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Abstract

Rationale: Chronic obstructive pulmonary disease (COPD)
is associated with an increased risk of cardiovascular and
cardiopulmonary events. In the phase III, 52-week ETHOS trial
(NCT02465567), triple therapy with budesonide/glycopyrrolate/
formoterol fumarate (BGF) reduced rates of moderate/severe
exacerbations and all-cause mortality compared with dual
therapy with glycopyrrolate/formoterol fumarate (GFF) or
budesonide/formoterol fumarate (BFF). However, the effect of
BGF on cardiovascular events versus GFF remains unevaluated.
Furthermore, the effect of BGF on time to first severe
exacerbation has not been reported.

Objectives: To assess the effects of BGF 320/18/9.6 μg
(BGF 320) and other inhaled corticosteroid–containing arms
on cardiovascular and severe cardiopulmonary endpoints
versus GFF in patients with COPD from the ETHOS trial.

Methods: Patients with moderate to very severe COPD and
a history of exacerbations were randomized to twice-daily

BGF 320, BGF 160/18/9.6 μg, BFF 320/9.6 μg, or GFF 18/9.6 μg
(GFF). Time to first severe COPD exacerbation was a prespecified
endpoint; post hoc cardiovascular and severe cardiopulmonary
endpoints included time to first major adverse cardiac event, time
to first cardiovascular adverse event (AE) of special interest, time to
first cardiac AE, and time to the composite endpoint of first severe
cardiopulmonary event.

Measurements and Main Results: BGF 320 reduced the rate
of first occurrence (hazard ratio [95% confidence interval]) of
cardiovascular and severe cardiopulmonary events versus GFF,
including for time to first cardiovascular adverse event of special
interest (0.63 [0.48, 0.82]), cardiac AE (0.60 [0.48, 0.76]), and
severe cardiopulmonary event (0.80 [0.67, 0.95]).

Conclusions: BGF had a benefit on cardiovascular endpoints
and severe cardiopulmonary events versus GFF in patients with
moderate to very severe COPD.
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People living with chronic obstructive
pulmonary disease (COPD) are at increased
risk of cardiovascular events, such as
myocardial infarction (MI) (1–3), heart

failure (3, 4), arrythmia (3, 5), and
cardiovascular-related mortality (6),
particularly after a COPD exacerbation.
Cardiovascular-related death is a major
cause of mortality in people living with
COPD (7, 8), emphasizing the importance of
evaluating andmanaging cardiovascular risk
in COPD. Because more frequent and severe
COPD exacerbations are associated with an
increased risk of further exacerbations and
COPD-related death (6), and given that the
cardiovascular and pulmonary systems are
physiologically and pathologically linked (9),
evaluating patients with COPD by way of
combined cardiopulmonary risk through the
assessment of both cardiovascular-related
and pulmonary-related clinical events may
better elucidate treatment effects and disease
mechanisms.

Optimized management of COPD has
the potential to decrease the risk of both
cardiovascular and cardiopulmonary events
and thus to reduce premature mortality.
Risk prevention by escalation of treatment to
triple therapy with an inhaled corticosteroid
(ICS), a long-acting muscarinic antagonist
(LAMA), and a long-actingb2-agonist (LABA)
is recommended by the Global Initiative
for Chronic Obstructive Lung Disease for
patients who continue to experience
exacerbations while being treated with
mono- or dual bronchodilator therapy (10),
with higher blood eosinophil counts (i.e.,
>100 cells/μl) identifying patients most
likely to benefit from the addition of ICS (11).

In the phase III, 52-week ETHOS study
(NCT02465567), treatment with the fixed-
dose ICS/LAMA/LABA triple therapy of
budesonide/glycopyrrolate/formoterol fuma-
rate (BGF) at two ICS doses (320 or 160 μg)
reduced the rate of moderate or severe
COPD exacerbations compared with dual
therapy with glycopyrrolate/formoterol
fumarate (GFF) or budesonide/formoterol
fumarate (BFF) (12). A subsequent analysis
of ETHOS reported reductions in the risk
of all-cause mortality in patients treated
with BGF 320/18/9.6 μg compared with GFF
18/9.6 μg dual therapy (13). Of the 156

adjudicated deaths across all treatment
groups in ETHOS, 67 (42.9%) were
attributed to cardiovascular causes, and
34 (21.8%) were attributed to respiratory
causes (13). Moreover, there were fewer
deaths of cardiovascular causes in all of
the ICS-containing treatment groups
(BGF 320, BGF 160, or BFF) compared
with the LAMA/LABA group (GFF) (13).

Given the interaction between
cardiovascular and pulmonary physiology
and the associations between cardiovascular
and pulmonary events in COPD (2, 14), the
present prespecified and post hoc analyses
of ETHOS aimed to investigate the direction
and magnitude of the effects of BGF
compared with GFF on both cardiovascular
and severe cardiopulmonary endpoints.
Cardiovascular event composites, including
major adverse cardiac events (MACEs),
cardiovascular adverse events (AEs) of
special interest (CVAESI), and cardiac AEs,
were explored. Given the relevance of severe
COPD exacerbations in a clinical context,
the effect of BGF versus GFF on time to
first severe COPD exacerbation is also
reported for the first time, to our knowledge.
Subsequently, a composite measure of severe
cardiopulmonary events, which was designed
to describe the combined cardiopulmonary
risk in patients with COPD, was investigated.
Some of the results of these analyses were
reported in a poster presented at the 2024
American Thoracic Society International
Conference (15).

Methods

Ethical Approval
All patients provided written informed
consent before screening. The study protocol
and informed consent forms were approved
by an appropriate institutional review
board, independent ethics committee, or
health authority, and an independent data
monitoring and clinical endpoint committee
reviewed safety data throughout the study.
A complete listing of institutional review

At a Glance Commentary

Scientific Knowledge on the
Subject: People living with chronic
obstructive pulmonary disease
(COPD) are at increased risk
of adverse cardiovascular and
pulmonary events, particularly
after an exacerbation of COPD.
Although twice-daily budesonide/
glycopyrrolate/formoterol fumarate
320/18/9.6 mg (BGF 320) reduced
the risk of moderate or severe
exacerbations and all-cause mortality
in the ETHOS study, the benefit of
triple therapy on cardiovascular and
severe cardiopulmonary outcomes is
yet to be determined.

What This Study Adds to the
Field: This analysis of ETHOS
assessed the impact of BGF 320
relative to glycopyrrolate/formoterol
fumarate 18/9.6 mg (GFF) across a
broad spectrum of prespecified and
post hoc analyses of cardiovascular
and severe cardiopulmonary
endpoints. BGF 320 is associated
with a benefit across a range of
cardiovascular endpoints and
further indicated a benefit of BGF
320 on severe cardiopulmonary
outcomes compared with GFF in
the ETHOS study population. These
findings indicate that the benefit of
BGF 320 may be mediated through
both cardiovascular and pulmonary
mechanisms and highlights the need
to include cardiovascular endpoints,
and cardiopulmonary outcomes as
primary endpoints, in randomized
clinical trials for COPD.
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boards and ethics committees was published
previously (16).

Study Design
ETHOS was a 52-week, randomized, double-
blind, parallel-group, multinational phase III
study in people with moderate to very severe
COPD and a history of exacerbations (12, 17).
Patients were randomized 1:1:1:1 to twice-
daily BGF 320/18/9.6 μg (BGF 320) or 160/
18/9.6 μg (BGF 160), BFF 320/9.6 μg (BFF),
or GFF 18/9.6 μg (GFF). The study design and
protocol were previously published (12, 17).

Endpoints
Post hoc analyses examined cardiovascular
endpoints of time to first MACE, time to first
CVAESI, and time to first cardiac AE, and
further analyses assessed the prespecified
efficacy endpoint of time to first severe
exacerbation. The composite endpoint of
severe cardiopulmonary event included
MACE, severe exacerbations, and deaths of
a nonmalignant respiratory cause (which
excludes death of a severe exacerbation) to
evaluate both cardiovascular and pulmonary
events. A composite endpoint comprising
CVAESI leading to hospitalization or death,
all-cause mortality, COPD exacerbation
leading to hospitalization, or hospitalization
for pneumonia was also assessed.

The definitions of each endpoint
are described in Table 1. In brief, MACE
was defined in the study protocol as a
cardiovascular death, nonfatal MI, or
nonfatal stroke; the adjudication of potential
MACE is described in the data supplement.
Severe COPD exacerbations were defined as
those resulting in hospitalization or death.

Severe cardiopulmonary event was a
composite endpoint defined as aMACE,
severe COPD exacerbation, or death of a
nonmalignant respiratory cause. Occurrences
of death in this endpoint were cardiovascular
related in MACE, respiratory related for
severe exacerbation, or nonmalignant
respiratory related excluding those resulting
from a severe exacerbation.

The definition of CVAESI was
prespecified in the study protocol on the
basis of potentially relevant effects of ICS,
LABA, and LAMA use; Medical Dictionary
for Regulatory Activities (MedDRA) terms
specified as CVAESI are reported in Table E1
in the data supplement. Cardiac AEs were
defined as any AE in theMedDRACardiac
Disorders SystemOrgan Class.

Statistical Analyses
All analyses except for MACE by blood
eosinophil count were conducted using
on-treatment data from the modified
intention-to-treat (mITT) population in line
with the primary ETHOS publication (12).
The analysis populations are defined in the
data supplement.

Hazard ratios (HRs) with 95%
confidence intervals (CIs) were calculated
using Cox regression to compare ICS-
containing therapies (BGF 320, BGF 160, or
BFF) with GFF. All time-to-event analyses
were adjusted for the following covariates:
treatment, baseline post-bronchodilator
percent FEV1 predicted normal, log baseline
blood eosinophil count, COPD exacerbation
history (one, two or more) in the last 12
months, region, and ICS use at screening

(yes, no). Across all time-to-event analyses,
the proportional hazards assumption
appeared to hold because the treatment3
time interaction was not significant in the
statistical models. Even so, the study may
have been underpowered to detect this
interaction for some analyses. Information
on type I error control is described in the
data supplement. Kaplan-Meier curves
examined time to first MACE and time to
first severe cardiopulmonary event with
BGF 320, BGF 160, BFF, and GFF.

Subgroup analyses assessed time to first
MACE and time to first CVAESI among
patients with baseline blood eosinophil
counts>100 cells/μl and with or without
prior established cardiovascular disease.
In addition, the incidence of MACE was
assessed by baseline blood eosinophil count
using a generalized additive model in the
safety population.

Results

Study Population
The baseline characteristics of the ETHOS
population were described previously (12).
A total of 8,588 patients were randomized,
and 8,573 received treatment, of whom 8,529
had a postrandomization safety assessment
and were included in the safety population,
whereas the ITT and mITT populations
comprised 8,509 patients each.

Cardiovascular risk factors were
comparable across treatment groups (Table 2).
In the safety population, approximately 70%
of patients in each treatment group had
at least one cardiovascular risk factor,
with the most frequent risk factors being
hypertension (58.9%), high total cholesterol
(35.7%; see Table E2 for total cholesterol
range definitions), and diabetes mellitus
(17.5%); the proportion of patients with
a history of angina and prior MI were
7.4% and 7.1%, respectively. In the mITT
population, baseline smoking status and
pack-years smoked, number of exacerbations
in the previous year, and ICS use at screening
were similar between treatment groups
(Table 3). The proportion of patients
with MACE, CVAESI, cardiac AE, severe
exacerbation, and severe cardiopulmonary
events are reported in Table 4.

Demographic and clinical characteristics
and cardiovascular risk factor history for
patients with or without a MACE are
reported in Tables E3 and E4, respectively.

Table 1. Endpoint Definitions

Endpoint Definition

MACE Cardiovascular death, nonfatal MI, or nonfatal stroke*
Severe COPD exacerbation COPD exacerbation resulting in hospitalization or death
Severe cardiopulmonary event MACE, severe COPD exacerbation, or death of a

nonmalignant respiratory cause
CVAESI Prespecified in the study protocol on the basis of

potentially relevant effects of ICS, LABA, and
LAMA use†

Cardiac AE Any AE in the MedDRA Cardiac Disorders System
Organ Class

Definition of abbreviations: AE=adverse event; COPD=chronic obstructive pulmonary
disease; CVAESI=cardiovascular adverse event of special interest; ICS= inhaled
corticosteroid; LABA= long-acting b2-agonist; LAMA= long-acting muscarinic antagonist;
MACE=major adverse cardiac event; MedDRA=Medical Dictionary for Regulatory Activities.
MI =myocardial infarction.
*Adjudication of potential MACE is described in the data supplement.
†MedDRA terms specified as CVAESI are reported in Table E1.
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Demographic and clinical characteristics for
patients with or without a CVAESI are
reported in Table E5.

Time to First MACE
Relative to GFF, reductions in the rate of first
occurrence of MACE were 35% (HR [95%
CI], 0.65 [0.41, 1.03]) with BGF 320, 38%
(HR [95% CI], 0.62 [0.39, 0.99]) with BGF
160, and 50% (HR [95% CI], 0.50 [0.30,
0.83]) with BFF (Figure 1). Although the
effect size for BGF 320 versus GFF was
similar in magnitude to the effect size for
BGF 160 versus GFF, the treatment effect
for BGF 320 versus GFF was not nominally
significant (Figure 1). These results are
supported by Kaplan-Meier curves (Figure E1).
HRs for MACE among patients with baseline
blood eosinophil counts>100 cells/μl and

with or without prior cardiovascular disease
are reported in Table E6. The event rate of
MACE was lower in patients treated with
BGF 320, BGF 160, and BFF versus GFF,
with the benefit of BGF 320 versus GFF
increasing with baseline eosinophil count
(Figure E2).

Time to First CVAESI and Time to
First Cardiac AE
Relative to GFF, the rate of first occurrence
of CVAESI was reduced by 37% (HR [95%
CI], 0.63 [0.48, 0.82]) with BGF 320, and
findings were similar for BGF 160 and BFF
(Figure 2). Subgroup analyses for CVAESI
among patients with blood eosinophil counts
>100 cells/μl and with or without prior
cardiovascular disease are reported in
Table E7. BGF 320 reduced the rate of first

occurrence of cardiac AE by 40% (HR [95%
CI], 0.60 [0.48, 0.76]) versus GFF, with
similar findings for BGF 160 and BFF versus
GFF (Figure 2).

Time to First Severe COPD
Exacerbation
The reduction in the rate of first occurrence
of severe COPD exacerbations for BGF 320
versus GFF was 14% (HR [95% CI], 0.86
[0.71, 1.03]), although it was not nominally
significant. Findings were similar for BGF
160 versus GFF (Figure 1).

Time to First Severe
Cardiopulmonary Event
A reduction in the rate of first occurrence
of a severe cardiopulmonary event was
observed in patients treated with BGF 320

Table 2. History of Cardiovascular Risk Factors Reported in >2% of Patients in Any Treatment Group (Safety Population)*

BGF 320
(n=2,144)

BGF 160
(n=2,124)

BFF
(n=2,136)

GFF
(n=2,125)

All Patients
(N= 8,529)

Any cardiovascular risk factor of interest, n (%) 1,511 (70.5) 1,505 (70.9) 1,513 (70.8) 1,492 (70.2) 6,021 (70.6)
Hypertension 1,272 (59.3) 1,252 (58.9) 1,251 (58.6) 1,250 (58.8) 5,025 (58.9)
High total cholesterol† 769 (35.9) 769 (36.2) 761 (35.6) 744 (35.0) 3,043 (35.7)
Diabetes 398 (18.6) 400 (18.8) 358 (16.8) 339 (16.0) 1,495 (17.5)

Type 2 diabetes 380 (17.7) 384 (18.1) 350 (16.4) 335 (15.8) 1,449 (17.0)
Angina 162 (7.6) 154 (7.3) 165 (7.7) 147 (6.9) 628 (7.4)
Myocardial infarction 142 (6.6) 166 (7.8) 158 (7.4) 138 (6.5) 604 (7.1)
Peripheral vascular disease 162 (7.6) 151 (7.1) 116 (5.4) 137 (6.4) 566 (6.6)
Atrial fibrillation 121 (5.6) 92 (4.3) 87 (4.1) 89 (4.2) 389 (4.6)
Stroke 71 (3.3) 54 (2.5) 65 (3.0) 51 (2.4) 241 (2.8)
Transient ischemic attack 40 (1.9) 47 (2.2) 36 (1.7) 52 (2.4) 175 (2.1)

Definition of abbreviations: BFF=budesonide/formoterol fumarate 320/9.6 mg; BGF 160=budesonide/glycopyrrolate/formoterol fumarate 160/18/
9.6 mg; BGF 320=budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 mg; GFF=glycopyrrolate/formoterol fumarate 18/9.6 mg.
*Adapted from Table E1 of Martinez et al. (13), licensed under CC BY 4.0 (Creative Commons—Attribution 4.0 International—CC BY 4.0), with
addition of data for type 2 diabetes.
†Cholesterol range definitions are reported in Table E2.

Table 3. Baseline Smoking Status, ICS Use at Screening and Exacerbation History (Modified Intention-to-Treat Population)

BGF 320
(n=2,137)

BGF 160
(n=2,121)

BFF
(n=2,131)

GFF
(n= 2,120)

All Patients
(N=8,509)

Current smoker, n (%) 910 (42.6) 865 (40.8) 864 (40.5) 856 (40.4) 3,495 (41.1)
Pack-years of smoking history, mean (SD) 47.0 (25.1) 47.9 (25.8) 47.1 (26.3) 48.4 (26.5) 47.6 (25.9)
ICS use at screening, n (%) 1,706 (79.8) 1,729 (81.5) 1,704 (80.0) 1,707 (80.5) 6,846 (80.5)
Number of exacerbations* in previous year
Mean (SD) 1.7 (0.8) 1.7 (0.9) 1.7 (0.9) 1.7 (0.8) 1.7 (0.8)
0 exacerbations, n (%) 2 (0.1) 2 (0.1) 2 (0.1) 2 (0.1) 8 (0.1)
1 exacerbation, n (%) 940 (44.0) 932 (43.9) 912 (42.8) 907 (42.8) 3,691 (43.4)
2 exacerbations, n (%) 974 (45.6) 960 (45.3) 977 (45.8) 990 (46.7) 3,901 (45.8)
>2 exacerbations, n (%) 1,195 (55.9) 1,187 (56.0) 1,217 (57.1) 1,211 (57.1) 4,810 (56.5)
>3 exacerbations, n (%) 221 (10.3) 227 (10.7) 240 (11.3) 221 (10.4) 909 (10.7)

Definition of abbreviations: BFF=budesonide/formoterol fumarate 320/9.6 mg; BGF 160=budesonide/glycopyrrolate/formoterol fumarate 160/18/
9.6 mg; BGF 320=budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 mg; GFF=glycopyrrolate/formoterol fumarate 18/9.6 mg;
ICS= inhaled corticosteroid; SD=standard deviation.
*Moderate or severe exacerbations per patient.
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versus GFF (HR [95% CI], 0.80 [0.67, 0.95]),
but not with BFF versus GFF (Figure 1),
supported by Kaplan-Meier curves (Figure 3).
Similar findings were observed for the rate
of first occurrence of a CVAESI leading to
hospitalization or death, all-cause mortality,
exacerbation leading to hospitalization, or
hospitalization for pneumonia (Figure E3).
Numbers of first events within severe
cardiopulmonary event components are
reported in Table E8.

Discussion

This analysis of prespecified and post hoc
endpoints from ETHOS found that BGF
320 has a consistent beneficial effect on
cardiovascular and severe cardiopulmonary
endpoints compared with GFF in patients
with moderate to very severe COPD, with
evidence for reductions in the rate of
first occurrence of a broad spectrum of
cardiovascular events, including CVAESI
and cardiac AEs. Moreover, clinical benefits

with BGF 320 versus GFF were observed
for time to severe cardiopulmonary events.
Although HRs for BGF 320 versus GFF for
the rate of first occurrence of MACE and first
severe COPD exacerbation were in the same
direction, they were not nominally significant.

These findings are consistent with, and
extend, the previously reported treatment
effect of BGF 320 on all-cause mortality (13).
Importantly, we note that the relative effect
of treatment with BGF 320 on the rate of a
first occurrence of a CVAESI or cardiac AE
was substantially greater than that for a
severe COPD exacerbation, indicating that
part of the broader benefit of BGF 320 is
likely mediated through a cardiopulmonary
axis. Interestingly, with BGF 320, the
magnitude of the reduction in the rate of
first occurrence of cardiovascular events was
comparable with the previously reported
reduction in rates of all-cause mortality (13).
It was substantially greater than the reduction
in the rate of first occurrence of a severe
COPD exacerbation, despite the fewer
reported cardiovascular events compared

with respiratory events in this study, which
is not surprising, given that ETHOS was
designed primarily to evaluate respiratory
events. In addition, despite a lower number
of severe exacerbations versus moderate/
severe exacerbations in the ETHOS
population, the treatment effect of BGF 320
on the rate of first occurrence of severe
exacerbations was comparable with those
previously reported for moderate/severe
exacerbations (HR [95% CI], 0.88 [0.81,
0.96]) (12), which was the basis for the
primary endpoint in the ETHOS study.

Rate reductions for first occurrence of
MACEs, CVAESI, and cardiac AEs were also
observed in patients treated with BGF 160
relative to GFF but were not observed for
severe cardiopulmonary events. The lower
treatment effect with BGF 160 on severe
cardiopulmonary events is potentially
unsurprising, given that BGF 160 had a
lower observed effect on all-cause mortality
in prior analyses of ETHOS (13).A potential
dose–response effect for some ICS-mediated
treatment effects, including those not directly

Table 4. MACE, CVAESIs, Cardiac AEs, Severe Exacerbations, and Severe Cardiopulmonary Events (Modified Intention-to-Treat
Population)

BGF 320
(n=2,137)

BGF 160
(n=2,121)

BFF
(n=2,131)

GFF
(n=2,120)

Patients with MACE, n (%) 31 (1.5) 30 (1.4) 23 (1.1) 44 (2.1)
Percentage of patients with MACE (95% CI) within:
3 mo 0.4 (0.2, 0.8) 0.4 (0.2, 0.8) 0.3 (0.1, 0.7) 0.9 (0.6, 1.5)
6 mo 0.8 (0.5, 1.3) 0.9 (0.6, 1.4) 0.5 (0.3, 0.9) 1.1 (0.7, 1.7)
9 mo 1.4 (1.0, 2.0) 1.2 (0.8, 1.8) 0.8 (0.5, 1.3) 1.8 (1.3, 2.6)

Patients with CVAESI, n (%) 93 (4.4) 109 (5.1) 93 (4.4) 136 (6.4)
Percentage of patients with CVAESI (95% CI) within:
3 mo 1.3 (0.9, 1.8) 1.3 (0.9, 1.9) 1.2 (0.8, 1.8) 2.2 (1.7, 3.0)
6 mo 2.6 (2.0, 3.4) 3.0 (2.4, 3.9) 2.5 (1.9, 3.3) 4.3 (3.5, 5.3)
9 mo 4.0 (3.2, 5.0) 4.4 (3.6, 5.5) 3.5 (2.8, 4.5) 5.6 (4.7, 6.8)

Patients with cardiac AE, n (%) 125 (5.8) 136 (6.4) 128 (6.0) 189 (8.9)
Percentage of patients with cardiac AE (95% CI) within:
3 mo 1.5 (1.1, 2.2) 1.6 (1.2, 2.3) 1.4 (1.0, 2.0) 3.1 (2.4, 3.9)
6 mo 3.2 (2.5, 4.1) 3.6 (2.9, 4.5) 2.9 (2.3, 3.8) 5.9 (4.9, 7.0)
9 mo 5.2 (4.3, 6.2) 5.3 (4.4, 6.4) 4.8 (3.9, 5.9) 7.8 (6.7, 9.1)

Patients with severe exacerbation, n (%) 219 (10.2) 243 (11.5) 261 (12.2) 239 (11.3)
Percentage of patients with severe exacerbation

(95% CI) within:
3 mo 3.1 (2.4, 3.9) 4.1 (3.4, 5.1) 4.3 (3.5, 5.3) 4.6 (3.8, 5.6)
6 mo 6.3 (5.3, 7.4) 6.9 (5.9, 8.1) 8.1 (7.0, 9.4) 8.1 (7.0, 9.5)
9 mo 9.1 (7.9, 10.5) 9.9 (8.6, 11.3) 11.4 (10.1, 13.0) 10.8 (9.5, 12.3)

Patients with severe cardiopulmonary event, n (%) 240 (11.2) 270 (12.7) 279 (13.1) 279 (13.2)
Percentage of patients with severe cardiopulmonary

event (95% CI) within:
3 mo 3.4 (2.7, 4.3) 4.5 (3.7, 5.5) 4.6 (3.8, 5.6) 5.3 (4.4, 6.4)
6 mo 6.9 (5.8, 8.1) 7.7 (6.7, 9.0) 8.6 (7.5, 10.0) 9.1 (7.9, 10.5)
9 mo 10.2 (9.0, 11.6) 11.0 (9.7, 12.4) 12.1 (10.7, 13.6) 12.5 (11.0, 14.0)

Definition of abbreviations: AE=adverse event; BFF=budesonide/formoterol fumarate 320/9.6 mg; BGF 160=budesonide/glycopyrrolate/formoterol
fumarate 160/18/9.6 mg; BGF 320=budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 mg; CI=confidence interval; CVAESI=cardiovascular
adverse event of special interest; GFF=glycopyrrolate/formoterol fumarate 18/9.6 mg; MACE=major adverse cardiac event.
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mediated by exacerbations (e.g., the effect of
ICS on the pulmonary vasculature [18]), may
have further contributed to the difference in
treatment effects between BGF 320 and BGF
160 versus GFF.

Reductions in cardiovascular events are
clinically important and relevant to patients.
Cardiovascular events such as MI, heart
failure, and stroke are costly with respect to
quality of life, healthcare expenditure,

and—if not associated with subsequent fatal
events—are inevitably associated with
further healthcare resource use and
morbidity (19–27). People living with
COPD, particularly those who experience

HR (95% CI) P Value

Time to MACE

0.65 (0.41, 1.03) 0.0674 

0.62 (0.39, 0.99) 0.0470

0.50 (0.30, 0.83) 0.0069

Time to severe
cardiopulmonary event

0.80 (0.67, 0.95) 0.0122 

0.89 (0.75, 1.05) 0.1652 

0.97 (0.82, 1.15) 0.7350

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Favors BGF/BFF Favors GFF

1.0 1.1 1.2 1.3

BGF 320 vs GFF BGF 160 vs GFF BFF vs GFF 

HR

Time to severe
COPD exacerbation

0.86 (0.71, 1.03) 0.0997 

0.93 (0.78, 1.11) 0.4392 

1.06 (0.89, 1.27) 0.4850

Figure 1. Hazard ratios (HRs) for time to severe cardiopulmonary events with BGF 320, BGF 160, and BFF versus GFF (modified intention-to-treat
population). HRs and 95% CIs were calculated using Cox regression; P values are nominal and unadjusted for multiplicity. BFF=budesonide/formoterol
fumarate 320/9.6 mg; BGF 160=budesonide/glycopyrrolate/formoterol fumarate 160/18/9.6 mg; BGF 320=budesonide/glycopyrrolate/formoterol
fumarate 320/18/9.6 mg; CI=confidence interval; COPD=chronic obstructive pulmonary disease; GFF=glycopyrrolate/formoterol fumarate 18/9.6 mg;
MACE=major adverse cardiac event. Adapted by permission from reference 15.

HR (95% CI) P Value

0.63 (0.48, 0.82) 0.0006 

Time to CVAESI0.74 (0.57, 0.95) 0.0174

0.65 (0.50, 0.84) 0.0012 

Time to cardiac AE

0.60 (0.48, 0.76) <0.0001 

0.66 (0.53, 0.82) 0.0002 

0.64 (0.51, 0.80) 0.0001 

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Favors BGF/BFF Favors GFF

1.0 1.1 1.2 1.3

BGF 320 vs GFF BGF 160 vs GFF BFF vs GFF 

HR

Figure 2. Hazard ratios (HRs) for time to first CVAESI and cardiac AE with BGF 320, BGF 160, and BFF versus GFF (modified intention-to-treat
population). HRs and 95% CIs were calculated using Cox regression; P values are nominal and unadjusted for multiplicity. AE=adverse event;
BFF=budesonide/formoterol fumarate 320/9.6 mg; BGF 160=budesonide/glycopyrrolate/formoterol fumarate 160/18/9.6 mg; BGF 320=budesonide/
glycopyrrolate/formoterol fumarate 320/18/9.6 mg; CI=confidence interval; CVAESI=cardiovascular adverse event of special interest; GFF=
glycopyrrolate/formoterol fumarate 18/9.6 mg. Adapted by permission from reference 15.
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ongoing exacerbations, are at elevated risk of
both cardiovascular and pulmonary events,
including cardiopulmonary-related death
(1, 2, 4–6, 28, 29), which is a leading cause
of mortality in COPD (7, 8). Indeed, people
living with COPDwho have comorbid heart
disease are at increased risk of all-cause,
cardiovascular-related, and other-cause
hospitalization in addition to an increased
number of days hospitalized per year (30).
In ETHOS, a greater proportion of deaths
was adjudicated to be of cardiovascular
causes (0.8%) compared with respiratory
causes (0.4%) (13). Therefore, reducing risk
of cardiovascular and cardiopulmonary
events is crucial in minimizing the burden
of COPD on patients and healthcare systems.
To improve the outcomes of people living
with COPD, it is clinically appropriate that
composites of cardiopulmonary events are
defined and tested such that future
interventions may be robustly assessed.

For BFF versus GFF, reductions in the
rate of first occurrence of some cardiovascular
endpoints, including MACE, CVAESI, and
cardiac AE, were observed. However, the
reduction in the rate of first occurrence of
severe cardiopulmonary events versus GFF
was most pronounced or evident only in
patients treated with BGF 320 and not BFF.

The composite measure of severe
cardiopulmonary event evaluates the
interrelated and combined cardiovascular
and respiratory involvement in COPD
by incorporating MACE, severe COPD
exacerbations (i.e., those leading to
hospitalization or death), or death of a
nonmalignant respiratory cause. Given that
COPD exacerbations are a strong predictor
of mortality risk (6), and because people
living with COPD are at increased risk of
cardiopulmonary-related death (7), it is
perhaps not surprising that the reductions
in the rate of severe cardiopulmonary events
for BGF 320 versus GFF are likewise
observed for risk of all-cause mortality (13).

A recent post hoc analysis of the
IMPACT study reported a reduction in the
rate of first occurrence of a composite
cardiopulmonary endpoint consisting of
severe COPD exacerbation, CVAESI leading
to hospitalization or death, serious
pneumonia AE of special interest, and all-
cause mortality in people living with
moderate to severe COPD treated with
the ICS/LAMA/LABA fluticasone furoate
(FF)/umeclidinium (UMEC)/vilanterol (VI)
versus the LAMA/LABAUMEC/VI (31).
However, that analysis reported no reduction
in the rate of first occurrence of CVAESI

with FF/UMEC/VI versus UMEC/VI. In
contrast, the current analyses of ETHOS
evaluate a range of cardiopulmonary
endpoints and report a reduction in the rate
of first occurrence of CVAESI with BGF 320
versus GFF. For comparison with the post
hoc analyses of IMPACT, an additional
analysis of ETHOS was conducted using a
comparable composite outcome, which
produced results consistent with the findings
of the other analyses in ETHOS, with a 19%
reduction in the rate of first occurrence of a
serious CVAESI leading to hospitalization
or death, all-cause mortality, exacerbation
leading to hospitalization, or hospitalization
for pneumonia for BGF 320 versus GFF.

COPD exacerbations are characterized
by worsening airflow obstruction, lung
hyperinflation, and airway and systemic
inflammation (32, 33), but LAMA/LABA
therapy (which forms two of the components
of BGF) may decrease airway resistance and
reduce lung hyperinflation, resulting in
improved inspiratory capacity, reduced
residual volume, and potentially improved
cardiac function (34, 35). Benefits to lung
function have also been observed with ICS,
including reduced lung hyperinflation, which
may mediate similar benefits to LAMA/
LABA therapy beyond simply reducing
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GFF 2120 2015 1903 1827 1753 1704 1658 1602 1579 1549 1511 1484 1458 1182
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Figure 3. Kaplan-Meier curves for time to severe cardiopulmonary event (defined as a major adverse cardiac event, severe chronic obstructive
pulmonary disease exacerbation, or death of a nonmalignant respiratory cause) with BGF 320, BGF 160, BFF, and GFF (modified intention-to-
treat population). BFF=budesonide/formoterol fumarate 320/9.6 mg; BGF 160=budesonide/glycopyrrolate/formoterol fumarate 160/18/9.6 mg;
BGF 320=budesonide/glycopyrrolate/formoterol fumarate 320/18/9.6 mg; GFF=glycopyrrolate/formoterol fumarate 18/9.6 mg. Adapted by
permission from reference 15.
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exacerbations (36–39). Indeed, decreasing
lung hyperinflation improves respiratory
mechanics, potentially leading to improved
cardioventilatory coupling and increased
peripheral oxygen delivery (40, 41). Finally,
it has been proposed that bronchodilators
with or without ICS may improve
ventilation-perfusion mismatching (42–44)
and that ICS may reduce airway and
systemic inflammation in COPD (45).
However, the potential mechanisms behind
the association between COPD and
cardiovascular disease are unclear. There
is a potential for a dose–response effect
of ICS on severe cardiopulmonary events,
as observed in the present study, and
previously all-cause mortality, as observed
in a prior analysis of ETHOS (13), despite
no significant difference in rates of
moderate/severe exacerbations between
BGF 320 and BGF 160 relative to GFF (12).
As such, the potential effects of ICS,
including on pulmonary vasculature, must
be considered (18).

This study highlights the importance of
identifying, monitoring, and treating both
cardiovascular and respiratory events in
COPD, which is an important insight,
given that cardiovascular events may be
underreported in COPD-designated studies.
A strength of these analyses is that ETHOS
was a clinical trial of an investigational
medical product and, as such, was designed
to robustly capture AEs, allowing the analysis
of CVAESI beyond what may be possible in
retrospective observational studies that are
not designed to capture all relevant AEs.

Limitations
The limitations of this study must be
acknowledged. Although the present findings
highlight the potentially protective role
of triple therapy with BGF versus dual
bronchodilator therapy with GFF on
cardiovascular and severe cardiopulmonary
events in patients with moderate to very
severe COPD and a history of exacerbations,
the potential for dual bronchodilator therapy
to increase rates of cardiopulmonary events
should be considered. One nested case-
control study reported significant increases
in cardiovascular disease risk in patients
with COPDwho received LAMA, LABA, or
LAMA/LABA for the first time in the prior
year (46). A meta-analysis published in
2023 reported a 42% higher risk of MACE
in patients with COPD treated with

LAMA/LABA compared with LABA/ICS,
but risk of MACE was not significantly
higher in patients treated with LAMA/LABA
than in those treated with LAMA or LABA
alone, indicating a potentially beneficial
effect of ICS onMACE (47). In contrast,
a population cohort study reported no
significant increase in the risk of composite
or individual cardiovascular events in
patients with COPD treated with
LAMA/LABA versus LABA/ICS (48).
Importantly, in two studies (PINNACLE-1
and PINNACLE-2) that evaluated the
efficacy and safety of GFF versus its
monocomponents in a population of patients
with less severe COPD than the ETHOS
population, the incidence of CVAESI was
low and similar across treatments, and no
clinically important differences were
observed between treatments in the 24-hour
Holter substudy of PINNACLE-2 (49). Of
the few deaths reported in the PINNACLE
studies, none were considered related to the
study drug (49). ETHOS was a study in
which patients with severe cardiovascular
disease were excluded, and only patients with
a history of moderate or severe exacerbations
in the last 12 months were included, among
other selection criteria. As such, the
generalizability of the present findings may
be limited to a subset of the overall COPD
population who have a recent history of
exacerbations and a relatively lower risk of
cardiovascular events than patients with
similarly severe COPD in clinical practice.
Long-term placebo-controlled trials are
considered unethical, given the observed
benefits of ICS and bronchodilators in
patients with COPD at risk of exacerbations;
however, additional studies are warranted
to determine the applicability of the present
findings to the wider COPD population and
to further evaluate the protective effect of
BGF in patients at risk of cardiovascular and
severe cardiopulmonary events.

The greater reductions in the rate of
first occurrence of CVAESI, cardiac AE, and
MACE relative to severe exacerbations must
be considered in the context of differing
sample sizes because of the differing
frequency of events. The present analyses
were conducted post hoc, were not powered
to demonstrate a treatment effect for the
reported endpoints, and were not adjusted
for multiplicity; therefore, they should be
considered exploratory in nature. Because
of the low incidence of MACE in ETHOS

(n=128), CVAESI (n=431) and cardiac
AE (n=578) were included as additional
cardiovascular outcomes, allowing greater
precision due to their higher incidence. The
relative effect of BGF versus GFF on cardiac
AE and CVAESI was comparable to, and thus
supportive of, the effect of BGF onMACE.

Finally, given that the majority of
patients in ETHOS used ICS before
screening, most patients randomized to GFF
discontinued ICS use at randomization,
which may have resulted in increased rates of
severe cardiopulmonary events, such as
exacerbations (50). However, the effects
of ICS withdrawal are mixed and vary
according to a number of factors (51, 52). All
time-to-event analyses included in this study
were adjusted for ICS use at screening, and
previously reported sensitivity analyses for
time to severe exacerbation by prior ICS
use did not substantially alter the benefit of
BGF 320 versus GFF (53). Therefore, ICS
withdrawal likely did not contribute to the
results observed in this study.

Conclusions
These analyses of the ETHOS study indicate
that BGF triple therapy is associated with
reductions in the rate of first occurrence of
cardiovascular and severe cardiopulmonary
events compared with GFF dual therapy
across an array of clinically relevant
endpoints, including CVAESI, cardiac AEs,
and the composite measure of severe
cardiopulmonary events, in people living
with moderate to very severe COPD and a
history of COPD exacerbations. Given that
cardiovascular and severe cardiopulmonary
events are a major burden in COPD, these
data highlight the importance of including
cardiovascular and cardiopulmonary
events as key endpoints in clinical trials for
COPD; monitoring and preventing both
cardiovascular and respiratory events are
crucial to supporting positive outcomes in
people living with COPD.�
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