Monaldi Arch Chest Dis
2007; 67: 1, 30-38

ORIGINAL ARTICLE

ABSTRACT: Once daily nebulized beclomethasone is
effective in maintaining pulmonary function and improving
symptoms in asthmatic children. S. La Grutta, G. Nicolini,
C. Capristo, S.C. Bellodi, G.A. Rossi.

Background and Aim. Compliance with long-term in-
haled therapy in asthma is often poor, but it islikely to be
improved with asimplified administration, oncedaily.The
present study was designed to assesswhether, in childhood
asthma, a single dose of nebulized beclomethasone dipro-
pionate once daily was as effective and safe asthe sameto-
tal daily dose administered twice daily.

Methods. Asthmatic children, not treated with inhaled
steroidsfor at least a month preceding the study and using
short-acting bronchodilators more than once a week were
enrolled in a double-blind, double dummy, randomised,
multicentric study. After atwo week run-in period on neb-
ulised twice daily 400 mcg beclomethasone dipropionate,
patients were randomly assigned to twelve weeks of treat-
ment with 800 mcg nebulised beclomethasone dipropi-
onatedaily, either in single dose (0.d. group) or divided in-
to two 400 mcg doses (b.i.d. group).

Results. 65 children (mean age 8.6 years, mean FEV
81% of predicted), were valuable for intention to treat.
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I ntroduction

Therapeutic strategies used to achieve and
maintain asthma control involve severa consider-
ations, such as the selection of appropriate med-
ication(s) and route for administration, based not
only on disease persistency and severity, but also
on patient preference and ability to comply with
therapy [1]. Inhaled corticosteroids (ICS) are the
most effective and recommended drugs to control
asthma in patients of any age and allow the use of
very low doses which are delivered directly into
the lungs with low systemic exposure [1, 2].

However, patient adherence to long-term in-
haled therapy is often low, resulting in increased
patient morbidity [3, 4]. Patient compliance can be
increased with less complex dosing regimens of
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During the run-in period, a significant improvement in
FEV,, FVC, morning and evening PEF values and clinical
scores was observed. Children then entered the ran-
domised trial: 32 wereincluded in theo.d. group and 33in
theb.i.d. group. During the twelve week treatment period,
the observed improvement in pulmonary function para-
meters was maintained in both treatment groups. Morn-
ing and evening PEF showed a progressive slight increase
aswell as PEF diurnal variability showed a progressivere-
duction in the two treatment groups during the whole
study period without reaching statistical significance.
Moreover, in both treatment groups a similar progressive
increase in symptom free nights and days and in the per-
centage of children achieving total asthma symptoms con-
trol was detected. Finally, no significant changes in uri-
nary cortisol/creatinine ratio were observed throughout
the study period and between groups.

Conclusions. A daily dose of 800 mcg of beclometha-
sone, administered for twelve weeks with a nebuliser -
ther once or twice daily provide similar efficacy in main-
taining pulmonary function and symptoms of asthmatic
children, with a good tolerability profile.
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ICSinasthmall, 2, 4] and a patient preference for
once-daily dosing has been demonstrated [4, 5],
suggesting that this strategy could lead to im-
proved efficacy [6]. This is a key factor in child-
hood asthma, where the benefits of early interven-
tion with ICS have been recently emphasised and
where the most common reason for treatment inef-
ficacy islack of compliance[1, 2, 7].

Few controlled clinical trials have been per-
formed in asthmatic children comparing the effica-
cy of once- versus twice-daily dosing of ICS.
However, once-daily administration of budesonide
using a dry powder inhaler (DPI) or a nebuliser,
seems to be as effective as twice-daily administra-
tion in controlling childhood asthma [8-12]. The
pharmacol ogic properties of budesonide[13] prob-
ably account for its long-lasting activity [14]. Pre-
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liminary or less convincing results have been pub-
lished on effective childhood asthma control with
once-daily administration of other ICS[8].

Interestingly, there is no paediatric study that
has investigated the efficacy of the once-daily ad-
ministration of beclomethasone dipropionate
(BDP), awidely used glucocorticoid diester for the
inhal ation therapy of asthma. In adult patients with
asthma, once daily doses of 1000 mcg BDP given
via a pressurised metered-dose inhaler (pMDI)
provided contrasting results: either equivalent con-
trol to twice-daily doses [15] or bad control of
asthma when switching from t.i.d. or b.i.d. to o.d.
[16, 17].

ICS are available in different formulations to
be delivered with different inhaler devices, like
pMDIs, DPIs and nebulizers; the choice of the in-
halation device is another critical factor for opti-
mal asthma therapy [18]. Recent evidence-based
guidelines have indicated that the same molecule
given via different devices (including nebulizers)
leads to no significant differences in clinical out-
comes and the choice depends on the patient pref-
erence and ability to use [19-21]. In children older
than 6 years the preferred option is represented ei-
ther by a pMDI with or without spacer (depending
on the coordination ability of the subject) or by a
DPI, while the nebuliser with mouthpiece is an al-
ternative [19-21].

Nebulisers do not need patient coordination and
are effective with tidal breathing, don’t use propel-
lants and can deliver combination therapy or sup-
plemental oxygen [21]. Due to the characteristics of
new generation nebulizers, more efficient and faster
in drug delivering, the use of these devices is be-
coming more common in clinical practice [20].

With this background, the present study was
designed to compare the efficacy of once-daily
versus twice-daily administration of nebulized
BDP suspension, in asthmatic, school-age chil-
dren.

M ethods
Patients

Children aged 5-12 yrs with a history of asth-
ma, as defined by the American Thoracic Society
[22], for at least the previous 6 months were re-
cruited from outpatient asthma clinics. Inclusion
criteria were: a forced expiratory volume in one
second (FEV ) values =70% and <90% of predict-
ed normal; steroid-naive patients or not treated with
ICS at least in the previous four weeks; short-act-
ing B,-agonists use more than once a week for at
least the preceding two weeks; positive response to
the reversibility test, defined as an increase >12%
in the FEV ; following salbutamol (200 mcg) deliv-
ered with pMDI and a spacer (Volumatic, Allen &
Hanbury’s, Uxbridge, UK), at the screening visit.

Patients were excluded from the study if they
were hospitalised for asthma treatment within the
previous 3 months, received oral, or parenteral
steroid therapy within 12 weeks of screening visit.

The study was approved by the ethics commit-
tee of the eight institutions participating in the
study. Each child gave informed oral assent, and
the child’s parents or legal guardians gave written
informed consent in accordance with the current
version of the Declaration of Helsinki.

Study design and study drugs

Children who were found eligible at the screen-
ing visit entered a 2-week run-in period, during
which they were treated with BDP suspension
(Clenil per Aerosol, Chiesi Farmaceutici S.p.A.,
Parma, Italy), at a dose of 800 mcg/day (the stan-
dard dose used to treat children with mild asthma
using nebulisers) administered b.i.d. (400 mcg in
the morning and 400 mcg in the evening), through
a pneumatic nebuliser with mouthpiece (Clenny
aerosol, Medd S.p.A., Parma, Itay) (fig. 1) [23].

Fig. 1. - The “Clenny nebulizer”. A) Thisisasmall (157 mm x 38 mm x 78 mm, with battery) light (560 g, with battery) breath-enhanced nebu-
liser, operated by battery and/or A/C power supply. B) The breath enhanced bulb increases the drug output [23].
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At the end of this period, each patient was re-
evaluated before entering the 12 weeks, ran-
domised, double-blind, double dummy, two-armed
paralel group study period (fig. 2). The following
treatments were given during the double-blind peri-
od: a) o.d. group: 1 ml placebo via (containing on-
ly the “vehicle” of the BDP via, to match active
treatment) plus 2 ml saline solution, administered in
the morning, and 1 ml placebo via plus 2 ml BDP
800 mcg vias in the evening; b) b.i.d. group: 1 ml
BDP 400 mcg via plus 2 ml saline solution, in the
morning, and 1 ml BDP 400 mcg vid plus 2 ml
placebo vial in the evening. Salbutamol 100 mcg
pMDI was alowed as rescue medication during all
the study period to be administered as needed viaa
Volumatic spacer. No other asthma medication was
allowed. Patients who had poor asthma control, re-
celved asthma medication excluded by study proto-
col or showed exacerbation that required hospitali-
sation were discontinued from the study.

Children and their parents or legal guardians
had to keep a diary card, slightly modified from
Banov et al. [24], for recording of Peak Expirato-
ry Flow (PEF) values, asthma symptoms, sleep
disturbance scores, study drug intake and inhaled
short-acting [3>-agonist use. PEF was to be mea-
sured in the morning, immediately upon arising,
and in the evening, at bedtime: the best of the three
readings was recorded. Patients and their parents
or legal guardians were trained in the correct use
of the nebuliser, of the PEF meter (Mini Wright,
Markos Mefar S.p.A., Bovezzo, Italy) and in data
recording before entering the study.

Efficacy evaluation

Efficacy parametersincluded variationsin pul-
monary function parameters, morning and evening
PEF and its diurna variability, day and night asth-
ma symptoms, rescue medication use, overall as-
sessment of asthma symptoms by Visual Analogue
Scale (VAS).

Pulmonary function tests were performed us-
ing pneumotachograph-type spirometers inter-
faced with a personal computer system and cali-
brated to American Thoracic Society standards
[25]. Spirometry was performed between 8:30 AM
and 10:00 AM at approximately the same time
each visit and at least 8 hours after the last use of
a short-acting B,-agoinist and each measurement
was performed in triplicate, and the highest value
for each test recorded.

Exacerbations were evaluated as secondary ef-
ficacy parameter and defined as two consecutive
daysin which at least one the following occurred:
1) decrease of the peak expiratory flow in the
morning more than 30% below the baseline value;
2) use of more than three additional inhalations of
short-acting 3,-agonist daily, as compared to base-
line period; 3) awakening at night due to asthma.
The baseline value was the mean value of the last
10 days of the run-in period.

The evaluation of treatment effectiveness was
done by investigators at visit 2, 3, 4, and 5, based
on the presence and severity of wheeze and cough
(day and night), patient’s evaluation of sleep and
activity and use of short-acting 3,-agonists since

Study design.

Group A. BDP 400 mcg (bid)

BDP 400 mcg
(bid)
2 weeks
Group B. BDP 800 mcg (od)
12 weeks
2 weeks 4 weeks 4 weeks 4 weeks
A —~— AL — A — A -
I I 1 | I
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Screening Randomization end of
treatment

—

Double-blind, double dummy phase

Fig. 2. - Study design. Children, eligible at the screening visit, entered a two-week run-in period, during which they were treated with BDP sus-
pension (Clenil per aerosol, Chiesi, Italy), 800 mcg/day administered b.i.d., through a nebuliser. At the end of the run-in period, patients entered
arandomised, double-blind, two-armed parallel group study, consisting in a twelve weeks period. Children belonging to o.d. group were treated
with placebo, matching BDP 400 mcg in the morning, and BDP 800 mcg in the evening, while children in b.i.d. group were treated with BDP sus-

pension 400 mcg, in the morning and in the evening.
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the previous visit as reported on the patient’s diary
card.

The evaluation was done by selecting the ap-
propriate number on an 8-point, 4 items scale (1-2
poor, 3-4 fair, 5-6 good, 7-8 total control). Com-
pliance to study drugs was assessed by counting
the vials returned at each visit (al containers and
unused study drug) and by reviewing the diary
card records.

Tolerability Evaluations

The tolerability was evaluated by adverse
event reporting at each clinic visit, physical exam-
inations, vital signs, and laboratory tests. A com-
plete physical examination, in which height,
weight, sitting blood pressure, and pulse rate were
measured, was ducted at each visit. Cortisol and
creatinine urinalysis was performed at visit 2 and
was repeated at visit 5 (week 12 after randomisa
tion). Urine samples were collected in the morning
of the visit.

Statistical analyses

All the analyses were carried out on all ran-
domised patients, according to the Full Analysis
Set (FAS) approach. Descriptive statistics were
provided for the analysis of all demographic vari-
ables, clinical characteristics and efficacy vari-
ables. Continuous variables were expressed as
mean value, standard errors, while for categorical
variables, frequency distributions were performed.
Major respiratory parameters (PEF absolute and %
of predicted, FEV, absolute and % of predicted,
FVC) werefirst of all analysed by descriptive sta-
tistics by visit and also by absolute difference be-
tween each study period time point and the base-
line value. In addition, the variation of these para-
meters on al the visits were evaluated by means of
repeated-measures analysis (Anova with Proc
MIXED) in order to observe the effect of study
drugsinintermediate visits. Statistical significance
was met if the P value <0.05. The statistical analy-
sis was performed using STAT module of the SAS
System version 9.1 for Windows.

Results

A total of 74 patients were screened between
January 2003 and June 2004 at the eight institu-
tions participating in the study, of which nine did
not complete the run-in phase and did not enter the
double blind period (six for consent withdrawal,

Table 1. - Baseline characteristics of the study populations, mean values (SD)

one for occurrence of acute upper respiratory tract
infection, two lost to follow-up).

The 65 remaining patients were randomly as-
signed to BDP 800 mcg o.d. and to BDP 400 mcg
b.i.d. Patient demographics and baseline character-
istics are shown in table 1, groups were well
matched and no significant difference was shown
except for a higher prevalence of male children in
the o.d. group. 43 patients completed the twelve-
week study period with no significant difference
between groups in discontinuation rates. Reasons
for discontinuation included lost to follow-up
(eight patients), consent withdrawn (ive patients),
adverse event/intercurrent illness (four patients)
(see below), and other reasons (five patients).
Overall 63 patients, 30 in the BDP 0.d. and 33 in
the BDP b.i.d. group were evaluable for efficacy
and entered the Full Analysis Set (FAS).

Pulmonary function and home PEF monitoring

In the two-week run-in period, treatment with
BDP 800 mcg/day b.i.d. was effective in improving
pulmonary function. Indeed, comparison of values
collected at the screening visit and at the end of run-
in period, showed a significant increase in FEV
and FVC, both evaluating the children as a whole
group or as b.i.d. and o.d. groups (fig. 3A and 3B).
The improvement in pulmonary function parame-
ters was maintained in both treatment groups
throughout the duration of the study period without
significant difference between visit 2 (randomiza
tion) and visit 5 (end of treatment) or between the
two treatment groups.

Morning PEF showed a progressive significant
increase at each control visit; the mean change
from run-in at the end of treatment (weeks 9/12)
was 54.32+ 15.52 L/min (p=0.002) in the BDP o.d.
group and 20.83 £ 8.41 L/min (p=0.02) in the b.i.d.
group (fig. 4A). The mean difference between
groups in change from baseline at the end of study
was 33.49 L/min [95% confidence interval (95%
Cl) -0.91 +67.90).

Evening PEF showed a progressive increase at
each control visit that was significant only in the
BDP o.d. group; the mean change from run-in at
the end of treatment was 50.30+£16.21 L/min
(p=0.005) in the BDP o.d. group and 14.61+8.90
L/min (p=ns) in the b.i.d. group (fig. 4B). The
mean difference between groups in change from
baseline at the end of study was 35.68 L/min (95%
Cl -0.38 +71.75).

A reduction in PEF diurnal variability was ob-
served at the end of the run-in period in the two

group n Age Sex FEV, L FEV, % PEF L/s PEF % FVC L
BDPod. 30 85(21) 25M/5F  161(049)  8213(7.71) 3.25(0.92) 84.88(22.66) 1.91(0.68)
BDPhid. 33  88(23) 17M/16F  159(0.42)  80.06(849) 3.20(0.93) 80.57(1856) 1.87(0.58)

BDP = beclomethasone dipropionate.
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Fig. 3. - Puimonary function of the two study groups BDP o.d. (open circles) and BDP b.i.d. (closed circles): A.) mean changein FEV % of pre-
dicted during the study period; B.) mean change in FVC % predicted during the study period. Data is presented as least square means + standard

errors.

treatment groups, maintained during the treatment
period. Indeed, during the 2-week run-in period,
the diurnal variability of PEF was 3.90+1.01% and
3.81+1.10% in the BDP o.d. and BDP b.i.d.
groups, respectively, while at the end of the treat-
ment period the mean change from baseline was -
2.81+1.39% and -2.45+1.60% in the BDP o.d. and
BDP b.i.d. groups, respectively (fig. 4C).

Asthma symptoms, rescue medication use and
exacerbations

A progressive increase in symptom-free days
and nights was observed at the end of the run-in
period in both treatment groups, followed by apro-
gressive improvement during all the study period
(table 2).

Table 2. - Symptom-free days and nights, asthma control, use of rescue medication (% of patients)

Symptom free
Group Time Good-total asthma control Rescue medication use
Days Nights

BDP o.d. Visit 1 - - - 100%
Visit 2 30% 60% 83% 37%
Visit 3 42% 78% 80% 40%
Visit 4 40% 79% 85% 40%
Visit5 80% 92% 95% 35%

BDP b.id. Visit 1 - - - 100%
Visit 2 40% 68% 82% 28%
Visit 3 60% 90% 85% 20%
Visit 4 65% 85% 97% 29%
Visit 5 76% 87% 96% 29%

BDP = beclomethasone dipropionate.
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Fig. 4. - PEF values in the two study groups BDP o.d (open circles) and BDP b.i.d. (closed circles), recorded in diary cards during the run-in pe-
riod (week -2/0) and during the trial (week 1/4, 5/8 and 9/12): A.) Morning PEF; B.) Evening PEF; C.) PEF change % in diurnal variability cal-
culated from morning and evening PEF. Data are presented as least square means + standard errors.

This improvement in symptom-free days and
nights was associated with a “through-the-study”
progressive increase in the percentage of children
achieving asthma symptoms control as assessed by
investigators during the scheduled visits (table 2).

Finaly, while all patients were using rescue
medication more than once a week before enrol-
ment, two thirds of patients were free from rescue
medication use at end of the twelve-week treat-
ment period, with no significant differences were
between treatment groups (table 2). No difference
was found in the incidence of exacerbations during
trestment period. Asthma exacerbations occurred
in eight patients in the BDP o.d. group and seven
patients in the BDP b.i.d. group (not shown).

Tolerability

The tolerability analysis was performed on al,
randomised patients (65 valuable). No significant

—o—od
—a—bid

difference between groups was observed for ad-
verse events frequency. The magjority of the ad-
verse events were of mild or moderate intensity
and unrelated to the study medication and due to
intercurrent diseases, except one patient who com-
plained of persistent cough of mild intensity, as-
sessed as possibly related to the drug administra-
tion. Eleven patients, seven in the BDP o.d. group
and four in the BDP b.i.d. group, had to discontin-
ue the study drug due to the occurrence of adverse
events (mainly asthma exacerbation and intercur-
rent infections).

No differences were observed between the two
study groupsfor the other tolerability variables, in-
cluding vital signs, and physical examination. Al-
though the study was not specifically designed to
actively evaluate the presence of oral candidiasis,
no spontaneous reporting of this adverse event was
reported during the study period. Finaly, no sig-
nificant difference in urinary cortisol/creatinine ra-
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tio was detected between baseline values
(40.04+4.65 and 46.39+9.03, respectively in the
0.d. and b.i.d. groups) and final values at the end
of the twelve-week period (47.30+8.33 and
46.86+8.55, respectively in the o.d. and b.i.d.

groups) (fig. 5).

Discussion

The present study demonstratesin school-aged
asthmatic children the efficacy and safety of BDP
inhalation suspension dispensed via a jet nebuliz-
er, at doses of 800 mcg daily, and administered o.d.
or b.i.d. Indeed, in the two weeks run-in period, a
significant improvement in al pulmonary function
values, rescue B,-agonist use and clinical scores
was observed. The improvement in FEV,, FVC
and morning or evening PEF was then equally sus-
tained in the 0.d. group and in the b.i.d. group dur-
ing the following twelve-week study period. In ad-
dition, a similar progressive increase in symptom
free nights and days was detected in both treatment
groups. Finally, no significant changes in urinary
cortisol/creatinine ratio were detected between
baseline and final value, with no differences be-
tween the two treatment groups.

The ultimate goa of asthma therapy is to
achieve and maintain long-term control of asthma
symptoms, to prevent exacerbations, and to attain
the best possible lung function to enable patientsto
have normal life with no side effects from their
medication [1]. It is now recognised that inflam-
mation is a critical feature in the pathogenesis of
asthma, and long-term therapy is therefore based
primarily on ICS, the most effective drugs avail-
able for suppressing airway inflammation [1, 2].
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Poor patient compliance, a major barrier to
treatment and a major reason for treatment failure
in asthma, may be improved prescribing drugs
with high safety profile, providing easy and con-
venient to use devices, smplifying dosing regi-
mens (e.g. once-daily administration), and educat-
ing the patient and the caregivers [19, 25].

BDP is a synthetic chlorinated corticosteroid
diester, widely used by inhalation in the treatment
of asthma, whose efficacy and safety have been
proven by a variety of clinical studies [26, 27].
BDP is actualy a poorly active pro-drug, which is
rapidly hydrolysed by lung tissue lysosoma en-
zymes to a much more potent glucocorticoid,
namely 17-beclomethasone monopropionate (17-
BMP) [28, 29]. The relative binding affinity of 17-
BMP for the glucocorticoid receptor of human lung
is approximately 30 times greater than that of the
parent drug BDP and its stability in human lung is
high, since only approximately 10% of 17-BMP is
hydrolyzed to beclomethasone (BOH) within two
hours [28, 29]. Some 17-BMP will avidly bind to
corticosteroid receptors in the lung and be retained
and some will be released and subsequently ab-
sorbed in the systemic circulation [28-30].

The high therapeutic index of inhaled BDP
may result from a combination of high local po-
tency in the lung and rapid metabolic inactivation
of BDP and of its metabolites, especialy 17-BMP,
when they reach the systemic circulation [28-30].
This may explain the clinical results observed in
the present study, also when BDP was adminis-
tered o0.d., and the high tolerability profile ob-
served, with no modification of the urinary corti-
sol/creatinine ratio.

The rationale for administering the drug o.d. in
the evening derives not only from clinical trials but

[ o.d.
B b.id

Baseline

End of treatment

Fig. 5. - Urinary cortisol/creatinine ratio calculated from samples collected at visit 2 after the two-week run-in period (baseline) and at visit 5 at
the end of the twelve weeks study period. Data is presented as |least square means + standard errors.
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also from chronopharmacologic studies that have
shown that the time of administration influences
the efficacy and safety of inhaled and oral corti-
costeroids [31-33]. Asthma symptoms and airway
inflammation may increase at night, so that late af-
ternoon or evening administration of anti-asthmat-
ic drugs may therefore optimise their effect.

Optimising drug delivery in the management
of asthma involves consideration of the age of the
patient, and selection of a device that reproducibly
delivers an adequate dosage of the drug to the in-
trapulmonary airways and is suited to the patient’s
needs and abilities [1, 2, 25]. Many paediatric pa-
tients, particularly infants and young children, but
also school-age children, are unable to use pMDIs
and inhalation-driven DPIs effectively, either be-
cause they do not have sufficient coordination or
inspiratory flow or are unable to perform the con-
trolled inhalation technique [25]. Young patients
often experience delivery and technigque problems
with inhaled therapy, resulting in under-utilisation
of ICS, even when parents take responsibility for
administering the medication [25].

Nebulisers, which are easy to use and do not re-
quire coordination, have been considered for years
not convenient for the medium-long term treatment
of airway diseases, because they arerelatively inef-
ficient in the generation of fine particles, that can
reach the lower respiratory tract and their use is
time consuming (for the longer administration
times) [20]. New generation nebulisers, such asthe
one used in the present study, provided with breath
enhanced bulb, are able to deliver asignificant pro-
portion of particles in sizes suitable to efficiently
reach the lower airways with little variability [20,
22]. The “once-daily” nebulisation of the drug,
makes the “longer administration times’ a minor,
acceptable weakness, in agreement with previous
studies demonstrating that, in addition to behav-
ioural or educational strategies, a simplification of
dosing schedules, as reducing the number of doses
per day and improving the ease of administration,
may lead to increased patient compliance and,
therefore, better asthma control [4, 5, 31, 32].

For these reasons there is increasing interest
and evidence that supports once daily administra-
tion of corticosteroids in asthma so that the most
recent guidelines suggest for persistent asthma in
adults and children older than five years a regular
treatment with low dose ICS administered once or
twice daily [1].

In conclusion, we have reported for the first
time preliminary data suggesting that medium-
term treatment with a daily dose of 800 mcg of
nebulised BDP, administered o.d. is similarly ef-
fective as the same dose administered b.i.d., the
two treatment schedule providing similar efficacy
in maintaining pulmonary function and improving
symptoms of asthmatic children whose asthma had
been previoudy controlled with a short course of
nebulised BDP, administered b.i.d. Efficacy was
associated with a good tolerability profile that did
not change when the daily dose was administered
in asingle dose. These preliminary results need to
be confirmed in alarger patient population.
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