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Executive Summary

· Roflumilast is a selective inhibitor of phosphodiesterase type 4 (PDE-4)
· Roflumilast is indicated as a treatment to reduce the risk of COPD exacerbations in patients with severe COPD associated with chronic bronchitis and a history of exacerbations.  
· Roflumilast should not be used to treat acute bronchospasm
· Recommended dose:  500mcg tablet taken once daily with or without food
· There are 6 published clinical trials.  One was a dose-finding study, 3 compared roflumilast to placebo, and 2 evaluated add-on therapy; 1 as add-on to salmeterol and 1 as add-on to tiotropium.  Duration of trials ranged from 24 to 52 weeks.  Studies differed as to allowing continuation of other pulmonary medications.  Two trials (pivotal trials) required patients to have had ≥ 1 recorded COPD exacerbation requiring systemic steroids or hospitalization in the previous year.  Three of the trials limited entry to those with chronic bronchitis.

· There are no trials comparing inhaled corticosteroids to roflumilast as add-on therapy to bronchodilators. There will be a post-marketing trial to evaluate the efficacy of roflumilast as add-on therapy to a long-acting beta agonist and inhaled corticosteroid fixed-dose combination therapy (LABA/ICS) versus LABA/ICS alone (results expected to be available in 2015).
· Pre- and post-bronchodilator FEV1 increased with roflumilast and was relatively unchanged or decreased with placebo.  Improvement in FEV1 noted within first 4 weeks.  The magnitude of change was greater in those with less severe COPD than those with more severe COPD.  There was no difference in response between current and former smokers.
· In the two 1-year pivotal trials, exacerbation rate was 15-18% lower in the roflumilast group compared to placebo.  This was driven primarily by moderate exacerbations.  The rate of severe exacerbations did not differ between groups.  In the two 6-month add-on studies, the rates of exacerbations were numerically lower but not statistically significant compared to placebo.  However, the percentage of patients experiencing an exacerbation was significantly lower in the roflumilast groups.  Three out of 4 studies showed that the mean time to first exacerbation was delayed by approximately 2 weeks with roflumilast compared to placebo.
· Studies that evaluated health-related quality of life found no significant difference in improvement between roflumilast and placebo.

· Discontinuation of treatment due to adverse events (AEs) occurred in 14.8% of roflumilast-treated and 9.9% of placebo-treated patients.  The most common reasons were diarrhea, nausea, and weight loss.
· In the controlled clinical trials 263 (5.9%) of patients receiving roflumilast 500mcg daily reported psychiatric AEs compared to 137 (3.3%) in the placebo groups.  The most commonly reported psychiatric AEs were insomnia, anxiety, and depression.
· Suicidal ideation and behavior, including completed suicide were reported in clinical trials.  Three completed suicides (1 while on drug and 2 > 20 days after discontinuation) and 2 suicide attempts occurred in patients receiving roflumilast compared to 1 patients experiencing suicidal ideation in the placebo group.

· In the overall clinical trials, weight loss was reported in 331 (7.5%) and 89 (2.1%) of patients receiving roflumilast 500mcg daily and placebo respectively. Mean weight was reduced by ~ 2kg in the roflumilast groups compare to a slight mean weight gain in the placebo groups ~ 0.2kg and occurred mainly in the first 6 months of therapy.  Heavier patients lost more weight than those who were underweight.
· In the COPD safety pool the frequency of tumors was 1.6% and 1.3% for roflumilast 500mcg and placebo respectively.  However, in the total safety database, there was no difference in the overall frequency of tumors between roflumilast [126/13,216 (1%)] and placebo [80/8260 (1.0%)].
· Roflumilast is contraindicated in patients with moderate or severe hepatic impairment (Child-Pugh B or C)

· Roflumilast is metabolized by CYP3A4 and CYP1A2.  Co-administration of strong CYP450 inducers (e.g., rifampin, phenobarbital, carbamazepine, phenytoin) with roflumilast are not recommended.

· The cost of roflumilast is approximately 5-8 greater than the formulary inhaled corticosteroid.
· The relatively modest impact of roflumilast on efficacy and potential for adverse events will likely limit its use.
Introduction

PDE-4 inhibitors are a new drug class for the treatment of COPD.  Roflumilast is a selective inhibitor of PDE-4 and is indicated as a treatment to reduce the risk of COPD exacerbations in patients with severe COPD associated with chronic bronchitis and a history of exacerbations.  
In April 2010 the Pulmonary-Allergy Drugs Advisory Committee to the FDA voted 10 to 5 against approving roflumilast due to modest benefit and potential for adverse events.  The following month, the FDA issued a complete response letter.  In March 2011, the FDA approved roflumilast with a narrower indication than what the manufacturer had originally intended.
Pharmacology/ Pharmacokinetics
PDE4 is expressed in immune and proinflammatory cells as well as in structural cells such as smooth muscle, epithelial cells and fibroblasts.  PDE4 regulates cAMP degradation in most immune and proinflammatory cells. Inhibiting PDE4 affects the functioning of proinflammatory cells by interfering with recruitment and activation of neutrophils, CD8 T cells, macrophages and eosinophils. Roflumilast inhibits the 4 subtypes of PDE4 (A, B, C, and D) and does not affect other PDE isoenzymes.
In a 4-week study in patients with COPD (n=38), the number of sputum neutrophils and eosinophils were reduced by 35.5% and 50.7% respectively compared to placebo.1  In a 4-week study,  37 healthy volunteers underwent segmental endotoxin challenge.  Total cells, neutrophils and eosinophils were reduced in bronchoalveolar lavage fluid 24 hours after endotoxin challenge by 36%, 39%, and 74% respectively in the roflumilast group compared to placebo.
The pharmacokinetics of roflumilast are shown in Table 1.
Table 1:   Pharmacokinetics of Roflumilast
	Absolute bioavailability 
	~80%

	Tmax (hours)
	0.5-2 (parent); 4-13 (metabolite)

	Single-dose AUC (mcg/L/h)
	40 (parent); 415 (metabolite)

	Volume of distribution (L/kg)
	2.9

	Metabolism
	Via Phase 1 (CYP450) and Phase 2 (conjugation) reactions.  

· CYP3A4 and CYP1A2 to active metabolite (roflumilast N-oxide)  with 2- to 3-fold less potency than the parent compound

	Clearance after IV infusion (L/hr)
	9.6

	Half-life (h)
	17 (parent); 30 (metabolite)

	Protein binding (%)
	99 (parent); 97 (metabolite)

	Elimination
	~70% in urine as inactive metabolites; 20% fecal 


Data obtained from product package insert and FDA Advisory Briefing Document
FDA-Approved Indications

Roflumilast is indicated as a treatment to reduce the risk of COPD exacerbations in patients with severe COPD associated with chronic bronchitis and a history of exacerbations.  Roflumilast is not a bronchodilator and is not indicated for the relief of acute bronchospasm. 

Potential Off-label Uses

Maintenance treatment of asthma and allergic rhinitis
Current VA Formulary Alternatives

None in this class, as roflumilast is first in a new drug class.  Other agents on the formulary used in the maintenance treatment of COPD include, ipratropium, tiotropium, formoterol, theophylline, and mometasone.
Dosage and Administration
Recommended dose is 500mcg once daily taken with or without food.
· No dosage adjustment needed for renal impairment (has not been studied in patients with end-stage renal disease requiring hemodialysis)
· Roflumilast is not recommended for patients with history of depression associated with suicidal ideation or behavior.
· Do not co-administer with theophylline

The FDA approved roflumilast with a medication guide informing patients of the potential risks of mental health problems, including changes in mood, thinking, or behavior, as well as unexplained weight loss.  The FDA has determined that REMS is not necessary at this time.
Dosage Form/Strength

Available as a 500mcg tablet in bottles containing 30 or 90 tablets
Efficacy 
There are 6 published clinical trials (Table 2).3-7 One was a dose-finding study, 3 compared roflumilast to placebo, and 2 evaluated add-on therapy; 1 as add-on to salmeterol and 1 as add-on to tiotropium.  Duration of trials ranged from 24 to 52 weeks.  Studies differed as to allowing continuation of other pulmonary medications.  Entry criteria for 4 trials (M2-111, M2-112, M2-124, and M2-125) required that patients have a baseline FEV1 ≤ 50% of predicted.4,5,7  For the remaining studies, patients had to have an FEV1 between 30-80% or 40-80% of predicted (mean FEV1 ~ 55% of predicted).3, 6 Studies M2-124 and M2-125 were pivotal trials that required patients to have had ≥ 1 recorded COPD exacerbation requiring systemic steroids or hospitalization in the previous year.5  Three trials specifically limited entry to patient with chronic bronchitis as earlier studies showed that benefit is seen with this group.5, 6
Because the results for exacerbations in studies M2-111 and M2-112 were inconclusive, a post hoc pooled analysis was conducted.  Several sub-analyses were performed in an effort to define subsets of patients who are likely to respond to treatment.  Some of these hypotheses generating evaluations have been subsequently confirmed in large clinical trials, while others have not.7  
The FDA has requested a post-marketing commitment that a trial be conducted to evaluate the efficacy of roflumilast as add-on therapy to a long-acting beta agonist and inhaled corticosteroid fixed-dose combination therapy (LABA/ICS) versus LABA/ICS alone in patients with severe COPD (FEV1 < 50% predicted) associated with chronic bronchitis and a history of exacerbations (results expected to be available in 2015).9
Also needed are trials comparing roflumilast to ICS as add-on to long-acting bronchodilators as ICS have been shown to reduce exacerbations and may protect against decline in lung function and reduce mortality.  
Table 2:  Clinical Trials 
	Study
	n
	Duration
	Mean baseline FEV1 (% pred)
	Cough and sputum production required
	Prior COPD exacerbation required
	Treatment arms
	Other pulmonary medications allowed

	Rabe (Study M2-107)3
Dose-finding study
	1413
	24-weeks
	55
	No
	No
	Roflumilast vs. placebo
	SABA for rescue and short-acting anticholinergics were allowed

	Study M2-1117
Early Phase III study 


	1173
	52-weeks
	36
	No
	No
	Roflumilast vs. placebo
	ICS ≤ 2000mcg equivalent to beclomethasone and short-acting anticholinergics were allowed if used before study entry.  SABA allowed for rescue

	Calverley (Study M2-112)4
Early Phase III study
	1514
	52- weeks
	41
	No
	No
	Roflumilast vs. placebo
	ICS ≤ 2000mcg equivalent to beclomethasone and short-acting anticholinergics were allowed if used before study entry.  SABA allowed for rescue

	Calverley (Study M2-124)5
Pivotal study
	1523
	52-weeks
	38
	Yes
	Yes
	Roflumilast vs. placebo
	SABA for rescue, LABAs, and short-acting anticholinergics were allowed

	Calverley (Study M2-125)5
Pivotal study
	1568
	52-weeks
	35
	Yes
	Yes
	Roflumilast vs. placebo
	SABA for rescue, LABAs, and short-acting anticholinergics were allowed

	Fabbri (Study M2-127)6
Add-on study
	933
	24-weeks
	55
	No but 79% had chronic cough/

sputum
	No
	Roflumilast +salmeterol vs. placebo + salmeterol
	SABAs for rescue allowed

	Fabbri (Study M2-128)6
Add-on study
	743
	24-weeks
	56
	Yes
	No
	Roflumilast +tiotropium vs. placebo + tiotropium
	SABAs for rescue allowed


ICS=inhaled corticosteroid; LABA=long-acting beta-agonist; SABA=short-acting beta-agonist
Pulmonary Function
Pre- and post-bronchodilator FEV1 increased with roflumilast and was relatively unchanged or decreased with placebo.  Improvement in FEV1 was noted within first 4 weeks.  The magnitude of change was greater in those with less severe COPD than those with more severe COPD.  A similar pattern was noted for secondary lung function parameters.
There was no difference in response between current and former smokers or among those using versus those not using concomitant short-acting bronchodilators.

In the 2 pivotal trials (M2-124 and M2-125), changes in FEV1 were similar in those with and without concomitant LABA use (46ml vs. 50ml).  In study M2-124, changes in secondary PFTs (i.e., pre- and post-bronchodilator FEV1/FVC, post-bronchodilator FEF25-75) were not significantly different than placebo.  However, in study M2-125 and when results of M2-124 and M2-125 were pooled, the changes were significant versus placebo. 5
Table 3:  Change in Pre- and Post-bronchodilator FEV1 (ml)
	
	M2-107
	M2-112
	M2-124
	M2-125
	M2-127
	M2-128

	
	R500
	PBO
	R
	PBO
	R
	PBO
	R
	PBO
	R
	PBO
	R
	PBO

	Prebronchodilator

Baseline

Change
	141

49*
	145

-39
	103
9*
	105
-27
	107
46*
	106
8
	95
33*
	98
-25
	143
39*
	141
-10
	147
65*
	149
-16

	Postbronchodilator

Baseline

Change
	150
51*
	157
-45
	113
12*
	115
-26
	116
57*
	106
8
	105
44*
	107
-17
	151
68*
	149
8
	155
74*
	156
-7


*Significant versus placebo
PBO=placebo; R=roflumilast
COPD exacerbations
The definitions for COPD exacerbations varied among studies.  Only in studies M2-124 and M2-125 were patients required to have a prior exacerbation in the past year in order to qualify for study entry.5 
	Rabe (Study M2-107)3
	Mild=increase in bronchodilator use on ≥2 consecutive days (> 4 puffs SABA/day above mean use during week before randomization) without additional healthcare contact.

Moderate=home management with administration of oral corticosteroid or unscheduled health-care contact, or both.

Severe=required hospital admission or ER treatment.

	Calverley 4
(Study M2-112)
	Moderate=symptomatic deterioration treated with systemic steroids and/or antibiotics

Severe=requiring hospitalization

	Calverley 5
(Studies M2-124, M2-125)
	Moderate=requiring systemic corticosteroids

Severe=associated with admission or death

	Fabbri 6
(Studies M2-127, M2-128)
	Mild=increase in SABA of ≥3 puffs/day on at least 2 consecutive days

Moderate=requiring oral corticosteroids (not antibiotics)

Severe=associated with hospitalization or death


Table 4:  Definitions of Exacerbations used in Clinical Trials

In study M2-107, overall exacerbation rate was lower with roflumilast 500mcg, but this was primarily driven by mild exacerbations. 3 
Studies M2-111 and M2-112 found no difference in moderate or severe exacerbations; however, in M2-112, a significant benefit was seen in a subgroup of patients with GOLD stage IV COPD (1.01 vs. 1.59 events/pt-yr). In this study concomitant ICS was allowed (62% of study group used ICS during study).  In the subgroup of patients with GOLD Stage IV COPD, the benefit of roflumilast was primarily limited to the subgroup of patients who were NOT taking concomitant ICS.  In the overall study, smoking status or concomitant ICS did not influence effect of roflumilast on lung function, exacerbation rate, or quality of life.4  
In contrast, the post-hoc pooled analysis of studies M2-111 and M2-112 found that moderate-severe exacerbation rate was significantly reduced with roflumilast compared to placebo (0.52 vs. 0.61 events/pt-yr; effect size 14.3%).  They also showed a significant reduction in exacerbation rate in the subgroup of patients receiving concomitant roflumilast + ICS compare to placebo + ICS (0.72 vs. 0.89 events/pt-yr; effect size 18.8%).  In the subgroup of patients who were NOT receiving concomitant ICS, there was no significant difference between roflumilast and placebo (0.42 vs. 0.46 events/pt-yr).  Results of post-hoc analyses should be interpreted with caution and confirmed by appropriately designed clinical trials.7
Studies M2-124 and M2-125 showed that the rate of moderate and severe exacerbations was lower with roflumilast than placebo; however, this was driven by moderate exacerbations.  There was no significant difference in the rate of severe exacerbations.  Difference in rates between treatments was independent of concomitant LABA use (49% of study group used LABA during study).5
In studies M2-127 and M2-128, there was no difference in the rate of overall exacerbations (mild, moderate, or severe) between roflumilast and placebo; however, when viewed as proportion of patients with exacerbations, there were significantly fewer patients with any exacerbation in the roflumilast groups.  These trials were of 6-months duration and may have been too short to show a significant effect on exacerbations.  Additionally, the authors argue that those trials not showing decrease in exacerbation risks may be because patient’s COPD was not as severe as in the other trials (mean FEV1 ~55% of predicted) and a history of prior exacerbations was not a study entry requirement.6  
Four studies evaluated median time to first exacerbation.  For any exacerbation, studies M2-124 and M2-128 showed that time to first exacerbation was longer with roflumilast whereas studies M2-125 and M2-127 showed no significant difference between roflumilast and placebo.  Studies M2-127 and M2-128 showed that time to first exacerbation of moderate and severe exacerbation was longer in the roflumilast groups.  It can be questioned whether these findings are clinically significant.5, 6
Table 5:  Exacerbation Rates and Time to First Exacerbation
	
	M2-107
	M2-112‡†
	M2-124
	M2-125
	M2-127
	M2-128

	
	ROF
	PBO
	ROF
	PBO
	ROF
	PBO
	ROF
	PBO
	ROF
	PBO
	ROF
	PBO

	Exacerbations (E/pt-yr)

Moderate
	0.25
	0.28
	0.86
	0.92
	0.94*
	1.11
	1.04*
	1.27
	-

-

-

1.9
	-

-

-

2.4
	-

-

-

1.8
	-

-

-

2.2

	Severe
	0.03
	0.02
	
	
	0.11
	0.12
	0.14
	0.18
	
	
	
	

	Mild

Overall
	0.48*

0.75*
	0.83

1.13
	-

-
	-

-
	-

1.08*
	-

1.27
	-

1.21*
	-

1.49
	
	
	
	

	Days to 1st exacerbation

Any

Moderate/severe
	-

-
	-

-
	-

-
	-

-
	85*

-
	71

-
	73

-
	69.5

-
	53

83*
	47

71
	50*

80.5
	37

74.5


*Significant vs. placebo

‡In study M2-112, a significant reduction was seen in moderate exacerbations requiring systemic steroids (0.40 vs. 0.48 events/pt-yr).  Moderate-severe exacerbations were significantly reduced in a subgroup or patients with GOLD Stage IV COPD (1.01 vs. 1.59 events/pt-yr).  
†In the pooled analysis of studies M2-111 and M2-112, the rate of moderate-severe exacerbations was significantly reduced compared to placebo (0.52 vs. 0.61 events/pt-yr; effect size 14.3%)
Health-related Quality of Life

In studies M2-107 and M2-112 quality of life was evaluated using St. Georges’ Respiratory Questionnaire (SGRQ).  A change of ≥ 4 units is considered clinically significant.  There was no significant difference in improvement in SGRQ total scores between roflumilast and placebo.3, 4
Studies M2-124 and M2-125 used Euroquol 5-dimension questionnaire (measure of health utility) and found no difference between roflumilast and placebo.5
Rescue medication Use

Two studies (M2-127 and M2-128) evaluated rescue SABA use.  There was no difference between roflumilast and placebo in rescue SABA use in study M2-127.  In study M2-128, there was a statistically significant difference in rescue SABA use between roflumilast and placebo (-1.56 versus -1.05).6
C-reactive protein
C-reactive protein is a possible marker of systemic inflammation in COPD.  Because PDE-4 inhibitors have anti-inflammatory properties, C-reactive protein was evaluated in studies M2-124, 125, 127 and 128 and was found to be unaffected by treatment with roflumilast.6, 7
Adverse Events (Safety Data)

Among the 4438 COPD patients receiving roflumilast 500mcg, 3136 and 1232 were exposed for 6-months and 1-year respectively.
All-cause patient withdrawals from the studies were slightly greater with the roflumilast groups compared to placebo, with more patients taking roflumilast withdrawing within the first 12 weeks of treatment.  
In the clinical trials, 68.5% and 65.3% of patients in the roflumilast and placebo groups respectively reported ≥ 1 adverse reactions.  Discontinuation of treatment due to adverse events (AEs) occurred in 14.8% of roflumilast-treated and 9.9% of placebo-treated patients; the most common reasons being diarrhea (2.4%) and nausea (1.6%). Table 6 shows AEs that occurred in ≥ 2% of those receiving roflumilast and greater than placebo.8
Table 6:  Adverse Events occurring in ≥2% of Roflumilast Patients 

and > than Placebo

	
	Roflumilast (n=4438)
	Placebo (n=4192)

	Diarrhea
	420 (9.5)
	113 (2.7)

	Weight loss
	331 (7.5)
	89 (2.1)

	Nausea
	209 (4.7)
	60 (1.4)

	Headache
	195 (4.4)
	87 (2.1)

	Back pain
	142 (3.2)
	92 (2.2)

	Influenza
	124 (2.8)
	112 (2.7)

	Insomnia
	105 (2.4)
	41 (1.0)

	Dizziness
	92 (2.1)
	45 (1.1)

	Decreased appetite
	91 (2.1)
	15 (0.4)


Data obtained from product package insert
The majority of AEs occurred during the first 4 weeks of therapy. In the COPD safety pool, mild AEs were reported in 16.3% (roflumilast500) and 15.4% (placebo) of patients; moderate AEs in 36.2% (roflumilast500) and 33.4% (placebo) of patients; severe AEs in 14.6% (roflumilast500) and 13.9% (placebo) of patients.9 

Other AEs in the roflumilast groups that occurred at a rate of 1-2% and more often than the placebo group include: abdominal pain, dyspepsia, gastritis, vomiting, rhinitis, sinusitis, urinary tract infection, muscle spasms, tremor, anxiety, and depression.
Serious AEs (SAEs) occurred in 13.5% and 14.2% of the roflumilast and placebo groups respectively.  Among the SAEs that occurred in a frequency of ≥ 0.3%, only atrial fibrillation was reported to occur more often in the roflumilast group (0.4 vs. 0.2%).  Other SAEs such as COPD, respiratory failure, MI, and chest pain were reported more frequently with placebo.  The frequency of pneumonia was 1.1% for both groups.9
Deaths

Deaths were not reported in all of the individual trials.  However, in the COPD safety pool, there were 177 deaths reported; roflumilast 250mcg [n=7 (0.9%)], roflumilast 500mcg [(n=84 (1.5%)] and placebo [n=86 (1.6%)].  COPD and pneumonia were the most common causes and did not differ between groups. 9 
Psychiatric Adverse Events

In the controlled clinical trials 263 (5.9%) of patients receiving roflumilast 500mcg daily reported psychiatric AEs compared to 137 (3.3%) in the placebo groups.  The most commonly reported psychiatric AEs were insomnia, anxiety, and depression.  Suicidal ideation and behavior, including completed suicide were reported in clinical trials.  Three completed suicides (1 while on drug and 2 > 20 days after discontinuation) and 2 suicide attempts occurred in patients receiving roflumilast compared to 1 patient experiencing suicidal ideation in the placebo group.8-10
Table7:  Psychiatric AEs during Clinical Trials 8-10
	
	Roflumilast
	Placebo

	Insomnia (%)
	2.4
	1.0

	Anxiety (%)
	1.4
	0.9

	Depression (%)
	1.2
	0.9

	Completed suicides (n)

· While on drug

· >20 days after d/c
	3

1

2 
	0

-

-

	Suicide attempts (n)
	2
	0

	Suicidal ideation (n)
	0
	1


Table 8:  Narratives on Suicide Behavior10
	Completed suicides
	On drug
	80y/o male on 17 weeks of roflumilast 500, no history of depression, receiving concomitant reserpine

	
	After drug discontinued
	76y/o male on 11 days of roflumilast 500, patient-reported depression on Euro-QoL at baseline, completed suicide 22 days after last dose; received SNRI for 10 days before suicide

	
	
	73y/o male on 16 weeks of roflumilast 250, no history of depression, suicide 20 days after last dose

	Attempted suicides
	
	50y/o female, on 11 months of roflumilast 500, history of depression, receiving concomitant antidepressant

	
	
	52y/o female, on 5 months of roflumilast 500, history of depression and attempted suicide, continued treatment with Rof500 until end of study

	Suicidal ideation
	
	48y/o female on 2 weeks of placebo, history of depression with multiple concomitant antidepressants.  Hospitalization for severe depression and persistent suicidal ideation


Weight Loss
In the overall clinical trials, weight loss was reported in 331 (7.5%) and 89 (2.1%) of patients receiving roflumilast 500mcg daily and placebo respectively.

Change in weight was evaluated in studies M2-124, 125, 127, and 128.  Mean weight was reduced by ~ 2kg in the roflumilast groups compare to a slight mean weight gain in the placebo groups ~ 0.2kg.  Most of the weight loss occurred in the first 6 months of treatment.  Mean weight loss was greater in those reporting nausea, vomiting, diarrhea or headache compared to those not reporting these AEs. There was also a relationship between body weight and magnitude of weight loss.  Those who were heavier lost more weight than those who were underweight.5, 6
In the two 1-year trials by Calverley, 20% of those receiving roflumilast had moderate weight loss (5-10% of body weight) and 7% had severe weight loss (>10% of body weight) compared to 7% (moderate) and 2% (severe) in the placebo groups.4  
Tumor Risks9
There were 208 patients with 218 tumors in the total safety database, including studies in asthma.  Ten patients had 2 tumors (4 on roflumilast and 6 on placebo).  There was no difference in the overall frequency of tumors between roflumilast [126/13,216 (1%)] and placebo [80/8260 (1.0%)].  When looking at COPD alone (includes COPD safety pool and COPD other), the frequency of tumors was 1.6% and 1.3% for roflumilast and placebo respectively.  The tumor frequency in asthma was low (0.1%) by comparison and there was no difference between groups.  Data for the COPD safety pool are shown below.  Most of the lung cancers were reported in the first 6 months of exposure (22/33 for roflumilast and 6/17 for placebo). It is unknown at this time if this is a chance observation or if roflumilast is carcinogenic.
Table 9:  Tumor Frequency in COPD Safety Pool

	
	Roflumilast250 n (%)
	Roflumilast500 n (%)
	Placebo n (%)

	n
	797
	5766
	5491

	All tumors 
	4 (0.5)
	94 (1.6)
	72 (1.3)

	Lung cancer
	2 (0.3)
	31 (0.5)
	17 (0.3)

	Prostate cancer
	1/585 (0.2)
	13/4158 (0.3)
	7/3979 (0.2)

	All other cancers
	1 (0.1)
	50 (0.9)
	48 (0.9)


Mesenteric Vasculitis

Mesenteric vasculitis has been identified as a safety signal with other PDE4 inhibitors.  In the preclinical animal studies, there was no evidence of primary vasculitis with roflumilast.  As a safety precaution, fecal occult blood (FOB) was evaluated in studies M2-124, M2-125, M2-111, and M2-110.  Patients had a FOB test prior to study entry, after 6 months, and at end of treatment.  Additional tests were performed if patient reported GI AEs that might be associated with GI bleed.  Patients with positive tests were asked to undergo a colonoscopy if GI bleeding could not be excluded.  There was no difference in the incidence of positive FOB between roflumilast and placebo in studies M2-110 (0.4%) and M2-125 (1.3%) and colonoscopy findings were negative.  The incidence of positive FOB was greater with roflumilast than placebo in studies M2-111 (5.5% vs. 3.8%) and M2-124 (1.7 vs. 0.8%).  Colonoscopy findings were negative. 9
Cardiac Safety9
Roflumilast administered up to 1000mcg daily for 14 days did not result in prolongation of the QTc-interval.  

The proportion of patients with cardiac events was similar in the roflumilast and placebo group (5.2% vs. 5.7%).  Cardiac events leading to death (0.4% vs. 0.5%), discontinuation of treatment (0.9% vs. 1.0%), or that were categorized as serious (1.8% vs. 2.1%) were also similar between groups.
In the COPD safety pool, the percentage of patients who had atrial fibrillation as an AE was higher in roflumilast-treated patients than placebo (0.8% vs. 0.6%).

Contraindications

Moderate or severe hepatic impairment (Child-Pugh B or C)
Warnings and Precautions8
Roflumilast should not be used to treat acute bronchospasm

Risk versus benefit should carefully be weighed in patients with a history of depression and/or suicidal thoughts or behavior.  If administered, patients, families, and caregivers should be made aware of the possibility of emergence or worsening of insomnia, anxiety, depression, suicidal thoughts or other mood changes AND to contact their healthcare provider should such changes occur.  Continued treatment with roflumilast should be carefully evaluated if such events occur.  The VA is considering more stringent guidance regarding use in patients with a mental health diagnosis.
Patients should have their weight monitored regularly.  Weight loss should be evaluated if unexplained or clinically significant weight loss occurs, and discontinuation of roflumilast should be considered.

Co-administration of strong CYP450 inducers (e.g., rifampin, phenobarbital, carbamazepine, phenytoin) with roflumilast are not recommended.

Roflumilast should not be used during labor and delivery or in women who are nursing

Consider risk versus benefit of using roflumilast in patients with mild hepatic impairment (Child-Pugh A)
Look-alike/Sound-alike (LASA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion.
	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Roflumilast 500mcg tablets 
Daliresp
	None
None
	None
None
	None
None
	None
None
	Reclast
Rufinamide

Dallergy

Dermarest

Dermoplast


Drug Interactions8
Roflumilast is metabolized by CYP3A4 and CYP1A2.  Co-administration of drugs that inhibit these isoenzymes could lead to increased roflumilast exposure.  Providers should weigh the benefits against the risks of such combinations.
Co-administration of strong inducers of CYP3A4 and CYP1A2 with roflumilast decreases systemic concentration of roflumilast and may reduce its efficacy; therefore, concurrent use is not recommended.  

Table 10:  Effect of Co-Administered Drugs on the Pharmacokinetics of Roflumilast

	
	Roflumilast
	Roflumilast N-oxide

	
	Cmax
	AUC
	Cmax
	AUC

	Erythromycin 500mg TID x 13 days
	↑40%
	↑70%
	↓34%
	↑4%

	Ketoconazole 200mg BID x 13 days
	↑23%
	↑99%
	↓38%
	↑3%

	Fluvoxamine 50mg daily x 14 days
	↑12%
	↑156%
	↓210%
	↑52%


	Enoxacin 400mg BID x 12 days
	↑20%
	↑56%
	↓14%
	↑23%

	Cimetidine 400mg BID x 7 days
	↑46%
	↑85%
	↓4%
	↑27%

	Oral contraceptive gestodene 0.075mg /ethinyl estradiol 0 .03mg
	↑38%
	↑51%
	↓12%
	↑14%

	Rifampicin 600mg daily x 11 days
	↓68%
	↓79%
	↑30%
	↓56%


AUC=area under the curve; Cmax=maximum concentration

Roflumilast and its’ metabolite do not have significant activity on the isoenzymes that are typically involved in drug metabolism; therefore, roflumilast should not have clinically meaningful interactions with drugs that are substrates of these enzymes.
There were no significant interactions between roflumilast and other commonly used respiratory medications (i.e., budesonide, formoterol, montelukast, albuterol, and theophylline).  Additionally, no significant interaction was found with digoxin, midazolam, sildenafil, warfarin, and Maalox.

Cost

VA pricing was not available at the time of this writing; therefore, open market pricing is presented.

Table 11:  VA Acquisition Cost for Agents Added to Bronchodilators for COPD
	
	Usual daily dose
	Cost/day
	Cost/month

	Roflumilast

Mometasone*
	500mcg/day
400mcg or 800mcg/day
	$5.45 (open market)
$0.65-1.00
	$163.62 (open market)
$19.39-30.04

	*Inhaled corticosteroid on VA National Formulary


Conclusions
Roflumilast improved pulmonary function relative to placebo.  Its impact on decreasing exacerbations varied among studies possibly due to the COPD types included, duration of trial, exacerbation definitions, and allowed concomitant medications.  Since roflumilast is an anti-inflammatory, it would be important to know how it compares to ICS as add-on therapy to long-acting bronchodilators.  In a subgroup analysis of study M2-112, concomitant ICS did not influence the effect of roflumilast on lung function, exacerbation rate or quality of life.  In fact, in patients with GOLD stage IV COPD, the benefit of roflumilast was primarily limited to the subgroup of patients who were NOT taking concomitant ICS.  It is difficult to compare the results of the roflumilast trials to trials combining ICS + LABA as trial conditions varied.  Gastrointestinal adverse events were common with roflumilast; however, of greater concern are the questions concerning the neuropsychiatric adverse events and possible risk for cancer.  The relatively modest impact of roflumilast on efficacy and potential for adverse events will likely limit its use.
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Appendix 1:  Roflumilast Studies

	Study
	Inclusion/Exclusion
	Dosage
	Demographics/Baseline values
	Results

	Rabe 2005

(Study M2-107)

R, DB, PC (run-in phase was SB)

24-weeks (active phase)

N= 1413

ITT
	Inclusions

COPD > 12 months

≥40 years old

Current/former smoker

≥ 10 pack-year smoking history

Post-bronchodilator FEV1/FVC ≤ 0.70

Post-bronchodilator FEV1 30-80% predicted

Reversibility of <12% and/or < 200mL) after albuterol 400mcg

Clinically stable and no changes in COPD meds for 4weeks before run-in

Exclusions

h/o asthma or other relevant lung diseases

Long-term O2 therapy

α-1 antitrypsin deficiency

Recent exacerbation requiring systemic steroids, ER visit, or hospitalization within 4 weeks of run-in

RTI within 4 weeks of run-in period

≥8 puffs/day of SABA
	4- week run-in with placebo once daily: patients randomized if they complied with study medication and post-bronchodilator FEV1 30-80% predicted

Roflumilast 250mcg once daily (n=578)
Roflumilast 500mcg once daily (n=555)

Placebo once daily (n=280)

SABA for rescue and short-acting anticholinergics were allowed.  
A course of oral steroids for treatment of exacerbations was allowed.  Patient could remain in study if treated with < 40mg/day of prednisolone for 7-10d days unless investigator felt it poses a significant health risk if patient continued study.
	Age (yrs): 65; 64; 63

Males (%): 73; 74; 74

White race (%): 100; 99; 100

Cigarettes (pack-yr): 43±24; 41±21; 43±22
Current/former smoker (%): 46/54; 46/54; 45/55

Pre-bronchodilator FEV1 (L): 1.40±0.47; 1.41±0.49; 1.45±0.48
Post-bronchodilator FEV1 (L): 1.52±0.47; 1.50±0.48; 1.57±0.48
Pre-bronchodilator FEV1 (% pred):

50±13.4; 51±13.7; 51±13.8

Post-bronchodilator FEV1 (% pred):

54±13.4; 54±13.2; 55±13.1

Reversibility (%): 9.6±12; 9.1±13; 9.6±13
FEV1/FVC: 50±12; 50±12; 50±11
Prestudy Meds (%)

•SABAs: 52; 48; 51
•Short-acting anticholinergics: 37; 38; 34
•ICS: 23; 22; 17
•LABA: 13; 17; 13
•Xanthines: 27; 26; 26
•ICS/LABA: 17; 17


	Roflumilast 250
Roflumilast 500
Placebo
Discontinued study [n (%)]
100 (17)

124 (22)

32 (11)

D/C due to AE [n (%)]
54/578 (9.3)
84/555 (15.1)
23/280 (8.2)
D/C due to COPD exacerbation [n (%)]
25/578 (4.3)
18/555 (3.2)
8/280 (2.9)
Deaths 

?
?
?
FEV1 (ml)
Pre-bronchodilator

Post-bronchodilator
24±12*†

29±12*†
49±12*†

51±12*†

-39±16*

-45±16*

FVC (ml)

Post-bronchodilator

-75±27*

-4±20†

39±21†

FEF25-75 (ml/sec)

Post-bronchodilator

19±10†

26±11*†

-13±14

Exacerbations/pt
•Overall

•Mild

•Moderate

•Severe

1.03±2.33

0.71±2.13
0.30±0.66
0.02±0.14
0.75±1.89‡
0.48±1.74†
0.25±0.62
0.03±0.19
1.13±2.37

0.83±2.25
0.28±0.64
0.02±0.13
Total exacerbations (n)
593
418
317
Number of pts. w/
exacerbations n(%)

•Total

•Mild

•Moderate 

•Severe

207 (36)
115 (20)

123 (21)

12 (2)

157 (28)‡
75 (14)

99 (18)

14 (3)

97 (35)
56 (20)

58 (21)

5 (2)

SGRQ

-3.4±0.6

-3.5±0.6

-1.8±0.8

*Significant vs. baseline
†Significant vs. placebo
‡Significant vs. placebo and roflumilast 250


	Study
	Inclusion/Exclusion
	Dosage
	Demographics/Baseline values
	Results


4

	.7

	43.3

	

	*Significant vs. placebo


	Study
	Inclusion/Exclusion
	Dosage
	Demographics/Baseline values
	Results

	Calverley 2009

(Study M2-124)

R, DB, PC (run-in phase was SB)

52-weeks

N=1523

ITT analysis
	Inclusions

Diagnosis of  COPD

> 40 years old

Post-bronchodilator FEV1/FVC ≤ 70%

Post-bronchodilator FEV1≤ 50% predicted

Chronic cough and sputum production

Current/former smoker

≥ 20 pack-year smoking history

≥ 1 recorded COPD  exacerbation requiring systemic steroids or hospitalization in the previous year

Exclusions

COPD exacerbation unresolved at initial baseline; asthma or other relevant lung disease; clinically significant cardiopulmonary abnormalities not related to COPD; relevant abnormal labs; pregnant or planned pregnancy or breast feeding; chronic GI disorders with h/o GI bleeds w/i previous year; pulmonary rehab w/i 3 months; use of immunosuppressive drugs 4 weeks prior to baseline; alpha-1 antitrypsin deficiency; HIV infection; active hepatitis; diagnosis or h/o any cancer (except basal cell CA) w/i 5 years; alcohol or drug abuse; unable to follow study procedures (language difficulties, psychological disorders)
	4- week run-in with placebo once daily: pts. recorded SABA use and cough/sputum production in diary.

To be eligible for randomization, total of cough and sputum scores had to be > 14 one-week prior to randomization, stool guaiac negative, and ≥ 80% of placebo taken

Roflumilast 500mcg once daily (n=765)

Placebo once daily (n=758)

Patients could continue SABAs, LABAs, short-acting inhaled cholinergics at stable doses (long-acting anticholinergics, and inhaled steroids were not allowed during study)

Patients stratified according to LABA use and smoking status
	Age (yrs): 64±10; 63±9

Males (%): 71; 71

White (%): 96; 97

Cigarettes (pack-yr): 48±24; 46±23

Current/former smoker (%): 48/52; 48/52

Pre-bronchodilator FEV1 (L): 1.07±0.4; 1.06±0.4

Post-bronchodilator FEV1 (L): 1.16±0.4; 1.15±0.4

Pre-bronchodilator FEV1 (% pred):

34.7±10.2; 34.6±10.3

Post-bronchodilator FEV1 (% pred):

37.6±10.7; 37.5±10.4

Post-bronchodilator FEV1/FVC: 43.3±11.6; 42.7±11

COPD severity (%)

· Severe: 64; 67

· Very severe: 26; 24

· Mild/moderate: 10; 9

Concomitant treatments (%)

· LABA: 49; 51

· Short-acting anticholinergic: 31; 32

· SABA: 99; 99

· Pretreatment with ICS: 44; 44


	Roflumilast

Placebo

Discontinued study [n (%)]

264 (34.5)

234 (30.9)

D/C due to AE [n (%)]

119 (15.6)

78(10.3)

D/C due to COPD exacerbation [n %)]

43 (5.6)

69 (9.1)

Deaths [n (%)]

17 (2)

17 (2)

FEV1 (ml)

• Pre-bronchodilator

• Post-bronchodilator

46±8*

57±9*

8±8

8±8

FVC (ml)

• Pre-bronchodilator

• Post-bronchodilator

68±15*

76±15*

-21±15

-25±15

FEV1/FVC

• Pre-bronchodilator

• Post-bronchodilator

0.314±0.223

0.488±0.211

0.001±0.219

0.286±0.208

FEF25-75 (ml/sec)

• Pre-bronchodilator

• Post-bronchodilator

19±5*

22±6

2±5

12±6

PEF (L/min)

• Pre-bronchodilator

• Post-bronchodilator
6.65±1.4

8.08±1.5*

3.58±1.43

3.87±1.48

Moderate-severe exacerbation

Rate/pt-yr [95%CI]

1.08[0.96, 1.21]*

1.27 [1.14, 1.40]

Moderate exacerbation

Rate/pt-yr [95%CI]

0.94 [0.83, 1.06]*†

1.11 [1.00, 1.25]

Severe exacerbation

Rate/pt-yr [95%CI]

0.11 [0.07, 0.15]

0.12 [0.09, 0.16]

Systemic steroid +/- antibiotics

1.1 [0.98, 1.23]*

1.3 [1.17, 1.43]

Median time to 1st exacerbation (days)

85*

71

TDI focal score

0.7±0.1*

0.4±0.1

EQ-5D score

0.0049

0.0097

*Significant versus placebo

^RR 0.85 [0.74, 0.98] p=0.0278

†RR 0.84[0.72, 0.99] p=0.0325


	Study
	Inclusion/Exclusion
	Dosage
	Demographics/Baseline values
	Results

	Calverley 2009

Study M2-125)

R, DB, PC (run-in phase was SB)

52-weeks

N=1568

ITT analysis


	Same as study M2-124
	Same as study M2-124

Roflumilast 500mcg once daily (n=772)

Placebo once daily (n=796)


	Age (yrs): 64±9; 64±9

Males (%): 79; 81

White (%): 72; 71

Asian (%): 23; 22

Cigarettes (pack-yr): 49±26; 47±24

Current/former smoker (%): 35/65; 35/65

Pre-bronchodilator FEV1 (L): 0.95±0.3; 0.98±0.4

Post-bronchodilator FEV1 (L): 1.05±0.4; 1.07±0.4

Pre-bronchodilator FEV1 (% pred): 31.4±10.1; 32.2±10.8

Post-bronchodilator FEV1 (% pred): 34.6±10.3; 35.3±10.9

Post-bronchodilator FEV1/FVC: 41.2±10.7; 41.3±10.8

COPD severity (%)

· Severe: 59; 60

· Very severe: 34; 32

· Mild/moderate: 7; 8

Concomitant treatments (%)

· LABA: 48; 51

· Short-acting anticholinergic: 38; 41

· SABA: 100; 99

· Pretreatment with ICS: 40; 40


	Roflumilast

Placebo

Discontinued study 

[n (%)]

246 (31.9)

248 (31.2)

D/C due to AE [n (%)]

101 (13.1)

83 (10.4)

D/C due to COPD exacerbation [n (%)]

49 (6.3)

66 (8.3)

Deaths [n (%)]

25 (3)

25 (3)

FEV1 (ml)

• Pre-bronchodilator

• Post-bronchodilator

33±7*

44±7*

-25±7

-17±7

FVC (ml)

• Pre-bronchodilator

• Post-bronchodilator

60±14*

58±13*

-48±14

-45±13

FEV1/FVC

• Pre-bronchodilator

• Post-bronchodilator

0.200±0.19*

0.552±0.186*

-0.309±0.186

-0.115±0.182

FEF25-75 (ml/sec)

• Pre-bronchodilator

• Post-bronchodilator

15±5*

21±5*

-10±5

-8±5

PEF (L/min)

• Pre-bronchodilator

• Post-bronchodilator
0.75±1.45*

1.93±1.49*

-3.09±1.41

-3.14±1.45

Moderate-severe exacerbation

Rate/pt-yr [95%CI]

1.21 [1.07, 1.36]*^

1.49 [1.33, 1.66]

Moderate exacerbation

Rate/pt-yr [95%CI]

1.04 [0.92, 1.18]*†

1.27 [1.13, 1.42]

Severe exacerbation

Rate/pt-yr [95%CI]

0.14 [0.10, 0.20]

0.18 [0.13, 0.25]

Systemic steroid +/- antibiotics

1.17 [1.04, 1.31]*

1.41 [1.27, 1.57]

Median time to 1st exacerbation (days)

73

69.5

TDI focal score

0.7±0.1*

0.4±0.1

EQ-5D score

0.0100

-0.0006

*Significant versus placebo

^RR 0.82 [0.71, 0.94] p=0.0035

†RR 0.82[0.71, 0.95] p=0.0075


	Study
	Inclusion/Exclusion
	Dosage
	Demographics/Baseline values
	Results

	Fabbri 2009

(Study M2-127)

R, DB, PC (run-in phase was SB)

24-weeks (active phase)

N=933

ITT analysis


	Inclusions

Diagnosis of  COPD for at least 12 months

≥40 years old

Post-bronchodilator FEV1/FVC ≤ 0.70

Post-bronchodilator FEV1 40-70% predicted

Partial reversibility to albuterol 400mcg (↑ in baseline FEV1 of ≤ 12% or 200mL)

Current/former smoker

≥ 10 pack-year smoking history

*chronic cough and sputum not a requirement; however, 79% did have it

Exclusions

COPD exacerbation unresolved at initial baseline; asthma or other relevant lung disease; clinically significant cardiopulmonary abnormalities not related to COPD; relevant abnormal labs; pregnant or planned pregnancy or breast feeding; pulmonary rehab w/i 3 months; alpha-1 antitrypsin deficiency; HIV infection; active hepatitis; diagnosis or h/o any cancer (except basal cell CA) w/i 5 years; alcohol or drug abuse; unable to follow study procedures (language difficulties, psychological disorders); lower respiratory tract infection 4 weeks prior to baseline.
	4- week run-in with placebo once daily: pts. recorded SABA use and cough/sputum production in diary.

To be eligible for randomization,  80% of placebo taken and no evidence of moderate or severe COPD exacerbation

Roflumilast 500mcg once daily + Salmeterol (n=466)

Placebo once daily + Salmeterol (n=467)

ICS, short-acting anticholinergic, other long-acting bronchodilator, theophylline, or other respiratory drugs were NOT allowed


	Age (yrs): 65±9; 65±9

Males (%): 68; 64

Cigarettes (pack-yr): 43±22; 43±22

Current/former smoker (%): 39/61; 39/61

Pre-bronchodilator FEV1 (L): 1.43±0.4; 1.41±0.4

Post-bronchodilator FEV1 (L): 1.51±0.4; 1.49±0.4

Pre-bronchodilator FEV1 (% pred): 51.9±9.6; 52.4±9.8

Post-bronchodilator FEV1 (% pred): 54.7±9.1; 55.3±9.2

Post-bronchodilator FEV1/FVC: 49.8±9.4; 50±9.7

Chronic cough and sputum (%): 79; 78

SABA use (puffs/day): 1.4; 1.7

COPD severity (%)

· Moderate; 65;69

· Severe: 35; 30

	Roflumilast

Placebo

Discontinued study [n (%)]

107 (23)

82 (17.6)

D/C due to AE [n (%)]

77 (16.5)

45 (9.6)

D/C due to COPD exacerbation [n (%)]

16 (3.4)

27 (5.8)

Deaths [n (%)]

?

?

FEV1 (ml)

• Pre-bronchodilator

• Post-bronchodilator

39±9*

68±9*

-10±9

8±9

FVC (ml)

• Pre-bronchodilator

• Post-bronchodilator

32±15*

67±15*

-14±14

10±15

Mild/Moderate/Severe exacerbation

•Rate/pt-yr [95%CI]

•N (%)

1.9 [1.5, 2.5]

131 (28)*

2.4 [1.9, 3.1]

159 (34)

Moderate or severe exacerbation [n %)]

51 (11)*

83 (18)

Median time to 1st moderate or severe exacerbation (days)

83*

71

Median time to 1st mild, moderate or severe exacerbation (days)

53

47

TDI focal score

1.2 ±0.1

1.1±0.1

SOBQ

-0.6±0.7

-1.1±0.7

Rescue SABA use

-0.01±0.08

0.08±0.08

*Significant vs. placebo


	Study
	Inclusion/Exclusion
	Dosage
	Demographics/Baseline values
	Results

	Fabbri 2009

(Study M2-128)

R, DB, PC (run-in phase was SB)

24-weeks (active phase)

N=743

ITT analysis


	Inclusions

Same as  Study M2-127 and the following:

Chronic cough and sputum production

Frequent use of SABA (≥ 28 puffs/week) during run-in period

Exclusions

See study M2-127
	Same as  Study M2-127 plus frequent use of SABA (≥ 28 puffs/week) during run-in period

Roflumilast 500mcg once daily + tiotropium (n=466)

Placebo once daily + tiotropium (n=467)

ICS, short-acting anticholinergic, other long-acting bronchodilator, theophylline, or other respiratory drugs were NOT allowed


	Age (yrs): 64±9; 64±9

Males (%): 71; 72

Cigarettes (pack-yr): 43±22; 42±22

Current/former smoker (%): 40/60; 39/61

Pre-bronchodilator FEV1 (L): 1.47±0.5; 1.49±0.5

Post-bronchodilator FEV1 (L): 1.55±0.5; 1.56±0.5

Pre-bronchodilator FEV1 (% pred): 53.3±11.7; 53.4±11.6

Post-bronchodilator FEV1 (% pred): 56.0±11.6; 56.2±11.6

Post-bronchodilator FEV1/FVC: 52.7±10.3; 51.6±9.9

Chronic cough and sputum (%): 100; 100

SABA use (puffs/week): 4.7; 4.6

COPD severity (%)

· Moderate; 63;65

· Severe: 34; 32
	Roflumilast

Placebo

Discontinued study [n (%)]

62 (16.7)

39 (10.5)

D/C due to AE [n (%)]

33 (7.1)

20 (4.3)

D/C due to COPD exacerbation [n (%)]

4 (<1%)

8 (1.7)

Deaths [n (%)]

?

?

FEV1 (ml)

• Pre-bronchodilator

• Post-bronchodilator

65±12*

74±12*

-16±12

-7±11

FVC (ml)

• Pre-bronchodilator

• Post-bronchodilator

54±20*

27±23*

-41±19

-74±22

Mild/Moderate/Severe exacerbation

•Rate/pt-yr [95%CI]

•N (%)

1.8 [1.3, 2.5]

82(22)*

2.2 [1.7, 2.9]

112 (30)

Moderate or severe exacerbation n(%)

42 (11)

58 (16)

Median time to 1st moderate or severe exacerbation (days)

80.5

74.5

Median time to 1st mild, moderate or severe exacerbation (days)

50*

37

TDI focal score

1.4 ±0.1*

0.9±0.1

SOBQ

-3.4±0.7*

-0.7±0.7

Rescue SABA use

-1.56±0.11*

-1.05±0.11

*Significant vs. placebo
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Updated versions may be found at www.pbm.va.gov or http://vaww.pbm.va.gov  


