Drugs 2005; 65 (14): 1973-1989

REVI EW ARTICLE 0012-6667/05/0014-1973/$39.95/0

© 2005 Adis Data Information BV. All rights reserved

Budesonide Inhalation Suspension for
the Treatment of Asthma in Infants
and Children

William E. Berger
Allergy & Asthma Associates of Southern California, Mission Viejo, California, USA

Contents

Y 3 (e T 1973
1. CliNIcal PRAmMACOIOQY . .o 1974
1.1 PRAmMOCOAYNAMICS .ttt 1974
1.2 PRarmMacCOKINE ICS . . oo 1975
2. ClNICAl EffiCOCY . o vttt 1976
2.1 Persistent Asthma . ... oo 1976
2.1.1 Placebo-Controlled THAIS . ... ...t 1976
2.1.2 Comparafive THAIS . .ot 1979
2.2 Acute Asthma or Wheezing . . . .. .o 1980
G 1ol = 1 1981
3.1 AVEISE EVENTS Lo 1981
3.2 Arendl FUNCHON ..o 1983
3.8 GrOWIN o 1984
4, Dosage and AdmINISTIOTiON . ... 1985

5. The Role of Budesonide Inhalation Suspension in the Treatment of Infants and Children with
AT I o 1986
6. CONCIUSIONS .o 1987
Abstract On the basis of the well recognised role of inflammation in the pathogenesis of

asthma, anti-inflammatory therapy, in the form of inhaled corticosteroids, has
become the mainstay of treatment in patients with persistent asthma. Budesonide
inhalation suspension (BIS) is a nonhalogenated corticosteroid with a high ratio of
local anti-inflammatory activity to systemic activity. Furthermore, BIS is
approved in >70 countries for the maintenance treatment of bronchial asthma in
both paediatric and adult patients (approval is limited to paediatric patients in the
US and France).

Randomised, double-blind, placebo-controlled trials conducted in >1000 chil-
dren have demonstrated the efficacy of BIS in children with persistent asthma of
varying degrees of severity. In children frequently hospitalised with uncontrolled
asthma, initiation of BIS therapy can reduce the need for emergency intervention.
Moreover, limited data suggest that BIS is effective for the treatment of acute
exacerbations of asthma in children and may reduce the need for short courses of
oral corticosteroids.
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BIS is well tolerated in children, with an adverse event profile similar to that of
placebo, and no clinically relevant changes in adrenal function have been demon-
strated during the course of short- and long-term (1-year) studies. Small but
statistically significant reductions in growth velocity have been demonstrated with
BIS over 1 year of treatment. However, available evidence suggests that growth
effects are transient in children receiving budesonide and that these children
eventually achieve full adult height.

According to the Global Initiative for Asthma,
the prevalence of paediatric asthma worldwide is as
high as 30%, depending on the population. Coun-
tries with the highest prevalence rates are Australia,
New Zealand and England.""! In the US, asthma is
the most common paediatric chronic disease,?! af-
fecting approximately 6 million children, of whom
one-fifth are younger than 4 years of age.l!

Inflammation is a universal feature of asthma,
occurring at all levels of disease severity.™ Indeed,
the role of inflammation in the pathogenesis of
asthma is now clearly established, and it appears that
persistent inflammation may lead to irreversible air-
way remodeling and chronic manifestations of asth-
ma."> Thus, anti-inflammatory therapy has been
regarded as a mainstay of treatment for persistent
asthma in children.™!

Until recently, nebulised sodium cromoglicate
(cromolyn sodium) was the only anti-inflammatory
agent approved for use in children younger than
4 years of age with asthma. However, after an
evidence-based review of the literature, the National
Asthma Education and Prevention Program
(NAEPP) expert panel concluded that there is insuf-
ficient evidence that sodium cromoglicate has a
beneficial effect as maintenance therapy in children
with asthma, and that it should no longer be consid-
ered a preferred therapy.™ Results of a meta-
analysis of randomised placebo-controlled trials
conducted between January 1966 and January 1999,
in which sodium cromoglicate was used in the pro-
phylactic treatment of asthma in children, similarly
demonstrated that there was insufficient evidence to
support the use of sodium cromoglicate as a first-
line treatment in childhood asthma.!! According to
the NAEPP’s 2002 recommendations, inhaled corti-
costeroids are now the preferred anti-inflammatory
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agents for the treatment of persistent asthma in
infants and children.™

Inhaled corticosteroids have well established ef-
ficacy in the treatment of persistent asthma, as
demonstrated by their ability to improve pulmonary
function, decrease the need for bronchodilator res-
cue medication, improve quality of life and reduce
asthma-related hospitalisation rates.””? Budesonide
inhalation suspension (BIS) is one of three inhaled
corticosteroids available in >70 countries worldwide
for nebulisation. BIS is approved for use in children
and adults, except in the US and France where
approval is limited to use in children. BIS is the only
inhaled corticosteroid approved in the US for use in
children younger than 4 years (approval is for age 12
months to 8 years).

This article reviews the pharmacological proper-
ties of BIS, along with clinical studies of its efficacy
and safety in paediatric asthma, and further dis-
cusses the role of BIS in clinical practice. A MED-
LINE search (using the search terms budesonide,
budesonide inhalation suspension, infant, children
and asthma) was conducted to identify relevant liter-
ature published between 1985 and 2005. For clinical
efficacy, priority was placed on large, randomised
clinical trials.

1. Clinical Pharmacology

1.1 Pharmacodynamics

Budesonide, like the endogenous corticosteroid
cortisol, mediates its effects through its high-affinity
binding to the intracellular glucocorticoid receptor
(GCR). Budesonide is a nonhalogenated corticoste-
roid with a high ratio of local to systemic anti-
inflammatory activity relative to oral corticoste-

Drugs 2005; 65 (14)



Budesonide Inhalation Suspension for Asthma in Infants and Children

1975

roids.®] This allows budesonide to be inhaled at
therapeutically effective dosages with a low risk of
systemic activity.®®! With a near 200-fold higher
relative binding affinity for the GCR than that of
cortisol and an anti-inflammatory activity that is
1000-fold higher,™ budesonide possesses the ability
to deliver a potent local anti-inflammatory effect
upon inhalation with minimal systemic manifesta-
tions.

As with other corticosteroids, BIS has numerous
anti-inflammatory properties that have been exten-
sively reviewed elsewhere.l®1% Briefly, corticoste-
roids such as budesonide inhibit the actions of lym-
phocytes, eosinophils, mast cells, neutrophils and
macrophages. Budesonide also modulates allergic-
and nonallergic-mediated inflammatory processes
through the effects of the GCR on DNA transcrip-
tion and/or the elaboration of immunologically ac-
tive molecules (e.g. cytokines, histamine, eicosa-
noids, leukotrienes).'% Budesonide has been shown
to inhibit bronchial hyperresponsiveness to a variety
of substances (e.g. histamine, methacholine, sodium
metabisulfite, adenosine monophosphate) in pa-
tients with hyperreactive airways.!% In addition,
budesonide attenuates both the early- and late-phase
responses to inhaled allergens.1%

1.2 Pharmacokinetics

The pharmacokinetic parameters of BIS in chil-
dren are summarised in table I. Agertoft et al.l'!l
assessed the systemic bioavailability and pharma-
cokinetics of BIS in ten children aged 3—6 years who
had persistent asthma. In this in vivo trial, systemic
bioavailability was measured from plasma concen-
trations of budesonide after nebulisation and intra-
venous administration. The children received intra-
venous budesonide 125ug followed by BIS 1.0mg
administered via a Pari LC Jet Plus® ! nebuliser.l'!]
Peak plasma concentration (2.6 nmol/L) was ob-
served 10-30 minutes after the start of nebulisa-
tion.['%121 The systemic exposure per milligram of
nominal dose in these children, measured as the area
under the plasma concentration versus time curve

Table I. Pharmacokinetic parameters of budesonide inhalation sus-
pension in children aged 3—-6 years!'%11

Parameter Value 95% ClI
F (%) 6.1 4.6,8.1
tmax (min) 10-30 NR
Cmax (nmol/L) 2.6 NR
AUC/mg (nmol/L x h/mg) 4.6 NR

Vss (L) 55 45, 68
t. (h) 23 2.0, 26
CLs (mL/min) 536 461, 623

AUC = area under the curve (plasma concentration vs time); CLs =
total systemic clearance; Cmax = peak plasma concentration; F =
total systemic availability; NR = not reported; ty, = terminal
elimination half-life; tmax = time to peak plasma concentration; Vss =
volume of distribution at steady state.

per milligram of nominal dose, was similar to that
observed in adults (4.6 vs 3.9 nmol/L X hour/mg,
respectively).l'!]

Lung deposition was calculated on the basis of
the pharmacokinetic model and estimated from the
amount of drug recovered from inspiratory and ex-
piratory filters connected to a nebulised unit. Lung
deposition of budesonide was estimated to be 18%
of the dose received by the patient compared with an
oropharyngeal deposition of 82%.!'!] Although oro-
pharyngeal deposition has the potential to be swal-
lowed and subsequently absorbed, these investiga-
tors found that the total absolute bioavailability of
BIS in children after administration via a jet nebu-
liser was low, representing approximately 6% of the
administered dose.['""!3 The poor correlation be-
tween the inhaled dose and the systemic bioavail-
ability suggests that factors other than inhaled dose
affect lung deposition, and emphasises the need for
lung deposition studies to be conducted in children,
and not extrapolated from adult deposition studies.

The volume of distribution of budesonide at
steady state is 3 L/kg in children aged 4-6 years.[!%!
At plasma concentrations of 1-100 nmol/L, budeso-
nide is approximately 85-90% bound to plasma
proteins.!'3 The drug exhibits little or no binding to
corticosteroid-binding globulin.!'3! Data from in vi-
tro studies indicate that budesonide is rapidly and
extensively metabolised, primarily via the cyto-

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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chrome P450 isoenzyme 3A4.['3 The two primary
metabolites (16a-hydroxyprednisolone and 6f3-
hydroxybudesonide) have <1% of the corticosteroid
activity of the parent compound.['*! Budesonide is
rapidly cleared from the plasma, a property that
minimises systemic exposure. The clearance of
budesonide after administration of nebulised BIS in
children aged 3—-6 years was approximately 30 mL/
min/kg,!"" with a terminal half-life of 2.3 hours.!'!]
Data from adults indicate that budesonide is excret-
ed primarily in the urine and faeces as metabolites,
with no unchanged budesonide found in the
urine.[!3!

2. Clinical Efficacy

2.1 Persistent Asthma

2.1.1 Placebo-Controlled Trials

The efficacy of BIS was first evaluated in small
placebo-controlled studies in infants and children
with severe persistent asthma that were conducted
outside the US.'*!151 In one study, 40 children
younger than 30 months of age who had severe
asthma (defined as one exacerbation per month re-
quiring oral corticosteroid therapy in the 3 months
before the study, or daily symptoms for =15 days
before the study) were randomised to BIS 1.0mg or
placebo twice daily for 12 weeks.'¥ Significantly
fewer children treated with BIS had one or more
exacerbation requiring oral corticosteroid therapy
compared with those receiving placebo (40% vs
83%; p < 0.01).['1 Moreover, the duration of oral
corticosteroid use was shorter among children in the
BIS group (0% vs 14.5% of total treatment time;
p < 0.05). The incidence of daytime wheezing (2.2%
with BIS vs 11.6% with placebo) and night-time
wheezing (0.6% with BIS vs 6.5% with placebo)
also was significantly lower in children receiving
BIS (p < 0.05 and p < 0.01, respectively).l'¥]

In another study, 36 children younger than 5
years of age with severe asthma requiring a mini-
mum therapy of prednisolone 0.75 mg/kg on alter-
nate days for 24 weeks before the study were ran-
domised to double-blind treatment with BIS 1.0mg
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or placebo twice daily for 8 weeks.['51 After the
initial 8 weeks, all children received open-label
treatment with BIS for an additional 8 weeks. Chil-
dren in the BIS group had significant improvements
in daytime symptoms and health status compared
with children in the placebo group during the dou-
ble-blind treatment period.!'>! Moreover, at the end
of the double-blind treatment period, children treat-
ed with BIS had an approximately 2-fold greater
reduction in the use of oral corticosteroids compared
with placebo recipients (80% vs 41%, respectively;
p < 0.05).11 Similarly to the BIS group, children in
the placebo group had significantly improved health
status (p < 0.001) and decreased oral corticosteroid
use (p<0.00001) when switched to open-label
treatment with BIS.!5)

A larger randomised, double-blind, parallel-
group study by Wennergren et al.l'®! evaluated the
efficacy of BIS maintenance therapy over 18 weeks
in 102 children aged 5-47 months. Children had
persistent asthma that was not controlled by the use
of nonsteroidal medications. Children were ran-
domised to receive nebulised budesonide 0.25 or
1.0mg twice daily. Children were assessed every
third week at clinic visits to determine if they met
the symptom criteria for dose reduction. Children in
the 1.0mg treatment group had their dose halved if
they met these criteria, whereas children in the
0.25mg group remained at the same dosage level.['%]
The goal of this study was to identify the minimal
effective dose of budesonide that would provide
symptom control.l'®! Patient flow through the study
was similar for both treatment groups. Overall, a
minimal effective dose of 0.25mg twice daily was
achieved in 48 children: 12 in the high-dose group
and 36 in the low-dose group. The median time to
achieve 7 consecutive days without symptoms was
not significantly different between children starting
with the high- versus the low-dose treatment regi-
men (30 and 24 days, respectively).['®!

The efficacy of BIS for the treatment of infants
and children was further established in three large
randomised, placebo-controlled US trials that in-
cluded 1018 infants and young children aged 6
months to 8 years with mild-to-severe persistent
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asthma.l'’291 In all three studies, children old
enough to perform pulmonary function tests were
required to have a forced expiratory volume in 1
second (FEV1) of 250% of predicted normal and
reversibility of >15% after a standard dose of
salbutamol.'7-191 In the study by Kemp et al.,['8]
children were included who had exacerbations of
cough or wheeze in the 6 months before the study,
daily use of one or more asthma controller medica-
tion (excluding inhaled corticosteroids) and periodic
use of a rescue bronchodilator for 23 months before
the study. In the study by Baker et al.,!”! children
must have had exacerbations of cough/wheeze on a
recurrent basis, with infrequent severe exacerbations
during the 6 months before the study. These patients
could be receiving an inhaled corticosteroid as con-
troller medication before the study.!'”! Shapiro et
al.l" assessed the efficacy and tolerability of BIS in
children with severe inhaled corticosteroid-depen-
dent asthma who required rescue medication on =5
of 7 days during the baseline period.

Each study included a 2-week run-in phase, after
which patients were randomised to receive BIS at
varying doses once or twice daily, or placebo for 12
weeks (table II).['7291 At the end of the 12-week
treatment period, eligible patients were randomised
to an additional 52 weeks of open-label treatment
with BIS or conventional asthma therapy.!! Con-
ventional asthma therapy included B2-adrenoceptor
agonists, methylxanthines and sodium cromoglicate.
In the open-label extensions of the studies by Baker
et al.l'" and Shapiro et al.,[”! conventional asthma
therapy could also include inhaled corticosteroids.
The primary objective of these 52-week studies was
to assess the long-term safety of BIS maintenance
therapy. Safety results of these studies are discussed
in section 3.

In the 12-week studies of BIS, efficacy was as-
sessed on the basis of asthma symptoms, rescue
medication use and pulmonary function (morning
and evening peak expiratory flow [PEF], and FEV1)
in those patients able to consistently perform pulmo-
nary function tests. Asthma symptoms were rated on
a 4-point scale, where 0 = no symptoms, 1 = mild
symptoms (awareness of asthma symptoms and/or
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signs that were easily tolerated), 2 = moderate symp-
toms (asthma symptoms and/or signs with some
discomfort, causing interference with daily activi-
ties or sleep) and 3 = severe symptoms (incapacitat-
ing symptoms and/or signs, with inability to perform
daily activities or to sleep).l'’-19! Efficacy results of
the three pivotal BIS studies are shown in table II. In
the BIS treatment group, improvements in asthma
symptoms were evident within 2 weeks of initiating
treatment in all three studies and were maintained
throughout the 12-week study periods.!'”!°! Among
patients with mild persistent asthma in the study by
Kemp et al.,'8! once-daily BIS (0.25, 0.5 and
1.0 mg/day) provided statistically significant im-
provements in daytime and night-time symptom
scores (p <0.05 for all) versus placebo. Improve-
ments were similar across all once-daily BIS treat-
ment groups. With the exception of once-daily treat-
ment with BIS 0.25mg in children with moderate
persistent asthma,'”! improvements in daytime and
night-time asthma symptom scores in patients with
moderate-to-severe disease were significant for all
BIS dosages.!'7:1]

Pulmonary function generally improved with
BIS treatment (table II). In children with moderate
asthma, BIS dosages of 0.25-1.0 mg/day produced
statistically significant improvements versus place-
bo in PEF. Changes from baseline morning PEF
ranged from 10.9 to 24.8 L/min, and changes from
baseline evening PEF ranged from 14.1 to 21.0 L/
min.'! In children with inhaled corticosteroid-de-
pendent asthma, all BIS dosages (0.25, 0.50 and
1.0mg twice daily) produced statistically significant
improvements compared with placebo in morning
PEF; significant improvement in evening PEF was
demonstrated only with the 0.25mg twice-daily regi-
men.[" Improvements in morning PEF values were
also observed in children with mild asthma; howev-
er, improvements did not reach statistical signifi-
cance.l' With the exception of the BIS 0.25mg
once-daily dose in children with mild persistent
asthma reported by Kemp et al.,['¥ FEV| increased
from baseline in all three studies. Improvements
from baseline were statistically significant versus
placebo in children with mild persistent asthma

Drugs 2005; 65 (14)
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Table Il. Mean changes from baseline in efficacy variables during the three 12-week US pivotal randomised, placebo (PL)-controlled studies of budesonide inhalation suspension
(BIS) in infants and children

Study? Patient age Treatment group Asthma symptom score® Rescue medication PEF [L/min]° FEV1© (L)

(total no. of patients) (no. of patients) use [days/2 weeks] (no. of patients) (no. of patients)
daytime night-time (no. of patients) morning evening

Kemp et al.[18:20] 6mo-8y BIS 0.25mg od (91) -0.57** (91) -0.49*** (91)  —6.26* (91) 14.4 (44) NR -0.01 (29)
BIS 0.5mg od (83) -0.46* (83) -0.42** (83) -6.31* (83) 6.5 (41) NR 0.03* (28)
BIS 1.0mg od (93) -0.50* (93) —0.42** (93) —5.98" (93) 10.9 (55) NR 0.03* (33)
PL (92) -0.26 (92) -0.16 (92) -4.19 (92) 7.1 (55) NR -0.07 (38)

Baker et al.[7:20] 6mo-8y BIS 0.25mg od (94) -0.28 (92) -0.28 (93) —4.4% (94) 10.9 (32) 16.8* (32)  0.07 (31)
BIS 0.25mg bid (99) —0.40* (97) —0.49*** (97) -5.2* (99) 23.0** (34) 19.2* (34) 0.08 (33)
BIS 0.5mg bid (98) —0.46™* (96) —0.42** (96) -4.9% (98) 248 (29)  21.0™ (29)  0.17* (29)
BIS 1.0mg od (95) -0.37* (93) —0.40** (93) —4.4* (95) 17.1% (34) 14.1 (34) 0.11 (34)
PL (95) -0.19 (92) -0.13 (92) -2.4 (95) -0.20 (32) 1.9 (32) 0.04 (28)

Shapiro et al.[1920] 4-8y BIS 0.25mg bid (47) —0.45* (47) —0.36* (47) Decrease*d (47) 15.3** (47) 14.9* (47) 0.05 (47)
BIS 0.5mg bid (42) —-0.53** (42) -0.37* (42) Decrease**® (42) 11.8* (42) 11.6 (42) 0.08* (42)
BIS 1.0mg bid (45) —0.55** (45) -0.36* (45) Decrease* (45) 10.4* (45) 13.2 (45) 0.07 (45)
PL (44) -0.11 (44) -0.08 (44) Decrease (44) -1.3 (44) 3.0 (44)  -0.01 (44)

a Mellon, on behalf of the Budesonide Inhalation Suspension Study Group,?°! reviewed the efficacy results from all three privotal trials. This paper provided additional details
not originally published.

b Based on a 4-point scale from 0 = no symptoms to 3 = severe symptoms.

¢ Assessed in children capable of consistently performing pulmonary function tests.

d Statistically significant; values not provided.

bid = twice daily; FEV1 = forced expiratory volume in 1 second; NR = not reported; od = once daily; PEF = peak expiratory flow; *p <0.05, **p <0.01, ***p<0.001 vs PL.
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treated with BIS 0.5 or 1.0mg once daily,"'¥! and in
children with moderate or severe persistent asthma
treated with BIS at the 0.5mg twice-daily dosage
level.17:201

In all three studies, BIS therapy significantly
reduced the need for rescue bronchodilator use com-
pared with placebo (table 11).[7-2%1 In children with
mild or moderate persistent asthma, BIS decreased
the number of days that bronchodilators were re-
quired by 4.4-6.3 days per 2-week period compared
with reductions of 2.4-4.2 days per 2-week period
for children receiving placebo.l'”!81 Furthermore,
children with inhaled corticosteroid-dependent asth-
ma who were treated with BIS were less likely to
receive a course of parenteral or oral corticosteroids
during the course of the study (5-18%) than those
treated with placebo (36%).11!

BIS is effective across all age groups. In the
studies evaluating infants and children with mild or
moderate persistent asthma, similar improvements
in all age groups were observed when patients were
stratified by age.['”:!8] Similar results were obtained
in retrospective analyses of pooled data from these
two trials. When patients were stratified according
to age (<4 vs 24 years), BIS was similarly effective
in both age groups when administered once daily?*!
or twice daily.[?

2.1.2 Comparative Trials

Recent studies have compared the efficacy of
BIS with that of other controller medications in
children with persistent asthma. In a 52-week
randomised trial conducted in young children with
mild-to-moderate persistent asthma, BIS provided
significantly greater asthma control compared with
sodium cromoglicate nebuliser solution.*¥ In this
study, 335 children aged 2—6 years were randomised
to receive treatment with BIS 0.5 mg/day (either
once or in two divided doses, n = 168) or sodium
cromoglicate 80 mg/day (n = 167) for an initial 8
weeks, after which study drug dosages were titrated
at investigators’ discretion.[**! At the completion of
the study, the mean daily dose of BIS ranged from
0.54 to 0.61mg. The corresponding range for sodi-
um cromoglicate was 76.3 to 65.0mg.?*! Children in
the BIS group had a significantly lower mean exac-
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erbation rate (1.23 vs 2.41 exacerbations per year;
p <0.001), a longer mean time to first exacerbation
(217 vs 148 days; p < 0.001) and a longer mean time
to first added long-term asthma medication (321 vs
235 days; p < 0.001) compared with children in the
sodium cromoglicate group.?*! Children treated
with BIS also had improvements in daytime and
night-time symptom scores that were almost double
those of children treated with sodium cromoglicate
(p < 0.001).2* In addition, BIS was associated with
a significantly greater decrease in the need for res-
cue medication (p < 0.001) and reduced emergency
department and urgent care visits (figure 1).?* De-
creased healthcare resource use in this study was
consistent with the findings of a named-patient case
series (n = 15), in which 21 year of treatment with
BIS 0.25-1.5 mg/day reduced the need for emergen-
cy intervention in children aged 10-35 months who
had frequent asthma-related hospitalisations (figure
2).[25]

Analysis of child health status and the quality of
life of caregivers of children treated with BIS or
sodium cromoglicate demonstrated a trend towards
a greater improvement in overall health status with
BIS than sodium cromoglicate.”®! Significantly
greater improvements in quality of life overall, and
in activities and emotional functioning, were also
shown in caregivers of children treated with BIS.

| BIS
[0 Sodium cromoglicate

80
70
60
50
40
30

20 .
e il H]

Percentage of patients

Hospitalisation Emergency  Urgent Oral
department care visit corticosteroid
visit use

Fig. 1. Healthcare resource utilisation over 1 year in children treat-
ed with budesonide inhalation suspension (BIS) and sodium
cromoglicate (cromolyn sodium) nebuliser solution.? * p = 0.02,
** p < 0.01 vs sodium cromoglicate.
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Fig. 2. Yearly number of (a) 1-week oral prednisone courses and
(b) hospitalisations for asthma and upper respiratory tract infection
in children before and during treatment with budesonide inhalation
suspension (BIS) [copyright 2003 from Chipps et al.?® Reproduced
by permission of Taylor & Francis Group, LLC., http:/
www.taylorandfrancis.com].

Quality-of-life improvements with BIS were clini-
cally meaningful (=0.5 unit change) throughout the
1-year study.?¢!

Two randomised trials have compared the effica-
cy of BIS with that of nebulised beclometasone in
children with persistent asthma.?”?8! In one study,
127 children aged 614 years with mild-to-moderate
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asthma were randomised to receive nebulised
beclometasone 0.8 mg/day or BIS 1.0 mg/day ad-
ministered twice daily for 4 weeks.[”! Children in
both treatment groups demonstrated significant im-
provements from baseline in pulmonary function,
asthma symptoms and rescue medication use. Mean
clinic PEF, the primary study variable, increased
similarly for patients receiving BIS (from 180.4 to
260.9 L/min; p <0.001) and beclometasone (from
177.5 to 246.6 L/min; p < 0.001).281 Improvements
in FEV|, forced vital capacity, asthma symptom
scores, use of rescue medication, nocturnal awaken-
ing and diurnal dyspnoea were similar between
treatments.?8!

Similar results were obtained in a second study in
which BIS (0.75 mg/day) and nebulised beclometa-
sone (0.8 mg/day) were administered in a twice-
daily regimen for 14 weeks to 130 infants and chil-
dren aged 6 months to 6 years who had severe
persistent asthma.?”l There was no significant dif-
ference observed between children treated with BIS
and those treated with beclometasone with respect to
the primary efficacy endpoint, the proportion of
children who were exacerbation-free (51.7% vs
40.4%, respectively; p = 0.22).27] Improvements in
oral corticosteroid use, salbutamol use, and days or
nights with wheezing or coughing were also similar
between groups.?”!

2.2 Acute Asthma or Wheezing

The risks associated with repeated oral cortico-
steroid therapy are well established and include frac-
ture,*’! cataract formation,% infection,?! and cog-
nitive or mood changes!®*?! among others. Thus, the
value of inhaled corticosteroid therapy for the treat-
ment of asthma cannot be understated. The efficacy
of BIS in the treatment of acute exacerbations of
asthma has been assessed as an adjunct to oral
prednisone therapy®* and compared with oral pred-
nisolone,?4371 nebulised ipratropium bromide,™8!
nebulised terbutaline® and placebo.l*3 Although
limited, data demonstrate that BIS is clinically ef-
fective for the treatment of acute asthma in chil-
dren.[33-381 [n the randomised, double-blind, parallel-
group study by Matthews et al.,’*¥ 46 children and

Drugs 2005; 65 (14)
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adolescents aged 5—16 years who were hospitalised
with a severe asthma exacerbation were randomised
to receive BIS 2.0mg every 8 hours or prednisolone
2.0 mg/kg (up to a maximum of 40mg) at randomi-
sation and 24 hours. Improvements in the BIS and
oral prednisolone groups at 24 hours were similar
for most efficacy parameters (FEV 1, PEF, severity
of cough and wheeze); improvement in shortness of
breath was significantly greater in children treated
with BIS.B* A second randomised, double-blind
study conducted in children aged 2—12 years with
acute attacks of asthma demonstrated superiority of
BIS 0.8mg plus nebulised salbutamol administered
three times at half-hourly intervals (n=41) over a
single dose of oral prednisolone 2.0 mg/kg plus
salbutamol administered at half-hourly intervals
(n = 39). After the third dose of nebulised treatment,
the oxygen saturation, respiratory rate, pulmonary
index and respiratory distress score were signifi-
cantly improved with BIS versus prednisolone
(p <0.01).5%" Two hours after the third treatment,
significantly more patients in the BIS group were fit
for discharge (54% vs 18%; p < 0.001).53¢

In infants and children aged <24 months who
were hospitalised with acute wheeze and dyspnoea,
the addition of BIS 0.25mg administered every 6
hours to a regimen of intravenous fluid, hydrocorti-
sone and nebulised fenoterol improved clinical
scores more rapidly and decreased hospital length of
stay compared with the addition of a similar regimen
of nebulised ipratropium bromide 0.1mg.8! In an
earlier study of 123 children aged <18 months with
acute wheeze, BIS was associated with a shorter
hospital length of stay compared with nebulised
terbutaline.[>! Improvement in the symptom score
compared with placebo was significant for children
treated with BIS but not for those treated with
terbutaline or prednisolone.3!

Another study demonstrated that BIS also effec-
tively decreases symptoms in infants and children
aged 6 months to 3 years who have had recurrent
episodes of wheeze.l* Forty-two children who had
three or more wheezing episodes and asthma symp-
toms on >40% of days in the 3 months before the
study were assessed.*”! A high starting dose of BIS
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(1.0mg twice daily followed by a stepwise decrease)
was more effective than a lower starting dose
(0.25mg twice daily) in decreasing early symptoms,
resulting in a significantly earlier mean time to
clinical response (3.0 vs 5.7 days; p = 0.02) with the
higher BIS dosage regimen."!

3. Safety

3.1 Adverse Events

In the three pivotal US BIS trials, the overall
type, incidence and severity of adverse events did
not differ significantly in children treated with BIS
compared with those who received placebo.l!7-11
Moreover, there were no apparent dose-related
trends in the incidence of adverse events, with simi-
lar rates across dosage groups.!'”-1%401 Qverall, rates
for the most frequent adverse events were similar for
children treated with BIS and placebo: respiratory
infections (34-38% vs 36%, respectively), fever
(9-19% vs 23%), sinusitis (12-16% vs 17%), otitis
media (7-12% vs 12%) and rhinitis (8-12% vs
10%).1%%1 In addition, the incidences of serious ad-
verse events in children who received BIS or place-
bo were similar (2% and 3%, respectively) as was
the proportion of children who discontinued treat-
ment because of adverse events (2% and 1%).140!

Although specific ophthalmological examina-
tions were not performed in the three pivotal trials,
there were no reports of subcapsular or lenticular
cataracts.*!l In worldwide postmarketing surveil-
lance of BIS that extended from January 1990
through to June 2002, three reports of cataract were
identified in children (aged 9 months, 24 months and
14 years); however, two of these cases had con-
founding factors (e.g. prematurity, history of con-
genital cataracts).*!! There were also no clinically
significant differences reported between children
treated with BIS or placebo in vital signs, physical
examination findings or laboratory test results (in-
cluding nasal and fungal cultures) over the course of
the studies.['”-1°1 Dysphonia was reported in <3% of
patients in the three US double-blind and open-label
studies of BIS and occurred in one patient from each
treatment group in the 52-week open-label compara-
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al asthma therapy (CAT) [adverse events reported by >10% of children in any treatment group during the 1-year extensions of the BIS

pivotal studies].l*"!

tor trial conducted with sodium cromoglicate.*!]
Only one case of dysphonia and three cases of
hoarseness were reported in postmarketing surveil-
lance of BIS.4!

Tolerability of BIS in terms of adverse events
was similar for the 670 patients who completed the
52-week open-label extensions of the 12-week stud-
ies.2149 After adjusting for the duration of drug
exposure, there was no significant difference in the
rates of adverse events between patients in the BIS
(n=447) and conventional asthma therapy
(n=223) groups (figure 3), with similar results
across patient subpopulations (i.e. based on gender,
race or age).?'*9 There was also no difference be-
tween the BIS and conventional asthma therapy
groups in the percentage of patients who exper-
ienced a serious adverse event (8.3% vs 8.1%, re-
spectively) or who discontinued treatment because
of an adverse event (0.7% vs 0.4%, respectively). 0]
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A recent 12-week, randomised, double-blind,
placebo-controlled study assessed the safety of BIS
0.5 and 1.0mg administered once daily in 141 in-
fants aged 6-12 months who had mild-to-moderate
persistent asthma or recurrent wheeze.*?! In this
study by Berger et al.,'*?! the percentages of infants
who experienced one or more adverse event while
receiving BIS 0.5mg, BIS 1.0mg or placebo were
90%, 98% and 88%, respectively. The most fre-
quently reported adverse events are shown in figure
41421 Overall, the types and frequencies of adverse
events were similar across treatment groups. With
the exception of rhinitis, the frequencies of adverse
events also were similar in the age strata of 6 to <9
months and 9 to <12 months. Serious adverse events
were reported in two patients who received BIS
1.0mg (asthma, pneumonia) and in three patients
who received BIS 0.5mg (asthma, respiratory infec-
tion, viral infection); none was related to treat-
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ment.”*?! The number of positive nasal fungal cul-
tures was low and similar between the treatment
groups.[*?!

3.2 Adrenal Function

In the three pivotal US studies, BIS produced no
clinically relevant changes in adrenal function at any
dosage level. There were no clinically relevant dif-
ferences in basal cortisol levels throughout the stud-
ies, and changes from baseline to week 12 were
similar in children who received BIS at dosages of
0.25-2 mg/day and those who received place-
bo.l'7-19 In the study by Shapiro et al.,!'"! the highest
BIS dosage (1.0mg twice daily) produced an ap-
proximate 10% decrease in corticotropin (ACTH)-
stimulated plasma cortisol levels, but only one pa-
tient in this group shifted from a normal to abnormal
stimulated response during the study.!'>#3 Similarly
to the 12-week studies, no significant difference in

mean basal or ACTH-stimulated cortisol levels were
observed between treatment groups during the
52-week open-label extensions (figure 5).[4043
Overall, BIS therapy did not affect the proportion of
children with shifts from normal responses to te-
tracosactide (cosyntropin) at baseline to abnormal
responses at week 12 (9-13% for BIS vs 15% for
placebo)!'”- 19431 or week 52 (24% for BIS vs 21% for
conventional asthma therapy).l*>*3 In the compara-
tor trial by Leflein et al.,'**! basal and ACTH-stimu-
lated plasma cortisol levels at baseline and week 52
were similar for patients treated with BIS and those
treated with sodium cromoglicate.

In the 12-week study by Berger et al.!*?! conduct-
ed in infants aged 6-12 months, mean tetracosac-
tide-stimulated plasma cortisol levels at study end
were 674, 661 and 650 nmol/L for infants who re-
ceived BIS 0.5mg, BIS 1.0mg or placebo, respec-
tively. Changes from baseline in poststimulated

60 7 B BIS 0.5mg (n = 48)
O BIS 1.0mg (n = 44)
[ Placebo (n = 49)
50 -
o 40 u
=
kS
‘a‘ —
o
o 30 -
(o]
g
[
[0
o
[0
& 20 1 B
o_
& @ S & © & ) ES N D
£ & & S S E S
\(‘\\ <@ e $© éfb @ & & > & ,06 €
N} & NG Q & © S <
& ° <& o
NN
o S
¥ ¥

Adverse event

Fig. 4. Most common adverse events in infants aged 6-12 months with mild-to-moderate asthma receiving budesonide inhalation
suspension (BIS) or placebo (adverse events reported by >10% of infants in any treatment group during 12 weeks of double-blind

treatment).1*2]
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plasma cortisol levels were similar between groups.
Seven patients had a shift in tetracosactide-stimulat-
ed plasma cortisol responses from normal at base-
line to abnormal at week 12; four (14.3%) and two
(11.8%) in the BIS 0.5 and 1.0mg treatment groups,
respectively, and one (3.2%) in the placebo
group.*?l Results in infants stratified by age (6 to <9
months and 9 to <12 months) were consistent with
the overall results./?!

3.3 Growth

Although the short-term pivotal trials of BIS
were not prospectively designed to assess growth,
data from the 52-week open-label extensions
demonstrated a small effect of BIS on growth in one
of the three studies.%#1 In the 52-week follow-up
study® of the trial by Kemp et al.l'® involving
children with mild asthma and no prior exposure to
inhaled corticosteroids, growth velocity was re-
duced by about 0.8 cm/year in children treated with
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BIS (0.25-1.0 mg/day) versus placebo (6.55 £ 2.08
vs 7.39 £ 2.52 cm/year; p = 0.002).141 However, the
pooled analysis (Kemp et al.,['8! Shapiro et al.['*! and
Baker et al.l'”) showed a nonsignificant difference
in growth velocity of 0.lcm between the BIS and
conventional asthma therapy groups. The differ-
ences in growth observed among these three studies
might be related to the severity of underlying asth-
ma. Kemp et al.l'8 included patients with mild asth-
ma, whereas the patients in the studies by Baker et
al.l'" and Shapiro et al.'®! had more severe asthma.
Finally, in the studies by Baker et al.l'” and Shapiro
et al.,'”! which evaluated skeletal age, mean differ-
ences between skeletal and chronological age were
similar between children treated with BIS
(0.25-2.0 mg/day) and those treated with conven-
tional asthma therapy.*¥ Although not designed as a
prospective growth study, a small but significant
reduction in growth velocity (—0.86 cm/year;
p <0.001) was reported with BIS in the 52-week
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comparator study by Leflein et al.**! In the afore-
mentioned Berger et al.*?! study of infants aged
6—12 months, mean height increased from baseline
in all treatment groups; baseline-adjusted increases
in height were 0.2cm (95% CI —0.6, 1.0) and 0.6cm
(95% CI —0.2, 1.4) in patients treated with BIS 0.5
and 1.0mg, respectively, compared with placebo.

Evidence suggests that predicted adult height is
achieved irrespective of the short-term growth delay
associated with inhaled corticosteroid therapy.*-4
Data from the CAMP (Childhood Asthma Manage-
ment Program) study indicated that while budeso-
nide (delivered via a dry powder inhaler [DPI]) was
associated with a smaller mean increase in height
compared with placebo at the end of treatment
(1.1cm), there was no difference between groups for
mean projected final height.8 This transient
growth effect is supported by the results of a pro-
spective cohort study in which children with mild-
to-moderate asthma treated with an average daily
dose of inhaled budesonide of 110-877ug (mean
duration 9.2 years) attained normal predicted adult
height.[*! These findings suggest that any effect on
growth is transient, and that children receiving in-
haled budesonide should reach their final predicted
adult height.[+48:49

4. Dosage and Administration

Dose responses based on standard efficacy
asthma outcomes are difficult to demonstrate for
inhaled corticosteroids. Accordingly, there were no
consistent dose-related trends with respect to effica-
cy parameters in the three large placebo-controlled
trials,['7-19 except that the 0.25mg once-daily dosage
appeared to be less effective compared with the
higher dosages.['”! Although the effect of divided
doses on the efficacy of BIS was not formally evalu-
ated, BIS 0.5mg twice daily produced numerically
superior results to BIS 1.0mg once daily in children
with moderate asthma.l'”l The evidence generally
supports total daily BIS doses of 0.25-1.0mg as
being effective in children with mild-to-moderate
persistent asthma,[!7-18:2428 whereas patients with
more severe disease may require the higher doses of
0.5-2.0 mg/day.l'+16:19.25271 Moreover, in a case se-
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ries of 56 infants and children with frequent severe
asthma exacerbations, de Jongste and Duiverman®!
reported effective doses of up to 2.5 mg/day. In
addition to the child’s disease severity, the physician
should also consider the manufacturer’s recommen-
dations when selecting appropriate dosages.

In the US, BIS is indicated for use in patients
with asthma who are aged 12 months to 8§ years. The
recommended starting dose of BIS for patients pre-
viously receiving either bronchodilators alone or
inhaled corticosteroids is 0.5 mg/day (either once
daily or twice daily in divided doses). A starting
dose of 0.25 mg/day may also be considered for
children who are symptomatic whilst receiving non-
steroidal therapy. A higher starting dose (1.0 mg/
day) is recommended for those patients previously
receiving oral corticosteroids.!'3! If once-daily ad-
ministration does not provide adequate control of
asthma symptoms, consideration should be given to
either increasing the total dose or administering the
drug in divided doses.'¥ The maximum recom-
mended daily dose is 0.5 mg/day for patients previ-
ously receiving bronchodilators alone and 1.0 mg/
day for those receiving prior inhaled or oral cortico-
steroids.!®) In the UK, the recommended starting
dose of BIS is 0.5-1.0mg twice daily for children
aged 3 months to 12 years and 1.0-2.0mg twice
daily for adolescents =12 years, with recommended
maintenance doses being typically half the initial
dose.[?!

The benefit of a high starting dosage of BIS was
demonstrated in a relatively small study in infants
and young children with recurrent wheeze (n = 42),
in which BIS 1.0mg administered twice daily, fol-
lowed by a stepwise decrease of 25% every second
day for 1 week, was associated with significantly
greater early improvement in asthma symptoms
compared with a constant dose of 0.25mg adminis-
tered twice daily.®?! A 12-week, randomised, dou-
ble-blind, parallel-group study conducted in 64 chil-
dren aged 6—40 months with three or more asthma
exacerbations in the previous year similarly demon-
strated greater efficacy with a higher BIS starting
dose. BIS 2.0 mg/day resulted in significantly less
daytime and night-time wheezing compared with a
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starting dose of 0.5 mg/day. Although the percent-
age of children requiring oral corticosteroids to treat
an exacerbation was lower in the 2.0 mg/day BIS
group (37% vs 47%), the difference was not statisti-
cally significant (p = 0.42).5! In contrast to these
studies, results of another 12-week, randomised,
double-blind study demonstrated no significant dif-
ferences in symptom control, hospital visit frequen-
cy and rescue medication use in children with recur-
rent bronchial obstruction who were younger than
18 months of age and who received BIS 1.0 mg/day
for 1 month followed by 0.25 mg/day for 2 months
(n=24) versus BIS 0.2 mg/day for 3 months
(n=25).5%

The choice of nebuliser affects the delivery of
BIS. Conventional ultrasonic nebulisers inefficient-
ly aerosolise BIS and, thus, are not suitable for
administration of BIS."3 Smaldone et al.®¥ demon-
strated that BIS can be successfully administered via
several commercially available jet nebuliser/com-
pressor systems. However, the study demonstrated a
substantial variability in performance, with values
for inhaled mass ranging from 2% to 18% of the
nebuliser charge.’* Among the 13 most efficient
systems, the mass median aerodynamic diameter
ranged from 3.8 to 5.5um, which is considered
within the respirable range.’*! One of the most
efficient nebuliser/compressor systems was the Pari
LC-Jet Plus® nebuliser with a Pari-Master® com-
pressor. The pivotal studies evaluated BIS adminis-
tered via this nebuliser/compressor system.[!”-11 A
randomised, single-blind, crossover study compared
the clinical effect of budesonide administered via
the Aiolos® or Pari LL® nebuliser in 38 children
aged <4 years who had a chronic wheeze. Although
this study demonstrated a 2-fold difference between
nebulisers in the percentage of the nominal drug
dose delivered to the patient, no significant effect on
clinical outcomes or the minimal effective dose was
observed in this study.!> These studies highlight the
differences in drug delivery based on different nebu-
liser designs. However, additional factors that affect
aerosol delivery include patient characteristics (e.g.
breathing pattern) and caregiver variables (i.e.
facemask seal, blow-by technique).’**! For exam-
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ple, Geller et al.b7! recently demonstrated that use of
the blow-by technique (1.5cm from the face) de-
creased lung deposition of budesonide by as much
as 43%.

Retrospective analyses of the 12-week pivotal
studies by Kemp et al.l'8! and Baker et al.l'”! demon-
strated similar efficacy of BIS when delivered via a
jet nebuliser using either a facemask or mouth-
piece.’8 Retrospective safety analysis of the
study by Baker et al.l'7l demonstrated a similar
incidence, type and severity of non-asthma-related
adverse events among children in the BIS (facemask
and mouthpiece) and placebo treatment groups.
Moreover, no clinically significant between-group
differences were observed in vital signs, physical
findings or laboratory test results (including nasal or
oral fungal cultures).%

In vitro, BIS has demonstrated chemical compat-
ibility and physical stability over 30 minutes when
admixed in a nebuliser cup with levalbuterol hydro-
chloride, salbutamol, sodium cromoglicate and ipra-
tropium bromide.!® These findings suggest that BIS
may be mixed with any of these commonly nebu-
lised asthma medications. While this approach to
drug administration may increase the overall dura-
tion of nebulisation therapy, it may also allow for
more convenient administration of multiple medica-
tions.

5. The Role of Budesonide Inhalation
Suspension in the Treatment of Infants
and Children with Asthma

Inhaled corticosteroids are the cornerstone treat-
ment for persistent asthma in patients of all ages.
According to the NAEPP, inhaled corticosteroids
administered via nebuliser or metered-dose inhaler
(MDI) with a holding chamber, with or without a
facemask, or via DPI are the preferred agents for the
long-term control of persistent asthma of any severi-
ty in infants and young children.™! Previously, sodi-
um cromoglicate and nedocromil were considered
first-line treatment options for children aged <5
years who have mild persistent asthma; however,
substantial evidence supporting inhaled corticoste-
roids as the preferred controller therapy in children
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was provided by the CAMP study. In this trial,
continuous long-term treatment with budesonide
(mean follow-up 4.3 years) via DPI produced signif-
icant improvements in airway responsiveness, asth-
ma symptoms and rescue medication use compared
with placebo in 1041 children aged 512 years who
had mild-to-moderate persistent asthma. Ne-
docromil provided little or no benefit with regard to
these outcomes compared with placebo.[*®!

The efficacy and safety of BIS in infants and
children are well established. Among other studies,
three US randomised, double-blind, placebo-con-
trolled studies involving >1000 infants and children
aged 6 months to 8 years have demonstrated that
BIS improves daytime and night-time asthma
symptoms, decreases rescue medication use and im-
proves pulmonary function across all asthma severi-
ties.['”-191 In comparative trials in children with per-
sistent asthma, BIS was superior to nebulised sodi-
um cromoglicate!?*?%! and as effective as nebulised
beclometasone. >8]

BIS has a favourable long-term safety profile,
with an incidence of adverse events that does not
differ from that of placebo. Although concerns exist
regarding the potential effects of inhaled corticoste-
roid use on adrenal function and growth, the
NAEPP’s evidence-based guidelines concluded that
“the use of inhaled corticosteroids at recommended
doses does not have long-term, clinically signifi-
cant, or irreversible effects” on the adrenal/pituitary
axis or vertical growth.*!

Combined data from the three pivotal trials of
BIS and their open-label extensions demonstrated
no effect on adrenal function in children aged 6
months to 8 years, and an additional 12-week study
demonstrated no adverse effects on adrenal function
in infants aged 6—12 months. However, it should be
noted that isolated cases of adrenal suppression have
been reported in children receiving high-dose BIS
therapy™®!l or discontinuing long-term treatment
with inhaled budesonide.[%?! With respect to growth,
children treated with BIS have demonstrated small
but statistically significant reductions in growth ve-
locity over 1 year in some studies. The class effect of
corticosteroids on growth is well established; how-
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ever, evidence suggests that these short-term effects
do not typically prevent achievement of predicted
adult height.*3-471 Nevertheless, growth should be
monitored in all children who receive long-term
inhaled corticosteroid treatment.

Selection of the most appropriate administration
device for inhaled corticosteroids has the potential
to influence the degree of asthma symptom control.
Therefore, it is important for clinicians to assess the
ability of a child to use the administration device
when selecting a therapy. Children younger than 4
years are often unable to effectively use MDIs or
DPISs; the availability of a nebulised inhaled cortico-
steroid formulation provides a valuable option for
effective delivery of therapy to this age group.

6. Conclusions

In conclusion, BIS has well established efficacy
and safety in the treatment of infants and children
with all degrees of asthma severity. In the US, BIS is
the only inhaled corticosteroid available for nebu-
lisation, and it is the first and only inhaled cortico-
steroid approved by the US FDA for use in children
aged <4 years. On the basis of its long-term efficacy
and safety record, and its potential for greater ease
of use compared with other inhaled corticosteroid
formulations, especially for young patients, BIS rep-
resents a valuable first-line treatment option for
infants and children with persistent asthma.
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