Supplementary information
Lung function
Over 24 weeks, the magnitude of improvement (mL [95% CI], unadjusted p-value) in FEV1 AUC0–4 was greater with BGF MDI than BFF MDI and BUD/FORM DPI, both in those not reporting (122 [90, 153]; p<0.0001 and 77 [45, 110]; p<0.0001, respectively) and in those reporting (55 [6, 104]; p=0.0269 and 125 [78, 172]; p<0.0001, respectively) a prior exacerbation (Table S4B, Table S4C; Figure S3A). A small magnitude benefit in FEV1 AUC0–4 was seen for BGF MDI versus GFF MDI in those reporting and not reporting a prior exacerbation (35 [–5, 75]; p=0.0882 and 11 [–14, 37]; p=0.3847, respectively) (Table S4B, Table S4C).   
The change from baseline in morning pre-dose trough FEV1 (mL [95% CI]) over 24 weeks was also greater with by BGF MDI versus BFF MDI and BUD/FORM DPI in the no prior exacerbation subgroup (88 [63, 113]; p<0.0001 and 46 [21, 71]; p=0.0003, respectively), and versus BUD/FORM DPI, but not BFF MDI in the prior exacerbation subgroup (96 [56, 137]; p<0.0001 and 29 [–12, 71]; p=0.1645, respectively) (Table S4B, Table S4C; Figure S3B). Small improvements in favor of BGF MDI in change from baseline in morning pre-dose trough FEV1 versus GFF MDI were observed in those reporting and not reporting a prior exacerbation (28 [–6, 62]; p=0.1035 and 20 [–1, 40]; p=0.0559, respectively) (Table S4B, Table S4C).
Improvements for BGF MDI versus comparators were generally similar throughout the 24-week treatment period for FEV1 AUC0–4 and change from baseline in morning pre-dose trough FEV1 for both subgroups (Figure S3A, Figure S3B).


Table S1 Exacerbation outcomes in the subgroup of patients with no history of prior exacerbations in the previous 12 months and no prior ICS use (efficacy estimand, mITT population)
	
	BGF MDI 
320/18/9.6 μg
	[bookmark: _GoBack]GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	Patients, N
	N=136
	N=147
	N=73
	N=77

	Rate of moderate/severe COPD exacerbations 

	Number of events, n
	19
	28
	13
	10

	Adjusted annualized rate (SE)
	0.32 (0.09)
	0.45 (0.11)
	0.41 (0.14)
	0.26 (0.10)

	Rate ratio, BGF MDI vs comparator (95% CI)
	-
	0.73
(0.36, 1.47)
	0.79
(0.33, 1.86)
	1.24
(0.49, 3.13)

	p-value
	-
	0.3742
	0.5862
	0.6481

	Time to first moderate/severe COPD exacerbation

	Number of patients with exacerbations, n (%)
	18 (13.2)
	20 (13.6)
	12 (16.4)
	8 (10.4)

	Hazard ratio, BGF MDI vs comparator (95% CI)
	-
	0.980
(0.517, 1.857)
	0.808
(0.389, 1.680)
	1.394
(0.605, 3.213)

	Cox regression 
p-value
	-
	0.9505 

	0.5682 
	0.4359


	Log rank p-value
	-
	0.9772
	0.7105
	0.5891


Notes: Treatments are compared adjusting for baseline post-bronchodilator percent predicted FEV1 and baseline eosinophil count as continuous covariates and country and inhaled corticosteroid use at screening (yes/no) as categorical covariates using negative binomial regression.
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, modified intent-to-treat; SE, standard error. 
Table S2 Model-estimated rates of moderate/severe COPD exacerbations for patients with ICS use in the 30 days prior to screening excluding the first 30 days of data (mITT population, efficacy estimand)
	
	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	Patients, N
	N=452
	N=424
	N=214
	N=215

	Rate of moderate/severe COPD exacerbations 

	Number of events, n
	88
	155
	46
	51

	Adjusted annualized rate, (SE)
	0.53 (0.07)
	1.23 (0.14)
	0.60 (0.11)
	0.65 (0.12)

	Rate ratio, BGF MDI 
vs comparator (95% CI)
	-
	0.43
(0.31, 0.60)
	0.88
(0.57, 1.37)
	0.82
(0.53, 1.25)

	p-value
	-
	<0.0001
	0.5797
	0.3497

	Time to first moderate/severe COPD exacerbation

	Number of patients with exacerbations, n (%)
	71 (15.7)
	106 (25.0)
	42 (19.6)
	42 (19.5)

	Hazard ratio, BGF MDI vs comparator (95% CI)
	-
	0.54
(0.40, 0.73)
	0.75
(0.51, 1.10)

	0.81
(0.55, 1.19)

	Cox regression 
p-value
	-
	0.0002
	0.0456
	0.0634


Notes: Treatments are compared adjusting for baseline post-bronchodilator percent predicted FEV1 and baseline eosinophil count as continuous covariates and country and inhaled corticosteroid use at screening (yes/no) as categorical covariates using negative binomial regression.
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1; forced expiratory volume in 1 s; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, modified intent-to-treat; SE, standard error. 
Table S3 Model-estimated rates of moderate/severe COPD exacerbations by reported exacerbations in the previous 12 months, excluding the first 30 days of data (mITT population, efficacy estimand)
(A) Overall population
	
	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	OVERALL POPULATION

	Patients, N
	N=625
	N=605
	N=303
	N=305 

	Rate of moderate/severe COPD exacerbations 

	Number of events, n
	116
	184
	58
	63

	Adjusted annualized rate, (SE)
	0.49 (0.06)
	0.95 (0.10)
	0.53 (0.09)
	0.55 (0.09)

	Rate ratio, BGF MDI 
vs comparator (95% CI)
	-
	0.52
(0.39, 0.70)
	0.93
(0.63, 1.37)
	0.89
(0.61, 1.30)

	p-value
	-
	<0.0001
	0.7118
	0.5501

	Time to first moderate/severe COPD exacerbation

	Number of patients with exacerbations, n (%)
	96 (15.4)
	129 (21.3)
	53 (17.5)
	53 (17.4)

	Hazard ratio, BGF MDI vs comparator (95% CI)
	-
	0.65 
(0.50, 0.85)
	0.83 
(0.59, 1.16)
	0.90 
(0.64, 1.26)

	Cox regression 
p-value
	-
	0.0037
	0.1677
	0.2237



 (B) No prior exacerbations
	

	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	Patients, N
	N=460
	N=457
	N=228
	N=225

	Rate of moderate/severe COPD exacerbations 

	Number of events, n
	77
	120
	33
	39

	Adjusted annualized rate, (SE)
	0.46 (0.06)
	0.81 (0.10)
	0.40 (0.08)
	0.47 (0.09)

	Rate ratio, BGF MDI vs comparator 
(95% CI)
	-
	0.57
(0.40, 0.81)
	1.14
(0.71, 1.86)
	0.97
(0.61, 1.55)

	p-value
	-
	0.0017
	0.5858
	0.9075

	Time to first moderate/severe COPD exacerbation

	Number of patients with exacerbations, n (%)
	66 (14.3)
	89 (19.5)
	31 (13.6)
	33 (14.7)

	Hazard ratio, BGF MDI vs comparator (95% CI)
	-
	0.70
(0.51, 0.96)
	1.05
(0.68, 1.61)
	0.97 
(0.64, 1.48)

	Cox regression 
p-value
	-
	0.0344
	0.8492
	0.7140



 (C) Prior exacerbations
	
	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	Patients, N
	N=165
	N=148
	N=75
	N=80

	Rate of moderate/severe COPD exacerbations 

	Number of events, n
	39
	64
	25
	24

	Adjusted annualized rate, (SE)
	0.63 (0.13)
	1.47 (0.26)
	0.98 (0.26)
	0.85 (0.23)

	Rate ratio, BGF MDI vs comparator (95% CI)
	-
	0.43
(0.25, 0.72)
	0.65
(0.34, 1.23)
	0.74
(0.39, 1.42)

	p-value
	-
	0.0015
	0.1847
	0.3681

	Time to first moderate/severe COPD exacerbation

	Number of patients with exacerbations, n (%)
	30 (18.2)
	40 (27.0)
	22 (29.3)
	20 (25.0)

	Hazard ratio, BGF MDI vs comparator (95% CI)
	-
	0.55 
(0.34, 0.89)
	0.54 
(0.31, 0.94)

	0.78
(0.44, 1.39)

	Cox regression 
p-value
	-
	0.0201
	0.0193
	0.0887


Notes: Treatments are compared adjusting for baseline post-bronchodilator percent predicted FEV1 and baseline eosinophil count as continuous covariates and country and inhaled corticosteroid use at screening (yes/no) as categorical covariates using negative binomial regression.
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, modified intent-to-treat; SE, standard error. 
Table S4 Lung function over 24 weeks by reported exacerbations (efficacy estimand, mITT population)
(A) Overall population 
	
	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	FEV1 AUC0–4, mL 

	Number of patients, n
	501
	485
	245
	248

	LSM (SE)
	305 (8.4)
	288 (8.5)
	201 (11.7)
	214 (11.5)


	BGF MDI 
vs comparator, LSM (95% CI)
	-
	16
(6, 38)
	104
(77, 131)
	91
(64, 117)

	p-value
	-
	0.1448
	<0.0001
	<0.0001

	Change from baseline over 24 weeks in morning pre-dose trough FEV1, mL

	Number of 
patients, n
	622
	601
	300
	301

	LSM (SE)
	147 (6.5)
	125 (6.6)
	73 (9.2)
	88 (9.1)


	BGF MDI 
vs comparator, LSM (95% CI)
	-
	22 
(4, 39)

	74 
(52, 95)

	59 
(38, 80)


	p-value
	-
	0.0139
	<0.0001
	<0.0001



(B) No prior exacerbations 
	
	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	FEV1 AUC0–4, mL 

	Number of patients, n
	366
	357
	178
	175

	LSM (SE)
	309 (9.9)
	297 (10.0)
	187 (13.8)
	231 (13.8)


	BGF MDI 
vs comparator, LSM (95% CI)
	-
	11 
(–14, 37)

	122 
(90, 153)
	77 
(45, 110)


	p-value
	-
	0.3847
	<0.0001
	<0.0001

	Change from baseline over 24 weeks in morning pre-dose trough FEV1, mL

	Number of patients, n
	457
	455
	225
	222

	LSM (SE)
	146 (7.6)
	126 (7.6)
	58 (10.6)
	100 (10.6)

	BGF MDI 
vs comparator, LSM (95% CI)
	-
	20 
(–1, 40)

	88 
(63, 113)
	46 
(21, 71)


	p-value
	-
	0.0559
	<0.0001
	0.0003



(C) Prior exacerbations 
	
	BGF MDI 
320/18/9.6 μg
	GFF MDI
18/9.6 μg
	BFF MDI 
320/9.6 μg
	BUD/FORM DPI
400/12 μg

	FEV1 AUC0–4, mL 

	Number of patients, n
	135
	128
	67
	73

	LSM (SE)
	297 (15.8)
	262 (16.1)
	242 (21.4)
	172 (20.7)


	BGF MDI 
vs comparator, LSM (95% CI)
	-
	35 
(–5, 75)

	55 
(6, 104)

	125 
(78, 172)

	p-value
	-
	0.0882
	0.0269
	<0.0001

	Change from baseline over 24 weeks in morning pre-dose trough FEV1, mL

	Number of 
patients, n
	165
	146
	75
	79

	LSM (SE)
	149 (12.5)
	121 (13.3)
	119 (18.2)
	52 (17.7)

	BGF MDI 
vs comparator, LSM (95% CI)
	-
	28 
(–6, 62)

	29 
(–12, 71)

	96 
(56, 137)


	p-value
	-
	0.1035
	0.1645
	<0.0001


Abbreviations: AUC0–4, area under curve from 0–4 hours; BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; CI, confidence interval; GFF, glycopyrrolate/formoterol fumarate; LSM, least squares mean; MDI, metered dose inhaler; mITT, modified intent-to-treat; SE, standard error.


Figure S1 Kaplan-Meier curves for time to first moderate/severe COPD exacerbation for patients with ICS use in the 30 days prior to screening excluding the first 30 days of data (mITT population, efficacy estimand)
[image: ]
[bookmark: _Hlk52887989]Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; COPD, chronic obstructive pulmonary disease; GFF, glycopyrrolate/formoterol fumarate; ICS, inhaled corticosteroids; MDI, metered dose inhaler; mITT, modified intent-to-treat.
Figure S2 Kaplan-Meier curves for time to first moderate/severe COPD exacerbation for (A) overall population, (B) reported prior exacerbations, and (C) no reported prior exacerbations excluding the first 30 days of data (mITT population, efficacy estimand)
[image: ]
Abbreviations: BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; COPD, chronic obstructive pulmonary disease; GFF, glycopyrrolate/formoterol fumarate; MDI, metered dose inhaler; mITT, modified intent-to-treat. 
Figure S3 Comparison of lung function endpoints over time for patients reporting and not reporting a prior exacerbation (mITT population; efficacy estimand) (A) FEV1 AUC0–4, and (B) Change from baseline in morning pre-dose FEV1
[image: ]
Error bars represent SE. 
Abbreviations: AUC0–4, area under curve from 0–4 hours; BFF, budesonide/formoterol fumarate; BGF, budesonide/glycopyrrolate/formoterol fumarate; BUD/FORM DPI, budesonide/formoterol fumarate dry powder inhaler; FEV1, forced expiratory volume in 1 second; GFF, glycopyrrolate/formoterol fumarate; LSM, least squares mean; MDI, metered dose inhaler; mITT, modified intent-to-treat; SE, standard error.
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