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RESEARCH ARTICLE
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adjusted indirect comparison based on ETHOS and IMPACT
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ABSTRACT
Objective: Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide.
While two approved fixed-dose inhaled corticosteroid/long-acting muscarinic antagonist (LAMA)/long-
acting b2-agonist (LABA) triple therapies reduce all-cause mortality (ACM) versus dual LAMA/LABA ther-
apy in patients with COPD, head-to-head studies have not compared the effects of these therapies on
ACM. We compared ACM in adults with moderate-to-very severe COPD receiving budesonide/glyco-
pyrrolate/formoterol fumarate (BGF) in ETHOS versus fluticasone furoate/umeclidinium/vilanterol
(FF/UMEC/VI) in IMPACT using a matching-adjusted indirect comparison (MAIC).
Methods: A systematic literature review identified two studies (ETHOS [NCT02465567]; IMPACT
[NCT02164513]) of �52weeks reporting ACM as an efficacy endpoint in patients receiving triple ther-
apy. As ETHOS and IMPACT lack a common comparator, an unanchored MAIC compared ACM
between licensed doses of BGF (320/18/9.6lg) from ETHOS and FF/UMEC/VI (100/62.5/25lg) from
IMPACT in patients with moderate-to-very severe COPD. Using on- and off-treatment data from the
final retrieved datasets of the intention-to-treat populations, BGF data were adjusted according to
aggregate FF/UMEC/VI data using 11 baseline covariates; a supplementary unadjusted indirect treat-
ment comparison was also conducted. P-values for these post-hoc analyses are not adjusted for Type I
error.
Results: ACM over 52weeks was statistically significantly reduced by 39% for BGF versus FF/UMEC/VI
in the MAIC (hazard ratio [HR] [95% CI]: 0.61 [0.38, 0.95], p¼ 0.030) and unadjusted analysis (HR [95%
CI]: 0.61 [0.41, 0.92], p¼ 0.019).
Conclusion: In this MAIC, which adjusted for population heterogeneity between ETHOS and IMPACT,
ACM was significantly reduced with BGF versus FF/UMEC/VI in patients with moderate-to-very severe
COPD.
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PLAIN LANGUAGE SUMMARY

Chronic obstructive pulmonary disease (known as COPD) is a leading cause of death worldwide, being
responsible for over 3 million deaths in 2019. People living with COPD are more likely to die.
Importantly, a sudden worsening of COPD symptoms (known as an exacerbation) is associated with a
higher chance of death from heart-related and breathing-related problems. Therefore, reducing risk of
death is an important treatment goal for COPD. Of the three medications approved for treating COPD
that combine three drugs in a single-inhaler device, there are two—referred to generically as budeso-
nide/glycopyrrolate/formoterol fumarate (BGF) and fluticasone furoate/umeclidinium/vilanterol
(FF/UMEC/VI)—that can reduce the risk of death in people living with COPD compared with treat-
ments that combine two drugs. However, no studies have directly compared the risk of death in peo-
ple living with COPD treated with these medicines. We compared the risk of death in people living
with moderate-to-very severe COPD who received either BGF during a clinical trial called ETHOS or
FF/UMEC/VI during a clinical trial called IMPACT. To make this comparison, we used a method called
“matching-adjusted indirect comparison”, which used specific features (such as sex, breathing difficulty,
and whether they were current smokers) to match patients from the two studies to ensure similar
groups were examined. Our analysis showed a 39% decrease in the chance of death in patients who
received BGF compared with patients who received FF/UMEC/VI. This finding may be important for
doctors to improve patient health and reduce the risk of death in people living with COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is a leading
cause of death and disability worldwide, affecting over 200
million people and being responsible for an estimated 74
million disability-adjusted life years and over 3 million deaths
annually1–3. Patients with COPD are at risk of cardiopulmon-
ary events, including exacerbations (i.e. an acute worsening
of symptoms) of their COPD and myocardial infarction4–6.
Cardiopulmonary-related death is the most common cause
of mortality in patients with COPD7,8. Furthermore, exacerba-
tions further amplify the risk of subsequent cardiovascular
events and risk of all-cause, COPD-related, and cardiovascu-
lar-related mortality9–11. Though COPD is preventable and
treatable, COPD-related mortality is projected to rise for the
foreseeable future1,12,13. As such, reducing mortality is an
important treatment goal for COPD.

The availability of fixed-dose triple therapy, which com-
bines an inhaled corticosteroid (ICS), a long-acting muscarinic
antagonist (LAMA), and a long-acting b2-agonist (LABA), has
improved treatment opportunities for patients diagnosed with
COPD, with several robust clinical studies demonstrating
improved lung function and reduced exacerbation rates with
ICS/LAMA/LABA versus LAMA/LABA or ICS/LABA dual thera-
pies14–19. Based on these findings, three ICS/LAMA/LABA triple
therapies are currently marketed as maintenance treatment
for COPD: budesonide/glycopyrrolate/formoterol fumarate
(BGF) 320/18/9.6mg (two actuations of 160/9/4.8mg) twice
daily, fluticasone furoate/umeclidinium/vilanterol (FF/UMEC/VI)
100/62.5/25lg (one actuation) once daily, and beclometha-
sone dipropionate/glycopyrronium/formoterol fumarate
(BDP/GLY/FF) 200/20/12lg (two actuations of 100/10/6mg)
twice daily20–22.

As noted in the Global Initiative for Chronic Lung Disease
(GOLD) 2023 report1, two important 52-week randomized
controlled trials (ETHOS and IMPACT) have reported that
fixed-dose ICS/LAMA/LABA triple therapy reduced all-cause
mortality over LAMA/LABA dual therapy14,16,23,24. Descriptions
of the study designs can be found in Supplementary Table 1.

Although eligibility criteria differed slightly between the trials,
baseline patient characteristics were broadly similar across the
ETHOS and IMPACT study populations, with slight differences
observed for sex, race, body mass index (BMI), COPD severity,
and exacerbation history (Supplementary Table 2). An analysis
of all-cause mortality from the ETHOS study in patients with
moderate-to-very severe COPD and a history of exacerbations
reported triple therapy with twice-daily BGF 320/18/9.6mg
reduced all-cause mortality by 49% versus dual LAMA/LABA
therapy (30 deaths/2137 patients [1.4%] with BGF 320/18/
9.6mg vs 56 deaths/2120 patients [2.6%] with LAMA/LABA;
hazard ratio [HR] [95% confidence interval; CI]: 0.51 [0.33,
0.80], unadjusted p¼ 0.0035) in the final retrieved dataset, cor-
responding to a number needed to treat of 80 (95% CI: 58,
198)23. Similarly, in patients with moderate-to-very severe
COPD and a history of exacerbations from the IMPACT study,
triple therapy with FF/UMEC/VI 100/62.5/25lg reduced all-
cause mortality by 28% versus LAMA/LABA dual therapy (98
deaths/4151 patients [2.36%] with FF/UMEC/VI vs 66 deaths/
2070 patients [3.19%] with LAMA/LABA; HR [95% CI]: 0.72
[0.53, 0.99], p¼ 0.042) in the final retrieved dataset (using on-
and off-treatment data), corresponding to a number needed
to treat of 12124. Causes of death from both studies are sum-
marized in Supplementary Table 3. All-cause mortality has not
been examined as a prespecified efficacy endpoint for triple
therapy with BDP/GLY/FF, but only in a post-hoc safety ana-
lysis. As highlighted by Vestbo et al.25, this is not trivial, as the
aim of mortality studies is to have follow-up for all patients
until the end of the planned study period, therefore including
on- and off-treatment data because patients may discontinue
randomized treatment and/or study participation near the end
of their lives. Safety analyses often only follow patients while
on treatment, with follow-up for only a short period of time
after treatment discontinuation, which can bias results25. In
this analysis, the risk of developing a fatal event was numeric-
ally but not statistically significantly reduced for BDP/GLY/FF
versus therapies not containing ICS25. Given that COPD contin-
ues to exert a considerable mortality burden3,13, the
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importance of findings from studies examining all-cause mor-
tality in COPD, particularly the mortality reductions observed
in the ETHOS and IMPACT studies, where mortality was
assessed as a prespecified efficacy endpoint, should not be
underestimated.

Due to differences in the components and delivery sys-
tems among ICS/LAMA/LABA triple therapies26, it is plausible
that there may be differences in efficacy between treat-
ments, which warrants further investigation. However, to
date, no head-to head clinical studies have been performed
to directly compare the effects of fixed-dose triple therapies
on clinical endpoints, including mortality risk, in patients
with COPD. Two previously published network meta-analyses
(NMAs) by Lee et al.27 and Rogliani et al.28 have indirectly
examined mortality in COPD and the use of triple therapies,
reporting no significant differences in mortality reductions
across different ICS/LAMA/LABA triple therapies. However,
those analyses, which utilized a traditional Bayesian approach
using aggregate-level data, did not only consider mortality
as an efficacy outcome (all types of mortality events, e.g.
adverse events, were evaluated within a single category)
and/or included studies with a range of treatment durations
<52weeks27,28, introducing additional trial-specific hetero-
geneity to a comparison of already heterogenous patient
populations and study designs. Given that ETHOS and
IMPACT share similarities in study design and timelines, the
exclusion of additional studies in further analyses may help
avoid many of the limitations of previous analyses and better
elucidate differences in efficacy between triple therapies14,16.

Indirect treatment comparisons (ITCs) across separate trials
are increasingly recognized as an essential form of evidence
in developing healthcare guidance29,30. Matching-adjusted
indirect comparisons (MAICs) are a form of population-
adjusted ITC that attempt to reduce bias in treatment com-
parisons by matching individual patient-level data (IPD) from
clinical trials of one treatment to aggregate data reported for
comparator trials30,31. Here, following a systematic literature
review (SLR), we report the results of a MAIC that assessed
reductions in all-cause mortality risk in adults with moderate-
to-very severe COPD receiving licensed doses of BGF
(320/18/9.6mg) in ETHOS versus FF/UMEC/VI (100/62.5/25 lg)
in IMPACT.

Methods

Study selection & feasibility assessment

Systematic literature review
A systematic literature review of English language articles
published before June 2022 was conducted to identify
randomized controlled trials (RCTs) of �52-week duration
that reported all-cause mortality as an efficacy endpoint in
adult patients with moderate-to-very severe COPD receiving
ICS/LAMA/LABA triple therapy (fixed-dose or open triple). A
description of the SLR methodology and findings are pro-
vided in the Supplementary Material (see Supplementary SLR
Methods and Results), which reports descriptions of included
study characteristics (Supplementary Table 1) and patient
characteristics (Supplementary Table 2), and describes study

inclusion criteria (Supplementary Table 4), the SLR search
strategies (Supplementary Table 5) and the PRISMA flow dia-
gram (Supplementary Figure 1).

Feasibility of indirect comparison
Two studies (ETHOS, NCT0246556714,23; IMPACT,
NCT0216451316,24) met the SLR inclusion criteria, and the
feasibility of an ITC between these studies was assessed.
Both studies were conducted in accordance with Good
Clinical Practice guidelines and the provisions of the
Declaration of Helsinki, both studies received approval from
local institutional review boards or independent ethics com-
mittees, and all patients provided written informed con-
sent14,16. According to the National Institute for Health and
Care Excellence (NICE) Decision Support Unit Technical
Support Document 1830, MAICs can be used to carry out
either an “anchored” ITC, where there is a common compara-
tor arm in each trial, or an “unanchored” ITC, where there is
a disconnected treatment network or single-arm studies29,30.
Due to the lack of a common comparator arm (same treat-
ment) in the ETHOS and IMPACT studies (disconnected net-
work; Figure 1A), an anchored analysis was deemed
infeasible. As such, an unanchored ITC method (Figure 1B)
was selected as the primary approach. A MAIC was utilized
as the primary unanchored ITC method, and an unadjusted
ITC was conducted as a supplementary analysis to support
the primary MAIC.

Indirect treatment comparisons

Primary analysis: MAIC
The primary analysis compared mortality risk reduction in
patients treated with a licensed dose of BGF (320/18/9.6mg)
from ETHOS versus mortality risk reduction in patients treated
with a licensed dose of FF/UMEC/VI (100/62.5/25mg) from
IMPACT using a MAIC, which mitigated the impact of interstudy
population heterogeneity. The analysis utilized on- and off-
treatment data from the final retrieved dataset from the inten-
tion-to-treat (ITT) populations of both studies over 52weeks,
using published mortality analyses for ETHOS and IMPACT23,24.
The final retrieved datasets included the original datasets (the
datasets established at database lock) plus additional data
retrieved for patients missing Week 52 vital status, resulting in
data for 99.6% of the ITT populations for each study.

For BGF, IPD from ETHOS was adjusted according to
aggregate FF/UMEC/VI data from IMPACT, following the gen-
eral steps described by Signorovitch et al.32 and Phillippo
et al.29. In brief, to re-weight the BGF arm from ETHOS so it
matched the population characteristics of the FF/UMEC/VI
arm from IMPACT, balancing weights were derived from a
propensity score-type logistic regression equation that pre-
dicted whether a given patient type originated from the
index study (ETHOS) or the comparator study (IMPACT) as a
function of baseline characteristics. The weights were used
to calculate the effective study sample size, and the
weighted average of baseline characteristics was compared
with target values from the relevant comparator study arm.
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A listing of 11 weighted baseline covariates (sex, BMI,
smoking status, race [Asian, White, Other], percent broncho-
dilator reversibility, severe exacerbation history in the past
12months, and COPD severity [moderate, severe, very
severe]; see Supplementary Table 6) was derived and
selected by clinical expert opinion and statistical measures of
large deviation. These covariates were used for adjustment if
there was a standardized mean difference (SMD) >0.1
between the ETHOS and IMPACT populations33. Balancing
weights were applied to derive adjusted outcome estimates.

Web plot Digitizer34 converted a Kaplan–Meier curve image
for FF/UMEC/VI from the IMPACT study into x- and y-coordi-
nates (i.e. time and survival probabilities), with the digitized
curve overlaid and compared to the original image to ensure
accuracy. Following methods described by Guyot et al.35,
pseudo-IPD were generated from the coordinates for each
curve and checked for accuracy by plotting the resulting
Kaplan–Meier curves against the published plot. Relative effects
on mortality between BGF and FF/UMEC/VI were quantified
using HRs with 95% CIs. As the balancing weights were not
case weights, robust standard errors were used for HRs.

For the unadjusted supplementary analysis, IPD for BGF
from ETHOS were directly compared with pseudo-IPD extracted
from a Kaplan–Meier curve of FF/UMEC/VI from IMPACT.

Sensitivity analyses
Several sensitivity analyses were performed to test the
robustness of the primary analysis (Table 1). First, sensitivity
analyses considered the final retrieved dataset (on- and off-
treatment data) with different covariates to the primary ana-
lysis, namely: only the significantly imbalanced baseline cova-
riates (as measured by a standardized mean difference >0.1)
of sex, BMI, bronchodilator reversibility, and categorical

COPD severity; 11 baseline covariates plus age; 11 baseline
covariates plus COPD Assessment Test (CAT) score; 11 base-
line covariates with forced expiratory volume in 1 s (FEV1)
included instead of categorical COPD severity; 11 baseline
covariates with moderate/severe exacerbation history
included instead of severe exacerbation history; and 11 base-
line covariates plus five cardiovascular (CV) conditions
(angina, myocardial infarction, hypertension, diabetes melli-
tus, and hypercholesterolemia). Second, sensitivity analyses
considered the original dataset (the dataset established at
database lock; on- and off-treatment data). Third, sensitivity
analyses considered only on-treatment mortality outcomes
with the final retrieved dataset for BGF and the original data-
set for FF/UMEC/VI.

Statistical analyses
Statistical analyses were performed using SAS version 9.4
(https://support.sas.com/software/94/), and figures were gen-
erated using R version 4.0.2 (https://cran.r-project.org/bin/
windows/base/old/4.0.2/). Significance testing was defined
using a two-tailed p-value of <0.05, and all between-group
comparisons are reported using HRs with Wald-type 95% CIs
and p-values. All analyses were conducted post-hoc and are
not adjusted for the potential inflation of Type I error rate
due to multiple testing.

Results

Indirect mortality risk reduction comparison

Primary MAIC and unadjusted analyses
The primary MAIC analysis demonstrated a statistically signifi-
cant 39% reduction for on- and off-treatment-specific all-

Figure 1. Network of studies for ETHOS and IMPACT.
BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; FF, fluticasone furoate; GFF, glycopyrrolate/formoterol fumarate; ITC, indirect treatment com-
parison; MAIC, matching-indirect treatment comparison; UMEC, umeclidinium; VI, vilanterol
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cause mortality with BGF versus FF/UMEC/VI in the final
retrieved dataset (HR [95% CI]: 0.61 [0.38, 0.95], p¼ 0.030;
Figure 2A and B). Supporting the primary analysis results, the
unadjusted analysis also demonstrated a statistically signifi-
cant 39% reduction for on- and off-treatment specific all--
cause mortality with BGF versus FF/UMEC/VI in the final
retrieved data set (HR [95% CI]: 0.61 [0.41, 0.92], p¼ 0.019;
Figure 2A and B).

Sensitivity analyses
Overall, the sensitivity analyses were highly consistent with,
and supportive of, the primary analyses (Figure 3). The MAIC
analysis including significantly imbalanced univariate variables
(SMD >0.1) showed a 37% reduction for on- and off-treat-
ment specific all-cause mortality for BGF versus FF/UMEC/VI
in the final retrieved dataset (Figure 3), and MAIC analyses
adding age, FEV1 (instead of COPD severity), moderate/severe
exacerbation history (instead of severe exacerbation history),
CAT score, or CV conditions to the primary baseline covari-
ates demonstrated reductions ranging from 37–43.5% for on-
and off-treatment specific all-cause mortality for BGF versus
FF/UMEC/VI in the final retrieved dataset (Figure 3). MAIC and
unadjusted analyses using the original dataset only or the ori-
ginal dataset for FF/UMEC/VI and the final retrieved dataset
for BGF demonstrated on- and off-treatment or on-treatment
specific reductions in all-cause mortality ranging from 35–
38% for BGF versus FF/UMEC/VI (Figure 3).

Discussion

To date, three fixed-dose triple combination therapies have
been approved for the treatment of COPD20–22. In well-con-
ducted RCTs, two of these therapies, BGF in ETHOS23 and
FF/UMEC/VI in IMPACT24, demonstrated evidence of reduced
all-cause mortality risk versus LAMA/LABA dual therapy in
patients with COPD. For the third approved triple therapy
(i.e. BDP/GLY/FF), all-cause mortality was not examined as a
prespecified efficacy endpoint, and a post-hoc safety analysis
of the risk of developing a fatal event reported a numerical,
but not statistically significant, risk reduction for fatal events
versus therapies not containing ICS25.

For these analyses, ETHOS14,23 and IMPACT16,24 were iden-
tified through a clinical SLR as two studies that reported all-
cause mortality as an efficacy endpoint in large randomized
sample sizes (8588 and 10,355 patients, respectively) with a
52-week study duration; the eligibility criteria for the studies
were broadly similar, with nuanced differences for prior
COPD maintenance therapies, FEV1%, and exacerbation his-
tory (Supplementary Table 1). Both studies enrolled broadly
similar populations and demonstrated reduced mortality for
ICS/LAMA/LABA triple therapy versus LAMA/LABA dual thera-
pies in patients with COPD, and both datasets comprehen-
sively included 99.6% of the ITT populations23,24.

The current ITCs utilized two unanchored methods: a MAIC
with 11 covariates compared IPD for BGF from ETHOS with
aggregate FF/UMEC/VI pseudo-IPD from IMPACT generated

Table 1. Summary of primary MAIC and sensitivity analyses.

Analysis category Analysis technique Dataset

Unanchored methods
Primary analysis MAIC analysis (selected baseline covariatesa),

Unadjusted analysis (supplementary)
Final retrieved datasetb, on- and off-treatmentc (ITT)

Sensitivity analysis of dataset MAIC analysis (selected baseline covariatesa),
Unadjusted analysis (supplementary)

Original datasetd, on- and off-treatmentc (ITT)

Sensitivity analysis of dataset MAIC analysis (selected baseline covariatesa),
Unadjusted analysis (supplementary)

On-treatmentc,e (final retrieved BGF dataset and original
FF/UMEC/VI datasetd)

Sensitivity analysis of covariates MAIC analyses:
a. Only significant covariate effectsf

b. Baseline covariatesa þ age
c. Baseline covariatesa þ CAT score
d. Baseline covariatesa þ FEV1 (instead of COPD

categories)
e. Baseline covariatesa þ severe/moderate

exacerbation history (instead of severe
exacerbation history)

f. Baseline covariatesa þ CV conditionsg

Final retrieved datasetb, on- and off-treatmentc (ITT)

aPrimary analysis baseline covariates: sex, body mass index, smoker, race (White, Asian, Other), severe exacerbation history in last 12months, bronchodilator
reversibility, and COPD severity (moderate, severe, very severe).
bFinal retrieved datasets included the original datasets plus additional data retrieved for patients missing Week 52 vital status, resulting in data for 99.6% of the
ITT populations for each study.

cA death was defined as “on-treatment” in IMPACT if the date of death occurred �7 days after the last treatment day and was considered “off-treatment” if the
date of death occurred >7 days after the last treatment day of treatment and up to within 7 days of the projected Week 52 date [24]. In ETHOS, time to all-
cause death was a prespecified secondary endpoint and was assessed in the ITT population using the treatment policy estimand, which included all randomized
patients who received any amount of study drug and all observed data within 52weeks of randomization regardless of whether patients remained on random-
ized treatment [23]. Data from within 52weeks of randomization was used for the on- and off-treatment analyses.
dDataset established at database lock.
eA 7-day data cut-off from ETHOS for on-treatment sensitivity analysis was used to be consistent with the definition in IMPACT.
fSignificant covariates (as measured by a standardized mean difference >0.1): sex, body mass index, bronchodilator reversibility, and COPD severity category
(moderate, severe, very severe).
gCV condition covariates: angina, myocardial infarction, hypertension, hypercholesterolemia, diabetes mellitus.
BGF, budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 mg; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; CV, cardiovascu-
lar; FEV1, forced expiratory volume in 1 s; FF/UMEC/VI, fluticasone furoate/umeclidinium/vilanterol 100/62.5/25 lg; ITC, indirect treatment comparison; ITT, inten-
tion-to-treat; MAIC, matching-adjusted indirect comparison.

CURRENT MEDICAL RESEARCH AND OPINION 1399

https://doi.org/10.1080/03007995.2023.2247969


from digitized Kaplan–Meier curves as the primary analysis,
and an unadjusted supplementary analysis. Both methods
suggest statistically significant reductions of 39% in all-cause
mortality risk with BGF versus FF/UMEC/VI in patients with
moderate-to-very severe COPD (MAIC analysis: HR [95% CI]:
0.61 [0.38, 0.95], p¼ 0.030; unadjusted analysis: HR [95% CI]:
0.61 [0.41, 0.92], p¼ 0.019; Figure 2B). The findings of several
sensitivity analyses supported the primary MAIC analysis, with
estimated reductions in all-cause mortality ranging from 35%
to 43.5% for BGF versus FF/UMEC/VI (Figure 3).

Given the pathophysiological interrelatedness of COPD and
cardiac events36, we examined the prevalence of CV condi-
tions in the ETHOS and IMPACT populations, even though
patients with significant cardiac risk were mostly excluded
from both studies. Although not all CV conditions were defin-
ed/classified in the same way in ETHOS and IMPACT, both

study populations had similarly high percentages of patients
with �1 CV condition (70% vs 67% in ETHOS and IMPACT,
respectively; Supplementary Table 7), and the frequency of
the most frequently reported CV comorbidities (hypertension:
ETHOS, 59%, IMPACT, 51%; hypercholesterolemia: ETHOS,
36%, IMPACT, 33%; diabetes mellitus: ETHOS, 19%, IMPACT,
15%) were similar. Additionally, the percentage of patients
with a history of myocardial infarction, an important CV condi-
tion37, was similar in ETHOS (7%) and IMPACT (7%). Also,
although New York Heart Association class III heart failure was
exclusionary in ETHOS and not in IMPACT, no congestive heart
failure-related mortalities were reported in patients treated
with FF/UMEC/VI in IMPACT16,24. To test the robustness of the
findings from the primary analysis with regard to CV condi-
tions, an additional sensitivity analysis of the MAIC was con-
ducted through population adjustment for five CV conditions

Figure 2. Kaplan–meier curves and hazard ratios for all-cause mortality (MAICa,b and unadjusted analyses) for BGF from ETHOS versus FF/UMEC/VI from IMPACT
over 52weeks (ITT populationc).
aBGF was adjusted according to aggregate FF/UMEC/VI data from IMPACT for sex, body mass index, smoking status, race (Asian, White, Other), severe exacerbation history in the last 12
months, bronchodilator reversibility, and COPD severity (moderate, severe, very severe).
bIn the MAIC analysis, absolute risk reduction of BGF versus FF/UMEC/VI at week 52 was 0.009 (95% CI [Greenwood SE]: 0.0016, 0.0164), corresponding to a number needed to treat of
112. MAIC weights were scaled to the original sample size when computing the SE so that they are representative of the quantity of data available.
cBoth analyses used on- and off-treatment data in the final retrieved data, which included 99.6% of data from the ITT populations of both ETHOS and IMPACT.
BGF, budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 lg; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FF/UMEC/VI, fluticasone furoate/umeclidinium/-
vilanterol 100/62.5/25 lg; HR, hazard ratio; ITT, intention-to-treat; MAIC, matching-adjusted indirect comparison; SE, standard error.
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that were similarly defined in ETHOS and IMPACT (angina,
hypertension, hypercholesterolemia, diabetes mellitus, and
myocardial infarction). The results of this analysis (Figure 3)
were consistent with those of the primary MAIC analysis.

To the best of our knowledge, these analyses represent the
first MAIC of a fixed-dose triple therapy with a primary focus on
reductions in all-cause mortality. However, two published stud-
ies lend support for the differences in mortality rates between
BGF and FF/UMEC/VI observed in this MAIC38,39. First, in a
real-world comparative effectiveness and safety study of
fluticasone-based versus budesonide-based triple therapies,
budesonide-based therapy was associated with a lower inci-
dence of all-cause mortality than fluticasone-based therapy (HR
[95% CI], 0.80 [0.66, 0.98]) in patients with COPD who did not
have a history of exacerbations39. Second, in a meta-analysis of
the association of ICS with all-cause mortality in patients with
COPD, budesonide was associated with a reduction in all-cause
mortality risk compared with therapies that did not include ICS
(Peto odds ratio [OR] [95% CI]: 0.75 [0.59, 0.94]). In contrast, fluti-
casone propionate (OR [95% CI]: 0.96 [0.86, 1.08]), fluticasone
furoate (OR [95% CI]: 0.91 [0.81, 1.01]), mometasone furoate (OR
[95% CI]: 0.84 [0.46, 1.51]), or beclomethasone dipropionate (OR
[95% CI]: 0.75 [0.49, 1.14]) were not associated with significant
reductions in all-cause mortality risk38. The authors speculated

that differences in safety profiles of budesonide compared with
other ICSs, for example the reduced risk of pneumonia with
budesonide use versus other ICSs40, may be associated with the
comparatively greater mortality risk reduction.

Two previously published NMAs by Lee et al.27 and
Rogliani et al.28, both utilizing a traditional Bayesian
approach using aggregate-level data, reported no significant
differences in mortality reductions across various
ICS/LAMA/LABA treatments27,28. However, those analyses did
not only consider mortality as an efficacy outcome (all types
of mortality events, e.g. adverse events, were evaluated
within a single category) and/or included studies with dura-
tions of <52weeks27,28, which can be limitations when meas-
uring mortality outcomes. Further, the studies included in
those analyses are heterogenous in terms of study designs,
durations, and populations. For example, Rogliani et al. con-
sidered four studies of �24weeks duration (ETHOS, IMPACT,
KRONOS, and TRILOGY). In terms of study populations,
ETHOS, KRONOS, and IMPACT included patients with moder-
ate-to-very-severe COPD, whereas TRILOGY included patients
with severe or very severe COPD (<50% FEV1 predicted).
Furthermore, ETHOS, IMPACT, and TRILOGY also included
patients with a history of COPD exacerbations within the last
12-months, but this was not an inclusion criterion in

Figure 3. Hazard ratios for all-cause mortality (MAIC and unadjusted sensitivity analyses) for BGF from ETHOS versus FF/UMEC/VI from IMPACT (ITT population).
aSignificant covariates (as measured by a standardized mean difference >0.1): sex, body mass index, bronchodilator reversibility, and COPD severity category (moderate, severe, very
severe).
bBGF was adjusted according to aggregate FF/UMEC/VI data from IMPACT for sex, race (Asian, White, Other), body mass index, smoking status, severe exacerbation history in the last
12 months, bronchodilator reversibility, and COPD severity (moderate, severe, very severe).
cThe final retrieved datasets included the original datasets plus additional data retrieved for patients missing Week 52 vital status, resulting in data for 99.6% of the ITT populations for
each study.
dA death was defined as “on-treatment” in IMPACT if the date of death occurred �7 days after the last treatment day and was considered “off-treatment” if the date of death occurred
>7 days after the last treatment day and up to within 7 days of the projected Week 52 date24. In ETHOS, time to all-cause death was a prespecified secondary endpoint and was assessed
in the ITT population using the treatment policy estimand, which included all randomized patients who received any amount of study drug and all observed data within 52 weeks of ran-
domization regardless of whether patients remained on randomized treatment23. Data from within 52 weeks of randomization was used for the on- and off-treatment analyses.
eDataset established at database lock.
fA 7-day data cut-off from ETHOS for on-treatment sensitivity analysis was used to be consistent with the definition in IMPACT.
BGF, budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 lg; CAT, COPD Assessment Test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expira-
tory volume in 1 second; FF/UMEC/VI, fluticasone furoate/umeclidinium/vilanterol 100/62.5/25 lg; HR, hazard ratio; ITT, intention-to-treat; MAIC, matching-adjusted indirect comparison.
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KRONOS (in which 74% of patients had no history of recent
exacerbations). Lastly, Lee et al. did not include the ETHOS
study, one of the two largest 52-week studies providing new
evidence on mortality risk reductions in COPD. The current
analyses overcame these limitations by focusing on two large
52-week randomized controlled studies that had all-cause
mortality reduction as a prespecified efficacy outcome and
by adjusting data from ETHOS at the individual patient level
to match the patient characteristics of the IMPACT study,
providing a more homogenous pair of comparator popula-
tions. Importantly, the comparable results from the adjusted
and unadjusted analyses indicate low heterogeneity between
ETHOS and IMPACT, which is not surprising given the relative
similarity in design and timelines of these studies. Overall,
given the different approaches used to account for hetero-
geneity and the information sources and assumptions used,
it is perhaps not unexpected that the results from the cur-
rent analyses differ from previous reports.

However, to compare our results with anchored methods
used by Lee et al.27 and Rogliani et al.28, we further explored
an anchored MAIC using the ETHOS and IMPACT studies (see
Supplementary Methods – Anchored MAIC Analysis for a
brief summary). Due to the lack of a connected network
given the different comparator arms in the ETHOS and
IMPACT studies, an additional assumption, which was not
required in the unanchored analyses, was made to connect
the network via a LAMA/LABA (class effect) arm. Under this
assumption, LAMA/LABAs are considered as common compa-
rators (Supplementary Figure 2). However, it should be noted
that while the LAMA/LABA arms had similar exacerbation
rates in a head-to-head study41, they had different estimated
mortality rates in ETHOS and IMPACT (approximately a 20%
relative difference in the patients with all-cause mortality
event rates)23,24, and the comparative efficacy between
LAMA/LABA fixed-dose combinations on mortality reported
in the literature is still inconclusive42,43. The results of this
anchored MAIC analysis were supportive of the unanchored
MAIC, with a 35% reduction in all-cause mortality for BGF
versus FF/UMEC/VI (Supplementary Table 8).

As the current data point to improved all-cause mortality
outcomes with BGF versus FF/UMEC/VI, it is important to
consider what may account for this observed difference, i.e.
the different active components included in each therapy.
Previous reports suggest budesonide-based therapy may be
more efficacious in reducing exacerbation rates and/or mor-
tality risk than fluticasone-based therapies39,44,45. It can be
postulated that these differences arise from budesonide’s
pharmacodynamic and pharmacokinetic properties; for
example, compared with fluticasone furoate, budesonide
may be less locally immunosuppressive, and thus potentially
less likely to facilitate infection-induced exacerbations, and
less lipophilic45. Additionally, budesonide has a more rapid
onset of action and shorter half-life, thus facilitating its pro-
portional dose-response profile and enabling superior cap-
acity to counter inflammatory fluctuations at both the blood
and bone marrow levels without a sufficiently long bioavail-
ability to initiate systemic adverse effects44,45. Although
beyond the scope of the current study, future analyses of

subgroups defined by lung function, rescue medication use,
treatment adherence, cardiovascular comorbidities, or exacer-
bation patterns may provide additional insight into the
observed treatment differences.

Differences in airway penetration and greater airway depos-
ition of BGF compared with FF/UMEC/VI may also contribute
to the current findings. In ETHOS, treatment with a higher ICS
dose (budesonide 320 mg) in BGF was shown to confer a mor-
tality reduction versus LAMA/LABA dual therapy, but a lower
ICS dose (budesonide 160 mg) did not23, even though both
doses similarly reduced moderate/severe exacerbation rates14.
This suggests the absolute ICS dose delivered to the lung may
have differential effects on mortality reduction versus on
exacerbation rate reduction. Moreover, in silico modelling has
demonstrated BGF has greater total lung deposition (47.0–
49.2% of the delivered dose across different inhalation profiles)
for each active component compared with FF/UMEC/VI (21.4–
23.7%), with the largest magnitude differences observed for
the ICS components, particularly in the small airways, where
there was approximately 4-fold greater deposition as
measured by a percentage of the delivered dose46. Finally, the
co-suspension delivery technology utilized to deliver BGF facil-
itates a consistent and high level of drug delivery20,47,48. Taken
together, this suggests greater delivery of the ICS component
of BGF, and possibly also the LAMA and LABA components,
compared with that of FF/UMEC/VI throughout both small and
large airways could contribute to the current findings.

There are limitations of this ITC that should be considered.
First, as with any comparison of non-randomized treatment
groups, ITCs can be biased by both observed and unobserved
cross-trial differences. Despite balancing the observed patient
characteristics through MAIC in our analyses, some unobserv-
able differences may still exist between ETHOS and IMPACT.
For example, there are differences in run-in periods and site
locations (ETHOS was conducted in 26 countries14 and
IMPACT was conducted in 37 countries16) between studies,
although adjustments for race were conducted in the MAIC
analysis in an attempt to overcome potential geographic dif-
ferences. In addition, the studies were also conducted in differ-
ent years, which could introduce bias. Moreover, the CV
conditions sensitivity analysis may be limited by a lack of clar-
ity regarding the severity level and potential therapies used
for CV conditions in either study.

Second, this analysis includes assumptions inherent to all
unanchored ITCs. Anchored and unanchored comparisons
are distinguished according to whether a common compara-
tor arm is used, with unanchored comparisons making the
strong assumption that absolute outcomes can be predicted
from the covariates30. To overcome this, as explained above,
we further explored an anchored MAIC using the ETHOS and
IMPACT studies. However, in this analysis, the anchored com-
parison had to accommodate the uncertainty in estimated
quantities related to the common comparator assumption
due to lack of the same control arm between ETHOS and
IMPACT. Comparison of the Kaplan–Meier curves of the
unanchored and the anchored analyses indicated that the
anchored MAIC BGF curve deviated from the original BGF
curve (unadjusted from ETHOS) and from the adjusted BGF
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curves used in the unanchored analyses (Supplementary
Figure 3), showing that assumed proportional hazards in the
anchored analysis increases the risk of bias.

The primary MAIC analysis utilized on- and off-treatment
data from the ITT population for both ETHOS and IMPACT as
prespecified primary analyses, whereas on-treatment analysis
was assessed as exploratory. In this regard, it should be noted
that in analyses comparing BGF to FF/UMEC/VI using only on-
treatment data from the final retrieved BGF dataset and the
original FF/UMEC/VI dataset, statistical significance was not
observed. On-treatment datasets exclude information from
data collected post treatment and thus exclude a number of
deaths and reduce the number of events and power. Whereas,
survival analyses primarily consider both on- and off-treatment
data, which contain more information and is unbiased from
the perspective of assuming that the risk for the event of death
is independent of continued treatment.

Neither ETHOS nor IMPACT were designed to assess mor-
tality as the primary endpoint; however, both studies
included planned follow-ups to determine vital status regard-
less of treatment or study discontinuation. ETHOS included
all-cause mortality as a prespecified secondary endpoint,
while mortality was a prespecified “other” efficacy endpoint
in IMPACT24,49. Therefore, the sample size was smaller than
required to detect a clinically meaningful impact of treat-
ment (statistical power <0.80). However, not being powered
for the analysis did not diminish from the observed signal,
and it should be noted that it is very common for ITCs to
include secondary or other endpoints from RCTs.

The current research provides an important contribution
to the published literature by using a MAIC approach, which
leads to more balanced and homogeneous populations
across different studies and increases the robustness of ITCs.
The MAIC can be considered a strong tool to adjust for the
impact of covariates compared with meta-regression techni-
ques. In addition, the current research used a large effective
sample size for BGF after adjustment and a large number of
matching covariates, included several sensitivity analyses and
additional analysis with a different methodology to deter-
mine the consistency and robustness of the primary results,
and assessed data from the two large one-year RCTs with
prespecified all-cause mortality efficacy endpoints. Taken
together, these findings provide new evidence on mortality
risk reduction with fixed-dose triple combinations, as recog-
nized by GOLD 2023 report1.

Conclusion

In conclusion, this MAIC demonstrated a statistically signifi-
cantly greater all-cause mortality risk reduction with BGF
compared with FF/UMEC/VI in patients with moderate-to-
very-severe COPD. Given that COPD elevates risk of cardio-
pulmonary events and continues to exert a considerable
mortality burden3,9,12,13,50, these findings provide important
evidence on the comparative magnitude of all-cause mortal-
ity reduction for two of the three approved triple therapies
for COPD and may help inform clinical decision making.
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