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Background: Recent studies report a lower mortality rate during treatment with long-acting muscarinic antagonist (LAMA)/long-
acting β2-agonist (LABA)/inhaled corticosteroid (ICS) versus LAMA/LABA in patients with symptomatic chronic obstructive
pulmonary disease (COPD) and a history of exacerbations.
Objective: We compared time to all-cause mortality with LAMA/LABA versus LAMA/LABA/ICS in patients with mild-to-very-
severe COPD and a predominantly low exacerbation risk.
Methods: Data were pooled from six randomized controlled trials (TONADO 1/2, DYNAGITO, WISDOM, UPLIFT and TIOSPIR;
LAMA/LABA: n = 3156, LAMA/LABA/ICS: n = 11,891). Analysis was on-treatment and data were censored at 52 weeks. Patients on
LAMA/LABA/ICS received ICS prior to study entry, which was not withdrawn at randomization. Patients on LAMA/LABA/ICS were
propensity score (PS)-matched to patients on LAMA/LABAwho had not previously received ICS; covariates included age, sex, geographical
region, smoking status, post-bronchodilator forced expiratory volume in 1 second percent predicted, exacerbation history in previous year,
body mass index and time since diagnosis. Time to all-cause mortality was assessed using Cox proportional hazard regression models.
Results: After PS matching, 3133 patients on LAMA/LABA and 3133 patients on LAMA/LABA/ICS were analyzed. Fewer
than 20% of patients reported ≥2 exacerbations in the prior year (LAMA/LABA: 19.1%; LAMA/LABA/ICS: 19.0%). There
were 41 (1.3%) deaths on LAMA/LABA and 45 (1.4%) deaths on LAMA/LABA/ICS. No statistically significant difference in
time to death was observed between treatment arms (hazard ratio for LAMA/LABA 1.06; 95% confidence intervals 0.68, 1.64;
P = 0.806). Sensitivity analyses conducted using different covariates or in an intent-to-treat population showed similar results.
Conclusion: This pooled analysis of over 6000 patients with mild-to-very-severe COPD and predominantly low exacerbation
risk showed no differences in mortality with LAMA/LABA versus LAMA/LABA/ICS, suggesting that the survival benefit of
triple therapy seen in some recent studies may be specific to a high-risk population. This supports current Global Initiative for
Chronic Obstructive Lung Disease recommendations that triple therapy should be reserved for the subpopulations of patients who
need it the most (eg, those with an eosinophilic phenotype and a high risk of exacerbations) to avoid ICS overuse.
Keywords: COPD, exacerbation history, inhaled corticosteroid, long-acting β2-agonist, long-acting muscarinic antagonist, mortality

Plain Language Summary
For patients with chronic obstructive pulmonary disease (COPD), inhaled bronchodilator therapy can help to improve airflow in the lungs
and provide symptom control. Several studies have looked at the rate of death in patients with COPDwhowere treated with a combination of
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two bronchodilators (dual therapy) either with or without an additional anti-inflammatory drug ─ namely an inhaled corticosteroid (ICS).
These studies suggest that patients who received triple therapy (dual therapy plus ICS) had a lower risk of death; however, they only included
patients with a history of exacerbations (episodes of symptom worsening). Since the majority of patients with COPD do not have frequent
exacerbations, our study investigated the risk of death in patients who mostly had a low exacerbation risk. This had not been studied in this
patient population before. We used data from over 6000 patients from six clinical trials and analyzed the time to death. We found that there
was no difference in the risk of death for patients with COPD who were treated with either dual therapy or triple therapy. These findings
suggest that the survival benefit of triple therapy seen in some recent studies may be specific to a high-risk population. This supports current
COPD guideline recommendations that triple therapy should be reserved for patients who need it the most (eg, those with a high risk of
exacerbations).

Introduction
Chronic obstructive pulmonary disease (COPD) is associated with a substantial healthcare and economic burden,1 and in
2019 was the third leading cause of mortality worldwide.2

There are multiple therapies that can be used as long-term treatment options for COPD, including long-acting broncho-
dilators (long-acting muscarinic antagonists [LAMAs] and/or long-acting β2-agonists [LABAs]) and inhaled corticosteroids
(ICS). The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2021 strategy report recommends a stepwise
approach to pharmacologic treatment, starting with a LAMA or LABA for most patients with COPD, and escalating to dual
bronchodilation as the next step.1 For patients who are highly symptomatic (eg, COPD Assessment Test score >20) and have
a history of exacerbations (≥2 moderate exacerbations or ≥1 leading to hospitalization), LAMA/LABA dual therapy is
recommended as initial treatment.1 The GOLD 2021 strategy report recommends triple therapy with LAMA/LABA/ICS as
initial treatment for patientswho are at an increased risk of exacerbations and have blood eosinophil levels ≥300 cells/µL and as
follow-up for patients with increased exacerbation risk despite treatment with LABA/ICS or LAMA/LABA and with blood
eosinophil levels ≥100 cells/µL.1

Several randomized controlled trials have assessed the effect of different inhaled COPD therapies on mortality. In
both the TORCH and SUMMIT trials, no statistically significant difference in mortality was observed with LABA/ICS,
LABA alone or ICS alone compared with placebo.3,4 In comparison, the reduction in all-cause mortality with the LAMA
tiotropium versus placebo did reach statistical significance at the end of the protocol-defined treatment period in the
UPLIFT trial, although not when patients were followed up for 30 days thereafter.5 Previous studies have also shown that
there is no difference in mortality amongst patients treated with LAMA/LABA dual therapy versus either LAMA or
LABA monotherapy or LABA/ICS combinations.6,7 The relative benefits on mortality of triple therapy versus dual
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LAMA/LABA therapy for patients with COPD are widely debated.8–16 Recent studies report a possible mortality benefit
of treatment with LAMA/LABA/ICS versus LAMA/LABA combinations in patients with highly symptomatic COPD
and a history of exacerbations.11–13 However, neither of these trials were designed or powered for mortality; furthermore,
they only enrolled patients with highly symptomatic COPD and a high risk of future exacerbations and, as such, they are
not representative of the majority of patients, who have moderate COPD and are infrequent exacerbators.17,18

Data on mortality in patients receiving LAMA/LABA versus LAMA/LABA/ICS therapy who have COPD with
a lower exacerbation risk are currently lacking. Given that the majority of patients who either have established COPD or
who are initiating COPD treatment are not at high risk of exacerbations, this is a key patient population to consider. This
pooled analysis of data from six Phase III/IV randomized controlled trials therefore aimed to compare the time to all-
cause mortality in a population of patients with mild-to-very-severe COPD and a predominantly low exacerbation risk
who received treatment with either LAMA/LABA or LAMA/LABA/ICS.

Methods
Patient Population
Data were pooled from patients with COPD who participated in six Phase III/IV randomized controlled trials (TONADO® 1
[NCT01431274]/TONADO® 2 [NCT01431287],19 DYNAGITO [NCT02296138],20 WISDOM [NCT00975195],21 UPLIFT
[NCT00144339]22 and TIOSPIR [NCT01126437]23,24) and received treatment with either LAMA/LABA (n=3156) or
LAMA/LABA/ICS (n=11,891). The individual trials have been described in detail previously.19–24 Severity of COPD was
assessed according to the following GOLD spirometric groups: GOLD 1 (mild, forced expiratory volume in 1 second [FEV1]
≥80% predicted); GOLD 2 (moderate, FEV1 50–<80% predicted); GOLD 3 (severe, FEV1 30–<50% predicted); GOLD 4
(very severe, FEV1 <30% predicted).1

Table 1 Summary of Patients Included in the Pooled Analysis

Treatment TONADO 1/2/
DYNAGITO

UPLIFT TIOSPIR WISDOM

Patient contribution from RCTs to the LAMA/LABA arm (n=3156), n (%)

Treatment at study entry Randomized treatment

No ICS Tiotropium/olodaterol
(LAMA/LABA)

5 µg/5 µg daily

1691 (53.6)

LABA; no ICS Tiotropium (LAMA)

18 µg daily (UPLIFT)

5 or 18 µg daily (TIOSPIR)

332

(10.5)

1133

(35.9)

Patient contribution from RCTs to the LAMA/LABA/ICS arm (n=11,891), n (%)

ICS, LABA/ICS, LAMA/ICS or LAMA/

LABA/ICSa
Tiotropium/olodaterol

(LAMA/LABA)

5 µg/5 µg daily

3277 (27.6)

LABA/ICS Tiotropium (LAMA)

18 µg daily (UPLIFT)
5 or 18 µg daily (TIOSPIR)

1464

(12.3)

5907

(49.7)

Tiotropium/salmeterol/fluticasone
propionate (LAMA/LABA/ICS) during

6-week run-in period

Tiotropium/salmeterol/
fluticasone propionate

(LAMA/LABA/ICS)

1243
(10.5)

Note: aFor patients receiving a fixed-dose combination of ICS at baseline, they were switched to an equivalent ICS monotherapy.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist, RCT, randomized controlled trial.
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Details on the treatment arms included from these trials are outlined in Table 1. The LAMA/LABA arm (n=3156)
included patients: (1) not receiving ICS at trial entry and randomized to tiotropium/olodaterol (TONADO 1/TONADO 2/
DYNAGITO; 53.6%); and (2) those already receiving LABA only who were randomized to add-on tiotropium (UPLIFT/
TIOSPIR; 46.4%). The LAMA/LABA/ICS arm (n=11,891) included patients: (1) already receiving ICS (either alone or
in combination with a LAMA and/or LABA) at trial entry, who were randomized to receive tiotropium/olodaterol
(TONADO 1/TONADO 2/DYNAGITO; 27.6%); (2) already receiving LABA/ICS, who were randomized to receive
tiotropium in addition (UPLIFT/TIOSPIR; 62.0%); and (3) those randomized to receive tiotropium/salmeterol/fluticasone
propionate (WISDOM; 10.5%). Patients receiving ICS before enrolment continued their ICS treatment (or the ICS
component alone if taken as a fixed combination with bronchodilator) at the same equivalent dose and regimen during the
study.

There was no withdrawal of prior treatment at randomization in either arm, therefore the ICS withdrawal arm of
the WISDOM study was not included in the analysis. The main analysis was on-treatment (censored at treatment
discontinuation) and all data were censored at 52 weeks, since some trials (ie, TIOSPIR and UPLIFT) were longer
than 52 weeks; the other four trials were 52 weeks long. Additional intention-to-treat (ITT) analyses were also
conducted including on- and off-treatment deaths, and Week 52 vital status data are reported.

Propensity Score Matching
To address any imbalance in characteristics between treatment arms, analyses were performed in a propensity score-matched
cohort, with age, sex, geographical region, smoking status, post-bronchodilator FEV1% predicted, exacerbation history in the
previous year, body mass index (BMI) and time since diagnosis as selected variables. Patients in the LAMA/LABA/ICS
treatment arm were propensity score-matched to those in the LAMA/LABA treatment arm, using caliper matching (caliper
width, 0.1). Baseline characteristics are reported for patients before and after matching; variables with a standardized difference
of less than 0.1 were considered balanced between treatment arms.25

All-Cause Mortality
The primary outcome of this analysis was to compare the time to all-cause mortality, defined as time to on-treatment
death from any cause, in the LAMA/LABA arm versus LAMA/LABA/ICS arm.

Time to all-cause mortality was analyzed by fitting a Cox proportional hazard regression model with treatment, study,
geographical region, smoking status, FEV1% predicted (post bronchodilator) and number of prior COPD exacerbations as
covariates (main analysis). Additional sensitivity analyses were conducted by fitting a Cox proportional hazard regression
model with: treatment, study, age and sex as covariates (sensitivity analysis 1); treatment, study, age, sex and number of
prior COPD exacerbations as covariates (sensitivity analysis 2); and with treatment, study, age, sex, geographical region,
smoking status, FEV1% predicted (post bronchodilator), number of prior COPD exacerbations, BMI and duration of
COPD diagnosis as covariates (sensitivity analysis 3). Sensitivity analysis 4 used the same model and covariates as in the
main analysis but was an ITT analysis, including deaths on and off treatment.

Compliance with Ethics Guidelines
The studies included in this pooled analysis were all performed in accordance with the Declaration of Helsinki,
International Conference on Harmonization Harmonized Tripartite Guideline for Good Clinical Practice and local
regulations. The protocols were approved by the authorities and the ethics committees of the respective institutions,
and signed informed consent was obtained from all patients, as described in the earlier publications.19–24

Results
Patient Population and Baseline Characteristics
Baseline patient characteristics for the total population and for the population following propensity score matching are
shown in Table 2. Prior to propensity score matching, most demographic characteristics in the total population were
similar, including mean age and gender distribution. However, there were differences in smoking history: a greater
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Table 2 Baseline Patient Characteristics in Patients with COPD Receiving LAMA/LABA versus LAMA/LABA/ICS

Overall Population After PS Matching

LAMA/LABA
n=3156

LAMA/LABA/ICS
n=11,891

Standardized
Difference

LAMA/LABA
n=3133

LAMA/LABA/ICS
n=3133

Standardized
Difference

Age at study entry, years

Mean ± SD 65.5±8.8 65.3±8.6 0.02 65.5±8.8 65.5±8.7 −0.01
Age category

<65 years, n (%) 1412 (44.7) 5387 (45.3) −0.01 1403 (44.8) 1373 (43.8) 0.02

65–74 years, n (%) 1253 (39.7) 4734 (39.8) 0.00 1241 (39.6) 1273 (40.6) −0.02
75–84 years, n (%) 471 (14.9) 1693 (14.2) 0.02 469 (15.0) 464 (14.8) 0.00

≥85 years, n (%) 20 (0.6) 77 (0.6) 0.00 20 (0.6) 23 (0.7) −0.01

Male, n (%) 2263 (71.7) 8658 (72.8) −0.02 2246 (71.7) 2256 (72.0) −0.01

Geographical region, n (%)
Australia/New Zealand/

South Africa

59 (1.9) 412 (3.5) −0.10 59 (1.9) 61 (1.9) 0.00

East Asia 349 (11.1) 827 (7.0) 0.14 344 (11.0) 376 (12.0) −0.03
Eastern Europe 921 (29.2) 3732 (31.4) −0.05 918 (29.3) 879 (28.1) 0.03

India 36 (1.1) 264 (2.2) −0.08 36 (1.1) 44 (1.4) −0.02
Latin America 181 (5.7) 874 (7.4) −0.07 181 (5.8) 184 (5.9) 0.00
North America 586 (18.6) 2072 (17.4) 0.03 585 (18.7) 564 (18.0) 0.02

Western Europe 991 (31.4) 3258 (27.4) 0.09 978 (31.2) 987 (31.5) −0.01
Southeast Asia 33 (1.0) 360 (3.0) −0.14 32 (1.0) 38 (1.2) −0.02
North Africa 0 92 (0.8) −0.12 0 0

BMI, kg/m2

Mean ± SD 26.2±5.5 26.1±5.5 0.02 26.2±5.5 26.3±5.6 −0.01
BMI class, kg/m2

<18.5, n (%) 165 (5.2) 720 (6.1) −0.04 164 (5.2) 161 (5.1) 0.00

18.5–<25, n (%) 1268 (40.2) 4730 (39.8) 0.01 1262 (40.3) 1244 (39.7) 0.01

25–<30, n (%) 1033 (32.7) 3904 (32.8) 0.00 1029 (32.8) 1025 (32.7) 0.00
≥30, n (%) 678 (21.5) 2534 (21.3) 0.00 678 (21.6) 703 (22.4) −0.02
Missing 12 (0.4) 3 (0.0) 0.08 0 0

Smoking history

Pack-years, mean ± SD 45.3±24.7 45.1±25.2 0.01 45.3±24.7 45.4±24.7 −0.01
Never smoked 0 1 (0.0) −0.01 0 0
Ex-smoker 1867 (59.2) 8104 (68.2) −0.19 1851 (59.1) 1876 (59.9) −0.02
Current smoker 1289 (40.8) 3786 (31.8) 0.19 1282 (40.9) 1257 (40.1) 0.02
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Table 2 (Continued).

Overall Population After PS Matching

LAMA/LABA
n=3156

LAMA/LABA/ICS
n=11,891

Standardized
Difference

LAMA/LABA
n=3133

LAMA/LABA/ICS
n=3133

Standardized
Difference

Number of COPD
exacerbations in

prior year, n (%)

0 1127 (35.7) 3635 (30.6) 0.11 1113 (35.5) 1125 (35.9) −0.01
1 1426 (45.2) 4914 (41.3) 0.08 1419 (45.3) 1413 (45.1) 0.00

2 387 (12.3) 2027 (17.0) −0.14 387 (12.4) 407 (13.0) −0.02
≥3 213 (6.7) 1313 (11.0) −0.15 212 (6.8) 187 (6.0) 0.03
Missing 3 (0.1) 2 (0.0) 0.03 2 (0.1) 1 (0.0) 0.01

Pre-bronchodilator
screening FEV1, mean ±

SD, L

1.2±0.5 1.1±0.4 0.33 1.2±0.5 1.2±0.4 0.11

Post-bronchodilator

screening FEV1, mean ±

SD
FEV1, L 1.3±0.5 1.2±0.4 0.28 1.3±0.5 1.3±0.4 0.06

FEV1/FVC, % 48.3±11.7 46.4±11.4 0.16 48.3±11.7 48.3±11.2 0.01

FEV1% pred 48.6±13.2 44.7±24.5 0.20 48.6±13.2 48.4±13.3 0.02

GOLD stagea

1 (FEV1 ≥80% pred) 5 (0.2) 35 (0.3) −0.03 5 (0.2) 16 (0.5) −0.06
2 (FEV1 50–<80% pred) 1558 (49.4) 4260 (35.8) 0.28 1551 (49.5) 1489 (47.5) 0.04

3 (FEV1 30–<50% pred) 1274 (40.4) 5714 (48.1) −0.16 1269 (40.5) 1313 (41.9) −0.03
4 (FEV1 <30% pred) 293 (9.3) 1779 (15.0) −0.17 293 (9.4) 297 (9.5) 0.00
Missing 26 (0.8) 103 (0.9) 0.00 15 (0.5) 18 (0.6) −0.01

COPD diagnosis duration
Mean ± SD

7.2±6.2 8.2±6.4 −0.16 7.2±6.2 7.1±5.7 0.01

<1 year, n (%) 176 (5.6) 411 (3.5) 0.10 174 (5.6) 150 (4.8) 0.03

1–<10 years, n (%) 2087 (66.1) 7502 (63.1) 0.06 2077 (66.3) 2147 (68.5) −0.05
10–<20 years, n (%) 721 (22.8) 3196 (26.9) −0.09 712 (22.7) 705 (22.5) 0.01

≥20 years, n (%) 171 (5.4) 782 (6.6) −0.05 170 (5.4) 131 (4.2) 0.06

Missing 1 (0.0) 0 (0.0) 0.03 0 (0.0) 0 (0.0)
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Overall Population After PS Matching

LAMA/LABA
n=3156

LAMA/LABA/ICS
n=11,891

Standardized
Difference

LAMA/LABA
n=3133

LAMA/LABA/ICS
n=3133

Standardized
Difference

Comorbidities, n (%)
Cancer 79 (2.5) 237 (2.0) 0.03 79 (2.5) 58 (1.9) 0.05

Cardiac arrhythmia 289 (9.2) 1042 (8.8) 0.01 289 (9.2) 280 (8.9) 0.01

Cardiac failure 62 (2.0) 276 (2.3) –0.02 62 (2.0) 55 (1.8) 0.02
Cerebrovascular

accidentsb
119 (3.8) 426 (3.6) 0.01 119 (3.8) 114 (3.6) 0.01

Diabetes 426 (13.5) 1198 (10.1) 0.11 422 (13.5) 294 (9.4) 0.13
Myocardial infarction 179 (5.7) 623 (5.2) 0.02 178 (5.7) 153 (4.9) 0.04

Renal impairment 33 (1.0) 65 (0.5) 0.06 31 (1.0) 22 (0.7) 0.03

Notes: aBased on post-bronchodilator FEV1 percentage predicted; bCerebrovascular accidents included both ischemic and hemorrhagic events, including stroke and transient ischemic attack.
Abbreviations: BMI, body mass index; 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; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; NYHA, New York Heart Association; pred, predicted; PS, propensity score; SD, standard deviation.
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proportion of patients in the LAMA/LABA arm were current smokers compared with those in the LAMA/LABA/ICS
arm (40.8% vs 31.8%; standardized difference = 0.19). The LAMA/LABA arm had a higher mean FEV1% predicted
(post bronchodilator), a lower proportion of patients with a prior history of frequent exacerbations and a higher
proportion of patients with mild-to-moderate COPD compared with the LAMA/LABA/ICS arm.

After propensity score matching, there were 3133 patients in each of the LAMA/LABA and LAMA/LABA/ICS
treatment arms. Baseline characteristics were well balanced, as demonstrated by low values of standardized difference
(Table 2). Both arms were composed mostly of infrequent exacerbators (patients with 0–1 exacerbation in prior year:
80.8% on LAMA/LABA vs 81.0% on LAMA/LABA/ICS) and patients with mild-to-very-severe COPD (GOLD 1: 0.2%
vs 0.5%; GOLD 2: 49.5% vs 47.5%; GOLD 3: 40.5% vs 41.9%; and GOLD 4: 9.4% vs 9.5%). Although comorbidities
were not matched for, they were found to be well balanced across the two cohorts (Table 2). There was, however,
a slightly higher proportion of patients with diabetes in the LAMA/LABA versus LAMA/LABA/ICS arm (13.5% vs
9.4%, respectively).

Overall, the propensity score distribution was similar among patients treated with LAMA/LABA compared with
LAMA/LABA/ICS and largely overlapped, indicating balance between the two treatment arms (e-Figure 1).

At Week 52, vital status data were available for 99.4% of patients in the LAMA/LABA treatment arm and 99.6% in
the LAMA/LABA/ICS arm (Table 3). A similar proportion of patients discontinued trial medication in both the LAMA/
LABA (12.1%) and LAMA/LABA/ICS (13.1%) treatment arms (e-Table 1).

All-Cause Mortality
In the propensity score-matched population, there were 41 (1.3%) on-treatment deaths in the LAMA/LABA arm and
45 (1.4%) on-treatment deaths in the LAMA/LABA/ICS arm prior to 52 weeks (Table 3). No statistically significant
difference in the hazard of death was observed between treatment arms (hazard ratio 1.06; 95% confidence interval
[CI] 0.68, 1.64; P=0.806; Figure 1). Sensitivity analyses using three additional models with different covariates
showed similar results (Figure 1).

In the ITT analysis including both on-treatment and off-treatment deaths, there were 74 (2.4%) deaths in the LAMA/
LABA arm and 66 (2.1%) deaths in the LAMA/LABA/ICS arm prior to 52 weeks (Table 3). Again, no statistically
significant difference in the time to death was observed between treatment arms (hazard ratio 1.19; 95% CI 0.84, 1.68;
P=0.338; Figure 1, sensitivity analysis 4).

Plots of estimated probability of all-cause mortality with LAMA/LABA versus LAMA/LABA/ICS are shown in
Figure 2 (Log rank test P=0.6390) for the on-treatment analysis and e-Figure 2 for the ITT analysis (Log rank test
P=0.4938).

Cause of Death
Adjudicated causes of death for patients who died in the on-treatment (as well as on- and off-treatment) analysis are
summarized in e-Table 2. No meaningful difference in cause of death was observed, including for cardiac, respiratory,

Table 3 Vital Status at 52 Weeksa

LAMA/LABA
n=3133

LAMA/LABA/ICS
n=3133

Deaths on-treatment, n (%) 41 (1.3) 45 (1.4)

Deaths off-treatment prior to 52 weeks, n (%) 33 (1.1) 21 (0.7)

Total deaths on-treatment and off-treatment prior to 52 weeks, n (%) 74 (2.4) 66 (2.1)

Alive at Week 52, n (%) 3040 (97.2) 3055 (97.6)

Note: aVital status data were missing at 52 weeks for 19 patients in the LAMA/LABA group and 12 patients in the LAMA/LABA/ICS group.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist.
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and any other cause. The proportion of respiratory deaths based on the adjudicated cause of death were 9/41 (22% of all
deaths) in the LAMA/LABA arm and 11/45 (24% of all deaths) in the LAMA/LABA/ICS arm.

Discussion
This pooled analysis of over 6000 propensity score-matched patients from six Phase III/IV randomized controlled trials
showed no difference in mortality between treatment with LAMA/LABA and LAMA/LABA/ICS therapy in patients

Figure 1 Time to all-cause mortality over 52 weeks for patients treated with LAMA/LABA versus LAMA/LABA/ICS, following propensity score matching. The main analysis
and sensitivity analyses 1–3 were on-treatment analyses. Sensitivity analysis 4 was an intention-to-treat analysis. Results were obtained by fitting a Cox proportional hazard
regression model with treatment, study, geographical region, smoking status, FEV1% predicted (post bronchodilator) and number of prior COPD exacerbations as covariates
(main analysis and sensitivity analysis 4); with treatment, study, age and sex as covariates (sensitivity analysis 1); with treatment, study, age, sex and number of prior COPD
exacerbations as covariates (sensitivity analysis 2); or with treatment, study, age, sex, geographical region, smoking status, FEV1% predicted (post bronchodilator), number of
prior COPD exacerbations, BMI and duration of COPD diagnosis as covariates (sensitivity analysis 3).
Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; ICS, inhaled
corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist.

Figure 2 Estimated probability of all-cause mortality over 52 weeks (on-treatment). Shaded regions represent 95% equal precision bands.
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist.
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with COPD and a predominantly low risk of exacerbations. This finding remained when sensitivity analyses were
conducted using three additional models with different combinations of covariates and when the same analyses were
conducted in the ITT population, which included on- and off-treatment deaths.

Importantly, our study includes a population of patients at a predominantly low risk of exacerbations; only 19% of
patients had experienced >1 exacerbation in the year prior to study entry. Our findings suggest that triple therapy does not
carry a survival benefit versus LAMA/LABA therapy in patients with a low exacerbation risk, who are reflective of the
majority of patients with COPD.18

In contrast to our study, the IMPACT and ETHOS randomized controlled trials report that, in patients with a higher
risk of exacerbations (at least 1 moderate or severe exacerbation in the previous year), there is a survival benefit of
treatment with LAMA/LABA/ICS versus LAMA/LABA combinations.11–13,26 In IMPACT, the hazard ratio for on-
treatment all-cause mortality was 0.58 (95% CI 0.38, 0.88; P=0.011) for the comparison of triple therapy (umeclidinium/
vilanterol/fluticasone furoate) with LAMA/LABA (umeclidinium/vilanterol).11 Similarly, in a recent analysis of data
from ETHOS, the hazard ratio for reduction in on-treatment all-cause mortality was 0.50 (95% CI 0.30, 0.81; unadjusted
P=0.0056) with glycopyrrolate/formoterol/budesonide relative to glycopyrrolate/formoterol.26 It is worth noting that, in
both the IMPACT and ETHOS trials,11–13 treatment with ICS was discontinued in the LAMA/LABA arm at the time of
randomization and this could have confounded the benefit of triple therapy. In fact, 72% and 81% of patients in the
LAMA/LABA arm of IMPACT and ETHOS, respectively, were receiving ICS at screening; in both trials, 40% of
patients entering the LAMA/LABA arm were on triple therapy at screening.12,13 A potential difference in mortality
benefit has been seen when stratifying by follow-up time after treatment initiation.27 Moreover, the small subgroup of
patients who were not on ICS at screening was the only group that did not show a trend towards reduced mortality with
triple therapy versus LAMA/LABA in either trial.11,26 However, the authors of the most recent ETHOS publication
suggest that the overall results for mortality cannot be explained solely by acute treatment withdrawal, although it cannot
be ruled out that discontinuation of ICS may have contributed to some of the early death events.26 In contrast to the
IMPACT and ETHOS trials, there was no withdrawal of prior ICS treatment at randomization in patients included in our
analysis. Note that, in the future, use of an “adaptive selection” clinical trial design would avoid these issues concerning
treatment withdrawal effects.28

For inclusion in the ETHOS trial, patients were required to have a post-bronchodilator FEV1 of less than 65% of the
predicted normal value,13 which would have skewed the inclusion of patients with moderate GOLD 2 COPD toward the
more severe end of this range. Compared with both ETHOS and IMPACT, the mean FEV1% predicted (post bronch-
odilator) was higher in our study (48.4─48.6% versus 43.4% [ETHOS] and 45.5% [IMPACT]).11,26 In both IMPACT and
ETHOS, the inclusion criteria required patients to have a history of exacerbations (≥1 moderate or severe exacerbation in
the prior year if FEV1% predicted <50%; or ≥2 moderate/≥1 severe exacerbation if FEV1% predicted ≥50%).12,13 As
a result, these patients had a substantially higher risk of exacerbations than in our study, with 54% of patients from
IMPACT and 57% from ETHOS experiencing ≥2 moderate or severe exacerbations in the previous year, compared with
only 19% in our study.12,13 In our study, over 35% of patients had no history of exacerbations in the prior year. The
ETHOS study also enriched for patients with high eosinophil counts (>150 cells/μL),13 who are more likely to benefit
from addition of ICS. Unfortunately, we do not have eosinophil data available and therefore cannot investigate the
influence of blood eosinophils on outcomes. Another possible explanation for the different results observed in our
analysis is that IMPACT and ETHOS included patients with a previous history of asthma, whereas patients with a history
of asthma were excluded in the studies that we used for our analysis.

All-cause mortality (on-treatment) was slightly lower in the LAMA/LABA arm in our analysis (proportion of patients
with deaths: 1.3%) compared with that reported in the IMPACT (1.9%) and ETHOS (2.1%) trials, but was similar for the
triple therapy arm (our analysis: 1.4% compared with 1.2% in IMPACT and 1.2%/1.7% for 320/160 µg budesonide,
respectively, in ETHOS).11,26 We may hypothesize that the higher mortality risk in patients on LAMA/LABA from
IMPACT and ETHOS may be explained by the proportion of patients with frequent exacerbations and high blood
eosinophil counts who were randomized to LAMA/LABA, a significant number of whom were previously treated with
ICS that was removed as a consequence of randomization.26 Our findings in a lower risk population showed no
significant reduction in the risk of mortality with the use of triple therapy compared with LAMA/LABA in all patients
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with COPD. This suggests that ICS are not needed in patients at a low risk of exacerbations, likely irrespective of
baseline eosinophil count. This is consistent with current guidelines that strongly suggest prescribing (and not disconti-
nuing) ICS only in patients with exacerbations and high blood eosinophil counts.1,29 Unfortunately, blood eosinophil data
are not available for all studies in our pooled analysis, which limits our interpretation.

Overall, our findings support the recommendations from the GOLD 2021 strategy report that triple therapy should be
reserved for those patients who have an increased risk of exacerbations despite treatment with LABA/ICS or despite
treatment with LAMA/LABA and who have eosinophil levels ≥100 cells/µL.1 Given that there are a number of safety
concerns associated with ICS use, including an increased risk of pneumonia, osteoporosis and poor diabetes control, this
further emphasizes the importance of only using ICS-containing regimens in those patients for whom they are
recommended.30–32 In addition, triple therapy has been associated with higher costs compared with LAMA/LABA
combinations.33,34

The fact that this was not a new user cohort is an important limitation of the study and introduces the possibility of on-
treatment bias, since confounding cannot be controlled for pre-treatment variables that were not captured at baseline, such
as prior treatment duration.35–37 Nevertheless, it is worth noting that, similar to our study, a relevant proportion of patients
included in the triple arms of the IMPACT (40%) and ETHOS (39.1─39.5%) randomized clinical trials were not new users
either.11,13 There is also an inherent limitation of any such pooled analysis, which, unlike a randomized controlled trial,
involved pooling data from different trials. Note that tiotropium was the only LAMA evaluated in this analysis, which may
impact on the generalizability of the results. The duration of 52 weeks may also be a limitation as longer follow-up could
potentially have revealed a delayed survival benefit in patients with less severe COPD.

A key strength of our study is that it provides mortality data for LAMA/LABAversus LAMA/LABA/ICS treatment in
a representative population of patients with a lower risk of exacerbations and with less severe COPD than has previously
been reported.11–13 Another strength is the large number of patients (N>6000) in the propensity score-matched population,
and that both on-treatment and off-treatment mortality were assessed, showing similar results. In addition, vital status was
available for ≥99.4% of patients. In the total population, there were some differences in baseline characteristics between
treatment arms (eg, exacerbation history); however, propensity score matching provided balance between the cohorts.
Nevertheless, this was only possible for measured covariates, and therefore an impact of residual confounding by
unmeasured confounders cannot be ruled out. Of note, there was an imbalance in prior ICS use between the treatment
groups. No patients in the LAMA/LABA group had previously used ICS, whereas those in the LAMA/LABA/ICS group
had received ICS prior to study entry. Thus, since there was no obligatory withdrawal of prior treatment at randomization in
either treatment arm, discontinuation of ICS at study entry could not have confounded the results.

Conclusion
This pooled analysis of over 6000 propensity score-matched patients showed no differences in mortality between LAMA/
LABA and LAMA/LABA/ICS therapy in patients with COPD and a predominantly low risk of exacerbations. Our
findings therefore suggest that triple therapy does not carry a survival benefit versus LAMA/LABA therapy in this
population, and that the survival benefit of triple therapy seen in some recent studies may be specific to a high-risk
population. This supports current GOLD recommendations that triple therapy should be reserved for the subpopulations
of patients who need it the most (eg, those with an eosinophilic phenotype and a high risk of exacerbations) to avoid ICS
overuse.

Abbreviations
BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled
corticosteroids; ITT, intention to treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist.
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