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The effect of roflumilast in addition to
LABA/LAMA/ICS treatment in COPD
patients

To the Editor:

Recently, roflumilast has been added as a therapeutic option for chronic obstructive pulmonary disease

(COPD). Roflumilast is a selective phosphodiesterase type 4 (PDE4) inhibitor [1]. The main concern of the

large-scale studies performed was that they did not assess the effect of roflumilast in addition to a

combination product such as long-acting b2-agonists (LABA) or long-acting muscarinic agents (LAMA)

combined with inhaled corticosteroids (ICS) [2]. A novel technology called functional respiratory imaging

(FRI) defines, in great detail, lung geometry and regional changes in airway volume and resistance [3–5]. By

assessing changes close to the site of action of the intervention, the method is more sensitive (higher effect

size) compared with standard pulmonary function tests (PFT) [3]. This implies that the mode of action of

an intervention can be assessed in a small number of patients, while maintaining sufficient power to have

statistically significant results [3, 4]. We performed a study aimed at investigating the mode of action of

roflumilast in COPD patients on top of triple therapy (LABA/LAMA/ICS), using PFT, exercise tolerance

tests, patient-reported outcomes (PRO) and FRI. The hypothesis was that roflumilast provides a large

benefit to a subset of COPD patients and that FRI can assist in phenotyping these responders. Ideally, a PFT

parameter could be defined that could identify the responding phenotype.

A total of 41 COPD patients were included from January 2012 until October 2012 in two clinical centres.

Patients were block randomised with a ratio of three treated to one placebo control subject, to eliminate any

seasonal influences. In total, 30 patients were treated with roflumilast and 11 patients received placebo. The
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study consisted of two visits, one at baseline and one after 6 months of treatment with either roflumilast

(500-mg tablet, once daily) or a placebo. During these two visits, the following tests were performed post-

bronchodilation: spirometry, body plethysmography, 6-min walk test (6MWT), PRO and FRI.

The FRI parameters were derived from low-dose computed tomography scans at total lung capacity (TLC)

and functional residual capacity (FRC). Segmentation principles allowed quantification and visualisation of

the lung, lobar and airway volumes. Computational fluid dynamics was used to determine the airway

resistance. FRI outcome parameters included: image-based lobar volume at FRC (iLobes_FRC), image-

based airway volume at TLC (iVaw) and image-based airway resistance at TLC (iRaw). More details and

validation of FRI can be found in DE BACKER et al. [5]. The study was approved by the ethical commissions

of all participating centres. All patients signed an informed consent (NCT01480661).

The baseline mean¡SD forced expiratory volume in 1 s (FEV1) was 41.3¡12.17% predicted in the

roflumilast group and 47.28¡11.19% predicted in the placebo control group. A significant improvement in

FEV1 was observed in the roflumilast group compared to baseline (mean¡SD increase of 66¡120 mL;

p50.01) and compared to placebo (p50.006). In the placebo group, the FEV1 declined by 59¡71 mL,

which was borderline significant compared to baseline (p50.052). When considering the entire population,

no significant improvement in 6MWT was observed in the treated group.

In the roflumilast treatment arm, eight (35%) patients exhibited an FEV1 improvement by more than the

measurement accuracy of FEV1, which was recently determined to be 120 mL [6]. In this group of

responders, the mean¡SD increase in FEV1 was 186.25¡6.76 mL. In order to gain insight into the

phenotype of the responders, other parameters were assessed where the responders differed from the other

patients. When assessing the results of the exercise tolerance test, responders were considered to be patients

who felt significantly (Borg fatigue score p50.013) worse after the 6MWT performed at baseline compared

to the nonresponders. The mean¡SD Borg fatigue score after the 6MWT at baseline was 5.60¡1.52 for

patients with an improvement in FEV1 .120 mL. The Borg fatigue score for the other patients after 6MWT
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FIGURE 1 Change in a, c) image-based airway volume (iVaw) and b, d) image-based airway resistance (iRaw), for a, b) a
patient responding to treatment and c, d) a patient not responding to treatment with roflumilast.
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at baseline was 2.41¡2.29. When assessing the hyperinflation in terms of lobar volumes, it could be

observed that the iLobes_FRC in the responders was reduced significantly (mean¡SD decrease of

1.98¡9.88%; p50.023) after 6 months of treatment with roflumilast compared to the other patients in the

group, whose iLobes_FRC increased by 3.09¡10.12%. The iLobes_FRC in the placebo group increased by

7.11¡13.80%, which was significantly different from the responders (p50.003) but not significantly

different from the other treated patients (p50.16). The responders improved in terms of the 6MWT by

mean¡SD 48.5¡38.0 m, which was significantly different from the other treated patients (p50.039), who

only improved by 6.54¡46.54 m, and from the placebo group (p50.012), who performed worse after

6 months (6MWT decreased by 27.63¡41.76 m). There was significantly (p,0.0001) more bronchodila-

tion in terms of iVaw in the responders compared to the other patients. The iVaw in the responders increased

by mean¡SD 19.50¡38.58%, while the in the other patients, the iVaw was reduced by 11.53¡8.46%. At the

same time, the iRaw improved in the responder group (mean¡SD decrease of 24.31¡28.52%), which was

significantly different (p,0.0001) from the other patients, whose iRaw increased by 66.18¡73.52% (fig. 1).

The current study confirmed the potential of PDE4 inhibitors to improve lung function in COPD patients

even when administered in addition to triple (LABA/LAMA/ICS) therapy, which has never been previously

studied. At the same time, the FRI outcome parameters were able to provide a hypothesis for the mode of

action of roflumilast leading to the improvements observed in the lung function. It appears that the patients

who are doing well when using this PDE4 inhibitor are the patients who are prone to dynamic

hyperinflation, as indicated by the PRO after the 6MWT. Apparently, treating these patients with

roflumilast reduced inflammation in the smaller airways, resulting in an improvement in the regional

(lobar) hyperinflation as measured by FRI. Given that the product was administered orally, we could

speculate that the effective site of action was different compared to the site of action of the standard of care

inhalation therapy. It therefore appears that the significant improvement in FEV1 in the responder group is

not a direct result of the PDE4 inhibitor but due to an enhanced efficacy of the triple therapy caused by

more effective deposition. Potentially, the exercise tolerance tests in combination with PRO could be used at

baseline to screen for responders. The relative ease and low cost of these tests facilitates the practical

implementation. The findings of this initial proof-of-concept study need to be confirmed in a larger

prospective trial.
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