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Background: Several large randomized clinical trials (RCTs) have assessed the efficacy and safety of inhaled corticosteroid (ICS)
combination regimens versus non-ICS therapy in patients with chronic obstructive pulmonary disease (COPD) at increased risk of
exacerbation risk with mixed results.
Methods: We performed a systematic literature review and meta-analysis of RCTs comparing the effect of ICS-containing combina-
tion therapy and non-ICS regimen in patients with COPD.
Results: A total of 54 RCTs (N = 57,333) reported treatment effects on various outcomes and were eligible for inclusion. Overall, the
number of patients experiencing moderate/severe exacerbations was significantly lower for ICS-containing combination therapy versus
non-ICS therapy (RR: 0.86 [95% CI: 0.80–0.93]). The annual rate of exacerbations was also significantly reduced by 22% (0.78 [0.72–
0.86]) with ICS-containing versus non-ICS therapy. The annual rate of exacerbations requiring hospitalisation was reduced by 31%
versus non-ICS therapy (0.69 [0.54–0.88]); similar reduction was observed for exacerbations requiring oral steroids (0.69 [0.66–0.73]).
Overall, the effect on trough FEV1 was comparable between ICS-containing and non-ICS therapies (follow-up: 6–52 weeks); however,
a significant improvement in lung function (trough FEV1) was observed for ICS/LABA versus LABA (MD: +0.04 L [0.03−0.05]) and
ICS/LABA/LAMA versus LAMA (MD: +0.09 L [0.05−0.13]) regimens. In addition, a significant improvement in QoL was observed
with ICS-containing versus non-ICS therapy (MD in SGRQ score: −0.90 [−1.50, −0.31]).
Conclusion: This meta-analysis demonstrated that a wide range of patients with COPD could benefit from dual and triple ICS-
containing therapy.
Keywords: meta-analysis, chronic obstructive pulmonary disease, inhaled corticosteroid, dual therapy, triple therapy, exacerbation

Introduction
Chronic obstructive pulmonary disease (COPD) is characterised by progressive deterioration of lung function and
worsening of symptoms and health status, leading to persistent respiratory symptoms and airflow limitation.1 COPD is
complicated by frequent and recurrent acute exacerbations, which result in high morbidity and mortality as well as
enormous health-care expenditures; being the third leading cause of death worldwide.2,3 COPD exacerbations are
estimated to result in ~110,000 deaths and >500,000 hospitalisations/year, with >US$18/year billion spent in direct
costs.3 Additionally, acute exacerbations result in >50% mortality at 5 years following hospitalisation.4 Following an
exacerbation, symptoms and lung function take several weeks to recover, which negatively affects patients’ quality of life
(QoL). Furthermore, exacerbations accelerate the rate of irreversible worsening of pulmonary function.3,4

While short-term treatment goals include relief from symptoms and improvement of exercise tolerance and health status,
the long-term treatment goal is to prevent disease progression, and reduce acute exacerbations and mortality.1 The role of
inhaled corticosteroid (ICS) therapy to attenuate the underlying inflammatory process in COPD has been a topic of debate in
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the recent years. Studies with newer long-acting anti-muscarinic agents (LAMA) or their combination with long-acting β2
agonists (LABA) have shown comparable effects on the risk of exacerbations compared with ICS/LABA, raising questions
on the utility of ICS-containing dual therapy in patients with stable disease.5–7 However, these studies were limited by short
duration or were randomised withdrawal studies that stabilised subjects on an ICS prior to randomisation, which may have
had an impact on study outcomes. In addition, the heterogeneity in the characteristics of patients with COPD should also be
considered as patients with higher eosinophil count (≥300 cells/µL) or with a history of exacerbations may benefit more with
ICS treatment.1 The current Global Initiative for Chronic Obstructive Lung Disease (GOLD) treatment algorithm recom-
mends initial ICS-containing therapy in patients with group D disease; however, this is not based on high-quality
evidence.1,7–9 Hence, there is ambiguity in the initial treatment approach for newly diagnosed patients with COPD.

In patients with moderate-to-severe COPD, triple inhaled therapy with ICS/LAMA/LABA improves lung function,
symptoms and patient-reported outcomes and reduces exacerbations and mortality compared to ICS/LABA, LABA/
LAMA or LAMA monotherapy.10–14 These findings further highlight the importance of ICS-containing therapies in the
management of COPD.

Several large randomised clinical trials (RCTs) have evaluated the effect on risk reduction of acute exacerbations with
dual (ICS/LABA) and triple ICS-containing therapy (ICS/LAMA/LABA) versus non-ICS regimens in patients with
COPD at increased exacerbation risk. FLAME (NCT01782326) study showed a significant reduction (by 17%) in
exacerbations with LABA/LAMA compared with ICS/LABA in patients with a history of ≥1 exacerbation during the
previous year. Given the range of heterogeneity across studies and the lack of a precise definition of acute exacerbation
these studies showed contradictory results. Therefore, we performed a systemic literature review and meta-analysis of
RCTs assessing the effects of ICS in dual and triple inhaled therapy versus non-ICS regimen on lung function, risk of
exacerbation, patient symptoms and health status to obtain more comprehensive evidence on their efficacy.

Materials and Methods
Search Strategy and Selection Criteria
We conducted a systematic review of parallel-group RCTs comparing ICS versus non-ICS therapies in patients with
COPD. A literature search was conducted using MEDLINE (PubMed), Cochrane CENTRAL and ClinicalTrials.gov
databases from inception to January 2019.

Single-blind, double-blind and open-label RCTs comparing ICS-containing dual (ICS/LABA versus LABA; ICS/
LABA versus LAMA; or ICS/LABA versus LABA/LAMA) or triple therapy (ICS/LABA/LAMA versus LAMA; ICS/
LABA/LAMA versus LABA/LAMA) and reporting at least one of the outcomes of interest were included. There was no
restriction in terms of study duration, type of device or study medications; however, studies with fewer than 50
participants were excluded.

Study treatments were restricted to all available combinations at the approved doses of these combinations and their
comparators (Table 1).

Data Extraction and Risk of Bias Assessment
Two reviewers screened the search results for relevant titles or abstracts, followed by review of full-text articles. The
reviewers worked independently during study selection and data extraction process. The results were compared to obtain
consensus and avoid bias (Figure 1).

Risk of bias in eligible trials was assessed by the Cochrane collaboration’s tool (Version 2.0;). Two reviewers
examined the risk of bias for the randomisation process, deviation from intended intervention, missing outcomes data,
measurement of the outcome and selection of the reported results. Disagreements were resolved and the overall bias for
each included trial was categorised as “low risk”, “some concerns” and “high risk”.

Endpoints
The outcomes of interest for the present meta-analysis included change from baseline in trough forced expiratory volume
in one second (FEV1), number of patients experiencing moderate-to-severe exacerbations, annual rate of moderate-to-
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Table 1 Characteristics of Included Studies

Study (First Author,
Year)

Intervention (Dose/Day) Number
of

Patients
(N)

Patient Population (Inclusion Criteria) Follow-Up
(Weeks)

ICS/LABA vs LABA

Cazzola, 200015 Fluticasone propionate 500 µg/

salmeterol 100 µg vs salmeterol 100 µg

40 >50 years; FEV1 <85%; no history of

exacerbations

13

Calverley, 200316 Fluticasone 1000 µg/ salmeterol 100 µg
vs salmeterol 100 µg

730 FEV1 25–70% (pre-BD); + history of
exacerbations

52

Calverley, 200317 Budesonide 640 µg/ formoterol 18 µg vs
formoterol 18 µg

509 ≥40 years; stage III/IV; pre-BD FEV1 ≤50%;
+ history of exacerbations

52

O’Donnell, 200618 Fluticasone propionate 500 µg/
salmeterol 100 µg vs salmeterol 100 µg

121 ≥40 years; FEV1 <70% (pre-BD) 8

Kardos, 200719 Fluticasone propionate 1000 µg/
salmeterol 100 µg vs salmeterol 100 µg

994 ≥40 years; post-BD FEV1 <50%; + history of
≥2 moderate to severe exacerbations

44

Calverley, 200720

(NCT00268216)
Fluticasone propionate 1000 µg/
salmeterol 100 µg vs salmeterol 100 µg

3088 40–80 years; pre-BD <60% 156

Tashkin, 200821

(NCT00206154)
Budesonide 640 µg/ formoterol 18 µg vs
formoterol 18 µg

561 ≥40 years; pre-BD FEV1 ≤50%; + history of
exacerbations

24

Ferguson, 200822

(NCT00144911)
Fluticasone propionate 500 µg/
salmeterol 100 µg vs salmeterol 100 µg

782 ≥40 years; FEV1 ≤50% (pre-BD); + history
of moderate to severe exacerbations

52

Anzueto, 200923

(NCT00115492)
Fluticasone propionate 500 µg/
salmeterol 100 µg vs salmeterol 100 µg

797 ≥40 years; FEV1 ≤50% (pre-BD); + history
of moderate to severe exacerbations

52

Rennard, 200924

(NCT00206167)
Budesonide 640 µg/ formoterol 18 µg vs
formoterol 18 µg

989 ≥40 years; FEV1 ≤50% (pre-BD); mMRC ≥2;
+history of exacerbations

52

Calverley, 201025

(NCT476099)
Beclomethasone 400 µg/ formoterol 24
µg vs formoterol 24 µg

476 ≥40 years; FEV1 30% to 50%; + history of
exacerbations

48

Sharafkhaneh, 201226

(NCT00419744)
Budesonide 640 µg/ formoterol 18 µg vs
formoterol 18 µg

811 ≥40 years; FEV1 ≤50% (pre-BD); + history
of exacerbations

52

Tashkin, 201227

(NCT00383435 and

NCT00383721)

Mometasone furoate 800 µg/
formoterol 20 µg vs formoterol 20 µg

894 ≥40 years; FEV1 post-BD >25 to <60%; no
COPD exacerbation requiring medical

intervention within 4 weeks

26

Kerwin, 201328

(NCT01053988)

Fluticasone furoate 100 µg/ vilanterol 25

µg vs vilanterol 25 µg

411 ≥40 years; FEV1 ≤70%; mMRC ≥2; +/-

history of exacerbations

24

Fukuchi, 201329

(NCT01069289)

Budesonide 640 µg/ formoterol 18 µg vs

formoterol 18 µg

1293 ≥40 years; FEV1 ≤50% (pre-BD); moderate

to severe COPD; + history of

exacerbations

12

Dransfield, 201330

(NCT01009463 and
NCT01017952)

Fluticasone furoate 100 µg/ vilanterol 25

µg vs vilanterol 25 µg

3255 ≥40 years; FEV1 post-BD ≤70%; + history of

exacerbations

52

Martinez, 201331

(NCT01054885)
Fluticasone furoate 200 µg/ vilanterol 25
µg vs vilanterol 25 µg

408 ≥40 years; FEV1 post-BD ≤70%; no prior
history of COPD exacerbation

24

(Continued)
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Table 1 (Continued).

Study (First Author,
Year)

Intervention (Dose/Day) Number
of

Patients
(N)

Patient Population (Inclusion Criteria) Follow-Up
(Weeks)

Wedzicha, 201432 Beclomethasone dipropionate 400 µg/

formoterol 24 µg vs formoterol 24 µg

1199 >40 years; post-BD FEV1 <50% and ≥30%;

+ history of exacerbations

48

Rossi, 201433

(NCT01555138)

Fluticasone 1000 µg/ salmeterol 100 µg

vs indacaterol 150 µg

581 ≥40 years; moderate COPD; no history of

exacerbations

26

Bhatt, 201734

(NCT01336608)

Fluticasone furoate 100 µg/ vilanterol 25

µg vs vilanterol 25 µg

299 ≥40 years; FEV1 post-BD ≤70%; +/- history

of exacerbation

24

Siler, 201735

(NCT02105974)

Fluticasone furoate 100 µg/ vilanterol 25

µg vs vilanterol 25 µg

1620 ≥40 years; FEV1 30% to ≤70%; + history of

moderate to severe exacerbations +

current symptoms

12

Ferguson, 201736

(NCT02157935)

Budesonide 640 µg/ formoterol 18 µg vs

formoterol 18 µg

1219 ≥40 years; FEV1 ≤70%; mMRC ≥2; + history

of moderate to severe exacerbations

26

Ferguson, 201837

(NCT02766608)

Budesonide 640 µg/ formoterol 20 µg vs

formoterol 20 µg

1313 40–80 years; FEV1 ≥30% to <80%;

symptomatic (CAT score ≥10); +/- history
of exacerbations

24

LABA/LAMA vs ICS/LABA

Rabe, 200838

(NCT00239421)

Formoterol 24 µg/tiotropium 18 µg vs

fluticasone 1000 µg /salmeterol 100 µg

605 ≥40 years; FEV1 post-BD <80%; + no

history of moderate COPD exacerbation

6

Magnussen, 201239

(NCT00530842)

Salmeterol 100 µg/tiotropium 18 µg vs

fluticasone 1000 µg /salmeterol 100 µg

344 40–75 years; FEV1 pre-BD ≤65% 8

Vogelmeier, 20135

(NCT01315249)

Indacaterol 110 µg/glycopyrronium 50

µg vs fluticasone 1000 µg /salmeterol
100 µg

523 ≥40 years; FEV1 post-BD 40–80%; + no

history of exacerbation

26

Donohue, 201540

(NCT01817764)

Vilanterol 25 µg/umeclidinium 62.5 µg vs

fluticasone 1000 µg /salmeterol 100 µg

706 ≥40 years; FEV1 post-BD ≥30 to ≤70%; +

history of exacerbation

12

Donohue, 201540

(NCT01879410)

Vilanterol 25 µg/umeclidinium 62.5 µg vs

fluticasone 1000 µg /salmeterol 100 µg

697 ≥40 years; FEV1 post-BD ≥30 to ≤70%; +

history of exacerbation

12

Zhong, 201541

(NCT01709903)

Indacaterol 110 µg/glycopyrronium 50

µg vs fluticasone 1000 µg /salmeterol

100 µg

744 ≥40 years; FEV1 post-BD ≥30 to <80; no

history of exacerbation

26

Singh, 201542

(NCT01822899)

Vilanterol 25 µg/umeclidinium 62.5 µg vs

fluticasone 1000 µg /salmeterol 100 µg

716 ≥40 years; FEV1 post-BD ≥30 to ≤70%; no

history of exacerbation; mMRC ≥2

12

Vogelmeier, 201643

(NCT01908140)

Formoterol 24 µg/Aclidinium 800 µg vs

fluticasone 1000 µg /salmeterol 100 µg

933 ≥40 years; FEV1 post-BD ≤80%; + no

history of exacerbation within 6 weeks

24

Beeh, 201644

(NCT01969721)

Olodaterol 5 μg/tiotropium 5 μg vs
fluticasone 1000 µg /salmeterol 100 µg

440 ≥40 years; FEV1 post-BD ≥30 to <80%; no

history of severe exacerbations

6

Wedzicha, 20167

(NCT01782326)

Indacaterol 110 µg/glycopyrronium 50

µg vs fluticasone 1000 µg /salmeterol
100 µg

3362 ≥40 years; FEV1 post-BD ≥20 to ≤60;

history of exacerbation

52

(Continued)
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Table 1 (Continued).

Study (First Author,
Year)

Intervention (Dose/Day) Number
of

Patients
(N)

Patient Population (Inclusion Criteria) Follow-Up
(Weeks)

Frith, 201845

(NCT02516592)

Indacaterol 110 µg/glycopyrronium 50

µg vs fluticasone 1000 µg /salmeterol

100 µg

502 ≥40 years; FEV1 post-BD ≥30 to <80%; +

history of exacerbation

12

Greulich, 201846

(NCT01985334)

Indacaterol 110 µg/glycopyrronium 50

µg vs ICS/LABA

1080 ≥40 years; FEV1 ≥50 to <80%; history of

exacerbation

12

Ferguson, 201814

(NCT02497001)

Formoterol 38.4 µg/glycopyrronium 72

µg vs budesonide 1280 µg/formoterol
38.4 µg

943 40–80 years; FEV1 post-BD ≥25 to <80%;

no history of severe exacerbation

24

Lipson, 20188

(NCT02164513)
Vilanterol 25 µg/umeclidinium 62.5 µg vs
fluticasone 100 µg/vilanterol 25 µg

6204 ≥40 years; FEV1 <50% + > 1 moderate/
severe COPD exacerbation; FEV1 >50 to

<80%; + ≥2 moderate or >1 severe

exacerbation

52

ICS/LABA vs LAMA

Cazzola, 200747 Fluticasone propionate 1000 µg/

salmeterol 100 µg vs tiotropium 18 µg

52 ≥50 years; FEV1 post-BD <50%; no history

of exacerbation

13

Bateman, 200848 Fluticasone propionate 500 µg/

salmeterol 100 µg vs tiotropium 18 µg

107 ≥40 years; FEV1 post-BD <80%; no history

of exacerbation

6

Wedzicha, 200849

(NCT00361959)

Fluticasone propionate 1000 µg/

salmeterol 100 µg vs tiotropium 18 µg

1323 40–80 years; FEV1 post-BD <50% 104

Perng, 200950 Fluticasone propionate 1000 µg/

salmeterol 100 µg vs tiotropium 18 µg

67 40–85 years; FEV1 post-BD <80%; no

history of exacerbation within ≥12 weeks

12

Hoshino, 201351 Fluticasone propionate 500 µg/

salmeterol 100 µg vs tiotropium 18 µg

31 >40 years; FEV1 post-BD <70%; no history

of exacerbation

16

Covelli, 201552

(NCT01627327)

Fluticasone furoate 100 µg/ vilanterol 25

µg vs tiotropium 18 µg

623 ≥40 years; FEV1 post-BD ≥30 to ≤70%; no

history of exacerbation

12

Betsuyaku, 201853

(NCT01762800)

Fluticasone propionate 500 µg/

salmeterol 100 µg vs tiotropium 18 µg

406 40–80 years; FEV1 post-BD ≥30 to ≤80%;

mMRC ≥1; +/- history of exacerbation

24

ICS/LABA/LAMA vs LABA/LAMA

Paggiaro, 200654 Flunisolide 1mg/salbutamol 3750 mg/

ipratropium bromide 750 mg vs

salbutamol 3750 mg/ipratropium
bromide 750 mg

114 55–75 years; FEV1 post-BD 35–70%; +

history of exacerbation

26

Magnussen, 201455

(NCT00975195)
Salmeterol 100 µg/tiotropium 18 µg vs
fluticasone propionate 1000 µg /

salmeterol 100 µg /tiotropium 18 µg

2488 ≥40 years; FEV1 <50%; history of severe
exacerbation

52

Papi, 201856

(NCT02579850)

Beclomethasone dipropionate 348 µg/

Formoterol20 µg /glycopyrronium 36 µg

vs indacaterol85 µg/glycopyrronium 43
µg

1532 ≥40 years; FEV1 <50% + history of COPD

exacerbation

52

(Continued)
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severe exacerbations, change in St George’s Respiratory Questionnaire (SGRQ) score and SGRQ response, use of rescue
medication, frequency and severity of dyspnoea (change in modified Medical Research Council [mMRC] score) and
other COPD symptoms (change in COPD Assessment Test [CAT] score).

Table 1 (Continued).

Study (First Author,
Year)

Intervention (Dose/Day) Number
of

Patients
(N)

Patient Population (Inclusion Criteria) Follow-Up
(Weeks)

Ferguson, 201814

(NCT02497001)

Budesonide1280 µg/formoterol 72 µg /

glycopyrronium 38.4 µg vs formoterol

72 µg /glycopyrronium 38.4 µg

1267 40–80 years; FEV1 post-BD ≥25 to ≤80%; +

no history of severe exacerbation

24

Lipson, 20188

(NCT02164513)

Fluticasone 100 µg /vilanterol 25 µg /

umeclidinium 62.5 µg vs vilanterol 25
µg /umeclidinium 62.5 µg

6221 ≥40 years; FEV1 <50% + > 1 moderate/

severe COPD exacerbation; FEV1 >50 to
<80%; + ≥2 moderate or >1 severe

exacerbation

52

Chapman, 201956

(NCT02603393)

Indacaterol 110 µg/glycopyrronium 50

µg vs fluticasone 1000 µg /salmeterol

100 µg /tiotropium 18 µg

1053 ≥40 years; FEV1 post-BD ≥40 to ≤80%;

history of exacerbation

26

ICS/LABA/LAMA vs LAMA

Aaron, 200757 Fluticasone 1000 µg/salmeterol 100 µg /

tiotropium 18 µg vs tiotropium 18 µg

301 >35 years; post-BD FEV1 <65%; history of

≥1 moderate exacerbation

52

Cazzola, 200747 Fluticasone propionate 1000 µg/

salmeterol 100 µg /tiotropium 18 µg vs

tiotropium 18 µg

55 ≥50 years; FEV1 post-BD <50%; no history

of exacerbation

13

Welte, 200910

(NCT00496470)

Budesonide 640 µg /formoterol 18 µg/

tiotropium 18 µg vs tiotropium 18 µg

660 ≥40 years; pre-BD FEV1 ≤50%; history of

exacerbation

12

Jung, 201258 Fluticasone 1000 µg/salmeterol 100 µg /

tiotropium 18 µg vs tiotropium 18 µg

479 40–80 years; FEV1 <65%; no history of

exacerbation

24

Hanania, 201259

(NCT00784550 and
NCT01013948)

Fluticasone propionate 500 µg/

salmeterol 100 µg/tiotropium 18ug vs
tiotropium 18 µg

342 ≥40 years; FEV1 post-BD ≥40 to ≤90%; no

history of exacerbation

24

Hoshino, 201351 Fluticasone propionate 500 µg/
salmeterol 100 µg /tiotropium 18 µg vs

tiotropium 18 µg

30 >40 years; FEV1 post-BD <70%; no history
of COPD

16

Lee, 201660

(NCT01397890)

Budesonide 640 µg /formoterol 18 µg/

tiotropium 18 µg vs tiotropium 18 µg

578 ≥40 years; FEV1 post-BD ≤50%; history of

exacerbation

12

Vestbo, 201761

(NCT01911364)

Beclometasone dipropionate 400 µg/

formoterol fumarate 24 µg/
glycopyrronium bromide 50 µg vs

tiotropium 18 µg

2153 ≥40 years; post-BD FEV1 <50%; history of

exacerbation

52

Abbreviations: BD, bronchodilator; CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume; ICS, inhaled corticoster-
oid; LABA, long-acting β2 agonists; LAMA, long-acting anti-muscarinic agents; mMRC, modified medical research council dyspnoea scale.
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Data Analysis
All statistical analyses were performed using the Stata software (version 15.0). Data were extracted using a standardised
data form. Relative risks (RR), mean difference (MD) and 95% confidence intervals (95% CI) were calculated for each
outcome. Pooled RR or MD was estimated using a fixed-effects model (Mantel-Haenszel method, inverse-variance
method) if no significant heterogeneity was detected, or a random-effects model if a high level of heterogeneity was

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses protocols (PRISMA-P) flow diagram for the identification of studies included in the meta-
analysis concerning the impact of benefit from dual and triple ICS-containing therapy versus non-ICS therapy in chronic obstructive pulmonary disease (COPD). Three
publications found by hand search were included in the meta-analysis.
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present. All the tests were two-sided and P ≤ 0.05 was considered statistically significant. For all the outcomes of interest,
subgroup analyses were performed by therapeutic regimen.

Heterogeneity was assessed using I2 statistic (values <25, 25–50 and >50% indicated low, moderate and high
heterogeneity, respectively) and chi-Square test (significance level at P < 0.1). Potential publication bias was evaluated
using funnel plot and Harbord or Egger test. A sensitivity analysis was performed to evaluate the influence of each
individual study.

Results
Studies Included in the Analyses
Of the 2938 articles identified in the initial search, a total of 62 RCTs reporting data on 66 treatment comparisons were
shortlisted based on full-text review. Three studies were excluded because of cross-over design and five were excluded
because of insufficient data; hence, 54 RCTs with 58 treatment comparisons were included in the final analysis
(Figure 1). A total of 23 studies compared ICS/LABA dual therapy with LABA, 14 with LABA/LAMA and seven
with LAMA monotherapy. In addition, ICS/LABA/LAMA triple therapy was compared with LABA/LAMA in six
studies and with LAMA in eight (Table 1).5,7,8,10,14–61Study duration ranged from 4 weeks to 3 years. Most of the studies
showed a low risk of bias in the six domains of the Cochrane Risk of Bias instrument (Version 2.0), with five showing
a high risk and five with some concerns.

Patient inclusion criteria of the studies included in the meta-analysis are summarised in Table 1. The included studies
enrolled patients across a wide range of airflow limitation, symptoms and history of exacerbations (ABCD groups).
A total of 21 studies included patients with no history of exacerbations, evaluating the potential benefit of ICS-containing
therapy in patients with stable disease.

Effects of Treatment on Lung Function (Trough FEV1 Pre-Dose)
A total of 41 studies reported change in trough FEV1 (pre-dose) and were included in the pooled analysis of overall effect
(follow-up ranged from 6 weeks to 1 year). There was no significant difference between ICS and non-ICS treatment
regimens for the change from baseline in trough FEV1 (MD: +0.01 L [−0.01, 0.03];). The improvement in lung function
was significant for the following: ICS/LABA versus LABA (MD: +0.04 [0.03, 0.05]) and ICS/LABA/LAMA versus
LAMA (MD: +0.09 [0.05, 0.13]; Figure 2).

Effects of Treatment on COPD Exacerbations
A total of 26 and 24 studies reported effects on the number of patients experiencing COPD exacerbations and the annual
exacerbation rate (AER), respectively. The number of patients experiencing exacerbations was significantly reduced by 14%
(RR: 0.86 [0.80, 0.93]) with ICS compared with non-ICS treatment regimen. The AERwas significantly reduced by 22%with
ICS versus non-ICS treatment (RR: 0.78 [0.72, 0.86]). None of the non-ICS regimens were shown to significantly reduce
exacerbations versus ICS-containing therapies (Figures 3 and 4). ICS-containing dual therapy (ICS/LABA) showed
a significant reduction in the number of patients experiencing exacerbations compared with LABA or LAMA alone: 14%
reduction versus LABA (RR: 0.86 [0.80, 0.92]) and 26% reduction versus LAMA (RR: 0.86 [0.36, 1.53]). The number of
patients experiencing exacerbations was significantly reduced by 41% (RR: 0.86 [0.36, 0.98]) and by 29% (RR: 0.71 [0.49,
1.02]) with ICS-containing triple therapy compared with LABA/LAMA and LAMA, respectively. The AERwas significantly
reduced by 24% (RR: 0.76 [0.65, 0.89]) and by 33% (RR: 0.67 [0.46, 0.96]) with ICS-containing triple therapy compared with
LABA/LAMA and LAMA, respectively. Skin thickening, candidiasis and pneumonia were the side effects associated with
ICS therapy,62 while dry mouth, nausea, headache are the side-effects often associated with non-ICS therapy.63

A total of 7 and 10 studies reported effects on the AER requiring hospitalisations and oral steroids, respectively. The
annual rate of severe exacerbations requiring hospitalisation was reduced by 31% with ICS versus non-ICS therapy (RR:
0.69 [0.54, 0.88]). There was a similar reduction in the AER requiring oral corticosteroids (RR: 0.69 [0.66, 0.73]; with
ICS versus non-ICS treatment.
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Figure 2 Effects of treatment on the change in trough FEV1 (pre-dose) by therapeutic regimen.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2 agonists; LAMA, long-acting anti-muscarinic agents; WMD, weighted mean difference.
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Effects of Treatment on Health Status (Change in SGRQ Score and SGRQ Response)
A total of 22 studies reported data on change in SGRQ score. ICS-containing treatment was associated with a significant
reduction in SGRQ compared with non-ICS treatment (MD: −0.90 [−1.50, −0.31];). A greater change in SGRQ was
reported with ICS/LABA/LAMA versus LAMA (weighted mean difference (WMD): −5.20 [−8.02, −2.38]).

Effects of Treatment on Rescue Medication Use, Dyspnoea and Other COPD
Symptoms
The use of rescue medication (RMU) was reduced by −0.15 inhalation/day with ICS versus non-ICS treatment (WMD:
−0.15 [−0.25, −0.06]);). The between-group difference for the change in mMRC favoured ICS-containing therapy (MD:
−0.07 units; −0.18, 0.04); similar results were observed for CAT (MD: −0.07 units; −0.15, 0.02;).

Figure 3 Effects of treatment on the number of patients experiencing COPD exacerbations by therapeutic regimen.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2 agonists; LAMA, long-acting anti-muscarinic agents; RR, relative risk.
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Sensitivity Analysis and Publications Bias
The sensitivity analysis demonstrated that the included studies had no excessive influence in the meta-analysis.

We used funnel plots to estimate publication bias, and these results did not show any evidence of obvious bias.
However, funnel plot was not powerful enough for detecting publication bias for outcomes with insufficient number of
studies: the number of patients experiencing exacerbations requiring oral steroids,4 change in CAT6 and mMRC.3

Nevertheless, no publication bias was founded by Egger test for the number of patients experiencing exacerbations
requiring oral steroids (P=0.262) and the change in CAT (P=0.877).

Figure 4 Effects of treatment on the annual rate of COPD exacerbations by therapeutic regimen.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2 agonists; LAMA, long-acting anti-muscarinic agents; RR, relative risk.
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Discussion
The current therapeutic landscape for patients with COPD mainly consists of bronchodilators and anti-inflammatory ICS
therapy, and given the heterogeneity in the clinical characteristics and response to treatment, there is a persistent dilemma
among physicians regarding the choice of ICS or non-ICS regimen. We conducted a meta-analysis using the totality of
available data from RCTs to compare the effects of different ICS and non-ICS treatment regimens on clinical outcomes in
a heterogeneous population concerning airflow limitation (assessed by FEV1), symptoms and exacerbations. The results
provide insights into the treatment strategy for patients with COPD.

The clinical guidelines propose different therapeutic algorithms with a stepwise escalation of treatment based on
persistence of symptoms and incidence of exacerbations.1,64,65 However, there is no high-quality evidence supporting
a specific initial treatment in newly diagnosed patients with COPD. The results of our meta-analysis showed a significant
benefit of ICS/LABA therapy on improving lung function (WMD: +0.04L) and QoL, and reducing exacerbations (AR
reduced by 25%), as compared with LABA monotherapy. While these benefits are acknowledged by the guidelines, the
use of ICS/LABA initial therapy is limited to patients with an annual history of ≥2 moderate-to-severe exacerbations.
However, in clinical practice, there is a significant variability in the exacerbation rate over time, leading to uncertainty
regarding use and possible underutilisation of ICS/LABA therapy in eligible patients. In addition, the guidelines do not
distinctly define the patient population for ICS combination therapy based on exacerbations history. The GOLD 2020
guidelines recommend use of ICS in group D patients (those with a history of ≥2 exacerbations/year), which is not based
on evidence, whereas it also recommends considering ICS-containing therapy in patients with at ≥1 moderate
exacerbation/year.1 The results of our meta-analysis suggest a benefit of using ICS therapy regardless of exacerbations
history. A recent ICS withdrawal guideline from the European Respiratory Society (ERS) recommended continuation of
ICS therapy regardless of history of exacerbations in patients with eosinophils counts ≥300 cells/µL.66 In addition,
chronic bronchitis could be another clinical marker for the use of ICS-containing regimen.67,68 Further research is needed
to evaluate the use of low-dose ICS combination therapy in COPD based on different patient phenotypes, to mitigate the
potential safety concerns.

Furthermore, the results of our meta-analysis showed a significant benefit of LABA/LAMA therapy on improving
lung function compared with ICS/LABA, whereas the risk of exacerbations was comparable between the treatment
regimens. Of note, a large majority of studies comparing LABA/LAMA with ICS/LABA therapy included patients with
no history of exacerbations. A previous meta-analysis by Rodrigo et al showed that LABA/LAMA significantly reduced
moderate/severe exacerbation rate compared with ICS/LABA (RR: 0.82 [0.75, 0.91]).69 These results were based on two
studies7,41 and were mostly driven by the data from FLAME (NCT01782326) study which showed a significant reduction
(by 17%) in exacerbations with LABA/LAMA compared with ICS/LABA in patients with a history of ≥1 exacerbation
during the previous year.7 In contrast, the recently completed IMPACT (NCT02164513) study showed a 10% reduction
in exacerbations with ICS/LABA versus LAMA/LABA in patients with a history of ≥1 moderate/severe exacerbation in
the previous year.8 These mixed results could be explained by the different therapies used, as well as differences in the
patient population (~80% of patients in the FLAME study had one exacerbation in the past year versus 54% of patients
with a history of ≥2 exacerbations in the IMPACT study) and the study design — the FLAME study included a long run-
in period of LAMA monotherapy which may have resulted in selection of patients with low disease burden and who
could be managed with LAMA monotherapy.7,8 Moreover, >50% of patients in the FLAME study were using ICS
therapy before enrolment, hence the study may have selected patients who were symptomatic or had exacerbations
despite ICS therapy and were less likely to have benefited from ICS therapy.7 Overall, the present meta-analysis showed
that in patients with frequent dyspnoea or exercise intolerance and low risk of exacerbations (as indicated by no history
of exacerbations), use of dual bronchodilator (LABA/LAMA) therapy may provide optimal management of disease. This
is in line with the recent recommendations from the American Thoracic Society (ATS) Clinical Practice Guideline for
COPD.65

Our results also showed a significant reduction in the AER by 24% with ICS/LABA/LAMA triple therapy compared
with LABA/LAMA dual therapy. These results are in line with the IMPACT, TRIBUTE (NCT02579850) and KRONOS
(NCT02497001) studies and the more recent ETHOS (NCT02465567) study, which demonstrated superior efficacy of
ICS/LABA/LAMA in preventing exacerbations compared with LABA/LAMA in patients with moderate-to-severe
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COPD.8,9,14,70 Similarly, another meta-analysis showed the superiority of ICS/LABA/LAMA triple therapy compared
with LABA/LAMA in reducing the rate of moderate/severe exacerbation (RR: 0.78 [0.70, 0.88]).71 These results further
reinforce the additive effect of ICS in combination with LABA/LAMA in the management of COPD. All the clinical
guidelines recommend use of triple therapy in patients who are symptomatic despite dual LABA/LAMA therapy. In
addition, it is yet to be determined whether certain subsets of patients with advanced disease deserve maximal treatment
from the beginning.

While initiation of ICS treatment combination is strongly recommended in patients with high risk of exacerbations, its
withdrawal is suggested in patients with low risk as indicated by no exacerbations in the previous year.65 The recent ERS
guideline made a conditional recommendation for ICS withdrawal in patients with no history of exacerbations with eosinophil
count <300 cells/µL; due to uncertainty whether the desirable outcomes of ICS withdrawal outweigh the undesirable
consequences.66 However, the recently completed KRONOS study provides evidence against the withdrawal of ICS therapy
in patients with low risk of exacerbations suggested by current guidelines. Most of the patients included in the KRONOS study
had no exacerbations in the preceding 12 months (1411/1896, 74%). The study demonstrated that the addition of ICS to
LABA/LAMA dual therapy significantly reduced the risk of exacerbations in these patients compared with LABA/LAMA
therapy (RR: 0.48; 0.37–0.64; P<0.0001).14 ICS withdrawal may increase the airway inflammation severity and decrease lung
function and health status, hence careful identification of patients who may benefit most from ICS treatment is required.

Furthermore, improving patient-reported outcomes is an important goal in the management of COPD. ICS-containing
therapy significantly improved the QoL as assessed by SGRQ, as compared with non-ICS therapy. In addition, there was
a significant reduction in the RMU with ICS compared with non-ICS therapy. The effects on symptom scores were
comparable between ICS and non-ICS therapies; however, the number of the studies was small. Although the outcomes
were statistically significant, they did not achieve a significant clinical improvement.

Based on the results of this meta-analysis, ICS therapy is an important part of the therapeutic armamentarium for
COPD. A key question for physicians is when to prescribe ICS during the disease course. While the COPD guidelines
provide a comprehensive approach to disease management, the suggested treatment algorithms based on grouping of
patients by their symptoms and history of exacerbations are not evidence-based, adding to the uncertainty concerning
appropriate choice of treatment. In this regard, MacDonald et al proposed a treatable trait approach where patients are
individually assessed for a specified set of pulmonary, extra-pulmonary and behavioural traits, followed by systematic
identification and treatment of the disease characteristics that contribute to poor outcomes.72 For example, when the
treatment is guided by symptoms alone, some key disease traits such as inflammation are left untreated, which may lead
to poor outcomes. Hence, a holistic treatment approach involving identification and treatment of all the modifiable
disease characteristics is critical for achieving favourable patient outcomes.72

A major strength of this meta-analysis was the large number of RCTs included, and to our best knowledge, this is the first
analysis comparing several combinations of ICS and non-ICS therapies across a wide range of patients with COPD. However,
there were some limitations. Firstly, the risk of mortality and adverse events (AEs) were not evaluated. There are few studies
reporting the effects of ICS treatment on all-cause mortality; the IMPACTand ETHOS studies showed a significant reduction in
mortality by 28% (HR: 0.72 [0.53, 0.99]) and by 46% (HR: 0.54 [0.34, 0.87]), respectively, with ICS/LABA/LAMA triple
therapy compared with LABA/LAMA therapy in patients with moderate-to-severe COPD.68,71 The AE profile of ICS therapies
appears to be product-specific, as indicated by varying risk of pneumoniawith different ICS therapies. The risk of pneumonia was
significantly lower with budesonide compared with fluticasone as demonstrated in RCTs24 and meta-analyses.73–76 In some
studies, the risk of pneumonia with budesonide was comparable with that with non-ICS therapy,24–26 whereas even low doses of
fluticasone therapy may increase the risk of pneumonia.1 Although safety was not evaluated, the effect of ICS-containing
regimens on health status and QoL was assessed by changes in SGRQ score and SGRQ response. Secondly, only a few studies
reported the number of patients experiencing exacerbations requiring hospitalisation and oral steroids, and the change in mMRC
score. Finally, there was no restriction in terms of study duration, dosing regimen and type of device used among the included
trials. We do acknowledge that a subgroup analysis by exacerbation history would add value to our study. However, such
a subgroup analysis may not be balanced as most studies that were included in the exacerbation risk analysis included patients at
high risk of exacerbations. In addition, we also acknowledge that data on tolerability or drop-outs would be helpful; however, our
analysis is focused on efficacy outcomes and hence these data were not extracted from the studies. We also acknowledge that the
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comparison of LAMAvs ICS/LABA/LAMA is likely to be in favor of the combination therapy group; however, we conducted
a systematic literature review and selected studies based on the predefined criteria of ICS vs non-ICS therapy comparison. We
should have included studies where the outcomes of interest were not the primary endpoints. All these factors may affect the
meta-analysis heterogeneity.

Conclusions
In conclusion, findings from this meta-analysis suggest that ICS-containing combination therapy is efficacious in
reducing the RMU and improving QoL with a comparable effect on lung function and symptoms as compared to non-
ICS therapy. ICS-containing regimen proved beneficial in reducing the annual rate of severe exacerbations requiring
hospitalization. Long-term use of ICS regimen has shown fewer rehospitalization rates. This meta-analysis shows the
important role played by ICS regimen in COPD patients. Findings from this meta-analysis could provide guidance to
clinicians on the selection of suitable patients and choice of the optimal personalised ICS-containing regimen.
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