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Appendix 1
Trial designs

M2-111 and M2-112 were randomized, double-blind, placebo-controlled, parallel-group studies recruiting outpatients ( 40 years of age meeting established diagnostic criteria for chronic obstructive pulmonary disease (COPD) who were clinically stable, with no moderate or severe exacerbations and no change in COPD treatment within 4 weeks of baseline. After a 4-week, single-blind run-in period during which patients received placebo, patients were randomly assigned (1:1 ratio) to receive either roflumilast 500 µg or placebo administered once daily in the morning for 52 weeks. Treatment with inhaled corticosteroids (≤ 2000 μg beclomethasone dipropionate or equivalent) and short-acting anticholinergics was allowed if used before study entry. All patients were allowed salbutamol as rescue medication, but long-acting muscarinic antagonists and long-acting β2-agonists were not allowed. The study protocols are registered on www.ClinicalTrials.gov (NCT00076089 [M2-111] and NCT00430729 [M2-112]). In both studies, moderate exacerbations were defined as symptomatic deteriorations treated with systemic corticosteroids and/or antibiotics while severe events were those requiring hospitalization. Health status was assessed using the St George’s Respiratory Questionnaire (SGRQ) at entry, at 2 and 4 weeks after the start of the run-in period, and at 12, 28 and 52 weeks during the treatment period. In addition, the SGRQ was also completed at weeks 36 and 44 during the treatment period for study M2-112.
Although the pooled analysis was pre-specified in the statistical analysis plans of both studies prior to unblinding of either study, the statistical analysis plan of the pooled analysis was finalized only after the first study had been completed and unblinded. Consequently, results from the pooled analysis are not designed to provide definitive conclusions, but rather as exploratory studies designed to identify subpopulations that may be appropriate to test a more refined hypothesis. 
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IRB approvals

List of Independent Ethics Committees (along with the investigators involved)
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Dr Th. Siler
Dr A. Silverthorn
Dr W. Sinclair
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	Institutional Review Board
Temple University
3425 Carlisle Street
USA-Philadelphia
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11 Rope Ferry Road
USA-Hanover, NH 03755-1404
	Prof. Dr D. Mahler
	5292
	CPHS # 16710

	Human Studies Subcommittee
VA Long Beach Health Care System
5901 E. 7th Street
USA-Long Beach, CA 90822
	Prof. Dr C. Mahutte
	5293
	MIRB: 00511
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One Baylor Plaza
USA-Houston, TX 77030
	Dr A. Sharafkhaneh
	5305
	H-14919

	UCLA
Office for the Protection of Research Subjects
Medical Institutional Review Board
10945 le Conte Avenue
Ubberroth Bldg, Suite 2107
USA-Los Angeles, CA 90095
	Prof. Dr D. Tashkin
	5308
	IRB # 03-12-019-03
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	IRB # 040492

	University of Health Sciences
Institutional Review Board
1750 Independence Avenue
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	E-Nr.: 439

	Ethikkommission der Stadt Wien 
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	University of Calgary
Office of Medical Bioethics
Room 93, Heritage Medical Research Building
3330 Hospital Drive NW
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Appendix 3
Adverse events

During treatment, adverse events were reported by 1081 (81.5%) patients in the roflumilast group and 1089 (80.1%) patients in the placebo group (Table 3), of which 285 (21.5%) patients in the roflumilast group and 113 (8.3%) in the placebo group had events that were assessed to be likely or definitely related to the study drug. The most frequently reported adverse event was exacerbation of COPD (roflumilast, 42.9% [n=569/1327]; placebo, 48.0% [n=652/1359]), whereas most of the causally related adverse events in the roflumilast group affected the gastrointestinal tract, most commonly diarrhea (roflumilast, 12.1%; placebo, 2.9%) followed by nausea (roflumilast, 6.0%; placebo, 1.5%) and weight loss (roflumilast, 7.5%; placebo, 2.8%). In most cases adverse events resolved with continued treatment. The incidence of serious adverse events was similar in the two groups (roflumilast, 19.8%; placebo, 19.4%); the most common was COPD exacerbation (roflumilast, 10%; placebo, 10.1%) followed by pneumonia (roflumilast, 1.8%; placebo 1.9%). This pattern of adverse events was similar in the subgroups. For the groups with chronic bronchitis, in whom a greater benefit of roflumilast was observed on exacerbations and SGRQ, there were numerically fewer adverse events and fewer serious adverse events. This reduction was greatest for diarrhea (7.1% vs. 18.5%), nausea (4.4% vs. 8%) and weight loss (6.1% vs. 11.9%), although these were higher with roflumilast than with placebo. Of the most common adverse events in roflumilast-treated patients, only pneumonia was more common among the chronic bronchitis patients (3.5% vs. 1.7%); however, pneumonia was more common in the placebo subjects both with and without chronic bronchitis. There were also more adverse events in the subgroup of patients receiving concomitant ICS, but the relative rates between roflumilast and placebo were comparable for patients with and without ICS treatment (Table 3). Importantly, the subset analysis did not identify any group of subjects that appeared to be at higher risk of adverse events from roflumilast. 
Table S1  Lung function results summary table (change in lung function variable after 52 Weeks compared with baseline)

	Characteristic
	Roflumilast
	Placebo
	Roflumilast – placebo difference (95% CI)
	p value

	Pre-bronchodilator FEV1, mL (SE)
	n
	Change from baseline*
	n
	Change from baseline*
	
	

	
M2-111
	545
	30 (7.8)
	596
	–12 (7.3)
	42 (22, 61)
	< 0.0001

	
M2-112
	737
	49 (9.2)
	741
	–8 (9.0)
	57 (37, 77)
	< 0.0001

	Pooled results
	
	
	
	
	
	

	Overall
	1282
	41 (6.1)
	1337
	–10 (5.8)
	51 (37, 65)
	< 0.0001

	Sex:


Female


Male
	350

932
	43 (9.0)

62 (6.6)
	381

956
	8 (8.4)

5 (6.4)
	35 (11, 59)

57 (40, 75)
	0.0045

< 0.0001

	Smoking status: 


Current


Former smoker
	512

770
	44 (10.3)

44 (6.6)
	523

814
	1 (9.9)

–13 (6.3)
	43 (16, 70)

57 (41, 73)
	0.0017

< 0.0001

	Concomitant treatment:


ICS


No ICS
	776

506
	42 (6.9)

46 (9.9)
	803

534
	–11 (6.6)

–3 (9.6)
	53 (36, 70)

49 (23, 74)
	< 0.0001

0.0002

	Concomitant treatment:


Short-acting anticholinergics

No short-acting anticholinergics
	759

523
	38 (7.0)

59 (9.7)
	806

531
	–4 (6.7)

–6 (9.5)
	42 (25, 59)

65 (39, 90)
	< 0.0001

< 0.0001

	COPD severity: 


Very severe


Severe



	317

835
	51 (9.6)

48 (7.4) 
	337

896
	23 (9.3)

–15 (6.9) 
	29 (7, 50)

63 (44, 81)
	0.0086

< 0.0001

	COPD history:



Emphysema
	343
	54 (9.7)
	406
	–6 (8.9)
	60 (37, 84)
	< 0.0001

	
Chronic bronchitis ± emphysema
	800
	45 (7.3)
	839
	–2 (7.0)
	46 (28, 65)
	< 0.0001

	Chronic bronchitis ± emphysema:


ICS


No ICS
	478

322
	48 (8.9)

34 (12.3)
	491

348
	–7 (8.6)

0 (11.9)
	55 (33, 77)

34 (2, 65)
	< 0.0001

0.0357

	Cough score at Week 0:
	
	
	
	
	
	

	
≥ 1 (average/day)
	863
	60 (7.2)
	924
	–3 (6.8)
	63 (44, 81)
	< 0.0001

	
< 1 (average/day)
	385
	26 (10.0)
	379
	–9 (10.2)
	35 (11, 58)
	0.0046

	Sputum score at Week 0
	
	
	
	
	
	

	
≥ 1 (average/day)
	799
	53 (7.2)
	848
	–6 (6.8)
	58 (41, 76)
	< 0.0001

	
< 1 (average/day)
	445
	46 (10.1)
	453
	3 (10.2)
	42 (17, 68)
	0.0011

	Study completion status
	
	
	
	
	
	

	
Completers
	890
	45 (6.6)
	1008
	–6 (6.2)
	51 (35, 68)
	<0.0001

	
Non-completers
	392
	52 (13.7)
	329
	10 (13.2)
	42 (6, 79)
	0.0218

	Post-bronchodilator FEV1, mL (SE)

	
M2-111
	543
	26 (8.1)
	592
	–16 (7.5)
	42 (22, 63)
	< 0.0001

	
M2-112
	732
	56 (9.3)
	742
	–4 (9.2)
	60 (40, 81)
	< 0.0001

	Pooled results
	
	
	
	
	
	

	Overall
	1275
	43 (6.2)
	1334
	–10 (6.0)
	53 (39, 68)
	< 0.0001

	Sex


Female


Male
	346

929
	36 (9.3)

62 (6.7)
	379

955
	14 (8.7)

–4 (6.6)
	21 (–4, 46)

65 (47, 83)
	0.0934

< 0.0001

	Smoking status: 


Current smoker


Former smoker
	510

765
	42 (10.5)

46 (6.7)
	518

816
	–6 (10.1)

–12 (6.5)
	47 (20, 75)
58 (42, 75)
	0.0007

< 0.0001

	Concomitant treatment: 


ICS


No ICS 
	770

505
	34 (7.1)

54 (10.0)
	801

533
	–19 (6.8)

2 (9.8)
	54 (36, 71)

53 (27, 78)
	< 0.0001

< 0.0001

	Concomitant treatment: 


Short-acting anticholinergics

No short-acting anticholinergics
	755

520
	32 (7.3)

66 (9.7)
	805

529
	–10 (6.9)

–4 (9.5)
	42 (25, 60)

69 (44, 94)
	< 0.0001

< 0.0001

	COPD severity: 


Very severe


Severe
	313

834
	72 (10.9)

56 (7.5)
	339

892
	41 (10.4)

–13 (7.0)
	31 (7, 55)

69 (51, 88)
	0.0124

< 0.0001

	COPD history


Emphysema
	342
	48 (9.8)
	404
	–11 (9.1)
	59 (35, 83)
	< 0.0001

	
Chronic bronchitis ± emphysema
	799
	48 (7.5)
	839
	–3 (7.3)
	51 (31, 7.0)
	< 0.0001

	Chronic bronchitis ± emphysema:


ICS


No ICS 
	478

321
	44 (9.3)

44 (12.5)
	491

348
	–16 (9.0)

8 (12.1)
	60 (36, 83)

36 (4, 68)
	< 0.0001

0.0265

	Cough score at Week 0
	
	
	
	
	
	

	
≥ 1 (average/day)
	860
	60 (7.4)
	923
	–9 (6.9)
	69 (5.1, 88)
	< 0.0001

	
< 1 (average/day)
	381
	16 (10.0)
	377
	–11 (10.2)
	27 (3, 51)
	0.0252

	Sputum score at Week 0
	
	
	
	
	
	

	
≥ 1 (average/day)
	796
	52 (7.5)
	847
	–8 (7.0)
	61 (42, 79)
	< 0.001

	
< 1 (average/day)
	441
	37 (10.0)
	451
	–8 (10.0)
	45 (20, 70)
	0.0004

	Study completion status
	
	
	
	
	
	

	
Completers
	892
	50 (6.8)
	1008
	–8 (6.4)
	58 (42, 75)
	<0.0001

	
Non-completers
	383
	26 (13.4)
	326
	–3 (13.2)
	29 (–7, 65)
	0.114


* Repeated measures analysis

Table S2  St George’s Respiratory Questionnaire (SGRQ) total score: change after 52 Weeks compared with baseline
	Patient subset

(M2-111 + M2-112 pool)
	Roflumilast
	Placebo
	Roflumilast – placebo difference (95% CI)
	2-sided 

p value

	
	n
	Change from baseline*
	n
	Change from baseline*
	
	

	
M2-111
	340
	–2.749
	410
	0.006
	–2.755 (–4.420, –1.089)
	0.0012

	
M2-112
	530
	–3.754
	584
	–3.186
	–0.568 (–2.028, 0.892)
	0.4454

	Pooled results
	
	
	
	
	
	

	Overall 
	1087
	–2.253
	1234
	–1.655
	–0.599 (–1.394, 0.196)
	0.1396

	Sex

	
	
	
	
	
	

	Female
	273
	–2.821
	346
	–2.276
	–0.544 (–2.084, 0.995)
	0.4879

	Male
	814
	–2.066
	888
	–1.280
	–0.785 (–1.726, 0.155)
	0.1016

	Smoking status
	
	
	
	
	
	

	Current 
	442
	–3.179
	469
	–2.125
	–1.054 (–2.348, 0.241)
	0.1105

	Former smoker
	645
	–1.474
	765
	–0.964
	–0.510 (–1.530, 0.510)
	0.3271

	Concomitant treatment:
	
	
	
	
	
	

	
ICS
	655
	–2.062
	746
	–1.264
	–0.798 (–1.832, 0.237)
	0.1305

	No ICS
	432
	–2.293
	488
	–1.830
	–0.463 (–1.736, 0.809)
	0.4753

	Concomitant treatment:
	
	
	
	
	
	

	
Short-acting anticholinergics
	634
	–1.964
	749
	–1.376
	–0.588 (–1.592, 0.416)
	0.2510

	
No short-acting anticholinergics
	453
	–2.461
	485
	–1.645
	–0.815 (–2.135, 0.504)
	0.2256

	COPD severity 

	
	
	
	
	
	

	Very severe
	252
	–1.203
	305
	–0.825
	–0.378 (–2.038, 1.282)
	0.6549

	Severe

	717
	–2.038
	829
	–1.370
	–0.669 (–1.658, 0.320)
	0.1850

	COPD history
	
	
	
	
	
	

	Emphysema
	298
	–1.580
	377
	–1.682
	0.102 (–1.478, 1.683)
	0.8988

	Chronic bronchitis ± emphysema
	734
	–2.658
	803
	–1.585
	–1.073 (–2.022, –0.125)
	0.0265

	Chronic bronchitis ± emphysema:
	
	
	
	
	
	

	ICS
	438
	–2.744
	472
	–1.462
	–1.282 (–2.504, –0.060)
	0.0397

	No ICS
	296
	–2.457
	331
	–1.643
	–0.814 (–2.328, 0.700)
	0.2916

	Cough score at Week 0:
	
	
	
	
	
	

	
≥ 1 (average/day)
	743
	–2.739
	855
	–2.075
	–0.663 (–1.645, 0.318)
	0.1851

	
< 1 (average/day)
	315
	–1.005
	347
	–0.040
	–0.965 (–2.385, 0.455)
	0.1825

	Sputum score at Week 0
	
	
	
	
	
	

	
≥ 1 (average/day)
	685
	–2.649
	782
	–1.843
	–0.806 (–1.835, 0.224)
	0.1250

	
< 1 (average/day)
	369
	–1.571
	416
	–1.171
	–0.401 (–1.692, 0.891)
	0.5427

	Study completion status
	
	
	
	
	
	

	Completer 
	882
	–2.743
	1002
	–1.970
	–0.772 (–1.632, 0.088)
	0.0784

	Non-completer
	205
	–0.690
	232
	3.286
	–3.977 (–8.033, 0.079)
	0.0546


* Repeated measures analysis

Figure S1 Trial profile of M2-111 Percentages are based on the number of randomized patients in a treatment group.
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