
Introduction

The particle size of inhaled corticos-
teroids (ICS) is an important determinant
for delivery of asthma medication to the
lung. On inhalation, larger particles are
more likely to impact in the oropharynx,
while particles of narrower diameter have
a greater chance of reaching the major
s i tes  of  inf lammation in  the smal ler
bronchial airways1. HFA-BDP (QvarTM/
VentolairTM; 3M Medica) contains a well-
known pharmaceutical  compound, be-
clomethasone dipropionate (BDP), the ad-
ministration of which has been optimised
through the use of a new chlorofluorocar-
bon (CFC)-free propellant, hydrofluo-
roalkane-134a (HFA). In the new inhaler,
the BDP is present in a solution, rather
than a suspension of propellant. As a result
of this reformulation and other technical
improvements, particles of HFA-BDP, de-
livered from either a metered-dose inhaler
(MDI) or a breath-actuated AutohalerTM

inhalation device, have a mean mass aero-
dynamic diameter (MMAD) of approxi-
mately 1 µm2,3. This compares favourably
with particles delivered from conventional
BDP, budesonide, fluticasone, and flu-
nisolide CFC-based MDIs and dry powder
inhalers (DPIs), for which the MMAD has
been shown to range from 2–5 µm4-8. As a
consequence, the fine particle fraction
(i.e. the proportion of nominal dose ca-
pable of penetrating the lung airways) is
greater  for  HFA-BDP compared with
traditional ICS6. Radiolabelled lung de-
pos i t ion  s tud ies  w i th  HFA-BDP and
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Abstract.  – Background: Extrafine
aerosols may improve asthma symptom con-
trol through increased lung deposition of med-
ication to inflamed peripheral airways. 

Methods: The effect of switching patients
with asthma maintained on up to 2000 µg/day
chlorofluorocarbon-beclomethasone dipropi-
onate (CFC-BDP), 1600 µg/day budesonide,
1000 µg/day fluticasone, or 2000 µg/day flu-
nisolide, to a reduced dose of hydrofluoroalka-
ne-134a BDP (HFA-BDP) extrafine aerosol
(maximum 800 µg/day) was investigated during
an open-label multicentre study. Following a
7–14-day run-in on previous medication, 716
patients were randomised to 24 weeks’ treat-
ment with an appropriate reduced dose of
HFA-BDP. 

Results: Morning peak expiratory flow (AM
PEF) measurements showed that, after 24
weeks, the reduced dose of HFA-BDP main-
tained equivalent lung function compared
with all previous medications. Furthermore,
asthma symptom scores revealed improve-
ments across all groups and the proportion of
symptom free days and nights and beta-ago-
nist free days increased significantly (p <
0.05) in all but one group. Quality of life im-
proved with 80% of  pat ients report ing
goo/very good overall asthma control com-
pared with 70% previously. Treatment-associ-
ated adverse events were generally infre-
quent, mild and transient. 

Conclusions: Patients on conventional in-
haled corticosteroids may reduce their daily
steroid dose to 800 µg or less whilst maintain-
ing lung function and improving asthma symp-
tom control by using the extrafine aerosol of
HFA-BDP.
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CFC-BDP, in both healthy volunteers and
patients with asthma, have confirmed that
this greater fine particle fraction trans-
lates into more efficient delivery to the
lung airways; approximately 60% of an
ex-actuator HFA-BDP dose reaches the
lungs compared with less than 10% from a
CFC-BDP inhaler3,5,9. Furthermore, HFA-
BDP particles are distributed throughout
the large, intermediate and small lung air-
ways, differing from the lung deposition
of the larger particles of CFC-BDP, which
are predominantly distributed in the cen-
tral region10.

Successful clinical management of asth-
ma requires adequate delivery of the in-
haled drug to the active disease sites in the
lung11,12. Given that anti-inflammatory med-
ications are thought to be most effective
when deposited in the smaller airways13, the
improved delivery characteristics of ex-
trafine aerosols like HFA-BDP may offer
clinical benefits, such as improved symptom
control at lower daily steroid loads. Indeed,
several randomised controlled studies have
shown that equivalent asthma control can
be achieved if the BDP dose necessary in
CFC MDI systems is reduced by a factor of
2.5 when using HFA-BDP14-16. It is logical,
therefore, that the smaller particle size of
HFA-BDP should also permit enhanced
lung deposition compared with other con-
ventional ICS of larger particle size. As
such, a similar pattern of equivalent asthma
control should emerge with lower doses of
HFA-BDP. This study was undertaken to
test this hypothesis. 

The primary objective was to determine
whether patients with asthma symptoms
maintained on CFC-BDP, budesonide (de-
livered via a CFC-based MDI or DPI), flu-
ticasone (from a CFC or HFA-based MDI),
or flunisolide, could reduce their daily ICS
dose during a switch to HFA-BDP and
maintain asthma control. Dosing ratios for
each ICS were deduced from the estab-
lished relative potencies for each drug17,18

and previous comparative studies between
inhalers14,19-22. To facilitate medication de-
livery, the AutohalerTM, which minimises
patient handling difficulties such as poor
actuation/inhalation coordination23, was
chosen as the delivery device for HFA-
BDP.

Methods

This was a 24-week, open-label compara-
tive study conducted at 108 centres in
Germany. The study was performed in accor-
dance with Good Clinical Practice and the
Declaration of Helsinki (amended South
Africa, 1996) and was approved by local
ethics review committees at each study site.
All patients provided informed written con-
sent.

Patients
The study population included adults,

aged 18 to 75 years, with a clinical diagnosis
of asthma and a peak expiratory flow (PEF)
of ≥ 50% of the predicted normal, according
to Nunn and Gregg24. To be eligible for in-
clusion, study participants must have been
maintained on one of the ICS listed in Table
I for at least 4 weeks prior to enrolment,
whilst using a short-acting beta-agonist as
rescue medication on an as-needed basis.
Subjects had to have demonstrated asthma
reversibility within the past 24 months,
through either an improvement of PEF ≥
15% or forced expiratory volume in one
second (FEV1) ≥ 12% 10 minutes after ad-
ministration of 200 µg salbutamol, or equiv-
alent. Individuals not meeting these criteria,
and those with any clinically significant ab-
normality or disease, particularly respirato-
ry disorders other than asthma, acute respi-
ratory tract infections within the past
2 weeks or during the run-in period, cardiac
arrhythmia or disease, or clinically visible
oral candidiasis, were not included in the
study. Subjects were also excluded if they
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Table I. Equivalent doses (µg/puff) of HFA-BDP and
conventional inhaled corticosteroids.

* CFC or HFA propellant.

Previous Previous  Corresponding 
treatment dosage HFA-BDP dosage 

(µg/puff) (µg/puff)

CFC-BDP  100 50
CFC-BDP 250 100
CFC-budesonide 200 100
Budesonide  200 100
Turbuhaler®

Fluticasone MDI* 125 100
CFC-flunisolide 250 100



were pregnant or breast-feeding, if they had
recently used steroid-based products, if they
had received long-term antibiotics,
monoamine oxidase inhibitors, tricyclic an-
tidepressants, or another investigational
study drug within the past 4 weeks, of if
they had a known hypersensitivity or idio-
syncratic reaction to sympathomimetic
drugs or ICSs. Use of short-acting beta-ago-
nists on an as-needed basis, and constant
(not varying) doses of inhaled combination
products without steroids, long-acting beta-
agonists, anti-cholinergic agents, theo-
phylline and immunotherapy, were permit-
ted throughout the study.

Study Design
After an initial screening visit that included

a physical examination and a relevant med-
ical history, eligible patients underwent a
7–14-day run-in period during which time
they continued to take their previous asthma
medication. Asthma symptom control was as-
sessed throughout this period by daily patient
diary recordings of PEF on awakening (AM
PEF) and before retiring (PM PEF), asthma
symptom and sleep disturbance scores, and
beta-agonist use. Patients demonstrating ade-
quate diary compliance and correct use of a
peak flow meter were entered into a 24-week
treatment phase receiving HFA-BDP, via the
AutohalerTM inhalation device, at an appro-
priate lower dose corresponding to their pre-
vious ICS treatment (Table I); the maximum
daily dosage of HFA-BDP was 800 µg. In to-
tal, patients made six clinic visits – screening
at week –1, allocation to study treatment at
week 0 (baseline), and at weeks 6, 12, 18 and
24 during the treatment phase. Correct use of
the HFA-BDP AutohalerTM was demonstrat-
ed at baseline using a placebo device and was
reviewed at subsequent clinic visits.

Assessments
Throughout the study, the following para-

meters were recorded daily in patients’ di-
aries: AM PEF, PM PEF, use of short-acting
beta-agonist, and asthma symptoms and
sleep disturbance. PEF measurements were
made using a mini-Wright peak flow meter
at the same time each day, before medica-
tion administration. Patients were instruct-
ed to make three measurements at each
time point and record the maximum value

in their diary. Daytime symptoms of wheez-
ing, shortness of breath, chest tightness and
cough were rated on a scale of 0 to 5 (0 =
not present, 5 = so severe that the patient
could not attend work or carry out normal
daily activities) and symptoms during the
night were assessed on a scale of 0 to 4 (0 =
no symptoms during the night, 4 = asthma
symptoms so severe that the patient did not
fall asleep at all). In addition, patients com-
pleted a quality of life questionnaire at the
baseline clinic visit in order to describe the
frequency and severity of their asthma
symptoms and the quality of asthma control
achieved with their previous inhaler. The
questionnaire included three domains: (1)
“disturbance at night caused by asthma”,
rated on a scale of 0 to 4 (0 = no asthma
symptoms during most of the nights, 4 =
sleepless due to asthma during the whole of
the night); (2) “asthma symptoms in the
morning”, assessed on a scale of 0 to 5 (0 =
symptom-free most mornings, 5 = symptoms
so severe that no normal daily activity pos-
sible); (3) “asthma control”, ascertained on
a 5-point scale ranging from “very good” to
“insufficient”. At subsequent clinic visits,
asthma control on HFA-BDP was evaluated
using the same 5-point scale. The frequency
of asthma symptoms in the morning and dis-
turbances at night were compared between
the two inhalers using a 5-point scale, rang-
ing from “strongly reduced” to “strongly in-
creased”. Regarding safety, adverse events
were reviewed and assessed by the investi-
gator at each clinic visit. Specific questions
were asked about the incidence of oropha-
ryngeal candidiasis, dysphonia, urgent med-
ical care for asthma symptoms and hospital-
isations.

Patient compliance with their study med-
ication regimen was assessed by weighing
the inhaler canisters before and after use,
and calculating the respective number of
dispensed doses. A patient was considered
to have been compliant if the total number
of actuations was ± 40% of planned.

Statistical Analysis
All analyses were performed on the in-

tent-to-treat (ITT) population (i.e. all indi-
viduals who received at least one dose of
HFA-BDP and had at least one diary record
of PEF). The primary efficacy variable – the
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mean change from baseline in AM PEF af-
ter 12 weeks’ treatment with HFA-BDP –
was analysed for each of the four pre-treat-
ment groups. The Westlake method was
used to demonstrate the equivalence of the
pre- and study treatment; confidence inter-
vals (CIs) were calculated for the mean
change from baseline in AM PEF for each
group. Based on the results of a previous
study16 the standard deviation (SD) of the
change in AM PEF from baseline to
12 weeks was assumed to be approximately
51 L/min. Treatments were considered to be
equivalent, therefore, if the 95% CI for the
mean difference between AM PEF at base-
line (i.e., on pre-treatment) and AM PEF
after 12 weeks’ treatment with HFA-BDP
was within ± 25 L/min. Bonferroni-Holm
adjustments were made to account for mul-
tiple comparisons. A sample size of approx-
imately 750 patients was deemed necessary
to test the study hypothesis, assuming a
standard deviation of 51 L/min, a power of
90% and α = 0.0125. An analysis of covari-
ance (ANCOVA) model was used to test
differences between the pre-treatment
groups for secondary efficacy parameters
and Student’s t-tests were performed to
evaluate changes from baseline (alpha =
0.05, two-sided). 

Results
Patients

In total, 726 eligible patients entered the
treatment period. Of these, 716 individuals
received at least one dose of study medica-
tion and recorded at least one AM PEF value
during treatment and, as such, were included
in the ITT study population. 

Subjects were allocated into groups accord-
ing to their previous asthma medication:
CFC-BDP, budesonide, fluticasone, and flu-
nisolide. Baseline asthma symptoms were
low, although large SD values indicated a
wide range of symptom severity in all pre-
treatment groups. Patient characteristics
were similar with no significant differences
between the groups regarding age, sex, lung
function, reversibility or airflow limitation,
percentage of days and nights free from asth-
ma symptoms, or short-acting beta-agonist
use (Table II). 

In total, 63.4% of patients had taken their
previous ICS using an MDI or AutohalerTM,
while 36.2% had used a dry powder inhaler
(DPI) to administer medication. Of those pa-
tients using an MDI, 47.8% also used a spacer
device. Most patients (87.3%) had been reliant
on beta-agonists for rescue medication. The
previous mean (SD) ICS daily doses were
CFC-BDP 881.6 µg (292.9 µg), budesonide

K. Ederle on behalf of the Multicentre Study Group

Table II. Baseline demographics (ITT population, n = 716).

Values are given as mean (SD), unless otherwise stated.

SUBGROUPS BASED ON PREVIOUS STEROID USE

CFC-BDP Budesonide Fluticasone Flunisolide
(n = 178) (n = 317) (n = 145) (n = 76)

Male/female ratio (%) 43/57 40/60 50/50 38/62
Age (years) 46.9 (14.8) 47.5 (14.9) 47.6 (14.5) 48.7 (13.7)
Asthma reversibility (% patients)

PEF ≥ 15% 23.0 38.5 35.9 23.7
FEV1 ≥ 12% 32.6 23.0 20.7 31.6

Asthma history (years) 9.7 (10.2) 10.8 (12.0) 10.6 (11.8) 11.1 (13.4)
Smokers (% patients) 13.5 17.4 9.0 10.5
Beta-agonist use (n/day) 1.4 (1.5) 1.7 (2.0) 1.5 (2.0) 1.7 (2.4)
Beta-agonist free days (% days) 49.8 45.4 51.3 50.7
AM PEF (L/min) 364.0 (108.1) 354.3 (104.5) 360.2 (112.3) 347.7 (117.5)
PM PEF (L/min) 377.7 (108.8) 368.5 (108.6) 374.9 (118.5) 363.3 (119.0)
AM PEF (% predicted normal) 69.0 (16.2) 67.9 (15.9) 67.3 (17.6) 66.8 (19.2)
Asthma symptom scores

Wheezing 0.5 (0.7) 0.7 (0.9) 0.6 (0.9) 0.6 (1.0)
Shortness of breath 0.8 (0.9) 1.0 (1.1) 1.0 (1.1) 1.1 (1.2)
Chest tightness 0.4 (0.7) 0.6 (0.8) 0.6 (1.0) 0.7 (1.0)
Cough 0.6 (0.9) 0.9 (1.0) 0.9 (1.0) 0.9 (1.1)



678.9 µg (223.2 µg), fluticasone 322.4 µg
(122.1 µg), and flunisolide 859.9 µg (282.4 µg).
In total, 51.8% of patients were deemed to
have been compliant with the prescribed HFA-
BDP dosing regimen. In these patients, the ac-
tual mean (SD) dosing ratios were in close
agreement with those recommended in Table I:
CFC-BDP 2.8 (0.6), budesonide 2.3 (0.5), fluti-
casone 1.3 (0.3), and flunisolide 2.5 (0.6).

Seventy patients withdrew from the study
prematurely. The main reasons for discontin-
uation were adverse, events, loss to follow-up
and violation of study entry criteria.

Asthma Control
The mean changes in AM PEF and PM

PEF after switching to a lower dose of HFA-
BDP are summarised in Table III. Equivalent
efficacy was demonstrated between HFA-
BDP and pre-treatment with CFC-BDP,
budesonide, fluticasone or flunisolide at
weeks 12 and 24, indicated by the confine-
ment of the CI of the mean change from
baseline in AM PEF within the pre-defined
equivalence range (± 25 L/min). Similar re-
sults were observed for PM PEF.

The proportion of symptom free days and
nights increased throughout the study in all
treatment groups after switching to a reduced
dose of HFA-BDP. The differences were sta-
tistically significant at week 24 compared
with previous treatment for all groups, with
the exception of symptom free nights in the

flunisolide group (Figure 1). All groups
showed an increase to more than 50% in
symptom free days on the new treatment.
Furthermore, after 24 weeks’ treatment with
HFA-BDP, more than 79% of nights were re-
ported to be free of sleep disturbance due to
asthma symptoms in all treated groups.
Examination of asthma symptom scores re-
vealed minor improvements for each treat-
ment group on all symptoms after 24 weeks’
HFA-BDP administration. Improvements
were statistically significant for the majority
of parameters in the groups previously treat-
ed with CFC-BDP and budesonide (Figure
2). Sleep disturbance scores decreased slight-
ly in all groups by 0.1 at week 24; these reduc-
tions were significant in the CFC-BDP and
budesonide pre-treatment groups (p < 0.05).

Patients used short-acting beta-agonist res-
cue medication, on average, 0.9 to 1.7-times
during each 24-hour day of the study. A mod-
erate reduction was noted in use after
24 weeks’ treatment with HFA-BDP compared
with use on previous medication; the mean
change from baseline was significant for the
CFC-BDP (–0.3), budesonide (–0.3) and flu-
nisolide (–0.6) groups (p < 0.05), but not in the
fluticasone group (–0.2). There was also a sig-
nificantly greater percentage of beta-agonist
free days at week 24 compared with baseline in
all pre-treatment groups (p < 0.05; Table III);
an overall increase of greater than 10%, from
48.3% to 58.6% beta-agonist free days.
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SUBGROUPS BASED ON PREVIOUS STEROID USE BEFORE SWITCH TO HFA-BDP

CFC-BDP Budesonide Fluticasone Flunisolide
(n = 178) (n = 317) (n = 145) (n = 76)

∆ AM PEF (L/min)†

Week 12 3.9 (–5.2, 13.0) 6.4 (–1.7, 14.5) 2.0 (–9.7, 13.6) 4.2 (–9.3, 17.6)
Week 24 9.8 (–1.5, 21.2) 6.5 (–0.9, 13.9) 4.8 (–8.7, 18.3) –4.9 (–20.3, 10.6)

∆ PM PEF (L/min)†

Week 12 1.4 (–6.3, 9.1) 7.8 (1.5, 14.0) 0.9 (–8.9, 10.6) –1.1 (–12.6, 10.4)
Week 24 9.3 (–2.0, 20.6) 5.8 (–1.7, 13.2) –1.3 (–15.6, 13.1) –7.6 (–21.0, 5.8)

∆ beta-agonist free days (%)‡

Week 12 5.5 (39.7) 2.7 (35.1) 7.9 (31.9)* 15.1 (40.0)*

Week 24 12.1 (40.8)* 7.6 (38.6)* 7.7 (39.6)* 11.9 (36.1)*

Table III. Mean change from previous treatment in AM and PM PEF and percentage of beta-agonist free days fol-
lowing switch to HFA-BDP; subgroups based on previous steroid use (ITT population, n = 716).

† Values are mean (CI); ‡ values are mean (SD); * p < 0.05 on HFA-BDP vs. previous ICS.
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Quality of Life
In general, quality of life improved in pa-

tients when they were switched to a lower
dose of HFA-BDP. At baseline, 68.5% of pa-
tients reported very good / good asthma con-
trol with their former inhaler. However,
34.5% of the study population reported asth-
ma symptoms of varying severity in the
morning. In addition, 66.9% of patients re-
ported that their asthma symptoms caused
sleep disturbance, ranging in severity from a

single awakening during the night, to sleep-
lessness. After 24 weeks’ treatment with
HFA-BDP, nearly half of the study partici-
pants reported a reduction of symptoms, both
in the morning (48.3% patients) and during
the night (46.5% patients); the proportion of
subjects was similar for each pre-treatment
group. When asked to compare asthma con-
trol on their previous medication with that
experienced on HFA-BDP, the percentage of
patients reporting good or very good control
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Figure 1. Mean change from previous treatment in % symptom free days and nights after 24 weeks’ HFA-BDP
treatment; subgroups based on previous steroid use (ITT population, n = 716).
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had increased to 81.3%. The beneficial effect
was most pronounced in the budesonide
(79.8% versus 63.7% at baseline) and flutica-
sone (75.9% versus 69.7% at baseline) pre-
treatment groups.

Safety Evaluations
Adverse events considered to be associated

with HFA-BDP occurred in 107 (14.7%) pa-
tients. The most common were comments as-
sociated with inhaling the spray and respira-
tory system disorders, occurring in 89
(12.3%) and 17 (2.3%) patients, respectively.
Dysphonia occurred in 52 (7.2%) patients
and oropharyngeal candidiasis in 39 (5.4%)
patients. These events were solicited during
patient interviews. All adverse events were
generally low to moderate in intensity.
Serious adverse events were rare, occurring
in only 19 (2.6%) patients; none was related
to study medication. In total, 31 (4.3%) pa-
tients withdrew from the study because of ad-
verse events, most commonly because of in-
creased asthma symptoms (11 patients;
1.5%), dyspnoea (7 patients; 1.0%), and
bronchitis (5 patients; 0.7%). Results were
similar across all pre-treatment groups. 

Discussion

Clinical studies remain the “gold standard”
for the demonstration of therapeutic equiva-
lence of inhaled products for the treatment of
asthma25. The present study was designed to
evaluate if a reduction in daily steroid load
could be achieved in patients changing from
conventional ICS, including CFC-BDP,
budesonide, fluticasone and flunisolide to
HFA-BDP, whilst maintaining control of
asthma symptoms. A reduced dose of HFA-
BDP was proposed for each pre-treatment
group, based on the assumption that HFA-
BDP would provide equivalent asthma con-
trol at a significantly lower dose owing to im-
proved delivery of the drug to inflamed areas
of the lungs, particularly the peripheral air-
ways – a result of its smaller particle size (ap-
proximately 1 µm versus 2–5 µm)6. Previous
randomised controlled clinical studies have
already demonstrated that, in comparison
with conventional CFC-BDP formulations, it
is possible to achieve a dose reduction of ap-
proximately 2.5-fold with HFA-BDP, while
maintaining the same level of asthma con-
trol14,15. Whether this can be attributed to im-
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Subgroups based on previous steroid use
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Cough Total asthma score
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* p < 0.05 on HFA-BDP versus previous treatment
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Figure 2. Mean change from previous treatment in asthma symptom scores after 24 weeks’ HFA-BDP treatment;
subgroups based on previous steroid use (ITT population, n = 716).

0

–0.05

–0.1

–0.15

–0.2

–0.25

–0.3

–0.35

–0.4

–0.45



52

proved central airway deposition with HFA-
BDP has yet to be definitively proven, how-
ever, direct radiolabelled deposition studies
in both healthy volunteers and patients with
asthma revealed ex-actuator lung deposition
to be approximately 60% with HFA-BDP
compared with less than 10% with CFC-
BDP3,5. Furthermore, Goldin and colleagues
used functional high-resolution computed to-
mography to assess the relative efficacy of
HFA-BDP and CFC-BDP on regional air
trapping – an indirect measure of small air-
ways function and regional hyperreactivity26.
Air trapping was statistically significantly re-
duced following methacholine challenge in
patients receiving HFA-BDP compared with
those taking CFC-BDP. These results would
appear to suggest that HFA-BDP has greater
efficacy than CFC-BDP in the small periph-
eral airways. 

While limited in its open-label nature
and lack of placebo group, the design of
this study and the broad range of asthma
severity, reflected by the initial ICS doses
on which patients were previously main-
tained, is representative of treatment prac-
tices in a normal clinical setting in which
patients might be switched from conven-
tional ICS therapy to HFA-BDP. However,
the open design may also have introduced
the potential for bias against previous
treatments and against the new inhaler de-
pending on individual patients’ perceptions
towards a treatment change. Furthermore
the run-in period, during which time pa-
tients were assessed on their previous med-
ication, was relatively short and may not
have provided an accurate representation
of patient compliance on previous medica-
tion.

The doses recommended for the switch to
HFA-BDP in this study were based on the
published literature. In choosing the exact
dosing ratio for each previous ICS, factors
taken into consideration included the known
relative potencies of BDP, budesonide, fluti-
casone, and flunisolide17,18, the established
2.5-fold dosage reduction recommended
when switching from CFC-BDP to HFA-
BDP14-16, the results of two randomised clini-
cal studies, which demonstrated the thera-
peutic equivalence of HFA-BDP 800 µg/day
with budesonide Turbuhaler® 1600 µg/day
and HFA-fluticasone 1000 µg/day19,22, and

the results of two randomised clinical stud-
ies, which demonstrated the therapeutic
equivalence of HFA-BDP 400 µg/day with
budesonide Turbuhaler® 800 µg/day and flu-
ticasone 400 µg/day, respectively20,21.

The breath-actuated AutohalerTM inhala-
tion device was chosen to administer HFA-
BDP in this investigation. This device incor-
porates a mechanism activated automatical-
ly during inspiration that triggers the release
of a metered dose, enabling reproducible
and consistent delivery of asthma medica-
tion early during an inhalation across a wide
range of inspiratory flows23,27. It is well
known that a large proportion (up to 50%)
of patients experience difficulties in coordi-
nation of inspiration and actuation when us-
ing MDIs28. This can lead to poor drug deliv-
ery, decreased disease control, and increased
inhaler use. The AutohalerTM was chosen,
rather than the MDI, in an attempt to facili-
tate medication delivery and reduce inter-
patient variability in dosage administration.
This choice was particularly relevant consid-
ering that nearly 50% of patients in this
study who had previously been using an
MDI were also reliant on the use of a spacer,
potentially indicating problems with inhaler
handling. The study protocol also ensured
that correct use of the new HFA-BDP in-
haler was demonstrated at baseline and re-
viewed at subsequent clinic visits. 

The results of this study confirm the find-
ings from previous clinical trials that main-
tenance of asthma control is possible with
HFA-BDP despite a 2.5-fold reduction in
steroid load compared with CFC-BDP14-16.
Following administration of a reduced dose
of HFA-BDP, pulmonary function, as as-
sessed by AM PEF, was found to be equiva-
lent to that recorded on up to 2000 µg/day
CFC-BDP. Similarities in study design al-
low meaningful comparisons with the re-
sults of an 8-week open-label study in
which patients with stable asthma were suc-
cessfully switched from existing treatment
on CFC-BDP 400–1600 µg/day to approxi-
mately half the daily dose of HFA-BDP28.
This investigation is novel, however, in that
it also clearly demonstrates that a reduced
dose of HFA-BDP (up to a maximum of
800 µg/day) maintained equivalent control
of pulmonary function when compared with
previous treatment with up to 1600 µg/day
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budesonide, 1000 µg/day fluticasone or
2000 µg/day flunisolide throughout the 24-
week treatment period. Notably, with the
exception of the flunisolide group at week
24, mean AM PEF values increased slightly
over the time course of the study in all
groups, which may indicate a trend towards
improved asthma control on HFA-BDP de-
spite reduced steroid load. Furthermore,
some of the secondary efficacy parameters
also improved on switching to HFA-BDP. In
particular, there were statistically significant
increases in the number of days and nights
free from asthma symptoms and a statisti-
cally significant decrease in the use of short-
acting beta-agonist medication compared
with baseline. A further improvement in
control of asthma symptoms on switching
from conventional ICS to a reduced dose of
HFA-BDP is an exciting finding that has al-
so been reported in two other studies with
HFA-BDP and CFC-BDP. During a 6-
month double-blind investigation, patients
with well-controlled asthma on CFC-BDP
1500 µg/day or equivalent were randomised
to receive treatment with HFA-BDP
800 µg/day or to continue on CFC-BDP
1500 µg/day29. Changes from baseline in the
percentage of days without wheeze, cough,
shortness of breath and chest tightness were
statistically significantly greater at all time-
points for patients on HFA-BDP compared
with CFC-BDP. In a second study – a 12-
month open-label, parallel-group investiga-
tion – patients were randomised to receive
CFC-BDP (400–1600 µg/day) or HFA-BDP
at approximately half the daily dose in a 1:3
ratio30. The proportion of patients with in-
creased asthma symptoms was slightly high-
er for patients receiving CFC-BDP than
HFA-BDP during each 2-month interval
throughout the study. The additional symp-
tom control observed during these studies
may reflect the improved lung delivery
characteristics of HFA-BDP, in particular
the increased delivery of BDP to the pe-
ripheral airways.

In agreement with the results from conven-
tional indices of pulmonary function and
asthma symptom control in this study, im-
proved quality of life scores were also ob-
served following the switch to a reduced dose
of HFA-BDP. Nearly half of all patients re-
ported a reduction in asthma symptoms in

the morning and at night, and there was an
increase of more than 10% in the number of
patients rating asthma control as “good” or
“very good” compared with their previous in-
haler. These results are paramount given that
one of the major goals in the treatment of
asthma is to improve the functioning and
well-being of the patient. Determination of
quality of life ensures that the patient’s per-
ceptions of effectiveness are considered in
addition to clinical benefit. Two previous clin-
ical studies have assessed changes in quality
of life when switching from CFC-BDP to a
reduced dose of HFA-BDP31,32. The results
from both investigations are consistent with
this study. In a 12-week, parallel-group, mul-
ticentre trial, HFA-BDP 400 µg/day was as
effective as CFC-BDP 800 µg/day in sustain-
ing improvements in quality of life on the
Asthma Quality of Life Questionnaire
(AQLQ) following withdrawal of 7–12 days
of prednisolone treatment in patients with
moderate asthma31. In a more recent open-la-
bel, parallel-group investigation, clinically im-
portant improvements in AQLQ score were
observed for HFA-BDP versus CFC-BDP af-
ter 12 months, despite approximately half the
daily steroid dose32. Pulmonary function and
asthma control were similar for both groups.
These results are particularly interesting as
quality of life is also becoming accepted as an
important evaluation in the cost-effectiveness
of therapy33.

HFA-BDP treatment was well tolerated in
this study. The maximum intensity of dyspho-
nia and oropharyngeal candidiasis was gener-
ally low to moderate and the frequency of
these events was as expected with conven-
tional ICS, despite the fact that the incidence
of events were solicited by investigators dur-
ing clinic visits, thus increasing their chance
of being reported. It has been suggested that
increased lung deposition with extrafine
aerosols might be associated with a higher in-
cidence of systemic adverse events; however,
a similar safety profile has previously been
reported for HFA-BDP and CFC-BDP, no-
tably with no differences in systemic ef-
fects29,30 or respiratory events leading to hos-
pital admissions34. 

In summary, asthma control in patients
receiving a reduced dosage of HFA-BDP
according to the switching recommenda-
tions outlined in this study was equivalent
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to asthma control achieved by conventional
treatment with CFC-BDP, budesonide, flu-
ticasone, and flunisolide. Patients needing
up to 2000 µg CFC-BDP, 1600 µg budes-
onide, 1000 µg fluticasone or 2000 µg flu-
nisolide per day were able to reduce their
daily ICS dose to HFA-BDP 800 µg or less,
whilst maintaining improvements in pul-
monary function and experiencing an in-
crease in their symptom control. These
findings support the hypothesis that refor-
mulation of BDP in HFA propellant
achieves at least equivalent efficacy at low-
er total daily steroid load while providing
improved therapeutic outcomes over tradi-
tional ICS formulations, as demonstrated
by improved symptom control for individ-
ual patients.
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