1.3. Comparison 1 Indacaterol vs placebo, Outcome 3 Quality of life (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 3 Quality of life (by dose)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 148 142 -3.8 (1.4142) 7.6 % -3.80 [ -6.57, -1.03 ]

Kerwin 2011 Study 2 148 145 -3.6 (1.4142) 7.6 % -3.60 [ -6.37, -0.83 ]

Subtotal (95% CI) 296 287 15.2 % -3.70 [ -5.66, -1.74 ]

Heterogeneity: Chi2 = 0.01, df = 1 (P = 0.92); I2 =0.0%

Test for overall effect: Z = 3.70 (P = 0.00022)

2 Indacaterol 150 mcg

Bateman 2013 443 196 -1.92 (1.0459) 13.9 % -1.92 [ -3.97, 0.13 ]

Donohue 2010 346 160 -3.3 (1.1174) 12.1 % -3.30 [ -5.49, -1.11 ]

Feldman 2010 199 187 -3.88 (2.0154) 3.7 % -3.88 [ -7.83, 0.07 ]

Kinoshita 2012 108 50 -4.8 (2.1313) 3.3 % -4.80 [ -8.98, -0.62 ]

Kornmann 2011 299 274 -5 (1.1314) 11.8 % -5.00 [ -7.22, -2.78 ]

Yao 2014 163 77 -2.6 (2.2863) 2.9 % -2.60 [ -7.08, 1.88 ]

Subtotal (95% CI) 1558 944 47.8 % -3.43 [ -4.53, -2.32 ]

Heterogeneity: Chi2 = 4.62, df = 5 (P = 0.46); I2 =0.0%

Test for overall effect: Z = 6.09 (P < 0.00001)

3 Indacaterol 300 mcg

Dahl 2010 322 140 -4.7 (1.2657) 9.5 % -4.70 [ -7.18, -2.22 ]

Donohue 2010 360 159 -2.4 (1.1286) 11.9 % -2.40 [ -4.61, -0.19 ]

Kinoshita 2012 107 50 -5.7 (2.1939) 3.1 % -5.70 [ -10.00, -1.40 ]

Mroz 2013 17 15 0.6 (8.9348) 0.2 % 0.60 [ -16.91, 18.11 ]

Yao 2014 (1) 161 77 -1.8 (2.334) 2.8 % -1.80 [ -6.37, 2.77 ]

Subtotal (95% CI) 967 441 27.5 % -3.49 [ -4.94, -2.03 ]

Heterogeneity: Chi2 = 3.60, df = 4 (P = 0.46); I2 =0.0%

Test for overall effect: Z = 4.70 (P < 0.00001)

4 Indacaterol 600 mcg

Dahl 2010 305 140 -4.6 (1.2605) 9.5 % -4.60 [ -7.07, -2.13 ]

Subtotal (95% CI) 305 140 9.5 % -4.60 [ -7.07, -2.13 ]

Heterogeneity: not applicable

-10 -5 0 5 10

Favours Indacaterol Favours placebo

(Continued . . . )

54Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(. . . Continued)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

Test for overall effect: Z = 3.65 (P = 0.00026)

Total (95% CI) 3126 1812 100.0 % -3.60 [ -4.36, -2.83 ]

Heterogeneity: Chi2 = 8.98, df = 13 (P = 0.77); I2 =0.0%

Test for overall effect: Z = 9.24 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.75, df = 3 (P = 0.86), I2 =0.0%
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(1) Unadjusted data

Analysis 1.4. Comparison 1 Indacaterol vs placebo, Outcome 4 Quality of lIfe (by trial duration).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 4 Quality of lIfe (by trial duration)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Trials < 24 weeks

Feldman 2010 200 187 -3.88 (2.0154) 4.2 % -3.88 [ -7.83, 0.07 ]

Kerwin 2011 Study 1 150 148 -3.8 (1.4142) 8.6 % -3.80 [ -6.57, -1.03 ]

Kerwin 2011 Study 2 146 150 -3.6 (1.4142) 8.6 % -3.60 [ -6.37, -0.83 ]

Kinoshita 2012 215 101 -5.2479 (1.4663) 8.0 % -5.25 [ -8.12, -2.37 ]

Mroz 2013 17 15 0.6 (8.9348) 0.2 % 0.60 [ -16.91, 18.11 ]

Subtotal (95% CI) 728 601 29.5 % -4.11 [ -5.60, -2.62 ]

Heterogeneity: Chi2 = 1.07, df = 4 (P = 0.90); I2 =0.0%

Test for overall effect: Z = 5.40 (P < 0.00001)

2 Trials ≥ 24 weeks

Bateman 2013 440 193 -1.92 (1.0459) 15.6 % -1.92 [ -3.97, 0.13 ]

Dahl 2010 629 280 -4.6513 (1.1286) 13.4 % -4.65 [ -6.86, -2.44 ]

Donohue 2010 706 346 -2.8411 (0.7897) 27.4 % -2.84 [ -4.39, -1.29 ]
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Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

Kornmann 2011 299 274 -5 (1.5054) 7.5 % -5.00 [ -7.95, -2.05 ]

Yao 2014 324 155 -2.2025 (1.6291) 6.4 % -2.20 [ -5.40, 0.99 ]

Subtotal (95% CI) 2398 1248 70.5 % -3.15 [ -4.12, -2.19 ]

Heterogeneity: Chi2 = 5.15, df = 4 (P = 0.27); I2 =22%

Test for overall effect: Z = 6.40 (P < 0.00001)

Total (95% CI) 3126 1849 100.0 % -3.44 [ -4.25, -2.63 ]

Heterogeneity: Chi2 = 7.34, df = 9 (P = 0.60); I2 =0.0%

Test for overall effect: Z = 8.31 (P < 0.00001)

Test for subgroup differences: Chi2 = 1.11, df = 1 (P = 0.29), I2 =10%
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Analysis 1.5. Comparison 1 Indacaterol vs placebo, Outcome 5 Number of participants with a clinically

significant improvement in quality of life (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 5 Number of participants with a clinically significant improvement in quality of life (by dose)

Study or subgroup Indacaterol Placebo log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 148 142 0.5455 (0.2417) 6.5 % 1.73 [ 1.07, 2.77 ]

Kerwin 2011 Study 2 148 145 0.5489 (0.2378) 6.7 % 1.73 [ 1.09, 2.76 ]

Subtotal (95% CI) 296 287 13.3 % 1.73 [ 1.24, 2.41 ]

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.99); I2 =0.0%

Test for overall effect: Z = 3.23 (P = 0.0012)

2 Indacaterol 150 mcg

Bateman 2013 443 196 0.2645 (0.1745) 12.5 % 1.30 [ 0.93, 1.83 ]

Donohue 2010 (1) 346 160 0.5596 (0.2004) 9.5 % 1.75 [ 1.18, 2.59 ]
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(. . . Continued)
Study or subgroup Indacaterol Placebo log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Feldman 2010 199 187 0.7917 (0.2104) 8.6 % 2.21 [ 1.46, 3.33 ]

Kinoshita 2012 108 50 0.5266 (0.2736) 5.1 % 1.69 [ 0.99, 2.89 ]

Kornmann 2011 299 274 0.6729 (0.1827) 11.4 % 1.96 [ 1.37, 2.80 ]

Yao 2014 163 77 0.1714 (0.2856) 4.7 % 1.19 [ 0.68, 2.08 ]

Subtotal (95% CI) 1558 944 51.8 % 1.67 [ 1.41, 1.98 ]

Heterogeneity: Chi2 = 6.04, df = 5 (P = 0.30); I2 =17%

Test for overall effect: Z = 5.99 (P < 0.00001)

3 Indcaterol 300 mcg

Dahl 2010 322 140 0.5151 (0.2063) 9.0 % 1.67 [ 1.12, 2.51 ]

Donohue 2010 (2) 360 159 0.3221 (0.2012) 9.4 % 1.38 [ 0.93, 2.05 ]

Kinoshita 2012 107 50 0.6959 (0.3502) 3.1 % 2.01 [ 1.01, 3.98 ]

Yao 2014 161 77 0.019 (0.2843) 4.7 % 1.02 [ 0.58, 1.78 ]

Subtotal (95% CI) 950 426 26.2 % 1.46 [ 1.15, 1.85 ]

Heterogeneity: Chi2 = 2.94, df = 3 (P = 0.40); I2 =0.0%

Test for overall effect: Z = 3.13 (P = 0.0017)

4 Indacaterol 600 mcg

Dahl 2010 305 140 0.6693 (0.2083) 8.8 % 1.95 [ 1.30, 2.94 ]

Subtotal (95% CI) 305 140 8.8 % 1.95 [ 1.30, 2.94 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.21 (P = 0.0013)

Total (95% CI) 3109 1797 100.0 % 1.64 [ 1.46, 1.85 ]

Heterogeneity: Chi2 = 10.76, df = 12 (P = 0.55); I2 =0.0%

Test for overall effect: Z = 8.04 (P < 0.00001)

Test for subgroup differences: Chi2 = 1.78, df = 3 (P = 0.62), I2 =0.0%
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(1) Donohue data is 26/52 data from supplement table E6 with placebo arm split

(2) Donohue data is 26/52 data from supplement table E6 with placebo arm split
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Analysis 1.6. Comparison 1 Indacaterol vs placebo, Outcome 6 Number of participants with a clinically

significant improvement in quality of life (by trial duration).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 6 Number of participants with a clinically significant improvement in quality of life (by trial duration)

Study or subgroup Indacaterol Placebo log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Trials < 24 weeks’ duration

Feldman 2010 199 187 0.7917 (0.2104) 8.3 % 2.21 [ 1.46, 3.33 ]

Kerwin 2011 Study 1 147 142 0.5455 (0.2417) 6.3 % 1.73 [ 1.07, 2.77 ]

Kerwin 2011 Study 2 148 145 0.5489 (0.2378) 6.5 % 1.73 [ 1.09, 2.76 ]

Kinoshita 2012 215 101 0.6266 (0.2467) 6.1 % 1.87 [ 1.15, 3.03 ]

Subtotal (95% CI) 709 575 27.2 % 1.90 [ 1.51, 2.38 ]

Heterogeneity: Chi2 = 0.82, df = 3 (P = 0.84); I2 =0.0%

Test for overall effect: Z = 5.50 (P < 0.00001)

2 Trials ≥ 24 weeks’ duration

Bateman 2013 443 196 0.2645 (0.1745) 12.1 % 1.30 [ 0.93, 1.83 ]

Dahl 2010 627 280 0.605 (0.1467) 17.1 % 1.83 [ 1.37, 2.44 ]

Donohue 2010 743 347 0.2428 (0.1305) 21.6 % 1.27 [ 0.99, 1.65 ]

Kornmann 2011 299 274 0.565 (0.17) 12.8 % 1.76 [ 1.26, 2.46 ]

Yao 2014 324 155 0.1115 (0.2008) 9.1 % 1.12 [ 0.75, 1.66 ]

Subtotal (95% CI) 2436 1252 72.8 % 1.45 [ 1.26, 1.67 ]

Heterogeneity: Chi2 = 6.85, df = 4 (P = 0.14); I2 =42%

Test for overall effect: Z = 5.22 (P < 0.00001)

Total (95% CI) 3145 1827 100.0 % 1.56 [ 1.38, 1.76 ]

Heterogeneity: Chi2 = 11.54, df = 8 (P = 0.17); I2 =31%

Test for overall effect: Z = 7.32 (P < 0.00001)

Test for subgroup differences: Chi2 = 3.86, df = 1 (P = 0.05), I2 =74%
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Analysis 1.7. Comparison 1 Indacaterol vs placebo, Outcome 7 End-of-study dyspnoea (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 7 End-of-study dyspnoea (by dose)

Study or subgroup Indacaterol Placebo Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 300 mcg

Dahl 2010 317 140 1 (0.2398) 13.1 % 1.00 [ 0.53, 1.47 ]

Donohue 2010 353 154 1.18 (0.2846) 9.3 % 1.18 [ 0.62, 1.74 ]

Kinoshita 2012 107 51 1.26 (0.4269) 4.1 % 1.26 [ 0.42, 2.10 ]

Yao 2014 188 93 1.25 (0.3572) 5.9 % 1.25 [ 0.55, 1.95 ]

Subtotal (95% CI) 965 438 32.5 % 1.13 [ 0.83, 1.43 ]

Heterogeneity: Chi2 = 0.53, df = 3 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 7.42 (P < 0.00001)

2 Indacaterol 75 mcg

Kerwin 2011 Study 1 150 150 1.23 (0.4038) 4.6 % 1.23 [ 0.44, 2.02 ]

Kerwin 2011 Study 2 148 149 0.46 (0.3316) 6.9 % 0.46 [ -0.19, 1.11 ]

Subtotal (95% CI) 298 299 11.5 % 0.77 [ 0.27, 1.27 ]

Heterogeneity: Chi2 = 2.17, df = 1 (P = 0.14); I2 =54%

Test for overall effect: Z = 3.01 (P = 0.0027)

3 Indacaterol 150 mcg

Bateman 2013 440 193 0.84 (0.2449) 12.6 % 0.84 [ 0.36, 1.32 ]

Donohue 2010 343 154 1 (0.2839) 9.4 % 1.00 [ 0.44, 1.56 ]

Kinoshita 2012 108 51 1.3 (0.4207) 4.3 % 1.30 [ 0.48, 2.12 ]

Kornmann 2011 297 272 1 (0.2828) 9.4 % 1.00 [ 0.45, 1.55 ]

Yao 2014 187 93 0.85 (0.3232) 7.2 % 0.85 [ 0.22, 1.48 ]

Subtotal (95% CI) 1375 763 42.9 % 0.96 [ 0.70, 1.22 ]

Heterogeneity: Chi2 = 1.05, df = 4 (P = 0.90); I2 =0.0%

Test for overall effect: Z = 7.22 (P < 0.00001)

4 Indacaterol 600 mcg

Dahl 2010 299 140 0.98 (0.2398) 13.1 % 0.98 [ 0.51, 1.45 ]

Subtotal (95% CI) 299 140 13.1 % 0.98 [ 0.51, 1.45 ]

Heterogeneity: not applicable

Test for overall effect: Z = 4.09 (P = 0.000044)

Total (95% CI) 2937 1640 100.0 % 1.00 [ 0.82, 1.17 ]

Heterogeneity: Chi2 = 5.39, df = 11 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 11.45 (P < 0.00001)

Test for subgroup differences: Chi2 = 1.64, df = 3 (P = 0.65), I2 =0.0%
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Analysis 1.8. Comparison 1 Indacaterol vs placebo, Outcome 8 Number of participants experiencing a

clinically significant improvement in dyspnoea.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 8 Number of participants experiencing a clinically significant improvement in dyspnoea

Study or subgroup Indacaterol Placebo log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 150 150 0.7004 (0.2394) 6.9 % 2.01 [ 1.26, 3.22 ]

Kerwin 2011 Study 2 148 149 0.4315 (0.2377) 7.0 % 1.54 [ 0.97, 2.45 ]

Subtotal (95% CI) 298 299 13.8 % 1.76 [ 1.26, 2.45 ]

Heterogeneity: Chi2 = 0.64, df = 1 (P = 0.43); I2 =0.0%

Test for overall effect: Z = 3.35 (P = 0.00081)

2 Indacaterol 150 mcg

Bateman 2013 440 193 0.2963 (0.1765) 12.6 % 1.34 [ 0.95, 1.90 ]

Donohue 2010 343 154 0.7701 (0.1693) 13.7 % 2.16 [ 1.55, 3.01 ]

Kinoshita 2012 108 51 0.8902 (0.3482) 3.2 % 2.44 [ 1.23, 4.82 ]

Kornmann 2011 297 272 0.6259 (0.1902) 10.9 % 1.87 [ 1.29, 2.71 ]

Yao 2014 187 93 0.8691 (0.2673) 5.5 % 2.38 [ 1.41, 4.03 ]

Subtotal (95% CI) 1375 763 45.9 % 1.87 [ 1.56, 2.24 ]

Heterogeneity: Chi2 = 5.62, df = 4 (P = 0.23); I2 =29%

Test for overall effect: Z = 6.77 (P < 0.00001)

3 Indacaterol 300 mcg

Dahl 2010 317 140 0.3913 (0.2043) 9.4 % 1.48 [ 0.99, 2.21 ]

Donohue 2010 353 154 1.0473 (0.1731) 13.1 % 2.85 [ 2.03, 4.00 ]

Kinoshita 2012 107 51 0.6069 (0.3463) 3.3 % 1.83 [ 0.93, 3.62 ]

Yao 2014 188 93 1.1142 (0.2742) 5.2 % 3.05 [ 1.78, 5.22 ]

Subtotal (95% CI) 965 438 31.0 % 2.25 [ 1.81, 2.81 ]

Heterogeneity: Chi2 = 7.65, df = 3 (P = 0.05); I2 =61%

Test for overall effect: Z = 7.23 (P < 0.00001)

4 Indacaterol 600 mcg

Dahl 2010 299 140 0.5893 (0.2069) 9.2 % 1.80 [ 1.20, 2.70 ]

Subtotal (95% CI) 299 140 9.2 % 1.80 [ 1.20, 2.70 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.85 (P = 0.0044)
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Study or subgroup Indacaterol Placebo log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

Total (95% CI) 2937 1640 100.0 % 1.96 [ 1.73, 2.22 ]

Heterogeneity: Chi2 = 16.28, df = 11 (P = 0.13); I2 =32%

Test for overall effect: Z = 10.72 (P < 0.00001)

Test for subgroup differences: Chi2 = 2.38, df = 3 (P = 0.50), I2 =0.0%
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Analysis 1.9. Comparison 1 Indacaterol vs placebo, Outcome 9 Peak FEV1.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 9 Peak FEV1

Study or subgroup Indacaterol Placebo
Mean

Difference Weight
Mean

Difference

N Mean(SD)[mL] N Mean(SD)[mL] IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 142 1530 (469) 129 1360 (531) 18.9 % 170.00 [ 50.22, 289.78 ]

Kerwin 2011 Study 2 137 1630 (600) 137 1400 (533) 15.0 % 230.00 [ 95.61, 364.39 ]

Subtotal (95% CI) 279 266 34.0 % 196.56 [ 107.15, 285.98 ]

Heterogeneity: Chi2 = 0.43, df = 1 (P = 0.51); I2 =0.0%

Test for overall effect: Z = 4.31 (P = 0.000016)

2 Indacaterol 150 mcg

Donohue 2010 82 1600 (507) 40 1400 (452) 8.6 % 200.00 [ 22.06, 377.94 ]

Feldman 2010 190 1640 (670) 178 1480 (606) 16.0 % 160.00 [ 29.61, 290.39 ]

Kinoshita 2012 55 1470 (461) 56 1200 (444) 9.6 % 270.00 [ 101.58, 438.42 ]

Subtotal (95% CI) 327 274 34.1 % 200.91 [ 111.71, 290.12 ]

Heterogeneity: Chi2 = 1.02, df = 2 (P = 0.60); I2 =0.0%

Test for overall effect: Z = 4.41 (P = 0.000010)

3 Indacaterol 300 mcg

Dahl 2010 94 1540 (509) 41 1530 (577) 6.5 % 10.00 [ -194.40, 214.40 ]
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(. . . Continued)

Study or subgroup Indacaterol Placebo
Mean

Difference Weight
Mean

Difference

N Mean(SD)[mL] N Mean(SD)[mL] IV,Fixed,95% CI IV,Fixed,95% CI

Donohue 2010 93 1630 (587) 40 1400 (452) 8.0 % 230.00 [ 46.01, 413.99 ]

Kinoshita 2012 59 1430 (423) 56 1200 (444) 10.8 % 230.00 [ 71.34, 388.66 ]

Subtotal (95% CI) 246 137 25.3 % 173.50 [ 69.92, 277.09 ]

Heterogeneity: Chi2 = 3.31, df = 2 (P = 0.19); I2 =40%

Test for overall effect: Z = 3.28 (P = 0.0010)

4 Indacterol 600 mcg

Dahl 2010 87 1560 (474) 41 1530 (577) 6.6 % 30.00 [ -172.77, 232.77 ]

Subtotal (95% CI) 87 41 6.6 % 30.00 [ -172.77, 232.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.29 (P = 0.77)

Total (95% CI) 939 718 100.0 % 181.21 [ 129.10, 233.32 ]

Heterogeneity: Chi2 = 7.22, df = 8 (P = 0.51); I2 =0.0%

Test for overall effect: Z = 6.82 (P < 0.00001)

Test for subgroup differences: Chi2 = 2.46, df = 3 (P = 0.48), I2 =0.0%
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Analysis 1.10. Comparison 1 Indacaterol vs placebo, Outcome 10 Serious adverse events.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 10 Serious adverse events

Study or subgroup Indacaterol Placebo Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 4/163 9/160 4.6 % 0.42 [ 0.13, 1.40 ]

Kerwin 2011 Study 2 4/159 4/159 2.0 % 1.00 [ 0.25, 4.07 ]

Subtotal (95% CI) 322 319 6.7 % 0.60 [ 0.24, 1.46 ]

Total events: 8 (Indacaterol), 13 (Placebo)

Heterogeneity: Chi2 = 0.84, df = 1 (P = 0.36); I2 =0.0%

Test for overall effect: Z = 1.12 (P = 0.26)

2 Indacaterol 150 mcg

Bateman 2013 26/476 13/232 8.7 % 0.97 [ 0.49, 1.93 ]

Donohue 2010 35/416 17/208 10.9 % 1.03 [ 0.56, 1.89 ]

Feldman 2010 7/211 5/205 2.6 % 1.37 [ 0.43, 4.40 ]

Kinoshita 2012 4/114 3/58 2.0 % 0.67 [ 0.14, 3.08 ]

Kornmann 2011 29/330 26/335 12.3 % 1.15 [ 0.66, 1.99 ]

Yao 2014 12/187 15/186 7.4 % 0.78 [ 0.36, 1.72 ]

Subtotal (95% CI) 1734 1224 43.8 % 1.01 [ 0.75, 1.37 ]

Total events: 113 (Indacaterol), 79 (Placebo)

Heterogeneity: Chi2 = 1.17, df = 5 (P = 0.95); I2 =0.0%

Test for overall effect: Z = 0.09 (P = 0.93)

3 Indacaterol 300 mcg

Dahl 2010 63/437 24/216 14.4 % 1.35 [ 0.82, 2.22 ]

Donohue 2010 32/416 17/208 11.0 % 0.94 [ 0.51, 1.73 ]

Kinoshita 2012 2/116 3/58 2.1 % 0.32 [ 0.05, 1.98 ]

Yao 2014 12/188 15/186 7.4 % 0.78 [ 0.35, 1.71 ]

Subtotal (95% CI) 1157 668 34.8 % 1.04 [ 0.74, 1.45 ]

Total events: 109 (Indacaterol), 59 (Placebo)

Heterogeneity: Chi2 = 3.26, df = 3 (P = 0.35); I2 =8%

Test for overall effect: Z = 0.21 (P = 0.84)

4 Indacaterol 600 mcg

Dahl 2010 51/425 24/216 14.7 % 1.09 [ 0.65, 1.83 ]

Subtotal (95% CI) 425 216 14.7 % 1.09 [ 0.65, 1.83 ]

Total events: 51 (Indacaterol), 24 (Placebo)
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(. . . Continued)
Study or subgroup Indacaterol Placebo Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Heterogeneity: not applicable

Test for overall effect: Z = 0.33 (P = 0.74)

Total (95% CI) 3638 2427 100.0 % 1.00 [ 0.82, 1.23 ]

Total events: 281 (Indacaterol), 175 (Placebo)

Heterogeneity: Chi2 = 6.57, df = 12 (P = 0.88); I2 =0.0%

Test for overall effect: Z = 0.05 (P = 0.96)

Test for subgroup differences: Chi2 = 1.42, df = 3 (P = 0.70), I2 =0.0%
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Analysis 1.11. Comparison 1 Indacaterol vs placebo, Outcome 11 Mortality.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 11 Mortality

Study or subgroup Indacaterol Placebo Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Indacaterol 75 mcg

Kerwin 2011 Study 1 0/163 2/160 18.9 % 0.19 [ 0.01, 4.07 ]

Kerwin 2011 Study 2 0/159 0/159 Not estimable

Subtotal (95% CI) 322 319 18.9 % 0.19 [ 0.01, 4.07 ]

Total events: 0 (Indacaterol), 2 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 1.06 (P = 0.29)

2 Indacaterol 150 mcg

Bateman 2013 2/476 0/232 5.0 % 2.45 [ 0.12, 51.24 ]

Donohue 2010 1/416 0/209 5.0 % 1.51 [ 0.06, 37.29 ]

Feldman 2010 0/211 1/205 11.4 % 0.32 [ 0.01, 7.96 ]

Kinoshita 2012 0/114 0/58 Not estimable

Kornmann 2011 1/330 2/335 14.9 % 0.51 [ 0.05, 5.61 ]
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(. . . Continued)
Study or subgroup Indacaterol Placebo Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Subtotal (95% CI) 1547 1039 36.2 % 0.86 [ 0.23, 3.16 ]

Total events: 4 (Indacaterol), 3 (Placebo)

Heterogeneity: Chi2 = 1.12, df = 3 (P = 0.77); I2 =0.0%

Test for overall effect: Z = 0.23 (P = 0.81)

3 Indacaterol 300 mcg

Dahl 2010 1/437 2/216 20.0 % 0.25 [ 0.02, 2.72 ]

Donohue 2010 0/416 0/209 Not estimable

Kinoshita 2012 0/116 0/58 Not estimable

Yao 2014 0/188 0/186 Not estimable

Subtotal (95% CI) 1157 669 20.0 % 0.25 [ 0.02, 2.72 ]

Total events: 1 (Indacaterol), 2 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 1.14 (P = 0.25)

4 Indacaterol 600 mcg

Dahl 2010 0/425 2/216 24.8 % 0.10 [ 0.00, 2.11 ]

Subtotal (95% CI) 425 216 24.8 % 0.10 [ 0.00, 2.11 ]

Total events: 0 (Indacaterol), 2 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 1.48 (P = 0.14)

Total (95% CI) 3451 2243 100.0 % 0.42 [ 0.16, 1.08 ]

Total events: 5 (Indacaterol), 9 (Placebo)

Heterogeneity: Chi2 = 3.24, df = 6 (P = 0.78); I2 =0.0%

Test for overall effect: Z = 1.80 (P = 0.073)

Test for subgroup differences: Chi2 = 2.40, df = 3 (P = 0.49), I2 =0.0%

0.001 0.01 0.1 1 10 100 1000

Favours indacaterol Favours placebo

65Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.12. Comparison 1 Indacaterol vs placebo, Outcome 12 Number of participants experiencing at

least 1 protocol-defined exacerbation.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 1 Indacaterol vs placebo

Outcome: 12 Number of participants experiencing at least 1 protocol-defined exacerbation

Study or subgroup Indacaterol Placebo Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 75 mcg

Kerwin 2011 Study 1 13/162 18/159 4.3 % 0.68 [ 0.32, 1.45 ]

Kerwin 2011 Study 2 14/159 13/158 3.0 % 1.08 [ 0.49, 2.37 ]

Subtotal (95% CI) 321 317 7.3 % 0.85 [ 0.49, 1.45 ]

Total events: 27 (Indacaterol), 31 (Placebo)

Heterogeneity: Chi2 = 0.67, df = 1 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 0.60 (P = 0.55)

2 150 mcg

Bateman 2013 103/476 60/232 16.1 % 0.79 [ 0.55, 1.14 ]

Donohue 2010 72/416 45/208 12.6 % 0.76 [ 0.50, 1.15 ]

Kinoshita 2012 11/115 7/58 2.1 % 0.77 [ 0.28, 2.11 ]

Kornmann 2011 60/330 65/335 13.4 % 0.92 [ 0.63, 1.36 ]

Subtotal (95% CI) 1337 833 44.3 % 0.82 [ 0.66, 1.02 ]

Total events: 246 (Indacaterol), 177 (Placebo)

Heterogeneity: Chi2 = 0.54, df = 3 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 1.76 (P = 0.078)

3 300 mcg

Dahl 2010 133/406 72/200 16.5 % 0.87 [ 0.61, 1.24 ]

Donohue 2010 76/415 45/208 12.5 % 0.81 [ 0.54, 1.23 ]

Kinoshita 2012 11/116 7/58 2.2 % 0.76 [ 0.28, 2.09 ]

Subtotal (95% CI) 937 466 31.2 % 0.84 [ 0.65, 1.09 ]

Total events: 220 (Indacaterol), 124 (Placebo)

Heterogeneity: Chi2 = 0.09, df = 2 (P = 0.96); I2 =0.0%

Test for overall effect: Z = 1.34 (P = 0.18)

4 600 mcg

Dahl 2010 116/396 72/200 17.2 % 0.74 [ 0.51, 1.06 ]

Subtotal (95% CI) 396 200 17.2 % 0.74 [ 0.51, 1.06 ]

Total events: 116 (Indacaterol), 72 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 1.66 (P = 0.097)

Total (95% CI) 2991 1816 100.0 % 0.81 [ 0.70, 0.94 ]
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(. . . Continued)
Study or subgroup Indacaterol Placebo Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Total events: 609 (Indacaterol), 404 (Placebo)

Heterogeneity: Chi2 = 1.67, df = 9 (P = 1.00); I2 =0.0%

Test for overall effect: Z = 2.76 (P = 0.0057)

Test for subgroup differences: Chi2 = 0.37, df = 3 (P = 0.95), I2 =0.0%
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Analysis 2.1. Comparison 2 Indacaterol vs LABAs, Outcome 1 Trough FEV1 (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 1 Trough FEV1 (by dose)

Study or subgroup Indacaterol Alternative LABA Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 150 mcg

Korn 2011 522 512 60 (11.7349) 51.0 % 60.00 [ 37.00, 83.00 ]

Kornmann 2011 300 291 70 (20.0202) 17.5 % 70.00 [ 30.76, 109.24 ]

Subtotal (95% CI) 822 803 68.6 % 62.56 [ 42.71, 82.40 ]

Heterogeneity: Chi2 = 0.19, df = 1 (P = 0.67); I2 =0.0%

Test for overall effect: Z = 6.18 (P < 0.00001)

2 Indcaterol 300 mcg

Dahl 2010 321 150 110 (24.7259) 11.5 % 110.00 [ 61.54, 158.46 ]

To 2011 105 49 80 (28.6007) 8.6 % 80.00 [ 23.94, 136.06 ]

Subtotal (95% CI) 426 199 20.1 % 97.17 [ 60.51, 133.83 ]

Heterogeneity: Chi2 = 0.63, df = 1 (P = 0.43); I2 =0.0%

Test for overall effect: Z = 5.19 (P < 0.00001)

3 Indacaterol 600 mcg

Dahl 2010 308 150 100 (24.8915) 11.3 % 100.00 [ 51.21, 148.79 ]

Subtotal (95% CI) 308 150 11.3 % 100.00 [ 51.21, 148.79 ]

Heterogeneity: not applicable

-200 -100 0 100 200

Favours alternative LABA Favours Indacaterol

(Continued . . . )

67Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(. . . Continued)

Study or subgroup Indacaterol Alternative LABA Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

Test for overall effect: Z = 4.02 (P = 0.000059)

Total (95% CI) 1556 1152 100.0 % 73.76 [ 57.33, 90.19 ]

Heterogeneity: Chi2 = 4.72, df = 4 (P = 0.32); I2 =15%

Test for overall effect: Z = 8.80 (P < 0.00001)

Test for subgroup differences: Chi2 = 3.90, df = 2 (P = 0.14), I2 =49%
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Analysis 2.2. Comparison 2 Indacaterol vs LABAs, Outcome 2 Trough FEV1 (by trial duration).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 2 Trough FEV1 (by trial duration)

Study or subgroup Indacaterol Alternative LABA Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Trials < 24 weeks

Korn 2011 522 512 60 (11.7349) 44.5 % 60.00 [ 37.00, 83.00 ]

Subtotal (95% CI) 522 512 44.5 % 60.00 [ 37.00, 83.00 ]

Heterogeneity: not applicable

Test for overall effect: Z = 5.11 (P < 0.00001)

2 Trials ≥ 24 weeks

Dahl 2010 629 300 140 (12.2451) 40.9 % 140.00 [ 116.00, 164.00 ]

Kornmann 2011 300 291 70 (29.4708) 7.1 % 70.00 [ 12.24, 127.76 ]

To 2011 105 49 80 (28.6007) 7.5 % 80.00 [ 23.94, 136.06 ]

Subtotal (95% CI) 1034 640 55.5 % 122.98 [ 102.37, 143.59 ]

Heterogeneity: Chi2 = 7.42, df = 2 (P = 0.02); I2 =73%

Test for overall effect: Z = 11.69 (P < 0.00001)

Total (95% CI) 1556 1152 100.0 % 94.93 [ 79.58, 110.28 ]

Heterogeneity: Chi2 = 23.40, df = 3 (P = 0.00003); I2 =87%

Test for overall effect: Z = 12.12 (P < 0.00001)

Test for subgroup differences: Chi2 = 15.97, df = 1 (P = 0.00), I2 =94%
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Analysis 2.3. Comparison 2 Indacaterol vs LABAs, Outcome 3 Quality of life (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 3 Quality of life (by dose)

Study or subgroup Indacaterol Alternative LABA Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 150 mcg

Kornmann 2011 299 292 -1.2 (1.1314) 43.9 % -1.20 [ -3.42, 1.02 ]

Subtotal (95% CI) 299 292 43.9 % -1.20 [ -3.42, 1.02 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.06 (P = 0.29)

2 Indacaterol 300 mcg

Dahl 2010 323 151 -0.5 (1.4142) 28.1 % -0.50 [ -3.27, 2.27 ]

Subtotal (95% CI) 323 151 28.1 % -0.50 [ -3.27, 2.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.35 (P = 0.72)

3 Indacaterol 600 mcg

Dahl 2010 307 151 -0.5 (1.4142) 28.1 % -0.50 [ -3.27, 2.27 ]

Subtotal (95% CI) 307 151 28.1 % -0.50 [ -3.27, 2.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.35 (P = 0.72)

Total (95% CI) 929 594 100.0 % -0.81 [ -2.28, 0.66 ]

Heterogeneity: Chi2 = 0.21, df = 2 (P = 0.90); I2 =0.0%

Test for overall effect: Z = 1.08 (P = 0.28)

Test for subgroup differences: Chi2 = 0.21, df = 2 (P = 0.90), I2 =0.0%
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Analysis 2.4. Comparison 2 Indacaterol vs LABAs, Outcome 4 Quality of lIfe (by trial duration).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 4 Quality of lIfe (by trial duration)

Study or subgroup Indacaterol Alternative LABA Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Trials ≥ 24 weeks

Dahl 2010 630 302 -0.5 (1.2246) 46.1 % -0.50 [ -2.90, 1.90 ]

Kornmann 2011 299 292 1.2 (1.1314) 53.9 % 1.20 [ -1.02, 3.42 ]

Total (95% CI) 929 594 100.0 % 0.42 [ -1.21, 2.05 ]

Heterogeneity: Chi2 = 1.04, df = 1 (P = 0.31); I2 =4%

Test for overall effect: Z = 0.50 (P = 0.62)

Test for subgroup differences: Not applicable
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Analysis 2.5. Comparison 2 Indacaterol vs LABAs, Outcome 5 Number of participants with a clinically

significant improvement in quality of life (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 5 Number of participants with a clinically significant improvement in quality of life (by dose)

Study or subgroup Indacaterol Alternative LABA log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 150 mcg

Kornmann 2011 299 292 0.1558 (0.1647) 42.1 % 1.17 [ 0.85, 1.61 ]

Subtotal (95% CI) 299 292 42.1 % 1.17 [ 0.85, 1.61 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.95 (P = 0.34)

2 Indacaterol 300 mcg

Dahl 2010 322 151 -0.0696 (0.1975) 29.3 % 0.93 [ 0.63, 1.37 ]

Subtotal (95% CI) 322 151 29.3 % 0.93 [ 0.63, 1.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.35 (P = 0.72)

3 Indacaterol 600 mcg

Dahl 2010 305 151 0.0846 (0.1996) 28.7 % 1.09 [ 0.74, 1.61 ]

Subtotal (95% CI) 305 151 28.7 % 1.09 [ 0.74, 1.61 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.42 (P = 0.67)

Total (95% CI) 926 594 100.0 % 1.07 [ 0.87, 1.32 ]

Heterogeneity: Chi2 = 0.78, df = 2 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 0.65 (P = 0.52)

Test for subgroup differences: Chi2 = 0.78, df = 2 (P = 0.68), I2 =0.0%

0.5 0.7 1 1.5 2

Favours alternative LABA Favours Indacaterol

71Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 2.6. Comparison 2 Indacaterol vs LABAs, Outcome 6 Number of participants with a clinically

significant improvement in quality of life (by trial duration).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 6 Number of participants with a clinically significant improvement in quality of life (by trial duration)

Study or subgroup Indacaterol Alternative LABA log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Trials ≥ 24 weeks

Dahl 2010 627 302 -0.0081 (0.1404) 57.9 % 0.99 [ 0.75, 1.31 ]

Kornmann 2011 299 292 0.1558 (0.1647) 42.1 % 1.17 [ 0.85, 1.61 ]

Total (95% CI) 926 594 100.0 % 1.06 [ 0.86, 1.31 ]

Heterogeneity: Chi2 = 0.57, df = 1 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 0.57 (P = 0.57)

Test for subgroup differences: Not applicable
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Analysis 2.7. Comparison 2 Indacaterol vs LABAs, Outcome 7 Dyspnoea (by dose).

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 7 Dyspnoea (by dose)

Study or subgroup Indacaterol Alternative LABA Mean Difference (SE)
Mean

Difference Weight
Mean

Difference

N N IV,Fixed,95% CI IV,Fixed,95% CI

1 Indcaterol 150 mcg

Korn 2011 522 512 0.63 (0.1684) 55.2 % 0.63 [ 0.30, 0.96 ]

Kornmann 2011 303 148 0.77 (0.3097) 16.3 % 0.77 [ 0.16, 1.38 ]

Subtotal (95% CI) 825 660 71.5 % 0.66 [ 0.37, 0.95 ]

Heterogeneity: Chi2 = 0.16, df = 1 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 4.47 (P < 0.00001)

2 Indacaterol 300 mcg

Dahl 2010 318 150 0.19 (0.3331) 14.1 % 0.19 [ -0.46, 0.84 ]

Subtotal (95% CI) 318 150 14.1 % 0.19 [ -0.46, 0.84 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

3 Indacaterol 600 mcg

Dahl 2010 301 150 0.3 (0.3294) 14.4 % 0.30 [ -0.35, 0.95 ]

Subtotal (95% CI) 301 150 14.4 % 0.30 [ -0.35, 0.95 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.91 (P = 0.36)

Total (95% CI) 1444 960 100.0 % 0.54 [ 0.30, 0.79 ]

Heterogeneity: Chi2 = 2.47, df = 3 (P = 0.48); I2 =0.0%

Test for overall effect: Z = 4.34 (P = 0.000014)

Test for subgroup differences: Chi2 = 2.31, df = 2 (P = 0.31), I2 =14%
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Analysis 2.8. Comparison 2 Indacaterol vs LABAs, Outcome 8 Number of participants experiencing a

clinically significant improvement in dyspnoea.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 8 Number of participants experiencing a clinically significant improvement in dyspnoea

Study or subgroup Indacaterol Alternative LABA log [Odds Ratio] Odds Ratio Weight Odds Ratio

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Indacaterol 150 mcg

Korn 2011 522 512 0.3436 (0.1408) 37.6 % 1.41 [ 1.07, 1.86 ]

Kornmann 2011 297 289 -0.0298 (0.1711) 25.5 % 0.97 [ 0.69, 1.36 ]

Subtotal (95% CI) 819 801 63.1 % 1.21 [ 0.98, 1.50 ]

Heterogeneity: Chi2 = 2.84, df = 1 (P = 0.09); I2 =65%

Test for overall effect: Z = 1.77 (P = 0.076)

2 Indacaterol 300 mcg

Dahl 2010 317 150 -0.1356 (0.1996) 18.7 % 0.87 [ 0.59, 1.29 ]

Subtotal (95% CI) 317 150 18.7 % 0.87 [ 0.59, 1.29 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.68 (P = 0.50)

3 Indacaterol 600 mcg

Dahl 2010 299 150 0.0625 (0.2022) 18.2 % 1.06 [ 0.72, 1.58 ]

Subtotal (95% CI) 299 150 18.2 % 1.06 [ 0.72, 1.58 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.31 (P = 0.76)

Total (95% CI) 1435 1101 100.0 % 1.11 [ 0.94, 1.32 ]

Heterogeneity: Chi2 = 4.99, df = 3 (P = 0.17); I2 =40%

Test for overall effect: Z = 1.25 (P = 0.21)

Test for subgroup differences: Chi2 = 2.15, df = 2 (P = 0.34), I2 =7%
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Analysis 2.9. Comparison 2 Indacaterol vs LABAs, Outcome 9 Peak FEV1 [mL].

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 9 Peak FEV1 [mL]

Study or subgroup Indacaterol Alternative LABA
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 indacaterol 150 mcg

Kornmann 2011 114 1640 (575) 106 1600 (587) 41.0 % 40.00 [ -113.72, 193.72 ]

Subtotal (95% CI) 114 106 41.0 % 40.00 [ -113.72, 193.72 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.51 (P = 0.61)

2 indacaterol 300 mcg

Dahl 2010 94 1540 (509) 45 1570 (515) 29.2 % -30.00 [ -212.29, 152.29 ]

Subtotal (95% CI) 94 45 29.2 % -30.00 [ -212.29, 152.29 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.32 (P = 0.75)

3 indacaterol 600 mcg

Dahl 2010 87 1560 (474) 45 1570 (515) 29.8 % -10.00 [ -190.45, 170.45 ]

Subtotal (95% CI) 87 45 29.8 % -10.00 [ -190.45, 170.45 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.11 (P = 0.91)

Total (95% CI) 295 196 100.0 % 4.68 [ -93.79, 103.16 ]

Heterogeneity: Chi2 = 0.37, df = 2 (P = 0.83); I2 =0.0%

Test for overall effect: Z = 0.09 (P = 0.93)

Test for subgroup differences: Chi2 = 0.37, df = 2 (P = 0.83), I2 =0.0%
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Analysis 2.10. Comparison 2 Indacaterol vs LABAs, Outcome 10 Serious adverse events.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 10 Serious adverse events

Study or subgroup Indacaterol Alternative LABA Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 indacaterol 150 mcg

Korn 2011 20/559 16/562 13.0 % 1.27 [ 0.65, 2.47 ]

Kornmann 2011 29/330 19/333 14.6 % 1.59 [ 0.87, 2.90 ]

Subtotal (95% CI) 889 895 27.6 % 1.44 [ 0.92, 2.25 ]

Total events: 49 (Indacaterol), 35 (Alternative LABA)

Heterogeneity: Chi2 = 0.25, df = 1 (P = 0.62); I2 =0.0%

Test for overall effect: Z = 1.60 (P = 0.11)

2 indacaterol 300 mcg

Dahl 2010 63/437 35/217 33.9 % 0.88 [ 0.56, 1.37 ]

To 2011 16/125 4/61 4.0 % 2.09 [ 0.67, 6.55 ]

Subtotal (95% CI) 562 278 37.9 % 1.00 [ 0.66, 1.52 ]

Total events: 79 (Indacaterol), 39 (Alternative LABA)

Heterogeneity: Chi2 = 1.94, df = 1 (P = 0.16); I2 =48%

Test for overall effect: Z = 0.02 (P = 0.99)

3 indacaterol 600 mcg

Dahl 2010 51/425 35/217 34.5 % 0.71 [ 0.45, 1.13 ]

Subtotal (95% CI) 425 217 34.5 % 0.71 [ 0.45, 1.13 ]

Total events: 51 (Indacaterol), 35 (Alternative LABA)

Heterogeneity: not applicable

Test for overall effect: Z = 1.45 (P = 0.15)

Total (95% CI) 1876 1390 100.0 % 1.02 [ 0.79, 1.32 ]

Total events: 179 (Indacaterol), 109 (Alternative LABA)

Heterogeneity: Chi2 = 6.83, df = 4 (P = 0.15); I2 =41%

Test for overall effect: Z = 0.17 (P = 0.87)

Test for subgroup differences: Chi2 = 4.64, df = 2 (P = 0.10), I2 =57%
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Analysis 2.11. Comparison 2 Indacaterol vs LABAs, Outcome 11 Mortality.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 11 Mortality

Study or subgroup Indacaterol Alternative LABA Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 indacaterol 150 mcg

Korn 2011 2/559 1/562 18.2 % 2.01 [ 0.18, 22.28 ]

Kornmann 2011 1/330 0/333 9.1 % 3.04 [ 0.12, 74.81 ]

Subtotal (95% CI) 889 895 27.2 % 2.35 [ 0.35, 15.98 ]

Total events: 3 (Indacaterol), 1 (Alternative LABA)

Heterogeneity: Chi2 = 0.04, df = 1 (P = 0.84); I2 =0.0%

Test for overall effect: Z = 0.88 (P = 0.38)

2 indacaterol 300 mcg

Dahl 2010 1/437 1/217 24.4 % 0.50 [ 0.03, 7.96 ]

To 2011 1/125 0/61 12.1 % 1.48 [ 0.06, 36.91 ]

Subtotal (95% CI) 562 278 36.5 % 0.82 [ 0.11, 6.27 ]

Total events: 2 (Indacaterol), 1 (Alternative LABA)

Heterogeneity: Chi2 = 0.26, df = 1 (P = 0.61); I2 =0.0%

Test for overall effect: Z = 0.19 (P = 0.85)

3 indacaterol 600 mcg

Dahl 2010 0/425 1/217 36.3 % 0.17 [ 0.01, 4.18 ]

Subtotal (95% CI) 425 217 36.3 % 0.17 [ 0.01, 4.18 ]

Total events: 0 (Indacaterol), 1 (Alternative LABA)

Heterogeneity: not applicable

Test for overall effect: Z = 1.09 (P = 0.28)

Total (95% CI) 1876 1390 100.0 % 1.00 [ 0.31, 3.28 ]

Total events: 5 (Indacaterol), 3 (Alternative LABA)

Heterogeneity: Chi2 = 2.27, df = 4 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 0.01 (P = 1.0)

Test for subgroup differences: Chi2 = 1.98, df = 2 (P = 0.37), I2 =0.0%
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Analysis 2.12. Comparison 2 Indacaterol vs LABAs, Outcome 12 Number of participants experiencing at

least 1 protocol-defined exacerbation.

Review: Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease

Comparison: 2 Indacaterol vs LABAs

Outcome: 12 Number of participants experiencing at least 1 protocol-defined exacerbation

Study or subgroup Indacaterol Alternative LABA Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 indacaterol 150 mcg

Kornmann 2011 60/335 51/333 26.6 % 1.21 [ 0.80, 1.82 ]

Subtotal (95% CI) 335 333 26.6 % 1.21 [ 0.80, 1.82 ]

Total events: 60 (Indacaterol), 51 (Alternative LABA)

Heterogeneity: not applicable

Test for overall effect: Z = 0.90 (P = 0.37)

2 indacaterol 300 mcg

Dahl 2010 133/405 63/200 35.9 % 1.06 [ 0.74, 1.53 ]

Subtotal (95% CI) 405 200 35.9 % 1.06 [ 0.74, 1.53 ]

Total events: 133 (Indacaterol), 63 (Alternative LABA)

Heterogeneity: not applicable

Test for overall effect: Z = 0.33 (P = 0.74)

3 indacaterol 600 mcg

Dahl 2010 116/396 63/200 37.5 % 0.90 [ 0.62, 1.30 ]

Subtotal (95% CI) 396 200 37.5 % 0.90 [ 0.62, 1.30 ]

Total events: 116 (Indacaterol), 63 (Alternative LABA)

Heterogeneity: not applicable

Test for overall effect: Z = 0.55 (P = 0.58)

Total (95% CI) 1136 733 100.0 % 1.04 [ 0.84, 1.29 ]

Total events: 309 (Indacaterol), 177 (Alternative LABA)

Heterogeneity: Chi2 = 1.10, df = 2 (P = 0.58); I2 =0.0%

Test for overall effect: Z = 0.36 (P = 0.72)

Test for subgroup differences: Chi2 = 1.10, df = 2 (P = 0.58), I2 =0.0%
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A D D I T I O N A L T A B L E S

Table 1. Data extraction for indacaterol versus placebo

Study FEV1 Mean SGRQ SGRQ responders Mean TDI Mean TDI responders

Feldman 2010 Adjusted Raw Raw Not assessed Not assessed

Dahl 2010 Adjusted Adjusted Raw Adjusted Raw

Donohue 2010 Adjusted Adjusted Adjusteda Adjusted Adjusted

Kornmann 2011 Adjusted Adjusted Adjusted Raw Adjusted

Kinoshita 2012 Adjusted Adjusted Raw Adjusted Raw

Mroz 2013 Raw Raw Not assessed Not assessed Not assessed

Bateman 2013 Adjusted Adjusted Raw Adjusted Raw

Yao 2014 Adjusted Adjusted Raw Adjusted Raw

Kerwin 2011 Study

1

Adjusted Adjusted Raw Adjusted Raw

Kerwin 2011 Study

2

Adjusted Adjusted Raw Adjusted Raw

aRaw data used for analysis by trial duration (12-week data).

Table 2. Data extraction for indacaterol versus alternative twice-daily long-acting beta2-agonists

Study FEV1 Mean SGRQ SGRQ responders Mean TDI Mean TDI responders

Dahl 2010 Adjusted Adjusted Raw Raw Raw

Korn 2011 Adjusted Not analysed Not analysed Adjusted Adjusted

Kornmann 2011 Adjusted Adjusted Adjusted Adjusted Rawa

To 2011 Adjusted Not analysed Not analysed Not analysed Not analysed
a12-Week raw data.
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A P P E N D I C E S

Appendix 1. Sources and search methods for the Cochrane Airways Group Specialised Register
(CAGR)

Electronic searches: core databases

Database Frequency of search

CENTRAL Monthly

MEDLINE (Ovid) Weekly

EMBASE (Ovid) Weekly

PsycINFO (Ovid) Monthly

CINAHL (EBSCO) Monthly

AMED (EBSCO) Monthly

Handsearches: core respiratory conference abstracts

Conference Years searched

American Academy of Allergy, Asthma and Immunology (AAAAI) 2001 onwards

American Thoracic Society (ATS) 2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards

British Thoracic Society Winter Meeting (BTS) 2000 onwards

Chest Meeting 2003 onwards

European Respiratory Society (ERS) 1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG) 2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ) 1999 onwards

MEDLINE search strategy used to identify trials for the CAGR
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COPD search

1. Lung Diseases, Obstructive/

2. exp Pulmonary Disease, Chronic Obstructive/

3. emphysema$.mp.

4. (chronic$ adj3 bronchiti$).mp.

5. (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).mp.

6. COPD.mp.

7. COAD.mp.

8. COBD.mp.

9. AECB.mp.

10. or/1-9

Filter to identify RCTs

1. exp “clinical trial [publication type]”/

2. (randomised or randomised).ab,ti.

3. placebo.ab,ti.

4. dt.fs.

5. randomly.ab,ti.

6. trial.ab,ti.

7. groups.ab,ti.

8. or/1-7

9. Animals/

10. Humans/

11. 9 not (9 and 10)

12. 8 not 11

The MEDLINE strategy and the RCT filter are adapted to identify trials in other electronic databases.

F E E D B A C K

Interpretation of the review data, 27 January 2016

Summary

Comment: Written by: Marlys LeBras and Aaron Tejani

We read with interest the review of the newly approved long acting beta2-agonist (LABA), indacaterol, by Geake et al. (1). Indacaterol

is an alternative to twice-daily LABA currently marketed for the management of chronic obstructive pulmonary disease (COPD) based

on efficacy and safety data summarized in this review (1). We agree that confidence intervals were too wide to exclude important

differences in regards to serious adverse events (SAE) or mortality although no significant differences were observed between groups

(1). We were happy to learn there was no clear dose-response effect observed across the range of outcome and analyses included in the

review and understand the inability of authors to perform subgroup analysis by severity of COPD (1).

We were interested in truly understanding the information provided in the review and the data from the trials assessing indacaterol.

We approached this by assessing trials of indacaterol compared to placebo that contributed the most weight to outcomes we considered

clinically important in the management of COPD, namely: quality of life (QOL), exacerbations, SAE, and mortality. The following

are some concerns we have identified with the trials included in review that may affect reader’s certainty in the results of trials and

conclusions drawn.

1a) The same issue presented itself for both analysis 1.3: QOL (by dose) and analysis 1.12: number of patients experiences at least 1

exacerbation, of which Dahl et al. and Donohue et al. trials contributed substantial weight (QOL: 19%, 24%; exacerbations: 33.7%,

25.1% respectively) to pooled estimates (2,3). Regarding QOL, we found inconsistent reporting throughout the review. For example,

the abstract states “indacaterol versus placebo results in statistically significant and clinically meaningful improvements in lung function

and quality of life” and the “overall quality of the evidence was strong”, yet the implication for practice section states, “some uncertainty

81Indacaterol, a once-daily beta2-agonist, versus twice-daily beta2-agonists or placebo for chronic obstructive pulmonary disease (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



remains regarding relation to quality of life”(1). Furthermore, the discussion states, “the overall point estimate of effect did not reach the

accepted four unit minimum clinically important difference for an improvement in quality of life, the odds of achieving a St. George

Respiratory Questionnaire (SGRQ) score improvement of four or more points were significantly greater with indacaterol than with

placebo” (1).

1b) We, and perhaps other readers, would find it useful for authors to comment on why the analysis of the data one way demonstrated

a non-clinically meaningful difference in QOL while another did increase the odds of achieving a clinically significant outcome and

the implication to practice.

1c) Both Dahl et al. and Donohue et al. methodology included last observation carried forward (LOCF) for dealing with missing data

(2,3). LOCF is a form of analysis that may introduces bias as it assumes missing values are random and participant’s response is stable

from the point of dropout to trial completion, which is especially a complex issue for chronic, progressive diseases such as COPD (4).

For example, Dahl et al. reports 68% (placebo) to 77% (indacaterol 300 mcg) of patients completing the trial (2). We were unable to

find the denominator (N) for QOL outcome in the article, supplementary, United States Food and Drug Administration Approved

Drug Products (Drugs@FDA) or European Medicines Agency (EMEA) report (5-7). Dahl et al. reports for indacaterol 300 mcg N =

437 randomized to treatment, N = 338 completed the trial and N = 405 were analyzed for efficacy and for indacaterol 600 mcg N =

428 randomized to treatment, N = 326 completed the trial and N = 396 analyzed for efficacy (2). In the review by Geake et al., the N

used for indacaterol 300 mcg is 323 and indacaterol 600 mcg is 307 (1). Where did these numbers come from?

1d) Furthermore, we were unable to find the odds ratio of the number of participants with a clinically significant improvement in

QOL reported in by Geake et al. in analysis 1.5 and note the N reported for indacaterol 300 mcg is 322 and indacaterol 600 mcg is

305 which is different from analysis 1.3 (1).

1e) Analysis was not intention-to-treat (ITT) as the reported N for QOL outcome does not match those originally randomized and

this can generate false results, specifically an exaggeration of effect size (4, 8).

1f ) Regarding exacerbations, we again found inconsistent reporting throughout the review. For example, the abstract states, “data was

insufficient for analysis of differences in exacerbation rates for both placebo and twice daily beta2-agonist comparisons”, yet implications

for practice states, ”indacaterol reduces the chance of experiencing an exacerbation” (1).

1g) As noted above, both Dahl et al. and Donohue et al. utilized LOCF for missing data (2,3). For example, Donohue et al. reports

69% (placebo) to 82% (indacaterol 300 mcg) of patients randomized completing the trial (3). In addition, there is uncertainty in the

reported numbers in Donohue et al. as the FDA reported numbers are different for the number of patients randomized in comparison

to the published article (3, 6). Furthermore, sensitivity analysis with imputed data for patients who discontinued prematurely almost

doubled rates of exacerbation per year from 0.50, 0.53, 0.53, and 0.72 to 0.95, 0.86, 0.93, and 1.33 respectively for indacaterol 150

mg, 300 mg, tiotropium, and placebo which demonstrates a wide range of variability (3). Please see concerns regarding potential bias

introduced by use of LOCF and compromised ITT analysis stated above.

2a) We are concerned that not all studies included in the review contributed data to SAE and mortality outcomes. Geake et al. found

ten studies that compared indacaterol to placebo, yet only nine studies contributed data on SAE or mortality pooled estimates (1).

Although Mroz et al. was the smallest trial included in the review and SAE or mortality was not a pre-specified outcome we feel that it

would be very unlikely that data on these outcomes does not exist and there was no documentation of contact with authors (1,9).

2b) In addition, the missing data for these outcomes was not documented in the selective reporting section of the risk of bias tool, the

results section or the discussion section.

2c) As the confidence intervals for these outcomes are wide it would be helpful to include all information available to improve the

precision of the estimate.

3) The primary outcomes of the review should include exacerbations instead of the surrogate trough forced expiratory volume in one

second (FEV1) in addition to QOL outcomes since exacerbation is a more clinically meaningful outcome compared to FEV1. In

addition, section 5.4.1 in the Cochrane Handbook states, “surrogate outcome measures… are potentially misleading and should be

avoided or interpreted with caution because they may not predict clinically important outcomes accurately” (10). Other COPD reviews,

such as the Cochrane review of LABAs for COPD listed QOL and exacerbations as primary outcomes and trough FEV1 as a secondary

outcome (11). Additionally, we, and perhaps other readers, would find it useful for authors to comment on the relationship between

improvement in FEV1 to improvement in clinical outcomes. We were unsure of this relationship and largely found that although most

COPD medications increase FEV1 they have not resulted in decreased mortality (1, 11-13) and impact on QOL and exacerbations is

difficult to discern due to attrition and analysis including LCOF and incomplete ITT as described by Stabler et al. for example (14).

4) The authors should consider searching national and international trial registers in addition to ClinicalTrials.gov for unpublished

studies. We find both EMEA and FDA trial regulatory documents related to drug licensing useful as manufactures submit all published

and unpublished data when requesting licensing in a that specific country. These documents are comprehensive as evidenced by Hart

et al., which identified 299 unpublished outcomes when comparing FDA documents to published trial reports (15). While searching

these regulatory documents, we found inconsistent reported numbers with the Donohue et al. trial as noted above which should be
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documented in the selective bias section of the risk of bias tool (3). The effect of including unpublished data must be measured for

each outcome as important differences may be found for some outcomes but not others and the direction and magnitude of the effect

cannot be predicted (15).

5) We, and perhaps other readers, would find it useful for authors to document which trial investigators or sponsors were contacted,

for which questions, and the investigator or sponsors response as data available in the review, as noted above for Dahl et al., was not

available in published article or supplementary (2). Section 6.6.2.2 of the Cochrane Handbook recommends to list individuals or

organizations contacted (10).

6) We found inconsistencies in the assessment of selective reporting bias in the review. In the text section of the risk of bias in included

studies only Kerwin et al. was noted as having a secondary outcomes incompletely reported and scored as “high risk“; yet, in the

Donohue et al risk of bias tool stated that “days of poor control” was not reported yet scored as “unclear risk” (1). Why was this trial

not treated the same as the Kerwin et al. trial? Furthermore, the Cochrane Handbook recommends interpreting unclear risk as high

risk and should be included in the text section of the risk of bias in included trials (10).

7a) We, and perhaps other readers, would find it useful for authors to include information regarding dose-response in the abstract of

the review. The abstract states in the background section that, “Four different doses have been investigated (75 mcg, 150 mcg, 300

mcg and 600 mcg) (1). The relative effects of different doses of once-daily indacaterol in the management of patients with COPD are

uncertain”, but no information is provided in the main results or author’s conclusion section of what was found (1).

7b) Furthermore, it would be useful for authors to reference the following statement from the discussion, “although the incremental

response with 300 mcg versus 150 mcg indacaterol has been reported in participants with more severe COPD” so that reader’s can

access more information if they so wish (1).

8) We, and perhaps other readers, were confused with the author’s meaning of “durable” as this terminology is used in summarizing

main results and in implications for practice for the sub-group analysis of FEV1 and QOL outcomes but not defined in the methods

(1). As noted above, we are uncertain of the clinical utility of FEV1 and the relevance of this analysis. However, we would suggest

that when describing these sub-group analyses to minimize confusion authors simply state the results and do not use the use the term

“durable”.

9a) Regarding implications of practice, as per the Cochrane Handbook, we believe that making specific recommendations for an action

goes beyond a systematic review. If authors wish to state, “indacaterol is therefore an appropriate treatment for patients with confirmed

symptomatic stable COPD” they should refer to section 12.7.2 and first describe the quality of evidence, benefits versus risk tradeoff

and patient’s values and preferences (1,10).

9b) Furthermore, “symptomatic” should not be used to describe the population that these results are generalizable to as this was not an

explicit criterion for inclusion into the trial.

In summary, incorporation of the above recommendations will help authors provide reader’s with a more critical assessment of included

studies and conclusions drawn.
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my feedback.

Reply

The review authors are grateful for the careful and considered critique and insightful comments contained within this commentary.

We provide the following responses, including suggested changes to the manuscript as below.

1a) The sentence referred to in the implications for practice section relates to the paragraph discussing the twice-daily beta agonist

comparison (not the placebo comparison), and is therefore referenced specifically to this comparison. For clarification, we have reworded

the abstract as follows: “For patients with stable COPD, use of indacaterol versus placebo results in statistically significant and clinically

meaningful improvements in lung function and quality of life. The clinical benefit for lung function is at least as good as that seen with

twice-daily long-acting beta2-agonists, but the comparative effect on quality of life remains uncertain, as important differences cannot

be excluded” and we have changed accordingly.

1b) We acknowledge the slight difference in outcomes between these two different analyses might cause some confusion. We believe

that differences in overall quality of life might not have reached statistical significance across all populations studied. However, it is

likely that a subgroup of patients will respond in a clinically meaningful way with regards to QOL with the intervention, and are more

likely to do so than without. A more detailed discussion is available in the following reference: Cates C, Karner C. Clinical importance

cannot be ruled out using mean difference alone. BMJ (Clinical research ed 2015;351(nov20 4):h5496-h96 doi: 10.1136/bmj.h5496

1c) The denominator was provided by the manufacturer. The numbers analysed are slightly different to the entire population randomised

as data were only carried forward a maximum of 12 weeks. This data can be provided upon request.

1d) This data was supplied by the manufacturer. We felt that small differences in participant numbers were unlikely to have substantial

impact on the overall results.

1e) We agree with the reviewers. In the characteristics of included studies table we note that Dahl used a modified intention to treat

analysis. Overall we felt the impact of this approach was unlikely to have had substantial impact on the outcome in question.

1f ) We agree and have removed the statement on exacerbations from the abstract.

1g) The review authors understand that this sensitivity analysis uses the assumption that all those who dropped out of treatment did

badly and all those who dropped out of placebo did well, which we do not regard as plausible. We do acknowledge there are issues

with the data, and point again to the information contained within the characteristics of included studies table, as well as the risk of

bias summary, which also highlights potential issues with the outcome data from these studies. However, these studies contributed

significantly to the total numbers of participants available, and we feel that excluding them on the basis of the outcome data provided

could potentially lead to greater bias in the outcomes.

2a) We did make contact with the study authors, and they did not provide any SAE or mortality data. We did not find this surprising

as the numbers were very low and therefore the failure to observe any SAEs/mortality would not have been unexpected, and in any case

they had not planned a priori to collect this data.

2b) We did not regard this as selective reporting for the reasons mentioned above.

2c) The precision of this estimate will ultimately be very low irrespective of any further information/clarification as participant numbers

are extremely low.
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3) We agree with your comments regarding the use of surrogate measures as primary outcomes. We had planned to measure exacerbation

rates and include this as a primary outcome, for exactly the reasons you outlined. Unfortunately, as we reported in our review, there were

insufficient data to measure exacerbation rates. Therefore the number of patients experiencing at least one protocol defined exacerbation

was included as a post-hoc analysis instead. Given this was a post-hoc analysis, we felt it most appropriate to include as a secondary

outcome. We retained trough FEV1 as a primary outcome to maintain fidelity with our protocol, and because, correctly or incorrectly,

this outcome remains an important consideration for most pharmaceutical regulatory bodies around the world. Therefore, it is likely

to be of interest to an audience that includes persons within the health care policy and public health domains. We agree that whilst an

increase of 100ml in trough FEV1 is widely considered to represent a minimum clinically important difference, as stated in our review,

the correlation between improvements in FEV1 and clinical outcomes is relatively modest.

4) As we reported in the review “We also conducted a search of ClinicalTrials.gov (www.clinicaltrials.gov) and of the Novartis clinical

trials registry (www.novctrd.com)”. We acknowledge that manufacturers may submit additional data in licensing applications to that

published in the medical literature, but note that this does not necessarily improve the clarity of the data.

5) We state that study sponsors were contacted to provide missing data, but can specify that Novartis and the authors of the Mroz study

provided missing data. This has now been specified in the review.

6) It was unclear to the authors as to whether this would have introduced significant bias specifically to the review, as “days of poor

control” was not an outcome that we had ever planned to analyse.

7a) We provide statements identifying that there were similar results seen across all doses of indacaterol studied. These can be found

in the summary of main results section, as well as in the implications for practice section. Additionally forest plots allow for visual

inspection of the same, and the similar numerical changes are provided in the results section. We did not consider this information to

be of sufficient importance to be included in the abstract.

7b) We have slightly amended this text and provided references to assist the reader in accessing further relevant information in this area.

8) The review authors agree and have removed or replaced the term ‘durable’ with “sustained” where relevant.

9a) The review authors disagree that measured statements regarding the potential use of a pharmaceutical is beyond the remit of a

systematic review that is specifically setting out to assess efficacy and safety of that pharmaceutical, and would argue that clinicians

considering whether to prescribe indacaterol are furnished with enough information within the review to assist them in making a

clinical decision (that always involves a risk-benefit analysis) for any individual patient.

9b) We agree with the premise of this statement. However, given a significant component of the overall goal of treatment with indacaterol

relies upon symptomatic improvement (dyspnoea, and by proxy quality of life) we felt it important to emphasize that treatment should

be directed to those patients in whom there were symptoms to ameliorate, and not anyone with spirometrically confirmed COPD.

Further, we feel it very likely that patients with COPD exacerbations are very likely to be symptomatic between exacerbations.

In summary, and as stated previously, we are grateful for this detailed commentary, and believe the changes made as a result will help

strengthen the review.

Contributors

Marlys LeBras and Aaron Tejani, email contact: marlys.lebras@gmail.com

James B Geake, first author of the review

Discrepancies between my view of the data, 28 January 2017

Summary

Comment: Written by: Vijaya Musini

Cochrane reviews need to be transparent and readers should be able to verify data independently from published literature.

a) For QoL score: analysis 1.3 (N = 2505 at 150 mcg dose) and analysis 1.5 (N = 2,661) - How can 156 more patients achieve

improvement when SGRQ score is not available for these patients? Similar error at 300 mcg (N=1438 versus 1536, respectively); 98

more patients evaluated. Data entry for Donohue 2010 should be N = 173 for MD and 319 for four point difference in SGRQ score.

b) Similar error at 600 mg for analysis 1.7 (N=582) and for analysis 1.8 (N=439). Why are 143 patients missing and why is their data

not accounted for?

c) Why were analyses 1.3 and 1.4 conducted using mean difference with SEM yet analyses 1.5 and 1.6 conducted using log odds ratio?

d) Data on number of patients with ≥ 1 exacerbation: it is not clear how patients who withdrew from studies were accounted for in

the analysis.
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e) The clinically important outcome of ’patients with ≥ 1 moderate to severe exacerbation’ is not reported in your review.

f ) I disagree with your risk of bias assessments: I have judged high risk of: selection bias; performance bias, as there is a significant

increase in total withdrawals and differential loss of patients in the placebo group due to lack of therapeutic effect leading to possible

loss of blinding which was not tested or reported at the end of the study; attrition bias, as accounting of data in patients who withdrew

is not reported; selective outcome reporting, as the manufacturer does not provide available data in published literature; and funding

bias as all trials were conducted by the manufacturer and employees of the company are involved in the writing of the manuscript.

g) Data entry errors: mortality data (Feldman 2010) incidence decreased from 211 to 104 in the 150 mcg group and from 205 to 96

in the placebo group.

h) SoF table 1: Serious adverse events outcomes (N = 8122) is an error. These exceed total randomized patients in all included studies.

I have completed a systematic review of indacaterol versus placebo that includes the risk of bias figures, forest plots and summary of

findings table for your reference (http://www.ti.ubc.ca/letter102).

I agree with the conflict of interest statement below:

I certify that I have no affiliations with or involvement in any organization or entity with a financial interest in the subject matter of

my feedback.

Reply

In response to this feedback we have made the following changes and comments. The data have been carefully reviewed by the entire

author group and small numerical errors in data entry have been corrected. The changes have not resulted in any statistically significant,

nor any clinically meaningful changes to any of the results.

a) Thank you for pointing this out. This discrepancy was the result of incorrect data entry which has now been corrected. Happily it

has not resulted in any numerically or clinically significant changes to the final results.

b) Thank you for pointing out this small error which reflected incorrect data entry. This has been corrected and results in no clinically

or statistically significant changes to the conclusions of the review.

c) We believe the statistical analyses used to measure these outcomes are appropriate and in keeping with the Cochrane methodology.

Analyses 1.3 and 1.4 compare mean differences in outcomes, whereas 1.5 and 1.6 compare relative rates of a discrete clinical event.

d) The methods of analysis have been described in characteristics of studies table, which were for the majority of studies intention to

treat or modified intention to treat analyses. Patients were not censored from this analysis if they withdrew.

e) We agree that this would be an interesting analysis. We did not set out a priori to assess this and therefore have not performed the

analysis in our own review. As is specifically outlined in the ”Differences between protocol and review“ section we did aim to analyse

rates of exacerbations and exacerbations requiring hospitalisation as an important primary outcome (which we believe would be a more

appropriate statistical analysis for this outcome), but there were insufficient data to do so. Therfore we analysed the number of patients

experiencing at least one exacerbation and this was relegated to a secondary outcome.

Having said all this the definition of an exacerbation varies, as does the grading of severity. Often it is the baseline physiological fragility

rather than the degree of homeostatic disturbance that defines a patient’s presentation to acute tertiary care and therefore the severity

grading. It is clear that exacerbations treated on an ambulatory basis are also associated with, and likely at least in part responsible

for decrements in quality of life and lung function. Therefore we believe that an overall measurement of exacerbations is a clinically

relevant outcome.

f ) There is of course an element of subjectivity in grading bias, even when done within a formal framework. We have addressed particular

biases that you describe in the risk of bias tables and in the ”Potential biases in the review process“ section, and we believe our overall

assessments of risk of bias are satisfactory. Please note also with particular respect to funding bias that we are operating within the

guidance of the current Cochrane methodology and recommendations which do not recognise this as a core bias.

g) Thank you for pointing this out. This discrepancy was the result of incorrect data entry which has now been corrected. Happily it

has not resulted in any numerically or clinically significant changes to the final results.

h) Thank you - this has been corrected.
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Contributors

Dr. Vijaya Musini

Email Address: vijaya.musini@ti.ubc.ca

Assistant Professor, Department of Anesthesiology Pharmacology & Therapeutics, University of British Columbia, Vancouver BC,

Canada.

W H A T ’ S N E W

Last assessed as up-to-date: 11 August 2014.

Date Event Description

1 March 2017 Feedback has been incorporated Feedback has been received regarding some numerical discrepancies in participant

numbers within the analyses of some trials. The data have been carefully reviewed

by the entire author group and small numerical errors in data entry have been

corrected. The changes have not resulted in any statistically significant, nor any

clinically meaningful changes to any of the results

H I S T O R Y

Protocol first published: Issue 10, 2012

Review first published: Issue 1, 2015

Date Event Description

27 April 2016 Feedback has been incorporated A Feedback comment and response from the review authors have been added

to the Feedback section of this review. Edits have been made in response to

the comments on the review including minor edits to the abstract and Plain

Language Summary, ’Dealing with missing data’, Results section, Discussion

section, Conclusions, Characteristics of included studies and Data and analyses

sections. None of these changes affects the original conclusions of the review

C O N T R I B U T I O N S O F A U T H O R S

James B Geake (JBG) drafted the manuscript, which was reviewed by Eli J Dabscheck (EJD), Richard Wood-Baker (RWB) and

Christopher J Cates (CJC). JBG extracted data from identified trials identified and entered these data into Review Manager 5.1 (RevMan

2011) for statistical analysis. CJC and EJD cross-checked extracted data. All review authors reviewed the manuscript before submission

for editorial review.
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D E C L A R A T I O N S O F I N T E R E S T

JBG: none known.

EJD: none known.

RWB: none known.

CJC: As CC is the Co-ordinating Editor of the Cochrane Airways Group, editing and the peer review process for this review were

handled by another editor, Milo Puhan.

S O U R C E S O F S U P P O R T

Internal sources

• Cochrane Airways Group Scholarship, Australia.

External sources

• No sources of support supplied

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

1. The method of analysis of exacerbations was changed. We had aimed to transform rate ratios into log rate ratios and to analyse

them using fixed-effect and generic inverse variance (GIV) models in Review Manager 5.1 (RevMan 2011). We had aimed to analyse

rates of any exacerbations and rates of exacerbations requiring hospitalisation. However data were insufficient for analysis of these

outcomes. Therefore the total number of participants experiencing at least one exacerbation was analysed according to individual

study protocols; this was relegated to a secondary outcome.

2. We planned to assess the number of participants with a clinically significant deterioration in quality of life as a primary outcome.

However no data were available for this outcome and it was removed.

3. We planned to assess the number of participants with a clinically significant deterioration in dyspnoea, 24-hour area under the

curve, FEV1 and peak FVC as secondary outcomes. However no data were available for these outcomes; therefore they were removed.

4. To address the issue of different doses of indacaterol available through different healthcare jurisdictions internationally, and to

assess for possible dose-response effects, post hoc subgroup analyses by dose were performed. These subgroup analyses were performed

on primary and secondary outcomes.

5. To facilitate inclusion of ANCOVA analyses published in most of the manuscripts, generic inverse variance meta-analyses were

performed for all outcomes other than peak FEV1, exacerbations, adverse events and mortality.

6. We planned to perform subgroup analyses of different GOLD stage severities for primary outcomes. However this was not

possible because data were insufficient.

7. Trials using additional bronchodilators that were not part of the comparison were excluded because of the potential for

introduction of bias.
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