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Abstract

Therapeutic interventions in chronic obstructive pulmonary disease (COPD) shown to reduce exacerbations include smoking cessation,
vaccination and appropriate pharmacological therapy. Long-acting bronchodilators are the cornerstone of COPD pharmacotherapy,
whereas inhaled corticosteroids and mucolytics have shown benefit in subgroups of patients. Despite management with existing
therapies, clinical trials confirm the persistent nature of exacerbations throughout the course of the disease. Roflumilast – a
phosphodiesterase-4 (PDE4) inhibitor – received European Marketing Approval in 2010 and represents a new class of drug in the
management of COPD. Through selective inhibition of the PDE4 enzyme, roflumilast prevents the breakdown of cyclic AMP, which plays
an important role in regulating inflammatory cell activity. Early trials in patients with a forced expiratory volume in one second (FEV1) less
than 50% predicted suggest that roflumilast offers sustained and significant improvement in lung function and a reduction in
exacerbations compared with placebo, irrespective of concomitant bronchodilator therapy. Common adverse events include headache,
diarrhoea and weight loss, with the majority occurring at the beginning of treatment, being transient and not leading to sequelae. Serious
adverse events tended to be low across all studies. Roflumilast is currently licensed in Europe, and is indicated as maintenance treatment
in severe COPD (i.e. in patients with post-bronchodilator FEV1 <50% predicted) associated with chronic bronchitis in adult patients with
a history of frequent exacerbations as an add-on to bronchodilator treatment. Clear identification of patients eligible for roflumilast will
require improved characterisation and phenotyping of patients in primary care, including lung function measurement, accurate health
status classification, and recording of chronic cough and regular sputum production.
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Introduction
COPD is a progressive, largely irreversible respiratory disease
associated with high morbidity and a limited long-term
prognosis. It is characterised by a progressive decline in lung
function and irreversible airway obstruction. COPD incorporates
the processes of emphysema (alveolar destruction) and chronic
bronchitis (airway inflammation and scarring). The pathological
changes in the lung are associated with important systemic
features mediated by acute phase immune activation leading, in
some cases, to weight loss, malaise and fatigue. These systemic
features are aggravated during acute exacerbations of COPD.

The World Health Organisation (WHO) estimates that
approximately 80 million people worldwide have COPD and
predictions are that it will be the third leading cause of death by
2030.1 It has a substantial impact on healthcare resources
despite being a frequently mis- and under-diagnosed condition.2

A recent screening study found that nearly a fifth of smokers and
a quarter of asthma patients aged over 40 had spirometrically-
defined COPD despite having no recorded COPD diagnosis.3

In contrast to asthma, which is an episodic, rarely life-
threatening disease with effective controller and reliever
therapies available, COPD is a progressive, debilitating condition.
Early identification, diagnosis and prompt therapeutic
interventions are fundamental to optimising treatment
response.4 Short-acting bronchodilators can reduce
breathlessness and limitations on exercise capacity. Regardless of
airway obstruction, maintenance therapy with long-acting
bronchodilators in patients who continue to have symptoms can
help manage airflow limitation and symptoms,4–9 and regular
inhaled corticosteroid (ICS)  therapy can reduce exacerbation
rates in patients who continue to experience exacerbations
despite maintenance therapy with one or more long-acting
bronchodilators.4–9

Roflumilast, a phosphodiesterase-4 (PDE4) inhibitor, received
European Marketing Approval in 2010 and represents a new
COPD drug class. By selective inhibition of PDE4, it prevents the
breakdown of cyclic AMP which plays an important role in
regulating inflammatory cell activity. Early trials in patients with
severe COPD suggest that roflumilast offers sustained and
significant improvement in lung function and a reduction in
exacerbations compared with placebo, irrespective of

concomitant bronchodilator therapy. This review discusses the
rationale for treatment with PDE4 inhibitors, summarises current
evidence for the use of roflumilast in selected COPD patients, and
highlights future research needs such as improved characterisation
and phenotyping of COPD patients in primary care.

Current COPD management
Therapeutic options   
Among COPD patients who smoke, smoking cessation advice
and (where appropriate) pharmacotherapy are an integral part
of slowing disease progression and reducing symptoms,
particularly in early-stage, milder disease. Frequently, patients
with COPD have strong nicotine dependence – often stronger
than that seen among smokers without COPD – suggesting that
smokers with COPD will struggle to quit and are likely to benefit
from greater support, including pharmacological smoking
cessation interventions.10 

Once smoking cessation and influenza vaccination (i.e. active
reduction of risk factors) has been addressed, the Global
Initiative for chronic Obstructive Lung Disease (GOLD)
recommends a stepwise approach to pharmacological
treatment.5 For patients with less severe disease, early
introduction of short-acting bronchodilator therapy (i.e. short-
acting β2-agonists [SABAs] and / or short-acting muscarinic
antagonists [SAMAs]) is recommended to improve health status
(i.e. reduce symptoms, exacerbations, activity limitation and de-
conditioning). For those whose symptoms are not fully
controlled on short-acting therapy and/or in those with more
advanced disease,5 progression to regular treatment with long-
acting bronchodilator(s) (long-acting β2-agonists [LABAs], long-
acting muscarinic antagonists [LAMA]), or theophylline) is
recommended. Where patients still continue to experience
multiple COPD exacerbations annually, despite long-acting
bronchodilator therapy, the addition of ICS is advised. For those
with chronic viscous sputum, the addition of mucolytic therapy
may be beneficial, but the likely overall benefits are thought to
be small.5,11

Pulmonary rehabilitation (tailored to the individual needs of
the patient) is recommended in moderate and severe COPD – in
clinical practice this tends to be interpreted as those patients
with a Medical Research Council (MRC) dyspnoea score of 3 or
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more (see Table 1) – irrespective of concomitant drug therapy.
Long-term oxygen therapy (LTOT) and surgery (e.g. lung volume
reduction surgery) are options available for late-stage disease.5

Combination therapy
β2-agonists, muscarinic antagonists and ICS therapies all have
different modes of action and are thought to act in an additive
way. Indeed, data suggest that combination therapy offers better
treatment outcomes than individual therapies. Effective
combinations of COPD therapies have been identified:6

• β2-agonist (i.e. short-acting [SABA] or long-acting [LABA])
and anticholinergic (i.e. short-acting [SAMA] or long-acting
[LAMA])

• SABA or LABA and theophylline 
• SAMA or LAMA and theophylline 
• LABA and ICS.

Beyond these guideline-endorsed combinations, there are
data to suggest that triple therapy may also be beneficial.13 In a
study by Singh et al., fixed dose combination ICS/LABA
(salmeterol/fluticasone [SFC]) plus LAMA (tiotropium [Tio]) led to
greater improvements in bronchodilation compared with Tio or
SFC alone. The therapeutic advantages were observed across a
range of physiologically important parameters, including airway
conductance and lung volumes. Triple therapy also led to
patient-related benefits by improving transition dyspnoea indices
(TDI) and use of rescue medication.13

New drugs in COPD
The future of exacerbation prevention is in assessment and
identification of optimum combinations of pharmacological and
non-pharmacological therapies that will improve health status and
reduce hospital admissions and mortality associated with COPD. 

A new class of drug – phosphodiesterase-4 (PDE4) inhibitors
– which works on the pathophysiological mechanism of COPD
has recently been added to the treatment armamentarium, the
PDE4 inhibitor roflumilast.14,15,16

Rationale for PDE4 inhibitors in COPD
COPD is a complex disease with many inflammatory pathways
that initiate and potentiate the disease process.17–22 Cyclic
AMP (cAMP) plays an important role in regulating
inflammatory cell activity. The PDE4 enzyme catalyses cAMP
degradation into an inactive compound. PDE4 inhibitors bind
to the PDE4 enzyme and prevent the breakdown of cAMP,
thus maintaining intracellular cAMP levels while reducing the
cell’s inflammatory activity. PDE4 inhibitors have potential to
reduce inflammatory-mediated processes including small
airway thickening, emphysematous destruction, mucociliary
malfunction, oxidative stress, and pulmonary vascular
remodelling.23 

However, while ex vivo and in vivo cell-based assays and
animal-based evaluations of PDE inhibitors provide useful
information on the possible effects of PDE4 in humans, the
predictive value of such pharmacology-based assessments
and animal models of smoking damage are limited. Based on
the data available, the clinical expectation of PDE4 inhibition
is an effect on the underlying inflammation seen in COPD. 

Clinical trial data
Phase II and III trial data suggest that roflumilast works
independently of traditional COPD therapies (there may be a
potential overlap with xanthines that has yet to be determined
and quantified; see section below on ‘Future research needs’)
and appears to offer additional benefits (e.g. reduced
exacerbations and improved lung function) when used in
combination with current drugs.14,15

More than 10,000 patients with varying degrees of COPD
severity took part in roflumilast’s pre-licence clinical trial
programme (M2-124 [clinical trial number NCT00297102;
“AURA”]; M2-125 [NCT00297115; “HERMES”]; M2-127
[NCT00313209; “EOS”]; M2-128 [NCT00424268;
“HELIOS”]). Patient selection was guided by a pooled analysis
of early trial work (studies M2-111 [“OPUS”] and M2-112
[“RATIO”]), which defined “roflumilast responders” as
patients with a symptom profile corresponding to chronic
bronchitis, who were prone to exacerbations and had an
FEV1<50% predicted.24 The phenotypic approach used to
inform the pre-licence trial programme resulted from
disappointing early trial work.24 In the early trials roflumilast
significantly reduced the exacerbation rate (by 26.2%;
p=0.001) compared with placebo in patients with chronic
bronchitis with or without emphysema, but no effect on
exacerbation rate was seen in patients with emphysema only
(–1.1%; p=0.93). Thus patients with the common chronic
bronchitis phenotype were identified as likely responders
when designing the later trials.24 Phenotypic patient
characterisation and recruitment has been seen previously in
asthma (e.g. in omalizumab trial work) but is new to COPD.25

Grade Degree of breathlessness related to activities

1 Not troubled by breathlessness except on strenuous exercise

2 Short of breath when hurrying or walking up a slight hill

3 Walks slower than contemporaries on level ground because 
of breathlessness, or has to stop for breath when walking 
at own pace

4 Stops for breath after walking about 100m or after a few 
minutes on level ground

5 Too breathless to leave the house, or breathless when 
dressing or undressing

Reprinted from The British Medical Journal, volume 2, Fletcher CM, et al. 
Significance of Respiratory Symptoms and the Diagnosis of Chronic Bronchitis 
in a Working Population, 257–66, Copyright (1959), with permission from 
BMJ Publishing Group Ltd

Table 1. Medical Research Council dyspnoea scale.12
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1. AURA and HERMES
Study design
AURA and HERMES14 were two one-year trials of identical design
that investigated whether roflumilast would reduce the frequency
of moderate and severe COPD exacerbations compared with
placebo over one year. Entry criteria were defined as >1
documented moderate or severe COPD exacerbation in the
previous year, where a moderate exacerbation was managed by
initiating oral or parenteral glucocorticosteroid and a severe
exacerbation required hospitalisation and/or resulted in death.
Additionally, data were collected for the total number of COPD

exacerbations, defined as above together with episodes treated
with antibiotics alone.

Eligible patients had to be over 40 years of age, have COPD
with associated chronic bronchitis, FEV1 <50% predicted, with a
total cough and sputum score of >14 [which could be achieved
due to cough alone where patients scored a daily average of 2
of 3 points on the cough score] in the week directly preceding
randomisation (see Figure 114), and needed to have a history of
exacerbations. 

Patients were allowed concomitant SAMA (approximately 40%
of patients) and LABA (approximately 50% of patients) medication. 

Figure 1.  Reproduction of the symptom daily diary card (and instructions for completion) used to evaluate cough and
sputum score.14

Completion of the diary
• Each entry page consists of 3 sheets: one white original and two coloured copies (pink and yellow). As self-copying paper is being used, you should take care 

to the following:
– Please make entries only on the white original, and do not remove any pages
– Use a black ball-point pen to ensure that entries are transcribed onto the copy

• Please enter the year on each page
• Please enter daily into the diary

– Date (day and month [dd/mm])
– Cough score and sputum production score. Please add up the numbers to “Total”.
– Number of puffs of rescue medication you did inhale during the give 2 time periods (number of puffs means number of actuations taken from your rescue 

medication inhaler). Please add up the numbers to “Total”.

Cough, sputum production In the evening, please assess your symptoms of cough and sputum production for the last 24 hours. Please enter the number
“0” into the respective box if you have no symptoms.

No. of puffs rescue Medication If no rescue medication was taken, enter the number “0” into the respective box

Date
Year

[dd|mm] [dd|mm] [dd|mm]     [dd|mm]     [dd|mm]        [dd|mm]        [dd|mm]       [dd|mm]

Cough*

Sputum production**

Total

*Cough: How was your cough today?

0 No cough

1 Mild cough (at some time during the day)

2 Moderate cough (regularly during the day)

3 Severe cough (never free of cough or feeling free of the
need to cough)

**Sputum production: Hum much inconvenience was
caused by your sputum today?

0 None (unnoticeable)

1 Mild (noticeable as a problem)

2 Moderate (frequent inconvenience)

3 Severe (constant problem)

Note: Please add up your “Totals” for each day
Please contact your study doctor whenever your condition worsens, for example:

–    Increased cough and/or sputum 
–    Increased need oF rescue medication

How many puffs of your rescue medication did you take today? (Record the number of puffs taken during each time period noted).

No. of 
puffs 
rescue 
medication

6.00pm
– 

8.00am

8.00am
– 

6.00pm

Total

Reprinted from The Lancet, volume 374, Calverley PM, Rabe KF, Goehring UM, et al. Roflumilast in symptomatic chronic obstructive pulmonary disease: two
randomised clinical trials, pages 685–94 (Online Supplement), Copyright (2009), with permission from Elsevier
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Baseline
The patient populations in both studies were very similar at
baseline – tending to be heavy smokers with poor lung function
and low reversibility, predominantly male and largely defined as
severe by the GOLD criteria.5 However, patients in HERMES
appeared to have slightly more advanced disease compared with
those in AURA (see Table 2a).
Efficacy outcomes
The pooled analysis of AURA and HERMES found sustained and
statistically significant improvement in lung function in patients
treated with roflumilast compared with placebo – a mean
change in pre-bronchodilator FEV1 in the roflumilast patients
(relative to placebo) of 48mL (p<0.0001) (39mL in AURA
[p=0.0003]; 58mL in HERMES [p<0.0001]). Statistically
significant differences in pre-bronchodilator FEV1 were seen
between the roflumilast and placebo arms of both studies at all
time points. The phenotypic characterisation of patients included
in the study was associated with a significant reduction in
exacerbations of 16–21% and was seen across both studies (see
Table 2a). Overall, the number of patients needed to treat (NNT)
with roflumilast to prevent one moderate or severe exacerbation
per year was 5.29 in AURA and 3.64 in HERMES.

No apparent acute bronchodilator effect was seen with
roflumilast in these studies, suggesting that the treatment effect

is achieved through an anti-inflammatory mode of action rather
than through bronchodilation. This observation is supported by
the absence of a preferential drop-out rate (see section on
‘Adverse events’ below) and the similarity in patient-reported
quality of life EuroQoL (EQ-5D) (standardised patient-completed
health outcome questionnaire) between the two treatment
arms, which suggests that patients were not aware of any
immediate, beneficial treatment effect. 
Adverse events
Across both studies, there was no difference in cardiovascular
events or pneumonia between the roflumilast and placebo
treatment arms. While adverse events were more common with
roflumilast than placebo (reported in 67% and 62% of patients,
respectively), serious adverse events were low (19% of
roflumilast patients, 22% placebo) and discontinuation as a
result of adverse events was more common in the pooled
roflumilast groups than in the pooled placebo groups (14% vs
11%). The most frequently cited reasons for discontinuation
were diarrhoea, nausea and headache. These adverse events
tended to be most evident in the first 4–12 weeks of treatment
when they contributed to the early difference in withdrawal rates
between the studies. After this time, no difference in the
occurrence of these adverse events was noted between
roflumilast and placebo arms. Furthermore, while the incidence
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AURA HERMES

Table 2a. Summary of roflumilast Phase II and III clinical trials, AURA and HERMES.15

Study Design

Baseline 

Outcomes

Treatment

Roflumilast dose
Study duration

Population

Primary endpoints
Age 

Current smokers (average pack years)

Prebronchodilator FEV1 (% pred)

Postbronchodilator FEV1 (% pred)

COPD  Moderate

severity Severe

by FEV1* Very severe

Gender (male)

Mean change in pre-bronchodilator FEV1 

relative to placebo arm
Rate of exacerbations**  (/patient/year)

• roflumilast (n=1,537) versus placebo (n=1,554)

• roflumilast (n=765) • roflumilast (n=771)

• placebo (n=758) • placebo (n=796)

500mcg

52 weeks

• >40 years

• chronic bronchitis

• FEV1 ≤50% predicted

• Total cough and sputum score >14

• history of exacerbations

• Change in pre-bronchodilator FEV1

• Exacerbations

64 years 64 years

48% (47 pack years) 35% (47.5 pack years)

35% 32%

38% 35%

– –

65% 60%

25% 33%

71% 80%

39mL 58mL

48mL (p<0.0001)

1.08 (active); 1.21 (active); 

1.27 (placebo) 1.49 (placebo)

Rate ratio: 0.83 (p<0.0003)

*based on GOLD criteria;  **where a “moderate exacerbation” is one managed by initiating an oral or parenteral glucocorticosteroid; a “severe exacerbation”
requires hospitalisation and / or results in death
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of diarrhoea, weight loss, nausea, decreased appetite and
headache were higher on average with roflumilast compared
with placebo across the 52 weeks of the study, overall they were
low (<10% of patients) for both treatment arms and there was
no significant difference in cases of vomiting between
roflumilast- and placebo-treated patients (unlike earlier PDE4-
inhibitors such as rolipram, which caused emesis). 

Of the treatment-related adverse events noted, weight loss is
causing the greatest concern. In the pooled analysis, the
difference in weight change during the study between the
roflumilast and placebo groups was -2.17 kg. The largest
absolute weight decrease in patients treated with roflumilast
was seen in obese patients, but significant weight loss was also
reported among underweight patients. Further investigations are
required to understand the mechanism of action. 
2. EOS and HELIOS
Study design
These 24-week studies were designed to evaluate the efficacy of
once-daily roflumilast in moderate to severe COPD patients
concomitantly treated with a bronchodilator, either salmeterol
(EOS) or tiotropium (HELIOS) compared with placebo.15 In
contrast to the other trials, which required patients to have

chronic cough and sputum production, patients recruited to EOS
had stable disease. Analysis was carried out as intention to treat
(ITT) with the primary endpoint being change in pre-
bronchodilator FEV1. 
Baseline
Aside from patients in the HELIOS study being more
symptomatic due to their required presence of chronic bronchitis
symptoms – cough and sputum production – and using at least
28 puffs per week of reliever medication the week before
randomisation, the patient populations were broadly similar
across both studies (see Table 2b).
Efficacy outcomes
Compared with placebo, roflumilast consistently improved
mean pre-bronchodilator FEV1 in patients treated concomitantly
with salmeterol or tiotropium compared with those on long-
acting bronchodilators plus placebo (see Table 2b). The
improvement in lung function relative to placebo was sustained
throughout the 6-month outcome period in both studies,
irrespective of phenotypic characterisation of the trial
populations (see Table 2b). Neither study was powered to show
for exacerbations.

Furthermore, roflumilast had beneficial effects on other lung

Roflumilast in COPD: primary care perspective
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EOS HELIOS

Table 2b. Summary of roflumilast Phase II and III clinical trials, EOS and HELIOS.16

Study Design

Baseline 

Outcomes

Treatment

Roflumilast dose
Study duration

Population

Primary endpoints
Age 

Current smokers (average pack years)

Prebronchodilator FEV1 (% pred)

Postbronchodilator FEV1 (% pred)

COPD  Moderate

severity Severe

by FEV1* Very severe

Gender (male)

Mean change in pre-bronchodilator FEV1 

relative to placebo arm
Rate of exacerbations**‡  (/patient/year)

salmeterol +  roflumilast (n=466) tiotropium + roflumilast (n=371)
versus versus
salmeterol + placebo (n=467) tiotropium + placebo (n=372)

500mcg

24 weeks

Stable disease symptomatic of chronic bronchitis 
(chronic cough, sputum production,
>28 puffs of SABA weekly)

• >40 years

• current or former smokers (>10 pack years history)

• FEV1 40–70% predicted

• FEV1/FVC ≤0.70

• partial reversibility (to albuterol 400mcg; increase in baseline FEV1 of ≤12%

or 200mL)

Change in pre-bronchodilator FEV1

65 years 64 years

39% (43 pack years) 39% (42.5 pack years)

52% 53%

50% 56%

67% 64%

33% 33%

– –

66% 80%

49mL 80mL

(p<0.0001) (p<0.0001)

1.90 (active); 1.80 (active);

2.40 (placebo) 2.20 (placebo)

Rate ratio: 0.79 (p=0.1408) Rate ratio: 0.84 (p=0.3573)

*based on GOLD criteria;  **where a “moderate exacerbation” is one managed by initiating an oral or parenteral glucocorticosteroid; a “severe exacerbation”
requires hospitalisation and / or results in death;  ‡ underpowered
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function measurements and on selected patient-reported
outcomes in both groups, including use of rescue medication
and dyspnoea (shortness of breath questionnaire [SOBQ]) scores.
Adverse events
Overall, treatment-related adverse events were higher in the
roflumilast than placebo arms in both studies (EOS: 18% vs 3%;
HELIOS: 14% vs 2%, respectively). In descending order, the most
frequently reported adverse events were: weight loss (EOS: 9%
roflumilast vs 1% placebo; HELIOS: 6% roflumilast vs 1%
placebo); diarrhoea (EOS: 8% roflumilast vs 3% placebo;
HELIOS: 9% roflumilast vs 1% placebo); nasopharyngitis (EOS:
7% roflumilast vs 7% placebo; HELIOS: 6% roflumilast vs 5%
placebo); nausea (EOS: 5% roflumilast vs <1% placebo; HELIOS:
3% roflumilast vs 1% placebo), and headache (EOS: 3%
roflumilast vs 1% placebo; HELIOS: 2% roflumilast vs 0%
placebo). No major differences in these adverse events was
observed between the two studies. However, while there was no
significant difference in patient withdrawal rates between the
roflumilast and placebo arms in the HELIOS study (p=0.0864),
the difference was statistically significant in the EOS Study
(p=0.0019).  

Incidence of vomiting was low across both studies and there
was no significant difference in death, cardiovascular events or
pneumonia in patients receiving roflumilast compared with the
placebo groups. As in the one-year studies, weight loss was noted
across all obesity categories for both groups. The average weight
loss across the two trials was similar (mean loss of 2.1 kg) with the
main change more pronounced at six months of roflumilast
treatment compared with placebo. The weight decrease at the 6-
month outcome period is at the same level seen after 12 months
in the AURA and HERMES studies, which may suggest that it is an
acute phenomenon that stabilises over time.

Overall the roflumilast adverse events profile was similar to
that seen in the one-year AURA and HERMES studies with the
majority of adverse events occurring at the beginning of
treatment, being transient and not leading to sequelae.

Licensed indication
Roflumilast has been approved by the European Medicines
Agency (EMEA) Committee for Medicinal Products for Human
USE (CHMP) as a once-daily oral tablet (to be marketed as
Daxas®). It is indicated as maintenance treatment in severe COPD
(i.e. in patients with post bronchodilator FEV1 <50% predicted)
associated with chronic bronchitis in adult patients with a history
of frequent exacerbations as an add-on to bronchodilator
treatment.15 Marketing approval has not yet been received by the
Food and Drug Administration in the United States. 

Identifying suitable patients in primary
care
The place of roflumilast is dictated by its current licence, but it

remains to be established who should be offered this treatment
in practice and also what advantages it offers over existing
therapies. 

There has been no direct comparison with theophylline or
ICS. Roflumilast has an anti-inflammatory mode of action
whereas any anti-inflammatory effects of theophylline are poorly
quantified. Theophylline offers bronchodilation (at low cost) for
patients with severe disease. It is recommended by GOLD,
although its evidence base in COPD is limited.5 While
theophylline has potential benefits, the side effects (such as
vomiting, drug  interactions and cardiac arrhythmias) limit its use
as does the need for blood level monitoring and its concomitant
treatment with roflumilast is not recommended. There are
limited data available at this time to guide clinicians as to the
optimum use of add-on therapy in patients on maintenance
bronchodilator therapy.

Among the true COPD patient population, phenotyping can
help to identify those patients who might benefit from specific
management interventions where the licence indication is
narrow, as is the case for roflumilast. The legacy studies (OPUS
and RATIO) that were used to inform the pre-licence trial
programme for roflumilast suggest that PDE4 inhibitors are most
likely to have a marked effect in patients with the chronic
bronchitis COPD phenotype. 

A study by Marsh et al. illustrates the complexity of
identifying narrowly defined patient populations.26 The group
aimed to determine the proportion of adult patients (aged >50
years) within each phenotypic subgroup of COPD (i.e. those with
the chronic bronchitis, emphysema and/or asthma phenotype).
Patients were selected from a random population-based survey
and were given detailed questionnaires to complete, pulmonary
function testing, and chest computed tomography (CT) scans. Of
the 96 patients with COPD who completed the study, 19% had
the classical phenotypes of chronic bronchitis and/or emphysema
but no asthma and 55% had the asthma phenotype (see Figure
2). The study highlights the need for specificity when applying
narrow licence indications in clinical practice.26

While integrating roflumilast into everyday COPD clinical
practice, physicians must carefully identify appropriate patients –
i.e. those who have regular exacerbations, particularly if
accompanied by cough and sputum production, and who
remain symptomatic despite use of appropriate therapy for their
COPD severity (i.e. combined short- and long-acting
bronchodilators with or without ICS therapy in those with FEV1

<50% predicted) (see GOLD II and III steps in Figure 3).
COPD service reviews can now be used to identify patients

suitable for roflumilast treatment by analysing routinely collected
data from primary care care records supplemented by data
obtained from patients. For example, in the UK, the Leicester
County and Rutland Primary Care Trust review extends beyond
normal practice audits by carrying out questionnaire-based
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Figure 2.  Diagram incorporating axis-aligned proportional rectangles for each of the different phenotypes within the
Wellington Respiratory Survey study population. The large black rectangle represents the full study group. The smaller
black rectangle represents those with COPD (post-bronchodilator FEV1/FVC <0.7). The white areas represent those who
did not fulfil the criteria for chronic bronchitis, asthma or emphysema.26 

Reprinted from Thorax, volume 63, Marsh SE, Travers J, Weatherall M, et al. Proportional classifications of COPD phenotypes, pages 761–7, Copyright (2008), with
permission from BMJ Publishing Group Ltd

COPD

Asthma

Chronic bronchitis

Emphysema

Asthma and chronic bronchitis

Asthma and emphysema

Chronic bronchitis and emphysema

Asthma, chronic bronchitis and emphysema

Figure 3.  COPD treatment pathway indicating suggested role of PDE4-inhibitors (adapted by the authors from the
Global Strategy for the Diagnosis, Management and Prevention of COPD (updated 2009), the Global Initiative for
Chronic Obstructive Lung Disease (GOLD), www.goldcopd.org).5

COPD clinical stage Management recommendations

At risk

• FEV1/FVC >0.70
• FEV1 >80% predicted

Mild

• FEV1/FVC <0.70
• FEV1 >80% predicted

Moderate

• FEV1/FVC <0.70
• 50% < FEV1 <80% predicted

Moderate–Severe with
repeated exacerbations

Moderate
• FEV1/FVC <0.70
• 50% < FEV1 <80% predicted

Severe
• FEV1/FVC <0.70
• 30% < FEV1 <50% predicted

Very Severe

• FEV1/FVC <0.70
• FEV1 < 30% predicted or FEV1

< 50% predicted plus chronic 
respiratory failure

As needed short-acting bronchodilators:
SABA+SAMA
(e.g. ipratropium, salbutamol, combination)

Regular long-acting bronchodilators:
• LABA (e.g. salmeterol, formoterol, indacaterol)
OR
• LAMA (e.g. tiotropium)

If symptom control remains inadequate:
• LABA+LAMA

Regular long-acting bronchodilators PLUS:
• ICS (e.g. beclomethasone dipropionate,
fluticasone propionate, budesonide)

If chronic cough and sputum production:
• PDE4 inhibitor (e.g. roflumilast)

• Addition of supplemental oxygen
• Lung volume reduction surgery
• Lung transplantation

Risk factor reduction, 
including:

• Smoking cessation

• Avoidance of exposure

• Vaccination (influenza, 
pneumococcal)

ADD

ADD

SAMA: short-acting muscarinic; SABA: short-acting β2-agonist; LAMA: long-acting muscarinic;
LABA: long-acting β2-agonist; PDE4: phosphodiesterase 4
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assessments of each COPD patient so as to identify and
characterise those who are optimally managed (i.e. with
symptoms minimised) and those who may require additional
intervention according to local or national guidance.27 Electronic
reports are sent to a lead GP at each participating practice and
the audit information can be downloaded to the practice system
and used to guide reviews of patients who may benefit from a
change in their management approach. Thus, sub-optimally
controlled patients who may benefit from additional therapy can
be identified and characterised and their eligibility for add-on
therapies (e.g. roflumilast) can be assessed. 

The role of roflumilast: research needs
As discussed above, clear identification of patients eligible for
roflumilast will require improved characterisation and
phenotyping of patients in primary care. Thorough patient
assessment should include lung function measurements,
accurate health status classification and recording of chronic
cough and regular sputum production to identify COPD patients
with the chronic bronchitis phenotype accurately.6,28 (see Table 3).

Furthermore, the degree of overlap between the mode of
action of roflumilast and xanthines (e.g. theophylline) remains
unclear at this time. It is thought that roflumilast works more
intensively through just one of the numerous pathways used by

xanthines – theophylline is thought to be a weak and non-
selective inhibitor of PDEs with less than 10% inhibition of
PDE4,29 in comparison to roflumilast which achieves 30–60%
inhibition of PDE4 subtypes.30 However, further evaluation of the
safety of PDE4-inhibitors (which appear to have a positive safety
profile in comparison with xanthines) is required, as is greater
understanding of the inflammatory pathways at work in COPD
and how roflumilast (and existing therapies) inhibit the
underlying disease processes. 

Other important areas for further research, which will play an
important role in establishing roflumilast’s future role in COPD
treatment, include thorough evaluations of the potential
overlap, synergies and/or additive effects of: 
• roflumilast and ICS therapy 
• and roflumilast as add-on therapy to long-acting

anticholinergics and combination therapy.  
Cost-effectiveness evaluations are also required, as is

determination of the mechanism underlying the weight loss
seen in the Phase III studies.

The clinical trials carried out to date have focussed largely on
evaluation of the efficacy of roflumilast in patients with the
chronic bronchitis COPD phenotype (i.e. sputum producers).
However, a phenotypic interpretation of the role of roflumilast
may be superficial. An improvement in FEV1 was recorded
regardless of the COPD phenotype, i.e. among sputum producers
– as in AURA, HERMES and HELIOS – and also among non-
sputum producers, as in EOS. Further work is required to establish
whether the potential benefits of roflumilast are restricted to the
chronic bronchitis phenotypic sub-group of COPD patients who
are sputum producers at high risk of exacerbations, or whether
the response could be achieved in all exacerbators regardless of
severity based on lung function.

Conclusions
COPD exacerbations are associated with increased upper and
lower airway inflammation. They lead to increased sputum
production, worsening airflow limitation, development of
dynamic hyperinflation and a poorer COPD prognosis. Systemic
inflammation also increases around episodes of exacerbations
and is thought to be the result of a “spill-over” of inflammatory
markers from the lungs.6

The PDE4-inhibitor roflumilast represents a new class of anti-
inflammatory drug in COPD. The clinical trial data show that
roflumilast improves lung function and reduces exacerbation
rates in COPD compared with placebo, independent of smoking
status and concomitant therapy with LABA. A significant and
sustained improvement in lung function has also been recorded
with roflumilast compared with placebo when used as an add-
on treatment to concomitant bronchodilator (LABA or LAMA)
therapy.14,15 

As a result of informative early study work, the pre-licence

PRIMARY CARE RESPIRATORY JOURNAL
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Data to be recorded

Additional • age
patient • sex
characteristics • weight

• height
• body mass index (BMI)
• comorbid disease

Lung function • FEV1
measurements • Post bronchodilator FEV1

• FEV1/FVC

Health status • CAT: COPD Assessment Tool
• CCQ: Clinical COPD Questionnaire

DOSE28 • D: dyspnea (MRC dyspnea score)
• O: airflow Obstruction – FEV1 (as above)
• S: smoking status
• E: exacerbation frequency (annual rate)

Evidence of • Chronic bronchitis (chronic cough with
phenotype regular productive cough), and/or

• Emphysema, and/or 
• Asthma

Reference 28: Jones RC, Donaldson GC, Chavannes NH, Kida K, 
Dickson-Spillmann M, Harding S, Wedzicha JA, Price D, Hyland ME. 
Derivation and validation of a composite index of severity in chronic 
obstructive pulmonary disease: the DOSE Index. Am J Respir Crit Care Med
2009;180:1189-95

Table 3. Recommended primary care patient
characterisation for improved identification of patients
eligible for PDE4-inhibitors and future phenotypic-
specific drugs.

Copyright PCRS-UK - reproduction prohibited

http://www.thepcrj.org

Cop
yri

gh
t P

rim
ary

 C
are

 R
es

pir
ato

ry 
Soc

iet
y U

K 

Rep
rod

uc
tio

n p
roh

ibi
ted

http://www.thepcrj.org
http://www.thepcrj.org


Roflumilast in COPD: primary care perspective

351

trials focused on those patients considered most likely to
respond to roflumilast – patients with severe COPD associated
with chronic bronchitis with a history of exacerbations, as
reflected in the licence indication.16 Key to realising the
anticipated clinical benefits will be clear phenotyping of patients
in clinical practice to guide appropriate prescribing.
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