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Purpose: Blood eosinophil (EOS) count can guide treatment decisions for chronic obstructive pulmonary disease (COPD). In the 
52-week ETHOS study (NCT02465567), budesonide/glycopyrronium/formoterol fumarate dihydrate (BGF) triple therapy at two 
inhaled corticosteroid doses reduced moderate/severe exacerbation rates and improved lung function, symptoms, and disease- 
related quality of life (QoL) versus dual therapy with glycopyrronium/formoterol fumarate dihydrate (GFF) or budesonide/ 
formoterol fumarate dihydrate (BFF) in patients with moderate-to-very severe COPD. This subgroup analysis evaluated treatment 
benefits in ETHOS by baseline EOS count.
Methods: Patients (40−80 years) with a COPD history were randomly assigned 1:1:1:1 to receive BGF 320/14.4/10 µg, BGF 160/14.4/10 µg, 
GFF 14.4/10 µg, or BFF 320/10 µg via a metered-dose inhaler. This post-hoc analysis assessed endpoints by baseline EOS count using Global 
Initiative for Obstructive Lung Disease thresholds (<100, ≥100, ≥100−<300, ≥300 cells/mm3), and investigated continuous relationships 
between treatment effects and EOS count on exacerbations, symptoms, disease-related QoL, lung function, and safety.
Results: In the modified intention-to-treat population (n=8509), 82.6% had EOS counts ≥100 cells/mm3. BGF 320 reduced moderate/ 
severe exacerbation rates versus GFF in the ≥100, ≥100−<300, and ≥300 subgroups; treatment differences increased with EOS count. 
BGF 320 improved rescue medication use and lung-function outcomes across all subgroups, and St George’s Respiratory 
Questionnaire total score, Transition Dyspnea Index focal score, and Exacerbations of Chronic Pulmonary Disease Tool total score 
in all except the <100 subgroup versus GFF. Benefits of BGF 320 versus BFF were generally consistent across subgroups. Safety data 
were comparable across subgroups.
Conclusion: Benefits of BGF versus GFF were observed across EOS counts, particularly at ≥100 cells/mm³; versus BFF, benefits 
were largely independent of EOS. These findings confirm that benefits of ICS-containing triple therapy are not restricted to EOS 
counts ≥300 cells/mm³, supporting recommendations to consider triple therapy in patients with an exacerbation history and EOS 
counts ≥100 cells/mm³.
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Introduction
For patients with chronic obstructive pulmonary disease (COPD) and a history of exacerbations, treatment with triple 
therapy containing an inhaled corticosteroid (ICS), long-acting β2-agonist (LABA), and long-acting muscarinic antago-
nist (LAMA) is recommended as an escalation step from ICS/LABA or LAMA/LABA dual therapy.1 Blood eosinophil 
(EOS) count can help predict ICS response in patients with COPD, even in those who have not had an exacerbation in the 
previous year.2 Previous analyses have consistently shown a continuous relationship between EOS counts and ICS- 
containing treatment effects, with responsiveness across a broad range of EOS counts that increases at higher EOS 
counts.2–6 Not only has the relationship between EOS count and exacerbations2–5 and mortality6 been well characterized, 
but greater efficacy on lung function following ICS treatment has also been observed at higher baseline EOS counts.2,7 In 
addition, limited data suggest that greater benefits on symptoms and disease-related quality of life (QoL) may be 
achieved by the administration of ICS therapy in patients with higher EOS counts.4,5,7

The Global Initiative for Obstructive Lung Disease (GOLD) report currently recommends that the addition of ICS therapy 
be considered for patients on LAMA/LABA therapy who have exacerbations and EOS counts ≥100 cells/mm3.1 A threshold 
of >300 cells/mm3 is used to identify patients most likely to benefit from initiating ICS use, while the use of ICS is not 
recommended with EOS counts <100 cells/mm³ given the limited evidence of relevant treatment effects.1,3

In the 52-week ETHOS study (NCT02465567), triple therapy with a budesonide/glycopyrronium/formoterol 
fumarate dihydrate (BGF) metered-dose inhaler at two ICS dose levels reduced moderate and/or severe exacerbation 
rates and improved lung function and symptoms versus dual therapy with glycopyrronium/formoterol fumarate 
dihydrate (GFF) or budesonide/formoterol fumarate dihydrate (BFF) in patients with moderate-to-very severe COPD 
and at least one exacerbation in the previous year.8–10 The large sample size of ETHOS presents an opportunity to 
evaluate EOS count data with respect to treatment benefits on exacerbation rates, symptoms, disease-related QoL, 
and lung function, and to compare findings with observations from other studies. Thus, we present subgroup 
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analyses assessing the efficacy and safety of BGF versus GFF and BFF in patients enrolled in the ETHOS study by 
EOS count (<100, ≥100, ≥100–<300, and ≥300 cells/mm3) and describe the continuous relationship between 
treatment effects and increasing EOS count.

Methods
Study Design and Population
Details of the primary ETHOS study design have been published previously.8,11 In brief, ETHOS was a Phase 3, 
randomized, double-blind, parallel-group study conducted in 26 countries. Patients with moderate-to-very severe COPD 
were assigned in a 1:1:1:1 ratio to receive BGF 320/14.4/10 µg (hereafter referred to as BGF 320), BGF 160/14.4/10 µg 
(hereafter referred to as BGF 160), GFF 14.4/10 µg, or BFF 320/10 µg. All treatments were administered twice daily 
over 52 weeks via a single metered-dose inhaler.

Patients between 40 and 80 years of age who had an established clinical history of COPD with a post-bronchodilator 
forced expiratory volume in 1 s (FEV1)/forced vital capacity ratio <0.70 and FEV1 25–<65% predicted normal were 
eligible for inclusion. In addition, eligible patients were required to have a COPD Assessment Test score of ≥10 at 
screening, two or more inhaled maintenance therapies for at least 6 weeks prior to screening (if on maintenance ICS at 
screening [Visit 1], ICS was continued throughout the screening period), a smoking history of ≥10 pack-years, and 
a documented history of moderate or severe exacerbations in the 12 months prior to screening (≥1 moderate or severe if 
post-bronchodilator FEV1 <50% of predicted normal or ≥2 moderate or ≥1 severe if post-bronchodilator FEV1 ≥50% of 
predicted normal). Patients who had a current diagnosis of asthma, COPD due to α1 antitrypsin deficiency, or any 
clinically significant uncontrolled conditions other than COPD were excluded.

Blood EOS counts were measured at the screening (Visit 1) and randomization (Visit 4) visits. Baseline EOS count 
was recorded as the average of available EOS counts over these visits. For these post-hoc analyses, patients were 
assessed in four subgroups based on baseline EOS count: <100 cells/mm3, ≥100 cells/mm3, ≥100–<300 cells/mm3, and 
≥300 cells/mm3.

The ETHOS study was performed in accordance with the ethical principles that have their origin in the Declaration of 
Helsinki and that are consistent with International Council for Harmonisation/Good Clinical Practice and applicable 
regulatory requirements. The study protocol and informed consent form were approved by the appropriate institutional 
review board, independent ethics committee, or health authority, and written informed consent was obtained from all 
patients before screening.

Endpoints
Primary and secondary endpoint data from the overall ETHOS population have been reported previously.8 Exacerbation 
endpoints included in this subgroup analysis were the annual rate of moderate or severe COPD exacerbations (the primary 
endpoint in ETHOS), and the annual rate of severe exacerbations (a secondary endpoint in ETHOS). Additionally, 
secondary COPD symptom and disease-related QoL endpoints were assessed using the European regulatory approach 
(over 24 weeks unless otherwise specified) in this subgroup analysis and included changes from baseline in average daily 
rescue medication use, St George’s Respiratory Questionnaire (SGRQ) total score, Exacerbations of Chronic Pulmonary 
Disease Tool (EXACT) total score over 52 weeks, and Transition Dyspnea Index (TDI) focal score. Lung function 
(morning pre-dose trough FEV1 and FEV1 area under the concentration–time curve from 0−4 h [AUC0−4]) was also 
analyzed in a subset of patients who participated in a pulmonary function test sub-study of ETHOS.9

Safety was assessed via adverse-event monitoring. Cardiovascular and cerebrovascular events, pneumonia cases, and 
cause-specific deaths were reviewed by an independent data monitoring committee and an independent clinical endpoint 
committee throughout the study.

Statistical Analysis
All subgroup analyses of the primary and secondary symptom-related endpoints used on-treatment data from the 
modified intention-to-treat (mITT) population of ETHOS (all randomized and treated patients with data obtained before 

International Journal of Chronic Obstructive Pulmonary Disease 2022:17                                                https://doi.org/10.2147/COPD.S374670                                                                                                                                                                                                                       

DovePress                                                                                                                       
3063

Dovepress                                                                                                                                                        Bafadhel et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


discontinuation of treatment). Safety was assessed in the safety population (all randomized and treated patients); patients 
with no post-randomization safety assessments were excluded.

The focus of this analysis was on BGF 320, but results for BGF 160 are included for completeness. Treatment 
comparisons in each subgroup were made for both BGF doses versus GFF and BFF. Exacerbation rates were analyzed 
using negative binomial regression, with adjustment for ICS use at screening, baseline post-bronchodilator percent predicted 
FEV1, baseline COPD exacerbation history (1/≥2), log baseline EOS count, and geographic region. Differences between 
treatments in rescue medication use, SGRQ total score, TDI focal score, and EXACT total score were analyzed using 
a linear repeated measures model in each subgroup. Models for SGRQ total score and TDI focal score were adjusted for 
baseline score, treatment, visit, treatment-by-visit interaction, ICS use at screening, baseline post-bronchodilator percent 
predicted FEV1, and percent reversibility to bronchodilator. Analysis of daily rescue medication use and EXACT total score 
used similar models with adjustment for 4-weekly time intervals rather than visit. P-values for these post-hoc analyses were 
not adjusted for multiplicity and are provided for information in the Figures. The analyses were not prospectively powered 
to achieve statistical significance, and interpretation of the data focused on observing the magnitude and direction of the 
treatment differences in the subgroups. The subgroup analyses were supplemented by a generalized additive model 
investigating the relationship of endpoints to EOS count as a continuous variable.

Results
Study Population
Overall, 8588 patients were randomized, and the mITT population included 8509 patients. The safety population 
included 8529 patients. The mean age of patients in the mITT population was 64.7 years (standard deviation 7.6) and 
59.7% were male. Baseline demographics were similar across EOS count subgroups, with the inherent exception of 
baseline EOS count (Table 1). Within the mITT population, 17.3% of patients had EOS <100 cells/mm³, 82.6% had EOS 
≥100 cells/mm3, 67.9% had EOS ≥100−<300 cells/mm³, and 14.7% had EOS ≥300 cells/mm³. EOS variability in the 

Table 1 Demographics and Baseline Characteristics by EOS Subgroup (mITT Population)

<100  
Cells/mm3

≥100  
Cells/mm3

≥100−<300  
Cells/mm3

≥300  
Cells/mm3

Patients, N 1476 7032 5778 1254

Mean ± SD age, years 64.8±7.4 64.7±7.6 64.6±7.6 65.1±7.8

Male, n (%) 881 (59.7) 4199 (59.7) 3367 (58.3) 832 (66.3)
Mean ± SD EOS 70.7±20.7 222.8±131.3 178.1±52.1 428.7±180.4

Current smoker, n (%) 610 (41.3) 2885 (41.0) 2399 (41.5) 486 (38.8)
Median pack-years (min, max) 40.5 (3.4, 187.5) 43.0 (9.6, 250.0) 43.0 (10.0, 250.0) 43.0 (9.6, 216.0)

COPD severity, n (%)

Moderate 379 (25.7) 2047 (29.1) 1649 (28.5) 398 (31.7)
Severe 908 (61.5) 4243 (60.3) 3511 (60.8) 732 (58.4)

Very severe 185 (12.5) 739 (10.5) 617 (10.7) 122 (9.7)

Mean ± SD post-bronchodilator FEV1% predicted 42.7±10.4 43.6±10.3 43.4±10.3 44.2±10.4
Exacerbation history in the previous year, n (%)

1 moderate/severe 704 (47.7) 2995 (42.6) 2518 (43.6) 477 (38.0)

≥2 moderate/ severe 772 (52.3) 4037 (57.4) 3260 (56.4) 777 (62.0)
≥1 severe 356 (24.1) 1443 (20.5) 1159 (20.1) 284 (22.6)

ICS use at screening, n (%) 1219 (82.6) 5626 (80.0) 4631 (80.1) 995 (79.3)

Mean ± SD CAT scorea at screening 20.4±6.3 21.2±6.2 21.1±6.2 21.4±6.2
Reversibility, n (%) 427 (28.9) 2184 (31.1) 1765 (30.5) 419 (33.4)

Mean ± SD post-bronchodilator % reversibility for FEV1
b 15.4±15.3 15.5±15.9 15.5±15.8 15.6 ±16.5

Notes: aScores on the CAT range from 0 to 40, with higher scores indicating more symptoms; the minimum clinically important difference in score is 2 points. 
bBronchodilator reversibility was defined as an increase in FEV1 of at least 12% and at least 200 mL after administration of albuterol. 
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; EOS, blood eosinophil; FEV1, forced expiratory volume in 1 s; ICS, inhaled 
corticosteroid; mITT, modified intention-to-treat; SD, standard deviation.
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safety population during the ETHOS study is shown in Supporting Table S1. Within the 52-week study period, 40% of 
patients had both a minimum EOS count of <100 cells/mm3 and a maximum EOS count of ≥100 cells/mm³, and 5.9% of 
patients had a minimum EOS count of <100 cells/mm3 and a maximum EOS count of >300 cells/mm3. A higher 
proportion of patients receiving GFF had a maximum EOS count >300 cells/mm3 (34.9%) compared with patients 
receiving BGF 320 (30.1%), BGF 160 (30.6%), and BFF (28.9%). Additionally, a smaller proportion of patients 
receiving GFF had a maximum EOS count <100 cells/mm3 (3.8%) compared with patients receiving BGF 320 (4.7%), 
BGF 160 (4.9%), and BFF (4.9%).

COPD Exacerbations
BGF 320 reduced the rate of moderate/severe exacerbations versus GFF in the ≥100, ≥100−<300, and ≥300 cells/mm³ 
subgroups (Figure 1). Rate reductions for BGF 320 versus GFF increased with increasing EOS counts, with a 22% reduction 
for patients in the EOS ≥100−<300 cells/mm³ subgroup and a 52% reduction for patients with EOS ≥300 cells/mm³ (Figure 1). 
Rate reductions for BGF 320 versus BFF were largest in the <100 cells/mm³ subgroup (22%; Figure 1) but treatment 
differences overall were generally seen across the range of EOS counts (Figure 2A). Similar treatment benefits were observed 
with BGF 160 versus GFF and BFF (Figures 1 and 2A).

Reductions in the rate of severe exacerbations for BGF 320 versus GFF were greatest in the ≥300 cells/mm³ subgroup 
(57%; Figure 3), and treatment differences tended to increase with increasing EOS count (Figure 2B). Rate reductions for 
BGF 320 versus BFF were largest in the <100 cells/mm³ subgroup (39%; Figure 3), but rate reductions were observed 
across all EOS subgroups.

Symptoms and Disease-Related QoL
BGF 320 reduced rescue medication use versus dual therapies in patients across all EOS subgroups (Figure 4). BGF 320 
reduced rescue medication use versus GFF in all four EOS subgroups, with treatment differences increasing with baseline 

Figure 1 Annual rate of moderate/severe exacerbations by baseline EOS count: BGF versus dual therapies (mITT population). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; CI, confidence interval; EOS, blood 
eosinophil; GFF, glycopyrronium/formoterol fumarate dihydrate; mITT, modified intention-to-treat; RR, rate ratio.
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EOS count (Figures 2C and 4). Treatment differences between BGF 320 and BFF were greatest for patients with baseline 
EOS <100 cells/mm3 but were seen across the range of EOS counts (Figure 4).

BGF 320 improved SGRQ total score versus GFF in the ≥100, ≥100−<300, and ≥300 cells/mm³ subgroups, with the 
greatest treatment benefits for BGF 320 observed in the ≥300 cells/mm³ subgroup (Figure 5). Treatment differences 
between BGF 320 and GFF in SGRQ total score also tended to increase with increasing EOS count (Figure 2D). 

Figure 2 Efficacy endpoints by baseline EOS count (mITT population). (A) Annual rate of moderate/severe exacerbationsa; (B) Annual rate of severe exacerbations; 
(C) Change from baseline in rescue medication use over 24 weeks; (D) Change from baseline in SGRQ total score over 24 weeks; (E) Change from baseline in FEV1 

AUC0−4 over 24 weeks; (F) Change from baseline in morning pre-dose trough FEV1 over 24 weeks. Data are from generalized additive models. Banded areas indicate 
95% Bayesian credible intervals. aFrom N Engl J Med, Rabe KF, et al. Triple Inhaled Therapy at Two Glucocorticoid Doses in Moderate-to-Very-Severe COPD, 
383(1):35–48. Copyright © 2020 Massachusetts Medical Society.8 Reprinted with permission from Massachusetts Medical Society. 
Abbreviations:AUC0–4, area under the concentration–time curve from 0−4 h; BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/ 
formoterol fumarate dihydrate; COPD, chronic obstructive pulmonary disease; EOS, blood eosinophil; FEV1, forced expiratory volume in 1 s; GFF, glycopyrronium/ 
formoterol fumarate dihydrate; mITT, modified intention-to-treat; SGRQ, St George’s Respiratory Questionnaire.

Figure 3 Annual rate of severe exacerbations by baseline EOS count: BGF versus dual therapies (mITT population). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; CI, confidence interval; EOS, blood 
eosinophil; GFF, glycopyrronium/formoterol fumarate dihydrate; mITT, modified intention-to-treat; RR, rate ratio.
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Compared with BFF, BGF 320 improved SGRQ total score in all subgroups, with the largest treatment benefits observed 
in the ≥300 cells/mm³ subgroup (Figure 5).

Improvements in EXACT total score were observed with BGF 320 versus GFF and BFF in the ≥100, ≥100−<300, 
and ≥300 cells/mm³ subgroups (Supporting Figure S1), and treatment differences generally increased with higher 
baseline EOS counts (Supporting Figure S2A). TDI focal score also improved with BGF 320 versus GFF in the ≥100, 
≥100−<300, and ≥300 cells/mm³ subgroups (Supporting Figure S3), with the difference between treatments increasing 
with baseline EOS count (Supporting Figure S2B). Improvements with BGF 320 versus BFF in EXACT total score 
(Supporting Figure S1) and TDI focal score (Supporting Figure S2) were observed in all EOS subgroups.

Lung Function
Improvements in morning pre-dose trough FEV1 (Figure 6A) and FEV1 AUC0–4 (Figure 6B) over 24 weeks were 
observed with BGF 320 versus GFF in all subgroups, though improvements were smaller in the <100 cells/mm³ 
subgroup. Compared with BFF, BGF 320 improved trough FEV1 (Figure 6A) and FEV1 AUC0–4 (Figure 6B) in all 
subgroups. Improvements versus GFF generally increased with higher EOS counts (Figure 2E and F) and were greatest 
in patients with EOS ≥300 cells/mm3 (Figure 6A and B).

Safety
Safety data by baseline EOS subgroup and treatment group are presented in Table 2, and further data on specific 
TEAEs during the treatment period are presented in Supporting Table S2. Within each EOS subgroup, the 
incidence of treatment-emergent adverse events (TEAEs) was generally comparable across treatments. The 
incidence of confirmed major adverse cardiovascular events (MACE), confirmed pneumonia, overall deaths, and 
cardiovascular and respiratory deaths was similar across EOS subgroups (Table 2), but the incidence of confirmed 

Figure 4 Change from baseline in rescue medication use (puffs/day) over 24 weeks by baseline EOS count: BGF versus dual therapies (mITT population). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; CI, confidence interval; EOS, blood 
eosinophil; GFF, glycopyrronium/formoterol fumarate dihydrate; LSM, least square mean; mITT, modified intention-to-treat.
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MACE was highest in patients receiving GFF (23.5−39.8 per 1000 patient-years) and lowest in patients with EOS 
counts ≥300 cells/mm³ receiving BGF 320 (3.6 per 1000 patient-years). The incidence of cardiovascular death in 
patients receiving GFF with EOS counts ≥100 cells/mm3, ≥100–300 cells/mm3, and ≥300 cells/mm3 was greater 
than double that of patients receiving either dose of BGF (Supporting Table S2).

Discussion
In the ETHOS study, triple therapy with both doses of BGF showed benefits on exacerbations, symptoms, and disease- 
related QoL compared with LAMA/LABA therapy (GFF), and these benefits increased with EOS count, further 
demonstrating that EOS count can help predict an ICS versus non-ICS effect as observed versus LAMA/LABA dual 
therapy. Treatment benefits of BGF compared with ICS/LABA therapy (BFF) were also observed, and these benefits 
were generally consistent across the range of EOS counts. Consistent with the current GOLD recommendations,1 the 
strongest benefits of ICS-containing triple therapy were observed in patients with EOS ≥300 cells/mm3. However, it is 
important to note that patients with EOS counts ≥100−<300 cells/mm³ also experienced clear and consistent benefits with 
BGF 320 compared with both dual therapies on exacerbations, symptoms, disease-related QoL, and lung function, 
suggesting that patients with EOS counts in this range also benefit from triple therapy.

In the EOS <100 cells/mm3 subgroup, treatment benefits of BGF 320 compared with GFF were observed for rescue 
medication use. However, overall, this subgroup did not experience greater benefits of ICS-containing triple therapy 
compared with LAMA/LABA for other endpoints, and the precise EOS count threshold at which treatment benefit began 
varied between endpoints. Patients with lower EOS counts have less type 2 inflammation, which can explain a lower 
response to ICS.12–14 Furthermore, lower blood and sputum EOS counts are associated with a different microbiome, 
characterized by an increased presence of Haemophilus influenzae that further upregulates the burden of neutrophilic 

Figure 5 Change from baseline in SGRQ total score over 24 weeks by baseline EOS count: BGF versus dual therapies (mITT population). 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; CI, confidence interval; EOS, blood 
eosinophil; GFF, glycopyrronium/formoterol fumarate dihydrate; LSM, least square mean; mITT, modified intention-to-treat; SGRQ, St George’s Respiratory Questionnaire.
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Figure 6 Change from baseline in (A) morning pre-dose trough FEV1 and (B) FEV1 AUC0–4 by baseline EOS count: BGF versus dual therapies (mITT population). 
Abbreviations:AUC0–4, area under the concentration–time curve from 0−4 h; BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/ 
formoterol fumarate dihydrate; CI, confidence interval; EOS, blood eosinophil; FEV1, forced expiratory volume in 1 s; GFF, glycopyrronium/formoterol fumarate dihydrate; 
LSM, least square mean; mITT, modified intention-to-treat.
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airway inflammation present in COPD.15–18 Lower EOS counts therefore seem to mark a COPD subgroup with 
a microbiome and airway inflammation profile that responds less to ICS treatment.

The findings of the current analysis are consistent with previously published clinical trial analyses.2,5,19 For example, in the 
24-week KRONOS study in 1902 patients with symptomatic COPD, reductions in exacerbation rates with BGF triple therapy 
versus dual therapy with GFF increased as EOS count increased, particularly at EOS counts above 100 cells/mm³.2 

Improvements in lung function with triple therapy in KRONOS were driven by patients with baseline EOS counts 
≥150 cells/mm³, with the greatest improvements observed above 250 cells/mm³, while the treatment benefits of BGF 
compared with BFF on lung function occurred across a broad range of EOS counts. Furthermore, in the 52-week IMPACT 
trial of 10,355 patients with symptomatic COPD and at least one moderate or severe exacerbation in the previous year, Pascoe 
et al reported that the magnitude of treatment benefits with ICS-containing regimens compared with a LAMA/LABA was 
largest in patients with an EOS count of ≥100 cells/mm³.5

Overall, safety data were comparable across the EOS subgroups. However, it is notable that incidence of cardiovas-
cular death was higher in patients receiving GFF versus BGF in each EOS subgroup except the <100 cells/mm3 

subgroup. These findings extend upon previous analyses of MACE and mortality in ETHOS, which report higher 
incidence of MACE and cardiovascular death with GFF versus BGF,6,20 with this difference being more pronounced with 

Table 2 Adverse Events During the 52-Week Treatment Period by Treatment Group and EOS Subgroup (Safety Populationa)

BGF 320/14.4/10 µg BGF 160/14.4/10 µg GFF 14.4/10 µg BFF 320/10 µg All Patients

At least one TEAE, n (%)
<100 cells/mm³ (n = 1481) 258 (67.5) 239 (64.9) 202 (58.0) 242 (63.2) 941 (63.5)

≥100 cells/mm³ (n = 7047) 1110 (63.0) 1117 (63.6) 1110 (62.5) 1135 (64.7) 4472 (63.5)

≥100−<300 cells/mm³ (n = 5791) 917 (63.2) 922 (64.1) 927 (62.6) 912 (64.2) 3678 (63.5)
≥300 cells/mm³ (n = 1256) 193 (62.3) 195 (61.3) 183 (62.0) 223 (67.0) 794 (63.2)

Serious TEAEs, n (%)
<100 cells/mm³ (n = 1481) 87 (22.8) 86 (23.4) 67 (19.3) 86 (22.5) 326 (22.0)

≥100 cells/mm³ (n = 7047) 339 (19.2) 359 (20.4) 366 (20.6) 354 (20.2) 1418 (20.1)
≥100−<300 cells/mm³ (n = 5791) 277 (19.1) 301 (20.9) 294 (19.9) 288 (20.3) 1160 (20.0)

≥300 cells/mm³ (n = 1256) 62 (20.0) 58 (18.2) 72 (24.4) 66 (19.8) 258 (20.5)

Confirmed MACEb, events (rate)
<100 cells/mm³ (n = 1481) 6 (18.2) 6 (18.5) 7 (23.5) 4 (12.6) 23 (18.1)

≥100 cells/mm³ (n = 7047) 26 (16.6) 25 (16.0) 40 (27.2) 20 (13.2) 111 (18.1)
≥100−<300 cells/mm³ (n = 5791) 25 (19.5) 20 (15.6) 31 (24.9) 15 (12.1) 91 (18.0)

≥300 cells/mm³ (n = 1256) 1 (3.6) 5 (17.5) 9 (39.8) 5 (17.9) 20 (18.7)

Confirmed pneumonia, n (%)
<100 cells/mm³ (n = 1481) 18 (4.7) 14 (3.8) 7 (2.0) 17 (4.4) 56 (3.8)

≥100 cells/mm³ (n = 7047) 72 (4.1) 61 (3.5) 41 (2.3) 79 (4.5) 253 (3.6)
≥100−<300 cells/mm³ (n = 5791) 59 (4.1) 52 (3.6) 31 (2.1) 69 (4.9) 211 (3.6)

≥300 cells/mm³ (n = 1256) 13 (4.2) 9 (2.8) 10 (3.4) 10 (3.0) 42 (3.3)

Deaths, n (%)
<100 cells/mm³ (n = 1481) 4 (1.0) 11 (3.0) 6 (1.7) 5 (1.3) 26 (1.8)

≥100 cells/mm³ (n = 7047) 16 (0.9) 17 (1.0) 29 (1.6) 24 (1.4) 86 (1.2)
≥100−<300 cells/mm³ (n = 5791) 14 (1.0) 13 (0.9) 21 (1.4) 18 (1.3) 66 (1.1)

≥300 cells/mm³ (n = 1256) 2 (0.6) 4 (1.3) 8 (2.7) 6 (1.8) 20 (1.6)

Notes: aThe safety population included all patients who underwent randomization, received treatment, and had any post-randomization safety assessment. bThe rate of 
MACE per 1000 person-years = 1000 × (total number of MACE/total years of exposure across all patients for the treatment). Total person-years of exposure for 
a treatment group is the total exposure (years) in the study across all patients in the treatment group. 
Abbreviations: BFF, budesonide/formoterol fumarate dihydrate; BGF, budesonide/glycopyrronium/formoterol fumarate dihydrate; EOS, blood eosinophil; GFF, glycopyrro-
nium/formoterol fumarate dihydrate; MACE, major adverse cardiovascular event; TEAE, treatment-emergent adverse event.
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increasing EOS for non-fatal myocardial infarction and cardiovascular death but not for non-fatal stroke.20 However, 
these findings should be interpreted with caution due to the low number of events in each subgroup.

The findings from the ETHOS study indicate not only that exacerbation rates are reduced but also that symptoms, 
disease-related QoL, and lung function improve with ICS-containing triple therapy, particularly at EOS counts greater 
than 100 cells/mm3, and show clear evidence of treatment benefits for patients with EOS counts between 100 and 
300 cells/mm3. Thus, the current analyses add to this body of evidence2,5 by analyzing treatment effects across a broad 
range of clinically relevant endpoints using EOS count thresholds in line with the existing GOLD recommendations.1

The current findings should be considered in light of the strengths and limitations of the ETHOS study. The strengths 
of the ETHOS study include its large sample size. While the patient population was large (n = 8509), the percentages of 
patients with baseline EOS counts ≥300 cells/mm³ and <100 cells/mm³ were relatively small (14.7% and 17.3%, 
respectively) by virtue of the natural distribution of EOS.21 This led to greater uncertainty in the estimates for these 
subgroups. However, given the large overall sample size, both groups still were of reasonable absolute sizes. A further 
limitation of this study is that ETHOS was not designed or prospectively powered to achieve statistical significance in 
these post-hoc subgroup analyses. As such, the unadjusted p-values should be interpreted with caution, and interpretation 
of the results should instead focus on the magnitude and direction of the treatment differences in the subgroups.

It is also important to note that patients were grouped by baseline EOS count, per measurements at screening and 
randomization. However, it has been shown that EOS levels can vary over time,22 and data modeling indicates that the 
relationship between EOS count and ICS effectiveness is continuous.3 Thus, basing clinical decisions on precise EOS 
cut-off values may be over-simplistic, especially given important factors such as smoking status and its impact on blood 
EOS.1,23

Conclusions
In conclusion, treatment benefits for BGF 320 over dual therapy with LAMA/LABA on moderate or severe COPD 
exacerbation rates, symptoms, disease-related QoL, and lung function were observed across a range of EOS counts, 
particularly above 100 cells/mm3, and these benefits generally increased with higher baseline EOS count. Benefits of 
BGF compared with ICS/LABA dual therapy were largely independent of EOS. Overall, these findings confirm those of 
previous studies,2,5,19 that patients with EOS counts ≥300 cells/mm3 experience the greatest benefits of ICS-containing 
triple therapy on exacerbation rates, symptoms, disease-related QoL, and lung function. Importantly, this study provides 
further evidence that patients with EOS counts ≥100−<300 cells/mm³ also experience clear benefits of ICS-containing 
therapy on these same outcomes.

Abbreviations
AUC0–4, area under the concentration–time curve from 0−4 h; BFF, budesonide/formoterol fumarate dihydrate; BGF, 
budesonide/glycopyrronium/formoterol fumarate dihydrate; CAT, COPD Assessment Test; CI, confidence interval; 
COPD, chronic obstructive pulmonary disease; EOS, blood eosinophil; EXACT, Exacerbations of Chronic Pulmonary 
Disease Tool; FEV1, forced expiratory volume in 1 s; GFF, glycopyrronium/formoterol fumarate dihydrate; GOLD, 
Global Initiative for Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist, LAMA, long- 
acting muscarinic antagonist; LSM, least square mean; MACE, major adverse cardiovascular event; mITT, modified 
intention-to-treat; QoL, quality of life; RR, rate ratio; SD, standard deviation; SGRQ, St George’s Respiratory 
Questionnaire; TDI, Transition Dyspnea Index; TEAE, treatment-emergent adverse event.
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