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Background: The FLAME study compared once-daily indacaterol/glycopyrronium (IND/GLY) 

110/50 μg with twice-daily salmeterol/fluticasone (SFC) 50/500 μg in symptomatic patients with 

moderate to very severe COPD and a history of exacerbations in the previous year. 

Methods: This prespecified and post hoc subgroup analysis evaluated treatment efficacy on 

1) moderate/severe exacerbations according to prior exacerbation history and treatment, and 

2) types of exacerbations according to health care resource utilization (HCRU) during 1-year 

follow-up. 

Results: IND/GLY reduced the rate of moderate/severe exacerbations versus SFC in patients 

with a history of 1 exacerbation (rate ratio [RR]: 0.83, 95% CI: 0.75–0.93), $2 exacerbations 

(RR: 0.85, 95% CI: 0.70–1.03) and $2 exacerbations or $1 hospitalization in the previous 

year (RR: 0.86, 95% CI: 0.74–1.00). Prolonged time-to-first exacerbation was observed in all 

the groups according to exacerbation history. Moderate/severe exacerbations decreased with 

IND/GLY versus SFC, independent of previous treatment. IND/GLY significantly reduced rates 

of moderate/severe exacerbations treated with antibiotics (RR: 0.79, 95% CI: 0.67–0.93) and 

systemic corticosteroids and antibiotics (RR: 0.80, 95% CI: 0.70–0.91); rates of exacerbations 

treated with systemic corticosteroids alone were comparable (RR: 0.99, 95% CI: 0.80–1.22). 

Conclusion: Overall, IND/GLY demonstrated consistent beneficial effects versus SFC on 

moderate/severe exacerbations, independent of prior exacerbation history or treatment. The 

efficacy of IND/GLY on exacerbation prevention was superior to SFC for exacerbations treated 

with antibiotics with/without systemic corticosteroids and was similar for exacerbations treated 

with systemic corticosteroids alone.

Keywords: indacaterol/glycopyrronium, salmeterol/fluticasone, LABA/LAMA, LABA/ICS

Introduction
COPD is a complex heterogeneous disease, with a global prevalence of 10.7%.1 

COPD exacerbations are acute events characterized by a worsening of respiratory 

symptoms – particularly dyspnea, cough and sputum production – that is beyond 

day-to-day variations and requires changes in medication.2 COPD exacerbations are 

thought to contribute to the progression of COPD and are associated with an increased 

risk of future exacerbations and hospitalizations, reduced quality of life, and higher 

morbidity and mortality. COPD exacerbations impose a high economic burden on 

health care systems.3

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 strategy 

proposes that symptoms and exacerbation risk (estimated through exacerbation history 

including prior hospitalization) need to be assessed to determine disease severity and 

appropriate treatment.2 Reducing the risk of future exacerbations is one of the major 

goals in the management of this chronic disease. Due to the heterogeneous nature 
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of COPD, treatment and management of exacerbations are 

dependent on a number of factors.4 The severity, frequency, 

duration, and likelihood of airway bacterial infection and 

type of underlying inflammation are/may be crucial factors 

that contribute to the heterogeneity of exacerbations. This 

heterogeneity also influences the treatment offered by physi-

cians. Health care resource utilization (HCRU) during the 

exacerbation may depend on the maintenance treatment 

selected for exacerbation prevention. In the INSPIRE study, 

exacerbation rates (as defined by HCRU) were similar 

between the treatment groups (salmeterol/fluticasone [SFC] 

and tiotropium); however, the rate of exacerbations requiring 

treatment with antibiotics or systemic corticosteroids differed 

between the two groups.5

Long-acting bronchodilators, mainly long-acting β
2
 

agonists (LABAs) and/or long-acting muscarinic antagonists 

(LAMAs), are the current standard of care for patients with 

COPD. The GOLD 2017 strategy recommends a combination 

of long-acting bronchodilators as a preferred first choice of 

treatment for more symptomatic patients with a high risk of 

exacerbation (GOLD Group D) and for patients not sufficiently 

controlled by monotherapy (GOLD Groups B and C).2

FLAME was a large Phase III study that demonstrated 

the superiority of a dual bronchodilator regimen, LABA plus 

LAMA (indacaterol/glycopyrronium [IND/GLY]; 110/50 

μg once daily), over a LABA plus inhaled corticosteroid 

(LABA/ICS; SFC 50/500 μg twice daily) combination in 

preventing exacerbations in symptomatic (modified Medi-

cal Research Council [mMRC] dyspnea grade $2) COPD 

patients with an exacerbation history.6 The FLAME study 

reported an overall 17% reduction in the rate of moderate-

to-severe exacerbations.6 In a secondary analysis, IND/GLY 

provided superior or similar benefits over SFC, independent 

of blood eosinophil levels.7 FLAME provides an opportu-

nity to perform an in-depth analysis of the heterogeneity 

of exacerbations and the efficacy of the 2 compared treat-

ments. In this subgroup analysis, we evaluated the efficacy 

of the 2 treatments on 1) moderate or severe exacerbations 

according to patients’ exacerbation history in the previous 

year and treatment prescribed prior to recruitment and 2) 

different types of exacerbations according to HCRU during 

the 1-year follow-up.

Methods
study details
Details of the FLAME study design have been reported 

previously.6 Briefly, FLAME (NCT01782326) was a large 

Phase III, 52-week, multicenter, randomized, double-blind, 

double-dummy, parallel-group study. Following the 1-week 

screening and 4-week run-in periods, patients were randomized 

to receive either once-daily IND/GLY 110/50 μg or twice-daily 

SFC 50/500 μg for 52 weeks, with an additional 30-day follow-up 

period. The trial was approved by the ethics committee at 

each trial center (Table S1) and was conducted according 

to the ethical principles of the Declaration of Helsinki. All 

patients provided written informed consent. Prespecified 

and post hoc statistical analyses are outlined in Table 1.

Participants
Patients aged $40 years with a post-bronchodilator forced 

expiratory volume in 1 second (FEV
1
) $25% and ,60% 

predicted, a documented history of $1 COPD exacerbation 

(for which they received treatment with systemic corti-

costeroids and/or antibiotics) in the previous 12 months, 

and mMRC dyspnea scale grade $2 were included in the 

FLAME study. Full inclusion and exclusion criteria have 

been described previously.6

Definitions of exacerbations
Exacerbations, defined according to Anthonisen criteria, were 

categorized as mild (worsening of symptoms for .2 consecu-

tive days and not treated with systemic corticosteroids and/or 

antibiotics), moderate (treated with systemic corticosteroids 

and/or antibiotics) or severe (requiring hospitalization [or an 

emergency room visit of .24 hours] in addition to treatment 

with systemic corticosteroids and/or antibiotics). Worsening 

of symptoms was captured in an electronic diary that alerted 

patients and physicians to the presence of an exacerbation. 

The current analysis focuses on moderate or severe exac-

erbations. The results of subgroup analysis of the primary 

outcome (all exacerbations) of the FLAME study have been 

reported previously.6

analyses of moderate or severe 
exacerbations
The rate of and time to first moderate or severe exacerba-

tion with IND/GLY versus SFC was evaluated in different 

subgroups of symptomatic patients based on the history of 

exacerbations in the previous year: 1 exacerbation, $2 exac-

erbations, and $2 exacerbations or at least 1 hospitalization 

due to an exacerbation (GOLD 2017 Group D). The rate of 

exacerbations in the patient subgroups was also analyzed 

according to pre-recruitment treatment categories (these 

categories were not mutually exclusive): LAMA, LABA, 

ICS, LABA/ICS and LAMA/LABA/ICS.

www.dovepress.com
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Moderate or severe exacerbations according to HCRU, 

that is, exacerbations requiring treatment with systemic 

corticosteroids, antibiotics, or both, and those requiring 

hospitalization were analyzed and reported. Additionally, the 

pattern of treatment with antibiotics and/or systemic corticos-

teroids was evaluated in patients with $2 and $3 exacerba-

tions during the treatment period.

statistical analysis
The statistical methods used to analyze the endpoints have 

been described previously.7 The present analysis used the 

same approach for all the statistical analyses. The analyses 

were performed on the full analysis set, which included all 

randomized patients who received at least 1 dose of the study 

drug and did not have major violations in compliance with 

Good Clinical Practice guidelines before unblinding. The 

number of exacerbations during the treatment period was 

analyzed using a negative binomial model including terms 

for treatment such as baseline smoking status, prior ICS 

use, airflow limitation and region (all as fixed effects), along 

with baseline total symptom score and COPD exacerbation 

history as covariates. The analysis was also adjusted for 

treatment exposure. For subgroup analyses of the exacerba-

tion rate, the same negative binomial model was used with 

the addition of the subgroup term (if not already included 

in the model) and a treatment by subgroup interaction. 

Exacerbation rates were analyzed according to prespeci-

fied and post hoc subgroups to assess the consistency of 

the treatment effect. The time-to-event endpoints were 

analyzed using a Cox regression model, which included the 

same terms as the negative binomial model.

Results
Patients
The demographic details of the overall patient popula-

tion of the FLAME study have been previously reported.6 

The mean age of the patients was 64.6 years; 76.1% were 

male. The mean post-bronchodilator FEV
1
 was 44.1% of 

predicted. At screening, 56.3% of patients were using an 

ICS and 67.1% were using a LABA. Among the patients 

included in the study, 80.6% (IND/GLY, 1,355; SFC, 1,355) 

reported 1 exacerbation, 19.3% (IND/GLY, 324; SFC, 325) 

reported $2 exacerbations and 31.1% (IND/GLY, 536; 

SFC, 511) reported $2 exacerbations or an exacerbation 

Table 1 Prespecified and post hoc statistical analyses

Endpoint Statistical analysis Prespecified 
analysis

Post hoc 
analysis

Baseline demographic and clinical 
characteristics

summaries by exacerbation history in the previous year X

rate of moderate/severe 
exacerbations
rate of all (mild, moderate, 
severe) exacerbations

subgroup analysis by exacerbation history in the previous year
• 1 and $2 moderate/severe exacerbations
• gOlD 2017 group D ($2 exacerbations or $1 hospitalization due to 

exacerbations)*
subgroup analysis by previous treatment
• ICs use at screening
• laBa use at screening
• LABA/ICS fixed-dose combination use at screening
• laMa use at screening
• laBa/laMa/ICs use at screening
analysis according to hCrU*
• requiring treatment with systemic corticosteroids and antibiotics
• requiring treatment with antibiotics
• requiring treatment with systemic corticosteroids alone
• requiring hospitalization
• rehospitalizations within 30 days after a severe exacerbation

X

X
X
X
X

X
X
X
X
X

X

X

Time to first moderate/severe 
exacerbation

subgroup analysis by exacerbation history in the previous year
• 1 and $2 moderate/severe exacerbations
• gOlD 2017 group D ($2 exacerbations or $1 hospitalization due to 

exacerbations)

X
X

Treatment with antibiotics and/or 
systemic corticosteroids

Pattern of treatment with antibiotics and/or systemic corticosteroids in patients 
with $2 exacerbations and $3 exacerbations during the treatment period

X

COPD deaths number and percentage X

Note: *analysis performed only for rate of moderate/severe exacerbations.
Abbreviations: gOlD, global Initiative for Chronic Obstructive lung Disease; hCrU, health care resource use; ICs, inhaled corticosteroid; laBa, long-acting β2 agonist; 
laMa, long-acting muscarinic antagonist.

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1128

Vogelmeier et al

that led to hospitalization (ie, GOLD 2017 Group D) in the 

year before the trial.

Patients with $2 exacerbations or $1 exacerbation lead-

ing to hospitalization had a higher mean COPD assessment 

test score and a lower St George’s Respiratory Questionnaire 

for COPD total score. A higher proportion of patients with 

mMRC dyspnea scale Grade 4 belonged to the GOLD D 

category, and comparatively more patients were using triple 

therapy (LABA/LAMA/ICS; Table 2).

Moderate or severe exacerbations by 
prior history of exacerbation(s) and 
previous treatment
exacerbation rates
IND/GLY consistently reduced the rate of moderate or 

severe exacerbations independent of exacerbation history 

(Figure 1). IND/GLY reduced the rate of moderate or severe 

exacerbations compared with SFC in patients with a history 

of 1 exacerbation in the previous year (rate ratio [RR]: 0.83; 

95% CI: 0.75–0.93). IND/GLY also numerically reduced the 

rate of moderate or severe exacerbations by 14%–15% versus 

SFC in patients with $2 exacerbations in the previous year 

(RR: 0.85: 95% CI: 0.70–1.03) and in those meeting the 2017 

GOLD Group D criteria (history of $2 exacerbations or at 

least 1 hospitalization due to exacerbations in the previous 

year) (RR: 0.86; 95% CI: 0.74–1.00).

Risk of first exacerbation
The risk of moderate or severe exacerbations was significantly 

reduced with IND/GLY compared with SFC in patients with 

1 exacerbation (hazard ratio [HR]: 0.78; 95% CI: 0.69–0.87). 

IND/GLY also numerically reduced the risk of moderate or 

Table 2 Patient demographics and clinical characteristics at baseline based on exacerbation history in the previous year 
(randomized set)

Patient characteristics 1 exacerbation 
(N=2,710)

$2 exacerbations 
(N=649)

$2 exacerbations or $1 
hospitalization due to 
exacerbations (N=1,047)

age (years) 64.5 (7.8) 64.7 (7.9) 64.8 (7.8)
Male, n (%) 2,094 (77.3) 461 (71.0) 791 (75.5)
Duration of COPD (years) 7.2 (5.4) 7.7 (5.5) 7.2 (5.3)
Current smoker, n (%) 1,088 (40.1) 243 (37.4) 403 (38.5)
severity of COPD (gOlD 2015), n (%)
high risk and more symptoms (gOlD D) 1,864 (68.8) 649 (100.0) 1,047 (100.0)
Severity of airflow limitation (GOLD 2011–2014), n (%)

Moderate (gOlD 2) 928 (34.2) 193 (29.7) 298 (28.5)
severe (gOlD 3) 1,561 (57.6) 392 (60.4) 636 (60.7)
Very severe (gOlD 4) 199 (7.3) 58 (8.9) 105 (10.0)

Post-bronchodilator FeV1 (l) 1.2 (0.3) 1.2 (0.3) 1.2 (0.3)
Post-bronchodilator FeV1, % predicted 44.3 (9.4) 43.1 (9.6) 42.6 (9.6)
Post-bronchodilator FeV1 reversibility (%) 22.2 (15.9) 23.1 (16.4) 22.6 (16.1)
Post-bronchodilator FeV1/FVC (%) 41.7 (9.7) 40.8 (10.3) 41.1 (10.3)
COPD medications at screening, n (%)

ICs alone or in combination 1,486 (54.8) 406 (62.6) 644 (61.5)
laMa alone or in combination 1,614 (59.6) 421 (64.9) 660 (63.0)
laBa alone or in combination 1,794 (66.2) 462 (71.2) 722 (69.0)
laBa/laMa/ICs use only 886 (32.7) 263 (40.5) 410 (39.2)
laBa/ICs use only 504 (18.6) 123 (19.0) 201 (19.2)
laBa/laMa use only 276 (10.2) 62 (9.6) 88 (8.4)
laMa+ICs use only 56 (2.1) 15 (2.3) 26 (2.5)
laBa use only 128 (4.7) 14 (2.2) 23 (2.2)
laMa use only 396 (14.6) 81 (12.5) 136 (13.0)
Other 464 (17.1) 91 (14.0) 163 (15.6)

sgrQ-C total scorea 46.5 (15.6) 50.3 (16.4) 50.5 (16.3)
CaT scoreb 16.4 (6.9) 18.0 (7.2) 17.9 (7.3)
mMrC dyspnea scale, n (%)

grade 2 1,969 (72.7) 441 (68.0) 703 (67.1)
grade 3 690 (25.5) 180 (27.7) 300 (28.7)
grade 4 46 (1.7) 28 (4.3) 44 (4.2)

rescue medication use (puffs/day) 3.9 (3.8) 4.7 (4.3) 4.6 (4.3)
Urine cortisolc (ng/ml) 15.6 (23.3) 17.5 (18.9) 16.4 (17.1)

Notes: Data are presented as mean (SD) unless otherwise specified; aOn a scale of 0–100, with higher scores indicating worse health status; bOn a scale of 0–40, with higher 
scores indicating worse health status; cTwenty-four hour urine cortisol measured in a total of 535 patients (InD/glY 266, and sFC 269).
Abbreviations: CaT, COPD assessment test; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; gOlD, global Initiative for Chronic Obstructive 
lung Disease; ICs, inhaled corticosteroid; laBa, long-acting β2 agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SGRQ-C, 
st george’s respiratory Questionnaire for COPD.

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1129

Indacaterol/glycopyrronium in prevention of exacerbations

severe exacerbation in patients with $2 exacerbations in the 

previous year, although this trend did not reach statistical 

significance (HR: 0.85; 95% CI: 0.70–1.03). A significant 

reduction in the risk of moderate or severe exacerbations 

was observed with IND/GLY versus SFC in patients meet-

ing the 2017 GOLD group D criteria (HR: 0.81; 95% CI: 

0.69–0.96; Figure 2).

Moderate or severe exacerbations by previous 
treatment
A consistent decrease in the rate of moderate or severe 

exacerbations was observed with IND/GLY versus SFC 

in all the groups defined by previous treatment (Figure 3; 

the groups were not mutually exclusive). A reduction in 

the exacerbation rate was observed with IND/GLY versus 

Figure 1 annualized rate of moderate or severe COPD exacerbations in different subgroups of patients based on prior exacerbations (full analysis set).
Abbreviations: IND/GLY, indacaterol/glycopyrronium; SFC, salmeterol/fluticasone.
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Figure 2 Kaplan–Meier plot of time to first moderate or severe COPD exacerbation in different subgroups of patients based on prior exacerbations (full analysis set).
Notes: (A) Patients with history of 1 exacerbation in the previous year. (B) Patients with history of $2 exacerbations in the previous year. (C) Patients with history 
of $2 exacerbations or at least 1 exacerbation that led to hospitalization in the previous year.
Abbreviations: IND/GLY, indacaterol/glycopyrronium; SFC, salmeterol/fluticasone.
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SFC in patients who were receiving LABA/ICS (RR: 0.80; 

95% CI: 0.70–0.92), ICS (RR: 0.86; 95% CI: 0.76–0.97), or 

triple therapy (numerical trend: RR: 0.86; 95% CI: 0.74–1.01) 

prior to recruitment.

Moderate or severe exacerbations 
according to health care resource use
The number of patients and annualized RR of moder-

ate or severe COPD exacerbations according to HCRU 

are summarized in Figure 4. A significant reduction was 

observed in the rate of moderate or severe exacerbations, 

requiring treatment with both systemic corticosteroids and 

antibiotics in patients treated with IND/GLY compared 

with those treated with SFC (RR: 0.80; 95% CI: 0.70–0.91). 

A significant reduction was also observed in the rate of 

moderate or severe exacerbations, requiring treatment with 

antibiotics alone in patients treated with IND/GLY compared 

with those treated with SFC (RR: 0.79; 95% CI: 0.67–0.93). 

Figure 3 annualized rate of moderate or severe COPD exacerbations based on previous treatment (full analysis set).
Abbreviations: ICs, inhaled corticosteroid; InD/glY, indacaterol/glycopyrronium; laBa, long-acting β2 agonist; laMa, long-acting muscarinic antagonist; sFC, salmeterol/
fluticasone.

Figure 4 number and rr of moderate or severe COPD exacerbations according to hCrU with InD/glY versus sFC during the treatment period.
Notes: *If an exacerbation satisfies multiple criteria (eg, required treatment with a medication and later required hospitalization), then the event is counted in each category 
(row) satisfied. Thus, the percentages do not add up to 100%.
Abbreviations: HCRU, health care resource utilization; IND/GLY, indacaterol/glycopyrronium; RR, rate ratio; SFC, salmeterol/fluticasone.
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The rate of moderate or severe exacerbations requiring treat-

ment with systemic corticosteroids alone was similar between 

the treatment groups (RR: 0.99; 95% CI: 0.80–1.22).

During the study period, the management of patients 

with $2 exacerbations with antibiotics, systemic corticos-

teroids or both presented a significant variation from the first 

event to the next event. The most consistent pattern was use 

of both antibiotics and corticosteroids (Figure S1).

Discussion
The FLAME study demonstrated the superiority of IND/GLY 

over SFC in preventing exacerbations in symptomatic 

patients with moderate to very severe COPD and a history 

of previous exacerbations. The analyses reported in this 

paper further demonstrate a consistent beneficial effect of 

IND/GLY versus SFC on moderate or severe exacerbations, 

independent of prior exacerbation history or previous treat-

ment. This consistent beneficial effect was also observed in 

moderate or severe exacerbations requiring treatment with 

antibiotics with or without systemic corticosteroids, whereas 

a similar effect of the 2 treatments was observed on exacerba-

tions treated with systemic corticosteroids alone.

There are different clinical phenotypes of high-risk 

COPD patients, with some at risk owing to airflow limitation 

and/or prior exacerbation history and some at risk because of 

comorbidities.8 Therapeutic approaches based on different 

patient phenotypes may offer personalized management 

of the disease.9,10 Prior history of exacerbations has been 

shown to be a risk factor for future exacerbations,11 and 

thus exacerbation history might affect exacerbations during 

the course of the study. Additionally, treatment regimens 

used at baseline may affect treatment effectiveness due to 

potential withdrawal effects.12,13 The fact that IND/GLY 

was more efficacious than SFC, independent of the prior 

exacerbation history and treatment, adds value to positioning 

this dual bronchodilator as a preferred treatment option to 

LABA/ICS for COPD exacerbation in patients. Prevention 

of COPD exacerbations can have an important impact on 

the course of disease progression.3 Suissa et al identified the 

importance of delaying subsequent exacerbations, with each 

recurrence worsening the course of the disease and increas-

ing the risk of subsequent exacerbations.14 With a window 

of opportunity available for COPD exacerbation after the 

first hospitalization, it is important that patients receive 

optimal treatment at the very earliest opportunity to maxi-

mize clinical benefit. The reduction in the rate of moderate 

or severe exacerbations with IND/GLY versus SFC was 

maintained in patients with $2 exacerbations in the previ-

ous year, as well as in patients with either $2 exacerbations 

or $1 hospitalization for an exacerbation. As a result of the 

smaller number of patients, some of the subgroup results 

were not statistically significant, although the magnitude of 

exacerbation reduction was consistent with that seen in the 

overall study population (~15%–20%). Admittedly, hospital-

ization history is dependent on the availability of resources 

in different health care systems (eg, availability of hospital-

at-home, day care facilities, and availability of hospital beds 

or presence of specialists in emergency departments) and this 

needs to be considered in all relevant analyses; however, in 

our analysis, we have used this definition as proposed in the 

current GOLD recommendations. However, the magnitude 

of reduction in these patient groups was consistent with that 

seen in the overall study population, suggesting that the ben-

efits apply equally to these higher risk groups. In addition, 

interaction testing did not reveal any significant influence of 

exacerbation history on treatment effects (data not shown).

In the INSPIRE study, SFC demonstrated a quantita-

tively similar impact on COPD exacerbations as tiotropium; 

however, SFC reduced the rate of exacerbations treated with 

systemic corticosteroids, while tiotropium reduced the rate of 

those treated with antibiotics.15 Analyses from the SUMMIT 

study demonstrated that LABA/ICS combination reduced 

exacerbations treated with oral corticosteroids (with or 

without antibiotics) when compared with placebo or LABA, 

but not those treated with antibiotics alone.16 In the FLAME 

study population, there were significant reductions with IND/

GLY versus SFC in the rate of moderate or severe exacerba-

tions requiring antibiotics with or without corticosteroids; 

however, the annualized rate of moderate or severe exacerba-

tions requiring systemic corticosteroids alone (~20% of the 

exacerbations) was similar between the treatment groups. 

This finding suggests that the two treatments have differen-

tial effects on different types of exacerbations according to 

physicians’ clinical judgement; however, the similar efficacy 

of IND/GLY and SFC also on the corticosteroid-treated 

events provides reassurance on the role of this treatment 

for exacerbation prevention. Our data add a novel piece of 

information that advances our understanding of the role of 

inhaled combinations on different types of events according 

to health care resource use. In order to elucidate the driv-

ers of the different choice of treatment for exacerbations, 

these data need to be evaluated in combination with the 

appropriate characterization of exacerbations, according to 

etiology and baseline symptoms at the onset of each event 

in further analyses.

Although reports have shown additional beneficial effects 

of the use of a dual bronchodilator versus LABA/ICS,17–19 

there are only limited clinical studies of LABA/LAMA 
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combinations (FLAME [IND/GLY versus SFC]6 and SPARK 

[IND/GLY versus GLY]20) that evaluated exacerbations as 

the primary endpoint. Two recent meta-analysis of the pooled 

efficacy and safety data from the trials of fixed-dose combina-

tions of LABA/LAMA reported that the only LABA/LAMA 

that significantly reduced moderate/severe exacerbation rate 

compared with LABA/ICS was IND/GLY versus SFC based 

on the available studies.21,22 These results strengthen the body 

of evidence that LABA/LAMA is superior to LABA/ICS for 

the majority of COPD patients on several COPD outcomes, 

whereas exacerbation prevention is rather specific to the 

comparison of IND/GLY versus SFC based on the available 

published data.

The mechanism of reduction of the risk of exacerbations 

with LABA/LAMA is not well understood, and in a recent 

review, Beeh et al comprehensively proposed 4 possible 

mechanisms of how dual long-acting bronchodilators prevent 

COPD exacerbations.23 These mechanisms include decrease 

in hyperinflation and mechanical stress, modulation of 

mucus production and mucociliary clearance, improvement 

in symptoms fluctuation and severity and some potential 

direct and indirect anti-inflammatory effects.23 In different 

pivotal clinical trials of the IGNITE program, IND/GLY 

demonstrated a significant reduction in hyperinflation and 

a significant improvement in symptoms versus placebo.21 

Although a head-to-head comparison of IND/GLY and 

SFC for the reduction of hyperinflation was not performed, 

there are a few reports of LABA/LAMA showing significant 

improvement in spirometry measures related to hyperinfla-

tion (inspiratory capacity).23 Nonetheless, IND/GLY showed 

significant improvements in dyspnea, health status and 

rescue medication use versus SFC.6,24,25 Therefore, the likely 

mechanism for the reduction of exacerbations with LABA/

LAMA combinations is the improved spirometric outcome, 

resulting in a decrease in hyperinflation and an improvement 

in symptoms, most notably dyspnea.

Some limitations of these results must be acknowledged. 

These are secondary analyses of the FLAME study and there-

fore certain conclusions from these data should be interpreted 

with caution. Some subgroup analyses dealt with small 

sample sizes or few events. Nonetheless, trends consistently 

favored IND/GLY across multiple analyses, thus providing 

reassurance that the beneficial effects of IND/GLY com-

pared with SFC are not limited to specific subpopulation(s). 

Moreover, the results refer specifically to the comparison of 

IND/GLY 110/50 μg once daily versus SFC 50/500 μg twice 

daily administered through the specific devices (Breezhaler® 

versus Diskus®/Accuhaler®) in the population of symptomatic 

patients with moderate to very severe COPD and a history of 

exacerbations in the previous year included in the FLAME 

study. Whether these results are applicable to other com-

binations of LABA/LAMA versus LABA/ICS needs to be 

evaluated in specifically designed trials.

Conclusion
These analyses extend the results of the FLAME study by 

demonstrating the superiority of a LABA/LAMA combina-

tion, IND/GLY, over a LABA/ICS combination, SFC, for all 

exacerbation outcomes across a heterogeneous patient popula-

tion at risk of COPD exacerbations. Differences in the relative 

preventive effects of the tested treatments by exacerbation 

treatment-defined subtypes need further investigation.
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