Efficacy and safety of direct switch to indacaterol/glycopyrronium in patients with moderate COPD: The CRYSTAL open-label randomised trial

S1. Overall design of the CRYSTAL study 
Figure S1. Study design
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*Free or fixed-dose combination. 
†Randomisation ratio (switched: baseline treatments) = 3:1 by stratifying background medications. #Due to the low recruitment in GLY groups, inclusion of patients in these groups was stopped at the time that the randomization in IND/GLY groups was completed. All comparisons were for superiority of the switched treatment, with the exception of group 2, which was a non-inferiority analysis. 
COPD, chronic obstructive pulmonary disease; GLY, glycopyrronium; ICS, inhaled corticosteroid; IND/GLY, indacaterol/glycopyrronium; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; q.d., once daily; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist



S1.1. Inclusion criteria
1. Patients who have signed an informed consent form before any assessment is performed
2. Men and women aged ≥40 years
3. [bookmark: _Hlk485732687]Patients with moderate COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria, 2013
4. Current or ex-smokers who have a smoking history of at least 10 pack-years 
5. [bookmark: _Hlk485732696][bookmark: _Hlk485732721]Patients with airflow limitation indicated by a post-bronchodilator forced expiratory volume in 1 second (FEV1) ≥50% and <80% of the predicted normal value and a post-bronchodilator FEV1/forced vital capacity (FVC) <0.7 at Visit 2 (between Day -7 to Day 1)
6. Patients who have been on a stable dose of one of the following COPD baseline treatments for at least 3 months at Visit 1 (Day -30):
a. Any short-acting β2-agonist (SABA) monotherapy (such as, but not limited to, salbutamol),
b. Any short-acting muscarinic antagonist (SAMA) monotherapy (such as, but not limited to, ipratropium),
c. Any SABA and SAMA in free or fixed-dose combination (FDC; such as, but not limited to, salbutamol/ipratropium),
d. Any long-acting β2-agonist (LABA) monotherapy (such as, but not limited to, formoterol, salmeterol or indacaterol),
e. Any long-acting muscarinic antagonist (LAMA) monotherapy (such as, but not limited to, tiotropium or aclidinium) except glycopyrronium bromide or
f. [bookmark: _Hlk485732939]Any LABA and inhaled corticosteroid (ICS) in free (such as, but not limited to, beclomethasone or fluticasone) or FDC (such as, but not limited to, salmeterol/fluticasone or formoterol/budesonide)
7. [bookmark: _Hlk485732961][bookmark: _GoBack]Patients with a modified Medical Research Council (mMRC) score ≥1 at Visit 1 (Day -30)
S1.2. Exclusion criteria
8. [bookmark: _Hlk485796270]Patients with conditions contraindicated for treatment with or those with a history of reactions/hypersensitivity to any of the following inhalational drugs or to drugs of similar chemical classes or any component thereof: anti-cholinergic agents, long- and short-acting β2-adrenergic agonists, sympathomimetic amines, lactose or any other excipients of the trial medication
9. [bookmark: _Hlk485733174][bookmark: _Hlk485733179]Patients with narrow-angle glaucoma, urinary retention or severe renal impairment (history of an estimated glomerular filtration rate [eGFR] <30 mL/min/1.73 m2 within 12 months before Visit 1 [Day -30]), including those with end-stage renal disease who require dialysis
10. Patients with an active/clinical history of asthma 
11. [bookmark: _Hlk485733237]A history of malignancy of any organ system (other than localised basal cell carcinoma of the skin), treated or untreated, within the past 5 years, regardless of an evidence of local recurrence or metastases
12. [bookmark: _Hlk485733271]A documented history of >1 COPD exacerbations requiring treatment with systemic corticosteroids or antibiotics and/or hospitalisation in the past 12 months
Patients who have not had a COPD exacerbation in the past 12 months or have developed a COPD exacerbation between screening (Visit 1 [Day -30]) and baseline (Visit 2 [Day -7]) will not be eligible but will be permitted to be re-screened after a minimum of 6 weeks after resolution of the COPD exacerbation
13. [bookmark: _Hlk485733423][bookmark: _Hlk485796540][bookmark: _Hlk485733466]Patients who, in the judgment of the investigator, have a clinically relevant laboratory abnormality or a clinically significant condition such as (but not limited to) unstable ischaemic heart disease, left ventricular failure (New York Heart Association [NYHA] class III and IV), history of myocardial infarction, arrhythmia (excluding chronic stable atrial fibrillation), uncontrolled hypo- or hyperthyroidism, hypokalaemia or hyperadrenergic state or any condition that might compromise patient safety or compliance, interfere with evaluation or preclude study completion
14. A history of resting QTc (Fridericia preferred, but Bazett acceptable) >450 ms (men) or >460 ms (women) within 5 years before Visit 1 (Day -30)
15. Patients who are treated with glycopyrronium bromide at Visit 1 (Day -30)
Patients on non-selective β-blockers; such patients may enter the study after withdrawal of the non-selective β-blocker during a 7-day washout period
16. Patients receiving any other prohibited COPD-related medications; prohibited COPD-related medications must undergo the required washout period before Visit 2 (Day -7)
17. Patients who are, in the opinion of the investigator, known to be unreliable or non-compliant
18. [bookmark: _Hlk485733593]Patients with a body mass index (BMI) of >40 kg/m2
19. Use of other investigational drugs within 5 half-lives of enrolment or within 30 days, whichever is longer
20. [bookmark: _Hlk485733625]Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a woman after conception and until the termination of gestation, confirmed by a positive human chorionic gonadotropin (hCG) laboratory test
21. Women of childbearing potential, defined as all women who are physiologically capable of becoming pregnant, unless they are using effective contraception methods while being on the study treatment
S1.3. Major protocol deviations
[bookmark: _Hlk485733660]Major protocol deviation (PD) is defined as any other PD that resulted in a significant risk to the patient’s safety. The reportable PDs were grouped into four different categories:
1. Patients who entered the study (thus included in the safety population) even though they did not satisfy the entry criteria (mainly patients who did not meet the inclusion criterion number 5 or number 6).
2. Patients who developed withdrawal criteria during the study but were not withdrawn (moderate or severe COPD exacerbations, use of other COPD treatment different from the study medication assigned at Visit 2 (Day -7) or interruption of investigational treatment for more than 5 consecutive days) 
3. Patients who received the wrong treatment or incorrect dose
4. Patients who received an excluded concomitant treatment (mainly parenteral or oral corticosteroids)
S1.4. Assessments
[bookmark: _Hlk485733829]The primary and secondary assessments were performed at baseline and Week 12: 
1. Trough FEV1 was measured after the evening dose or the morning dose, depending on treatment. 
2. [bookmark: _Hlk485734989]Transition dyspnoea index (TDI) provides a measure of dyspnoea on a 17-unit scale ranging from +9 to −9; higher TDI scores indicate a greater improvement in dyspnoea.[1] 
3. [bookmark: _Hlk485735075]COPD Assessment Test (CAT) is an 8-item, self-administered, validated tool used to measure health status impairment in patients with COPD; the CAT score ranges between 0 and 40, and a score of ≥10 is an indicator of significantly impaired health status.[2]
4. [bookmark: _Hlk485735283]COPD Clinical Questionnaire (CCQ) is a self-administered, 10-item questionnaire designed to measure COPD severity in clinical practice; lower CCQ scores represent greater improvement in health status.[3] 
5. The mean number of puffs of rescue medication use and the percentage of days without rescue medication use were assessed using electronic patient diary (e-diary).




S2. Disposition of patients in overall CRYSTAL study
Figure S2. Patient disposition 
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*Non-inferiority testing and patients had an mMRC score = 1; #Patients had an mMRC score ≥2
Baseline characteristics of patients were recorded during the 7 days prior randomisation.
GLY, glycopyrronium; IND/GLY, indacaterol/glycopyrronium; ITT, intention to treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; LABA+ICS, long-acting β2-agonist+inhaled corticosteroid; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist


S3. Subgroup analyses of responses to IND/GLY versus LABA+ICS or LABA or LAMA
Figure S3. Post-hoc subgroup analysis of improvement in trough FEV1 in various baseline characteristics with IND/GLY compared with (A) LABA+ICS and (B) LABA or LAMA
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	#Patients had an mMRC score ≥2. 
CI, confidence interval; FEV1, forced expiratory volume in 1 second; IND/GLY, indacaterol/glycopyrronium; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; LABA+ICS, long-acting β2-agonist+inhaled corticosteroid; LSM, least squares mean; mMRC, modified Medical Research Council; FORM/BUD, formoterol/budesonide fixed-dose combination; SFC, salmeterol/fluticasone fixed-dose combination



Figure S4. Post-hoc subgroup analysis of improvement in TDI total scores in various baseline characteristics with IND/GLY compared with (A) LABA+ICS and (B) LABA or LAMA
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#Patients had an mMRC score ≥2. 
CI, confidence interval; FEV1, forced expiratory volume in 1 second; IND/GLY, indacaterol/glycopyrronium; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; LABA+ICS, long-acting β2-agonist+inhaled corticosteroid; LSM, least squares mean; mMRC, modified Medical Research Council; FORM/BUD, formoterol/budesonide fixed-dose combination; SFC, salmeterol/fluticasone fixed-dose combination; TDI, transition dyspnoea index
S4. Statistical analysis of GLY groups
[bookmark: _Hlk485737536]The intention-to-treat (ITT) population consisted of all randomised patients who received at least one dose of the study medication, whereas the per-protocol (PP) population consisted of all patients in the ITT population with valid measurements of the primary endpoints without major PDs. Efficacy analyses were performed on both ITT and PP populations (primary endpoint only for the latter). Superiority testing for FEV1 and TDI at Week 12 (mean treatment differences [Δs] of ≥60 mL and ≥1 unit, respectively) was performed for glycopyrronium (GLY) versus SABA or SAMA as baseline therapy and indacaterol/glycopyrronium (IND/GLY) versus baseline therapy. In contrast, non-inferiority testing for FEV1 and TDI at 12 weeks (non-inferiority limits of 40 mL and 0.6 units, respectively) was performed for GLY versus LABA or LAMA as baseline therapy and an mMRC score of 1 point.
For the two co-primary endpoints (trough FEV1 and TDI after 12 weeks of treatment), a mixed model with treatment as a fixed effect and baseline value as a covariate was constructed. 
[bookmark: _Hlk485737811]Missing data imputation through last-observation-carried-forward (LOCF) approach for trough FEV1 and TDI total scores at Week 12 was performed for the ITT population when primary efficacy endpoints (trough FEV1 and/or TDI values) were collected at a visit immediately after a patient discontinued treatment.
[bookmark: _Hlk485737899][bookmark: _Hlk485737955]Furthermore, the proportion of responders, i.e. patients reaching a minimal clinically significant change from baseline (100 mL in trough FEV1; 1 unit in TDI) at 12 weeks was presented and analysed using the observed odds ratio (OR) for responders versus non-responders. Secondary efficacy endpoints (CAT total scores, CCQ total scores, number of puffs of rescue medication and patient-reported symptoms of COPD) were analysed at Week 12 by using a non-parametric Mann–Whitney–Wilcoxon test. In addition, the proportion of CAT and CCQ responders (defined as a significant change from baseline of −2 and −0.4 units, respectively) were presented. All safety analyses were performed on the safety population, comprising all patients who received at least one dose of the study treatment. 
IND/GLY groups achieved a study power of approximately 90%, whereas groups 1 and 2 were underpowered. The final power for GLY (switched from SABA and/or SAMA and LABA or LAMA) and ING/GLY (switched from LABA+ICS and LABA or LAMA) groups were 65%, 75%, 93% and 92%, respectively. Hence, statistical analysis for GLY groups may be inconclusive, and the results must be interpreted with caution. To show the superiority of GLY versus short-acting bronchodilators (SABA or SAMA) on trough FEV1, a two-group t-test with a 5% two-sided significance level would have 90% power to detect a difference in means of 60 mL, assuming that the common standard deviation was 250 mL, when the sample sizes in the two groups were 732 and 244, respectively (a total sample size of 976). Considering a drop out of about 5%, a total of 1,028 patients with SABA or SAMA as baseline treatment were needed to be randomised. To show the superiority of GLY versus short-acting bronchodilators (SABA or SAMA) on TDI, a two-group t-test with a 5% two-sided significance level would have 90% power to detect a difference in means of 1, assuming that the common standard deviation was 4, when the sample sizes in the two groups were 674 and 225, respectively (a total sample size of 899). Considering a drop out of about 5%, a total of 946 patients with SABA or SAMA as baseline treatment were needed to be randomised. To show the non-inferiority of GLY versus long-acting bronchodilators (LABA or LAMA monotherapy) on trough FEV1, a two-group t-test with a 2.5% one-sided significance level would have 90% power to detect a difference in means of 40 mL, assuming that the common standard deviation was 250 mL, when the sample sizes in the two groups were 1,644 and 548, respectively (a total sample size of 2,192). Considering a drop out of about 5%, a total of 2,308 patients with mMRC score = 1 point at Visit 1 (Day -30) and LABA or LAMA monotherapy as baseline treatment were needed to be randomised. 
To show the non-inferiority of GLY versus long-acting bronchodilators (LABA or LAMA monotherapy) on TDI, a two-group t-test with a 2.5% one-sided significance level would have 90% power to detect a difference in means of 0.6, assuming that the common standard deviation was 4, when the sample sizes in the two groups were 1,870 and 624, respectively (a total sample size of 2,494). Considering a drop out of about 5%, a total of 2,628 patients with an mMRC score = 1 point at Visit 1 (Day -30) and LABA or LAMA monotherapy as baseline treatment were needed to be randomised. The co-primary hypotheses (within each stratum) were tested for both. Considering that both primary variables are needed to describe clinically-relevant treatment benefits, statistical significance is needed for both primary variables. Therefore, no formal alpha adjustment was necessary, thus alpha error was not requested (EMA CPMP/EWP/908/99).[4] However, this procedure inflates the relevant type II error, but inflation was taken into account changing the power from 80% to 90% also in the non-inferiority margin. Overall, i.e. considering the double testing, the power would at least be 80%.
S5. Randomisation and treatment assignment in the CYRYSTAL study
[bookmark: _Hlk485738710]At Visit 2 (Day -7), all eligible patients were randomised via an Interactive Response Technology (IRT) to one of the eight random groups. The investigator or his/her delegate contacted the IRT after confirming that the patient fulfilled all the inclusion/exclusion criteria. The IRT assigned a randomisation number to the patient, which was used to link the patient to a random group and specified a unique medication number for the package of experimental treatment to be dispensed to the patient. The medication of the comparator had no unique medication number and was not assigned by the IRT. The randomisation numbers were generated using the following procedure to ensure that treatment assignment was unbiased and concealed from patients and investigator staff. A patient randomisation list was produced by the IRT provider using a validated system that automates the random assignment of patient numbers to randomisation numbers. These randomisation numbers were linked to the different random groups, which in turn were linked to medication numbers. A separate medication list was produced by or under the responsibility of Novartis DSM using a validated system that automates the random assignment of medication numbers to packs containing the investigational drug(s).

S6. Results of GLY group
Table S1. Demographics and baseline characteristics of patients switched to GLY (ITT population)
	Characteristics
	SABA and/or SAMA
n = 122
	GLY
n = 369
	LABA or LAMA#
n = 420
	GLY#
n = 1254 

	Age, years 
	64.1 (7.8)
	63.1 (8.4)
	64.6 (8.2)
	64.4 (8.2)

	Gender – male, n (%)
	77 (63.1%)
	253 (68.6%)
	288 (68.6%)
	885 (70.6%)

	Current smoker
	90 (73.8)
	220 (59.6)
	213 (50.7)
	669 (53.4)

	Post-bronchodilator FEV1, L
	1.90 (0.5)
	1.90 (0.5)
	1.90 (0.4)
	1.91 (0.5)

	Post-bronchodilator FEV1, % predicted of normal value
	66.5 (7.6)
	65.7 (8.7)
	66.1 (8.4)
	65.6 (8.7)

	Dyspnoea – mMRC grade, n (%) 
	 
	 
	 
	 

	0
	0 (0.0%)
	7 (1.9%)
	1 (0.2%)
	13 (1.0%)

	1
	89 (73.0%)
	260 (70.5%) 
	404 (96.2%) 
	1174 (93.6%) 

	≥2
	33 (27.1%)
	102 (27.6%)
	15 (3.6%)
	66 (5.3%)

	Number of exacerbation in the past 12 months, n (%)
	 
	 
	 
	 

	0
	99 (81.2%)
	300 (81.3%)
	341 (81.2%)
	1038 (82.8%)

	1
	22 (18.0%)
	68 (18.4%)
	78 (18.6%)
	215 (17.2%)

	≥2
	1 (0.8%)
	1 (0.3%)
	1 (0.2%)
	1 (0.1%)

	Baseline treatments, n (%)‡
	 
	 
	 
	 

	LAMA (only monotherapy)
	1 (0.8%)
	3 (0.8%)
	236 (56.6%)
	687 (55.3%)

	LABA (only monotherapy)
	-
	2 (0.5%)
	176 (42.2%)
	546 (43.9%)

	LABA+ICS (fixed-dose or free combination)
	-
	1 (0.3%)
	-
	3 (0.2%)

	Others†
	128 (103.2%)
	378 (99.5%)
	17 (4.0%)
	53 (4.3%)

	#Non-inferiority testing and patient had an mMRC score = 1; ‡At baseline, some of the patients were receiving more than one type of COPD medications. †SABA, SAMA, ICS, systemic corticosteroids, methylxanthines, roflumilast, etc. Data are presented as mean (standard deviation), unless otherwise stated. 
FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; ITT, intention to treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist





S6.1. Impact of direct switch to GLY from baseline treatments on lung function and dyspnoea
[bookmark: _Hlk485739942]In the early discontinued groups of direct switch to GLY from SABA and/or SAMA and LABA or LAMA with an mMRC score = 1, which were underpowered due to a small sample size, GLY provided superior improvements in trough FEV1 (Δ = +65 mL, P = 0.018) and TDI (Δ = 1.79 units, P < 0.0001) at Week 12 against SABA and/or SAMA (Figures S5A, S5B). 
[bookmark: _Hlk485740187]In addition, GLY showed non-inferiority in terms of achieving Δ as a lower bound of the 95% confidence interval (CI) of −40 mL for FEV1 and the lower bound of the 95% CI of 0.6 units for TDI versus LABA or LAMA at Week 12 (Figures S6A and S6B).
[bookmark: _Hlk485740325]Furthermore, a significantly greater proportion of patients reached the minimum clinically important difference (MCID) of 100 mL for trough FEV1 and ≥1 unit for TDI compared with SABA and/or SAMA and LABA or LAMA at Week 12 (Table S2).
S6.2. Impact of direct switch to GLY on patient-reported outcomes and safety
In the ITT population, patients who received GLY experienced greater reductions in total CAT scores, CCQ total scores and number of puffs of rescue medication per day and increase in days without rescue medication use versus those who received SABA and/or SAMA (Table S3). Four deaths were reported in the GLY group during the study, and none were considered to be treatment related: one death was reported in the group that remained on SABA and/or SAMA and three in the group that switched to GLY from LABA or LAMA. Moreover, the safety and tolerability of GLY was consistent with previous reports without any new safety signals (Tables S4 and S5).


Figure S5. Change from baseline in (A) trough FEV1 and (B) TDI with GLY treatment versus other treatments at Week 12 (ITT population)
	[image: ]


	*P = 0.0180; **P < 0.0001; #Non-inferiority testing and patient had an mMRC score = 1; Data are least squares means (95% CI). 
Δ, treatment difference; CI, confidence interval; FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; ITT, intention to treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist, TDI, transition dyspnoea index



Figure S6. Change from baseline in (A) trough FEV1 and (B) dyspnoea (TDI) with GLY compared with LABDs (non-inferiority analysis) at Week 12 (ITT population)
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	*Non-inferiority testing and patient had an mMRC score = 1; Data are least squares means (95% CI); Δ, treatment difference; CI, confidence interval; FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; ITT, intention to treat; LABA, long-acting β2-agonist; LABDs, long-acting
bronchodilators; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist; TDI, transition dyspnoea index


Table S2. Effects of direct switch to GLY from baseline treatments on trough FEV1 and TDI total scores: proportion of patients achieving MCID (ITT population)
	 
	SABA and/or SAMA
n = 122
	GLY
n = 369
	LABA or LAMA#
n = 420
	GLY#
n = 1254

	Patients achieved MCID in trough FEV1 (a ≥100-mL difference from baseline) 
	44 (36.1%)
	181 (49.1%)
	111 (26.4%)
	413 (32.9%)

	Trough FEV1 responders (OR [95% CI])
	1.77 (1.15 to 2.72)
	1.40 (1.09 to 1.80)

	Patients achieved MCID in TDI total score (a ≥1-unit difference from baseline) 
	30 (24.6%)
	212 (57.5%)
	110 (26.2%)
	577 (46.0%)

	TDI responders (OR [95% CI])
	4.58 (2.86 to 7.34)
	2.57 (2.00 to 3.30)

	#Non-inferiority testing and patient had an mMRC score = 1. Data are presented as number of incidents (%), unless otherwise stated. 
CI, confidence interval; FEV1, forced expiratory volume in 1 second; GLY, glycopyrronium; ITT, intention to treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MCID, minimum clinically important difference; mMRC, modified Medical Research Council; OR, odds ratio; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist; TDI, transition dyspnoea index



Table S3. Effects of a direct switch to GLY from baseline treatments on CAT, CCQ and rescue medication use (ITT population)
	
	SABA and/or SAMA
n = 122
	GLY
n = 369
	LABA or LAMA#
n = 420
	GLY#
n = 1254 

	Total CAT score, change from baseline at Week 12 
	0.1 (4.6) 
	−1.8 (5.3)***
	0.1 (4.9)
	−0.5 (4.6)

	Patients who achieved MCID in total CAT score (a ≥2-units difference from baseline), n (%)
	38 (31.2%)
	155 (42.0%)
	129 (30.7%)
	400 (31.90%)

	CAT responders (a ≥2-unit decrease)†
	1.93 (1.22 to 3.04)
	1.18 (0.92 to 1.51)

	Total CCQ score, change from baseline at Week 12
	−0.0 (0.6)
	−0.3 (0.7)***
	0.0 (0.7)
	−0.1 (0.7)**

	Patients who achieved MCID in total CCQ score (a ≥0.4-unit difference from baseline), n (%)
	22 (18.0%)
	105 (28.5%)
	81 (19.3%)
	291 (23.2%)

	CCQ responders (a ≥0.4-unit decrease)†
	2.04 (1.20 to 3.45)
	1.40 (1.06 to 1.86)

	Number of puffs of rescue medication over 12 weeks
	1.8 (1.7) 
	1.0 (1.3)****
	0.8 (1.2)
	0.7 (1.1)

	Percentage of days without rescue medication use over 12 weeks
	32.8 (41.9) 
	55.1 (42.6)****
	60.4 (42.3)
	58.3 (42.7)

	*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. #Non-inferiority testing and patient had an mMRC score = 1. †Odds ratios are displayed (95% CI) and analysed in the ITT population. Data are presented as mean (standard deviation), unless otherwise specified. 
CI, confidence interval; CAT, COPD Assessment Test; CCQ, COPD Clinical Questionnaire; GLY, glycopyrronium; ITT, intention to treat; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; MCID, minimal clinically important difference; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist




Table S4. Treatment-emergent adverse events and serious adverse events during the study period (safety set)
	
	SABA and/or SAMA
n = 125
	GLY
n = 385
	LABA or LAMA#
n = 417
	GLY*
n = 1248

	Any adverse event 
	38 (30.4%)
	122 (31.7%)
	104 (24.9%)
	316 (25.3%)

	Any serious adverse event
	4 (3.2%)
	9 (2.3%)
	11 (2.6%)
	30 (2.4%)

	Any suspected drug-related adverse event
	0 (0.0%)
	15 (3.9%)
	3 (0.7%)
	38 (3.0%)

	Any suspected drug-related serious adverse event
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	2 (0.2%)

	Any adverse event leading to treatment withdrawal 
	0
	12 (3.1%)
	3 (0.7%)
	29 (2.3%)

	Any adverse event with fatal outcome (deaths)
	1 (0.8%)
	0 (0.0%)
	0 (0.0%)
	3 (0.2%)

	#Non-inferiority testing and patient had an mMRC score = 1. Data are presented as number of incidents (%). 
GLY, glycopyrronium; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAMA, short-acting muscarinic antagonist



S6.3. Conclusions of results obtained from GLY groups 
[bookmark: _Hlk485792134]In the study groups with a direct switch to GLY from previous treatments (Figure S1), all primary endpoints were met. GLY showed superiority in improving trough FEV1 and TDI total scores versus SABA and/or SAMAs and non-inferiority versus previous LABA or LAMA. The efficacy and safety of GLY were evaluated through several clinical trials in the GLOW programme, which revealed comparable improvements in lung function (trough FEV1), dyspnoea (TDI total score), health status (reduction in St. George’s Respiratory Questionnaire total score) and rescue medication use compared with tiotropium in patients with moderate COPD.[5, 6] Although no explanatory trials were conducted for direct comparison between GLY and a LABA, the SHINE study reported comparable efficacy and safety of GLY and IND.[7] Although these results of a direct switch to GLY in a clinical practice setting are consistent with the outcomes of previous randomised controlled trials (RCTs), these must be interpreted with caution due to the early stopping of GLY groups, which, consequently, was underpowered.

S7. Overall adverse events in the CRYSTAL studySection 
Table S5. Serious adverse events during the study period in all groups (safety set)
	
	SABA and/or SAMA
n = 125
	GLY
n = 385
	LABA or LAMA*
n = 417
	GLY*
n =1248
	LABA+ICS
n = 269
	IND/GLY
n = 816
	LABA or LAMA#
n = 269
	IND/GLY
n = 814#

	Number of patients with any treatment-emergent SAE
	4 (3.2%)
	9 (2.3%)
	11 (2.6%)
	30 (2.4%)
	6 (2.2%)
	22 (2.7%)
	10 (3.7%)
	34 (4.2%)

	Number of treatment-emergent SAEs
	6
	15
	12
	43
	8
	24
	14
	49

	System organ class
   Preferred term
	
	
	
	
	
	
	
	

	Cardiac disorders
	2 (1.6%)
	2 (0.5%)
	1 (0.2%)
	6 (0.5%)
	1 (0.4%)
	2 (0.3%)
	3 (1.1%)
	5 (0.6%)

	   Myocardial infarction
	1 (0.8%)
	-
	-
	1 (0.1%)
	-
	-
	1 (0.4%)
	1 (0.1%)

	   Atrial fibrillation
	-
	1 (0.3%)
	-
	1 (0.1%)
	-
	1 (0.1%)
	-
	-

	   Coronary artery disease
	-
	2 (0.5%)
	1 (0.2%)
	-
	-
	-
	-
	-

	   Acute myocardial infarction
	-
	-
	-
	1 (0.1%)
	-
	-
	-
	1 (0.1%)

	   Myocardial ischaemia
	-
	-
	-
	1 (0.1%)
	-
	-
	1 (0.4%)
	-

	   Acute coronary syndrome
	-
	-
	-
	1 (0.1%)
	-
	-
	-
	-

	   Angina pectoris
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	   Angina unstable
	-
	-
	-
	-
	-
	-
	1 (0.4%)
	-

	   Arrhythmia
	-
	-
	-
	1 (0.1%)
	-
	-
	-
	-

	 Arteriosclerosis coronary artery
	-
	-
	-
	-
	1 (0.4%)
	-
	-
	-

	   Cardiac arrest
	1 (0.8%)
	-
	-
	-
	-
	-
	-
	-

	   Cardiac failure
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	   Left ventricular failure
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	   Supraventricular tachycardia
	-
	-
	-
	-
	-
	1 (0.1%)
	-
	-

	   Tachycardia
	-
	1 (0.3%)
	-
	-
	-
	-
	-
	-

	Infections and infestations
	-
	1 (0.3%)
	2 (0.5%)
	2 (0.2%)
	1 (0.4%)
	1 (0.1%)
	1 (0.4%)
	10 (1.2%)

	   Pneumonia
	-
	1 (0.3%)
	-
	2 (0.2%)
	-
	1 (0.1%)
	1 (0.4%)
	7 (0.9%)

	   Bronchitis
	-
	-
	1 (0.2%)
	-
	-
	-
	-
	1 (0.1%)

	   Cystitis
	-
	-
	-
	-
	1 (0.4%)
	-
	-
	-

	   Diverticulitis
	-
	-
	1 (0.2%)
	-
	-
	-
	-
	-

	   Influenza
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	   Mediastinal abscess
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	   Oesophageal candidiasis
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	Respiratory, thoracic and mediastinal disorders
	1 (0.8%)
	1 (0.3%)
	2 (0.5%)
	4 (0.3%)
	1 (0.4%)
	4 (0.5%)
	2 (0.7%)
	4 (0.5%)

	Chronic obstructive pulmonary disease
	-
	1 (0.3%)
	1 (0.2%)
	3 (0.2%)
	1 (0.4%)
	3 (0.4%)
	1 (0.4%)
	3 (0.4%)

	   Pulmonary embolism
	-
	-
	1 (0.2%)
	-
	-
	-
	1 (0.4%)
	1 (0.1%)

	   Pneumothorax
	-
	-
	-
	-
	-
	-
	-
	1 (0.1%)

	   Pulmonary haemorrhage
	1 (0.8%)
	-
	-
	-
	-
	-
	-
	-

	   Respiratory depression
	-
	-
	-
	-
	-
	1 (0.1%)
	-
	-

	Any TEAEs with fatal outcome (deaths)
	1 (0.8%)
	
	
	3 (0.2%)
	
	
	2 (0.7%)
	2 (0.3%)

	*Patients had an mMRC score = 1; #Patients had an mMRC score ≥ 2.
Data are presented as number of incidences (%)
GLY, glycopyrronium; IND/GLY, indacaterol/glycopyrronium; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; LABA+ICS, long-acting β2-agonist+inhaled corticosteroid; mMRC, modified Medical Research Council; SABA, short-acting β2-agonist; SAE, serious adverse event; SAMA, short-acting muscarinic antagonist; TEAEs, treatment-emergent adverse events
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