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SUMMARY. Asthma is a worldwide problem affecting more than
300 million people of all ages with a relevant impact on quality of
life and healthcare resources. International guidelines recommend
the combination of a long acting beta-2-agonist and an inhaled
corticosteroid when asthma is not fully controlled by low-dose ICS
alone. The beclomethasone/formoterol combination is formulated
as a hydrofluoroalkane-134a-containing pressurised metereddose inhaler, using the Modulite solution formulation technology.
Comparative studies of this combination have shown similar
efficacy versus budesonide/formoterol and fluticasone/salmeterol
in patients with moderate-to-severe asthma. Several studies have
indicated that inflammatory and structural changes occur in the
small airways of asthmatic subjects. Beclomethasone/formoterol
extra-fine formulation results in drug delivery to both central and
peripheral airways, so that airway inflammation can be treated
uniformly throughout the lower respiratory tract. The improved
delivery of beclomethasone/formoterol extra-fine formulation
translates into significant clinical benefits compared to traditional
large particle inhaled medications. Despite the fixed combination
of beclomethasone/formoterol delivering more drug to the lungs, it
results in a lower systemic exposure. The beclomethasone/formoterol
extra-fine formulation is an advantageous and safe treatment choice
for patients with asthma and/or COPD. Pneumon 2014, 27(2):125-130.
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Asthma represents a major global public health issue affecting more
than 300 million people of all ages with a relevant impact on healthcare
resources.1 It is characterized by variable airflow obstruction, bronchial
hyperresponsiveness, and airway inflammation and various cells and cell
products have been implicated in the pathogenesis of the disease.2
Inhaled corticosteroids (ICSs) are currently the most effective antiinflammatory treatment of asthma.2 However, international guidelines rec-
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ommend the combination of a long acting beta-2-agonist
(LABA) and an inhaled corticosteroid (ICS) when asthma
is not fully controlled by low-dose ICS alone2. ICS/LABA
fixed-dose combinations have been increasingly used in
asthma because they are more convenient for patients3.
Three preparations are commercially available: fluticasone propionate with salmeterol, budesonide with
formoterol and beclomethasone dipropionate with formoterol. The latter is formulated as a hydrofluoroalkane134a (HFA-134a)-containing pressurised metered-dose
inhaler (pMDI), using the Modulite solution formulation
technology4,5. It delivers extra-fine particles of 100 μg
beclomethasone dipropionate and 6 μg formoterol per
actuation5.
Comparative studies of the beclomethasone dipropionate/formoterol combination have shown similar efficacy in
terms of improvement in pulmonary function and asthma
control versus budesonide/formoterol and fluticasone/
salmeterol in patients with moderate-to-severe asthma.6,7

THE ROLE OF SMALL AIRWAYS AS THERAPEUTIC
TARGET
Small airways are defined as airways of less than 2 mm
internal diameter without cartilage.8,9 Due to the extensive branching pattern of the tracheobronchial tree, the
total volume and the surface area of the small airways are
much greater that the surface area of the large airways.8
The possible involvement of small airway inflammation in the pathophysiology and clinical manifestations
of asthma has recently been re-emphasized.10-12 Small
airways disease has not been thoroughly investigated
due to difficulties of in vivo sampling and lack of specificity of physiologic measurements for this site of the lung.
However, several studies have indicated that inflammatory and structural changes apart from the large airways
also occur in the small airways of asthmatic subjects.10,13,14
Increased numbers of lymphocytes and eosinophils,
uniformly distributed throughout the large and small
airways of both mild and severe asthmatics have been
demonstrated in autopsy studies from fatal and non-fatal
cases of asthma.10,14 Furthermore, a greater number of
activated eosinophils were seen in small compared to
large airways, indicating a more severe inflammatory
process in the peripheral airways.15 Additionally, in COPD
the peripheral airways are the main site of obstruction.16
The small airways are traditionally considered as
pathways of small resistance, contributing less than 10%
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of the total airflow resistance in the lung.16-18 Accordingly,
an extensive damage of small airways may occur prior
to the development of any symptoms and before any of
the conventional lung function tests become abnormal.
The therapeutic challenge is to reverse the damage or
prevent its progression to a stage when it becomes irreversible. The main question is whether the currently
available anti-inflammatory therapies target the small
airways and whether such targeting is important for the
optimal clinical response.

FINE PARTICLE BECLOMETHASONE
Following the development of ozone-friendly chlorofluorocarbon (CFC)-free inhalers, pMDI solutions using
HFA as a non-CFC propellant have been developed using
a new “Modulite” technology.19 The Modulite platform
has been used to develop formulations with extra-fine
particles with a mass median aerodynamic diameter
around 1.1 mm, suitable for high lung deposition and
homogeneous distribution throughout the lung and was
originally applied to the development of beclometasone
dipropionate [BDP].19
Moreover, it was shown that a dose of 100 mg of BDP
in the extra-fine formulation delivers a fine particle dose
comparable to a 250 mg dose of BDP via a CFC-containing
pMDI (ratio of 1:2.5).5 Another extra-fine formulation of
BDP HFA (Qvar) has demonstrated high lung deposition
and less cortisol suppression than CFC formulations of
BDP.20 Moreover, HFA-beclomethasone was superior to
fluticasone in improvement in airway closure, measured
by single-breath nitrogen washout, indicating a greater
effect in small airways.21 A study performing HRCT comparisons between fine-particle HFA-beclomethasone
and larger particle aerosol treatment demonstrated less
regional gas trapping with the fine-particle aerosol.22
Since extra-fine formulations result in drug delivery
to both central and peripheral airways, airway inflammation could be treated uniformly throughout the lower
respiratory tract. In adults with moderate asthma, BDP
extra-fine HFA pMDI was clinically equivalent, in terms
of peak expiratory flow rate, to BDP via a CFC-containing
pMDI at a dose ratio of 1:2.5.23,24
In a recent real-life study, patients who received stepup therapy with fine-particle HFA-beclomethasone were
more likely to achieve asthma control compared to those
treated with CFC-beclomethasone.25
A 12- month randomized trial that evaluated quality
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of life in patients with asthma who switched from largeparticle BDP to extrafine BDP revealed clinically important improvements in asthma-specific quality of life for
the extrafine treated group versus patients treated with
large-particle BDP. Such improvements detected in the
patient’s quality of life but not captured by conventional
pulmonary function testing may be attributed to an effect in the small airways with the extrafine formulation.26

EXTRA-FINE COMBINATION OF
BECLOMETHASONE – FORMOTEROL
For extrafine formulations of ICS/LABA, the risk that
higher lung deposition and peripheral distribution might
lead to higher systemic exposure is reasonable. In this
regard, a recently published pharmacokinetics study compared the systemic exposure of extrafine BDP-formoterol,
with an equipotent regimen of BDP nonextrafine plus
formoterol extrafine given via separate inhalers.27 Regarding formoterol (F), the study revealed comparable
systemic exposure after the two treatments. However,
the 24-h systemic exposure of the active metabolite
beclometasone 17-monopropionate (17-BMP - the main
metabolite of BDP) was 35% lower with the BDP-F extrafine
fixed combination than with the combination, where BDP
was non-extrafine. Accordingly, these data indicate that,
despite the fixed combination of BDP-F delivering more
drug to the lungs, it results in a lower systemic exposure
when compared with an equipotent regimen of nonextrafine BDP plus formoterol.27
Another study in which the BDP-F combination HFA
formulation was labeled with 99mTechnetium (99mTc)
showed that a large amount of the inhaled combination
was deposited into the lungs (31–34%), with a low variability between healthy subjects, asthmatic, and COPD
patients, thus confirming efficient lung delivery regardless
of pathophysiological condition. At least one-third of the
drug was deposited in the peripheral airways of all three
groups of subjects, indicating that the increased airway
obstruction in patients had a moderate impact on the
Reaching small airways
Lower systemic exposure
Better improvement in QoL
Earlier intervention in a “quiet” lung zone
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pattern of deposition.28
In a recent 12-week study, treatment with HFA-BDP/F
extra-fine combination, resulted in a trend toward improvement of single breath nitrogen washout closing
capacity, providing evidence for efficacy of fine particle
combinations in small airways.29
The improved delivery of BDP/F extra-fine formulation
has the potential to target inflammation and bronchoconstriction in the entire bronchial tree, including the
smaller airways which is an anatomical site particularly
involved in the progression of asthma and COPD. But does
this potential translate into additional clinical benefits?
In a large randomized controlled trial comparing
BDP/F fixed combination with the same two drugs administered in large-particle formulations, a comparable
improvement in morning PEF but better asthma control
was detected in the BDP/F fixed combination group and
was considered to be related to the lung deposition profile
of BDP/F extrafine formulation.30
A large amount of data indicates that smoking is associated with an increased risk of poor asthma control
and an impaired corticosteroid response.31,32
It has also been demonstrated that tobacco smokedrug particle interactions, are less likely to affect the drug
distribution within the lungs in the case of extrafine formulations, suggesting that especially asthmatic smokers
could benefit from extrafine drugs.33
The PRISMA study confirmed a higher control level
and better quality of life in patients treated with extrafine
BDP/F as compared to Budesonide/Formoterol and Fluticasone/Salmeterol at the end of a 12-month observation
period. Moreover, the population of this study included
a significant proportion of smokers or ex-smokers.34 The
same treatment benefits were observed in former or
current smokers compared to non-smoking asthmatics
in terms of pulmonary function and GINA asthma control
in 619 asthmatics from Belgium.35
The fixed combination of BDP and F compared with
inhalation of the same dosage of the free combination of
the two active treatments in children aged 5–11 years was

More uniform and thorough bronchodilating and anti-Inflammatory action
More safe, less adverse events
Advanced clinical benefits
Possible changes in the natural history of the disease

Figure 1. Beclomethasone/formoterol extra-fine formulation.

PNEUMON Number 2, Vol. 27, April - June 2014

128

not superior in terms of systemic exposure and showed
a comparable pharmacodynamic and safety profile.36
In patients with severe COPD, the fixed combination of
HFA BDP/F given in a total daily dose of 400/24 mg for 48
weeks improved pulmonary function, lessened symptoms
and proved to be comparable to budesonide/formoterol
(total daily dose 800/24 mg) but at a nominal dose of BDP
two-fold lower than the equipotent daily dose of budesonide, and superior to formoterol alone (total daily dose
24 mg).37 Thus, the BDP/F extrafine combination has the
potential to minimise long term corticosteroid related side
effects in COPD patients, as the corticosteroid dose used
is lower than other fixed-dose ICS /LABA combinations.
A 6-month therapy with extrafine BDP/F resulted in
significant improvements in pre-bronchodilation imaging parameters, gained by converting patient-specific
high-resolution computed tomography (HRCT) images
to detailed three-dimensional computer models of the
airways, such as small airway volume and computational
fluid dynamics based resistance. Notably, a significant correlation was observed between changes in small airway
volume and changes in asthma control score, suggesting that treating the small airways with extrafine BDP/F
translates into clinical benefits for patients.38
BDP/F combination has a fast onset of action, similar to
that of salbutamol, and may represent a good alternative
as rescue medication in asthmatic patients.39
Moreover, the extrafine BDP/F combination was more
effective in reducing asthma exacerbations when given
as both maintenance and reliever treatment than when
given only as maintenance with salbutamol as needed
to asthmatic patients not fully controlled.40
An interesting study included asthmatic subjects who
changed treatment to BDP/F from other ICS/LABA combination preparations. In this study FVC was the parameter
chosen to reflect small airways improvement because it
is highly reproducible and readily available in routine
practice spirometry.41,42 After 8 weeks of treatment, the
asthmatic subjects with the highest improvement in their
% FVC demonstrated also significant decrease in some
indicators of airway/systemic inflammation, reflected in
CRP, blood eosinophils and exhaled breath temperature,
supporting an effect at the level of the small airways
through a reduction of air trapping.43
The use of aerochambers optimizes the lung delivery
of beclometasone and formoterol in subjects that find
it difficult to synchronize aerosol actuation with the
inspiration of breath and show inadequate inhalation

technique. Previous studies with a different combination
(i.e. fluticasone/salmeterol) showed a significant increase
in total systemic exposure for the ICS administered with
the spacer when compared with the pMDI alone.44 This
does not appear to be the case for BDP/F delivered using the Modulite pMDI, since it was shown that the total
systemic exposure of beclometasone 17-monopropionate
and formoterol was not significantly increased by the use
of the AeroChamber Plus spacer.45
The evaluation of the inhalation profiles through a
new device, the NEXThaler DPI, that delivers fixed dose
combination of BDP/F demonstrates that device activation
and consistent dose delivery occurs at patient achievable
inhalation flow rates, and supports the broad utility of the
NEXThaler DPI in patients with asthma.46

CONCLUSIONS
Our knowledge on the role of small airways in asthma
and COPD is still limited. Even more limited is the data
regarding the clinical benefits of targeting small airways
with currently available medications. Many of the aforementioned studies are under criticism regarding the
selection of patients of interest and sampling techniques
and there are certain limitations to the way pathologists,
physiologists, radiologists and molecular biologists approach the small airways.
On the other hand, there is no doubt that small airways represent nowadays the area of the lungs where
great expectations for future improvements arise. Accumulating recent data add direct or indirect evidence
that treating the entire bronchial tree with bronchodilators and inhaled steroids delivered in fine particles with
the beclomethasone/formoterol extra-fine formulation
provides extra benefits compared to traditional large
particle inhaled medications.
What is the exact and long-standing effect of such
treatment approach and whether this will have an impact
on the natural history of asthma and/or COPD remains to
be elucidated. Ongoing research will provide the evidence
for or against this argument.
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