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Budesonide inhalation suspension:
A nebulized corticosteroid for persistent
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Stanley J. Szefler, MD,2 and Howard Eigen, MDY Denver, Colo, and Indianapolis, Ind

Guidelines for managing asthma in pediatric patients published
by the American Academy of Allergy, Asthma, and Immunology
and the American Academy of Pediatrics recommend the use of
inhaled corticosteroids for the management of persistent asthma
in infants and young children. When these guidelines were pub-
lished, pressurized metered-dose inhalers and dry-powder
inhalers were the only delivery devices available for inhaled corti-
costeroids in the United States. These devices can be difficult for
young children to use correctly. Furthermore, no inhaled cortico-
steroid was approved in the United States for the treatment of
children younger than 4 years. Budesonide inhalation suspension
(Pulmicort Respules; AstraZeneca LP, Wilmington, Del) was
developed to meet the medication delivery needs of infants and
young children with persistent asthma. Pulmicort Respules is the
first inhaled corticosteroid approved for administration by means
of a nebulizer and the only inhaled corticosteroid approved in the
United States for infants as young as 12 months. Budesonide has
been studied extensively worldwide. In the United States the toler-
ability and efficacy of budesonide inhalation suspension were con-
firmed in 3 placebo-controlled multicenter trials. These studies
demonstrated that both once- and twice-daily dosing of budes-
onide inhalation suspension (0.25-1 mg) improved pulmonary
function and ameliorated asthma symptoms in infants and young
children with persistent asthma. Budesonide inhalation suspen-
sion was well tolerated, and the incidences of reported adverse
events were similar among patients in the budesonide, placebo,
and conventional asthma therapy groups. This article reviews the
results of these studies, as well as the pharmacokinetics, pharma-
codynamics, and clinical use of budesonide inhalation suspension.
(J Allergy Clin Immunol 2002;109:730-42.)
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CLINICAL NEED FOR A NEBULIZED
CORTICOSTEROID

Incidence of asthma in infants and young
children

Pediatric asthma is a major global health problem with
substantial and costly effects on the family, health care
services, and society.l:2 Asthma affects 4% to 5% of
American children, with rates of prevalence, severity,
and death on the rise since 1980.3# Data from family
health status questionnaires show that prevalence rates
for asthma increased 75% from 1980 to 1994, with the
largest increase occurring in children 4 years of age or
younger.# This age group also had the highest rate of hos-
pitalization; mortality rates during this period were
slightly increased in the 0- to 4-year age group and near-
ly doubled for children 5 to 14 years of age.5 In addition,
asthma morbidity, as measured by school and work loss,
has increased over the 10-year period from 1985 to
1994.2 These data suggest that children are at increasing
risk for morbidity and death caused by asthma and high-
light the importance of early detection and asthma man-
agement for the pediatric population.

Current management guidelines

Asthma management guidelines provided by the
National Asthma Education and Prevention Program and
published by the National Heart, Lung, and Blood Insti-
tute of the National Institutes of Health have established
a stepwise approach for the diagnosis and treatment of
asthma.® Medications used in the treatment of asthma are
classified into 2 categories: long-term control medica-
tions and quick-relief medications. Disease severity is
divided into 4 classifications: mild intermittent, mild per-
sistent, moderate persistent, and severe persistent. Chil-
dren with mild intermittent asthma may be treated with
quick-relief medication alone, and daily treatment may
not be required. For all severities of persistent disease,
long-term use of daily controller medication is recom-
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Abbreviations used
ACTH: Adrenocorticotropic hormone
CAMP: Childhood Asthma Management Research Program
CAT: Conventional asthma therapy
PEF: Peak expiratory flow

mended to achieve and help sustain control of asthma
symptoms. Of the long-term control medications, inhaled
corticosteroids are recognized as the most potent and
effective anti-inflammatory medications. Inhaled corti-
costeroids have become the mainstay of treatment for
persistent asthma because of their effectiveness in reliev-
ing symptoms, improving pulmonary function, and
reducing requirements for rescue medication.6-

Treatment challenges

Because of challenges in conducting clinical trials in
children, many medications used to treat pediatric asthma
have not been intensively studied in children and do not
have the necessary safety and efficacy data required by
the Food and Drug Administration for pediatric labeling.
In addition to ethical issues, challenges include reliance
on the indirect assessment of symptoms and adverse
events from caregivers, the failure of the caregiver to
detect nighttime symptoms, and the inability of young
children to perform pulmonary function tests. For these
reasons, treatment of young children with inhaled corti-
costeroids has been complicated by a lack of approved
products and by technical difficulties in drug delivery.

Until the recent approval of budesonide inhalation sus-
pension (Pulmicort Respules; AstraZeneca LP, Wilming-
ton, Del), no inhaled corticosteroid was approved in the
United States for treatment of children younger than 4
years. In addition, available delivery devices are not
designed for the pediatric population. Children younger
than 4 years of age may have trouble using dry-powder
inhalers because of low or variable inspiratory flow rates,
resulting in a poor or inconsistent clinical response.6-10-13
A pressurized metered-dose inhaler with a spacer is often
prescribed for young children, but children younger than
4 years often lack the coordination and understanding to
use such devices effectively.6-14-16 Consequently, there
are no dosing guidelines for use of these devices in chil-
dren less than 4 years of age. In addition, parents or other
caregivers must understand how to use spacers, holding
chambers, and face masks appropriately.6 Failure to
shake the canister before each actuation and related prac-
tical difficulties in assisting an uncooperative child may
lead to suboptimal medication delivery.17 Large spacer
devices may require the assistance of more than one adult
for medication administration.!” Comparative studies of
inhaled corticosteroids and delivery devices also are
lacking in this young patient population. An important
method of drug delivery to infants and young children is
nebulization.%:18 Nebulizer delivery of budesonide has
been shown to be effective, and budesonide inhalation
has been approved for prophylactic and maintenance

Szefler and Eigen 731

treatment of persistent asthma in children 12 months to 8
years of age.19

NEBULIZED BUDESONIDE
Clinical pharmacology

Glucocorticoid and lipophilic properties. Asthma is
characterized by airway inflammation. Corticosteroids
have inhibitory effects on multiple cell types (eg, mast
cells, eosinophils, macrophages, and lymphocytes) and
mediators (eg, histamine, eicosanoids, leukotrienes, and
cytokines) that are involved in allergic and nonallergic
inflammation.20 Many of the cellular effects of cortico-
steroids likely to be important in asthmatic inflammation
are believed to involve increased transcription of anti-
inflammatory genes (eg, genes encoding lipocortin 1,
secretory leukocyte protease inhibitor, IL-10, and B,-
adrenoceptors) and decreased transcription of inflamma-
tory genes.2! Budesonide, a nonhalogenated corticoste-
roid, exhibits potent glucocorticoid activity and weak
mineralocorticoid activity.2? In standard in vitro models
budesonide has approximately a 200-fold higher affinity
for the glucocorticoid receptor than does cortisol.23

Administration of budesonide by means of inhalation
enables local delivery to the bronchial tree.22 In animal in
vivo and human in vitro models microsomal enzymes in
lung tissue catalyze the formation of fatty esters of
budesonide in a reversible reaction.2425 It is hypothe-
sized that these lipophilic esters are retained in the large
airways for a prolonged period of time, serving as a local
depot of regenerable active budesonide.2426 Active
budesonide gradually becomes available to the receptor
through hydrolysis of these stored esters. In a study in
which 24 subjects were simultaneously administered
intranasal single doses of budesonide and fluticasone
propionate, unesterified budesonide and budesonide
esters (oleate and palmitate) and fluticasone, respective-
ly, were detected in nasal tissue biopsy specimens 6
hours after drug administration.2” Unesterified budes-
onide was detected in 67% of the biopsy specimens at 24
hours compared with 25% detection for fluticasone.
Although not an examination of the large airways, this
study demonstrates the formation of budesonide esters
and the retention of budesonide in the human nasal
mucosa in vivo.

Relative activity. The potency of budesonide is 1000
times that of cortisol when assessed by the ability to
inhibit ear edema formation in the rat.23 The topical
activity of budesonide is greater than that of beclometha-
sone dipropionate, betamethasone valerate, flunisolide,
hydrocortisone butyrate, and triamcinolone acetonide
and near that of fluticasone propionate in adults when
tested with the human skin vasoconstriction assay.?2.23
The relevance of skin potency assays to clinical therapy
has not been established. Budesonide has a high ratio of
topical anti-inflammatory activity to systemic activity,
resulting from potent local anti-inflammatory activity,
extensive first-pass metabolism of orally absorbed drug,
and low potency of budesonide metabolites.23
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TABLE I. Nebulized budesonide pharmacokinetics in
asthmatic children 3 to 6 years of age?341

Parameter Value

Total systemic bioavailability (lung and oral) 6%

Time to peak plasma concentration 10-30 min
Peak plasma concentration 2.6 nmol/L
AUC per milligram nominal dose 4.6 nmol/L X h/mg
Volume of distribution at steady state 3 L/kg

Total systemic clearance 0.5 L/min
Elimination half-life 23h

AUC, Area under plasma concentration—time curve.

Effects on inflammatory cells and mediators. Studies
of airway inflammation in adults, including study of
bronchoalveolar lavage fluid, indicate that bronchial
hyperresponsiveness is correlated with increased
eosinophil and mast cell concentrations.28:29 Although
persistent wheezing may involve more than high levels of
eosinophils and mast cells,30 the immunopathology of
pediatric asthma appears to be similar or identical to that
of adult asthma.3! In studies assessing inflammatory
cells in adult patients with newly diagnosed asthma, sig-
nificant increases in mast cells, eosinophils, lympho-
cytes, and macrophages were measured in biopsy speci-
mens of bronchial airway epithelium.32-34 Inhaled
budesonide treatment reduced the numbers of these
inflammatory cells compared with pretreatment values34
and placebo values.35

Effects on airway hyperresponsiveness. Changes in
airway hyperresponsiveness may be demonstrated readi-
ly by altered sensitivity to bronchoconstrictor stimuli,
most commonly histamine or methacholine.36:37 Regular
treatment with inhaled corticosteroids results in
improved airway responsiveness in adult patients with
corticosteroid-dependent and corticosteroid-independent
asthma.38 These changes are dose dependent and occur
concomitantly with improvement in clinical asthma
severity. The therapeutic effects of conventional doses of
orally inhaled budesonide are largely explained by its
direct local action on the respiratory tract?3 because sys-
temic absorption is not a significant factor in the clinical
efficacy of inhaled budesonide.3°

Budesonide attenuates both the acute and the delayed
decrease in FEV | after inhaled allergen challenge admin-
istered either as a single dose or as short-term dosing in
adults.23 Results of the Childhood Asthma Management
Research Program (CAMP) indicate that inhaled budes-
onide continues to reduce airway hyperresponsiveness in
children with long-term treatment.#0 When inhaled
budesonide was discontinued, airway hyperresponsive-
ness increased.

Pharmacokinetics

The pharmacokinetics of most inhaled corticosteroids
has not been studied in young children. The pharmacoki-
netics of budesonide, however, has been assessed in
healthy adults and asthmatic children and by means of
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various administration routes. The pharmacokinetic
properties of budesonide inhalation suspension in asth-
matic children are summarized in Table 1.23-41 No differ-
ences in pharmacokinetics on the basis of race, sex, or
age have been identified.234!

Budesonide, a moderately lipophilic compound, is
rapidly absorbed through lung mucosa and parenchy-
ma.*2 Peak plasma concentrations occur 10 to 30 minutes
after the start of nebulization.23 In asthmatic children 3 to
6 years of age, approximately 18% of the dose to the sub-
ject is deposited in the lung compared with 58% to 70%
deposition in adults.*! In contrast, deposition in the
oropharynx was higher in these children (approximately
82%) than in adults (30%-42%). The portion of medica-
tion deposited in the oropharynx is assumed to be swal-
lowed. Thus in these asthmatic children systemic avail-
ability (pulmonary plus oral) is only approximately 6%
of the labeled dose because of rapid, effective clearance
from plasma by way of extensive first-pass metabolism
of orally ingested drug.234! Total systemic bioavailabili-
ty for other inhaled corticosteroid products has not been
reported for children. For products available in the Unit-
ed States, studies in adults show that the absolute sys-
temic bioavailability is 26% to 29% for the fluticasone
propionate metered-dose inhaler, approximately 17% for
the fluticasone propionate dry-powder formulation
administered through the Diskus (GlaxoSmithKline,
Research Triangle Park, NC),43 and 62% for beclometha-
sone-17-monopropionate (active metabolite) after
administration of beclomethasone dipropionate by means
of a metered-dose inhaler.44

The systemic clearance of nebulized budesonide in
asthmatic children aged 3 to 6 years (0.5 L/min) is
approximately 50% greater than that in healthy adults
after adjustment for differences in body weight.2341 The
higher clearance per kilogram of body weight coupled
with the low systemic availability in children enables use
of the same nominal doses of budesonide administered
through a nebulizer in children as in adults, despite their
differences in body size.4! Exposure to budesonide,
defined as area under the plasma concentration—time
curve per milligram of nominal dose, is similar in chil-
dren and adults.23 The terminal half-life of budesonide
after nebulization is 2.3 hours. In comparison, a pharma-
cokinetic study of fluticasone, 110 pg, administered
through a metered-dose inhaler to 5 children (mean age,
6.6 years; range, 5-9 years) demonstrated that fluticasone
clearance also was nearly twice as high in children as in
adults.*> Compared with adults who received a similar
inhaled dose, fluticasone plasma concentrations were
lower in children. The authors postulated that these dif-
ferences resulted from either less efficient drug delivery
to the children’s airways, more rapid metabolism, or both.
The mean estimated half-life of 5.7 hours (range, 4.7-7.5
hours) in these asthmatic children was similar to the
reported half-life of 6 hours in adults. Pharmacokinetic
data for children less than 3 years of age are not available
for any inhaled corticosteroid product. It is anticipated
that systemic clearance in younger children would be
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TABLE Il. Designs for 3 US studies of budesonide inhalation suspension

Reference Age Asthma diagnosis Prior ICS use Treatment groups
Kemp et al, 199958 6 mo-8y Mild persistent No Placebo, 0.25 mg qd, 0.5 mg qd, 1 mg qd
Shapiro et al, 199859 4-8y Moderate persistent; PFTs required Yes Placebo, 0.25 mg bid, 0.5 mg bid, 1 mg bid

Baker et al, 199957 6 mo-8y Moderate persistent

Optional Placebo, 0.25 mg qd, 0.25 mg bid, 0.5 mg

bid, 1 mg qd

ICS, Inhaled corticosteroid; gd, once daily; bid, twice daily; PFT, pulmonary function test.

slower and more variable within the population because
of varying developmental maturation of the metabolic
pathways. Further studies are needed in this age group.

Budesonide is extensively bound to plasma proteins
(85%-90%).23 Protein binding is constant over the con-
centration range of 1 to 100 nmol/L, which includes the
concentrations achieved with recommended doses of
budesonide. In asthmatic children 3 to 6 years of age, the
mean volume of distribution of budesonide at steady
state is 3 L/kg.4! In comparison, the mean volume of dis-
tribution of budesonide in healthy adults is 2.69 L/kg.46

Budesonide is cleared primarily in the liver, with
rapid, extensive metabolism and excretion of metabolites
in urine and feces.*147 Cytochrome P450 3A catalyzes
its biotransformation into 2 major metabolites, 16 o-
hydroxyprednisolone and 6B3-hydroxybudesonide. The
receptor-binding potencies and anti-inflammatory activi-
ties of these metabolites are greatly reduced (<1%) com-
pared with those of budesonide.48-50

Clinical efficacy

Nebulized budesonide has been studied extensively in
more than 34 countries.>!-56 Studies conducted outside of
the United States demonstrated the efficacy and safety of
nebulized budesonide (0.25-1 mg administered twice daily)
in infants and young children 5 months to 5 years of age
with moderate-to-severe asthma.51-55 Compared with place-
bo, nebulized budesonide significantly reduced symptoms,
including daytime and nighttime wheeze, asthma exacerba-
tions, and oral prednisone use.3153-55 Nebulized budesonide
(0.5-2 mg administered twice daily) improved pulmonary
function, subjective symptom scores, and 3,-agonist use in
children older than 6 years of age with mild-to-moderately
severe asthma.5¢ Improvements in FEV | were dose related.

This review will focus on 3 large, multicenter, ran-
domized, double-blind, placebo-controlled, parallel-
group studies conducted in the United States to assess the
efficacy and safety of nebulized budesonide in children 6
months to 8 years of age.5759 A total of 1018 pediatric
patients with persistent asthma of varying duration
(range, 2-107 months) and severity were included in the
studies.>7-59 Three populations were studied: patients not
receiving inhaled corticosteroids,>® patients previously
maintained on inhaled corticosteroids,>® and a combined
population of patients with asthma that was previously
controlled with either bronchodilators or cortico-
steroidsd7 (Table II). No oral corticosteroids were per-
mitted within 30 days of initiation of each study. Budes-

onide doses of 0.25 mg, 0.5 mg, and 1 mg administered
either once or twice daily were delivered by means of a
PARI LC PLUS jet nebulizer with a face mask or mouth-
piece connected to a PARI Master compressor (PARI
Respiratory Equipment, Inc, Midlothian, Va).

Each of the 3 studies had a similar design, consisting
of a 2-week baseline period, followed by a 12-week dou-
ble-blind treatment period, with evaluations every 2 to 4
weeks.57-39 Primary efficacy variables were mean
changes from baseline in nighttime and daytime asthma
symptom scores over the 12-week study period. Sec-
ondary efficacy variables included study discontinua-
tions and as-needed bronchodilator use for breakthrough
asthma symptoms. Spirometry results, including FEV |,
forced expiratory flow at 25% to 75% of vital capacity,
forced vital capacity, and morning and evening peak
expiratory flow (PEF), were evaluated in patients capable
of consistently performing these tests. Symptoms were
recorded daily on diary cards by caregivers using a 4-
point scale (0 = none to 3 = severe) and were reviewed at
each clinic visit. Evaluations conducted at the beginning
and end of the study period included a comprehensive
physical examination, clinical laboratory assessments,
and documentation of reversibility of airway obstruction.

Efficacy analyses included all patients who received at
least 1 dose of study medication and had at least 1 obser-
vation taken while receiving study medication.55-57 Data
for patients who terminated the study early or had miss-
ing data were included in the analyses. ANOVA was used
to compare each active nebulized budesonide treatment
group with the placebo group for all efficacy variables,
with the exception of patient outcomes, which were
assessed with the Fisher exact test.

Efficacy of once-daily nebulized budesonide in
non—corticosteroid-dependent children. Children 6
months to 8 years of age (N = 359) with stable asthma
who were using at least one long-term asthma medica-
tion daily and a bronchodilator periodically for at least 3
months were enrolled.58 An FEV| of 50% or greater of
predicted normal value, with reversibility of 15% or
greater after a standard dose of albuterol, was required in
patients who could perform pulmonary function tests.
Patients were randomized to receive once-daily placebo
(n = 92) or nebulized budesonide, 0.25 mg (n = 91), 0.5
mg (n = 83), or 1 mg (n = 93). Demographics and base-
line asthma characteristics were similar between the
combined budesonide groups and the placebo group
(Tables 1T and TV).57-59
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TABLE lll. Baseline demographics
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Kemp et al, 199958 (N = 359)

Shapiro et al, 199859 (N = 178)

Baker et al, 199957 (N = 481)

Characteristic BIS (n = 267) Placebo (n = 92) BIS (n = 134) Placebo (n = 44) BIS (n = 386) Placebo (n = 95)
Mean age (y) 4.6 5.0 6.7 6.7 4.5 4.8
Sex, M/F (%) 66/44 65/35 67/33 46/54 65/35 62/38
Race (%)
White 72 76 84 79 86
Black 16 13 9 14 15 7
Hispanic 8 10 5 2 4 4
Other 4 1 2 0 2 3

BIS, Budesonide inhalation suspension.

TABLE IV. Baseline asthma characteristics

Kemp et al, 199958 (N = 359)

Shapiro et al, 199859 (N = 178)

Baker et al, 199957 (N = 481)

Characteristic BIS (n = 267) Placebo (n = 92) BIS (n = 134) Placebo (n = 44) BIS (n = 386) Placebo (n = 95)

Mean duration 3.0 3.1 4.2 2.8 3.0
of asthma (y)

Mean nighttime 1.23 1.08 1.18 1.23 1.16
asthma symptom
score

Mean daytime 1.36 1.27 1.33 1.28 1.27
asthma symptom
score

Able to perform 34 42 100 100 34 34
PFT (%)

Mean PEF (L/min)
Morning 136.4 143.9 161.7 158.3 160.9 155.8
Evening 145.0 150.7 167.3 164.7 170.1 160.8

FEV, (% predicted)  81.2 81.6 79.9 79.2 80.0 79.1

BIS, Budesonide inhalation suspension; PFT, pulmonary function test.

All nebulized budesonide treatment groups showed
significant improvements in nighttime and daytime asth-
ma symptom scores compared with those seen in the
placebo group (P < .05, Fig 1).58 Improvement in asthma
symptoms was observed in 2 to 8 days and was main-
tained throughout the 12-week study period. Significant
reductions also were measured in breakthrough bron-
chodilator use per 2-week interval (P < .05, Fig 2). The
average reductions in number of days that rescue med-
ication was used per 2-week period ranged from 6.0 to
6.3 days in the budesonide groups compared with 4.2
days in the placebo group. Therapy discontinuations
caused by worsening asthma occurred in a greater pro-
portion of patients receiving placebo (23%) than in
patients who received nebulized budesonide (13%-17%).
In children able to demonstrate consistent spirometry
testing (36% could execute a measurable FEV; >50%
could perform PEF), those given budesonide showed
improvements for mean changes in morning PEF, FEV,
forced vital capacity, and forced expiratory flow at 25%
to 75% of vital capacity compared with changes in the
placebo group. FEV significantly improved after budes-
onide doses of 0.5 and 1 mg (0.03 L in both groups) com-
pared with that seen in the placebo group (-0.07 L, P <

.05). This study demonstrates that once-daily nebulized
budesonide is an effective treatment for infants and
young children (6 months to 8 years of age) with mild or
moderate persistent asthma that is not adequately con-
trolled with a bronchodilator or other noncorticosteroid
asthma medication.

Efficacy of twice-daily nebulized budesonide in cortico-
steroid-dependent children. Children 4 to 8 years of age
with stable persistent asthma who were corticosteroid
dependent were randomized to receive placebo (n = 44) or
nebulized budesonide, 0.25 mg (n = 47), 0.5 mg (n = 42),
or 1 mg (n = 45), twice daily.>® Patients who had an FEV,
of 50% or greater of predicted normal value with reversibil-
ity of 15% or greater after albuterol were using daily
inhaled corticosteroids and a bronchodilator for break-
through symptoms for at least 3 months. Demographic and
baseline asthma characteristics, including pulmonary func-
tion, were similar across groups (Tables III and IV).

Over the course of the study, patients given nebulized
budesonide demonstrated significant improvements in
nighttime and daytime asthma symptom scores com-
pared with those in the placebo group (P < .05, Fig 3).59
Improvements were observed 2 weeks after beginning
treatment and were maintained through the end of the 12-



J ALLERGY CLIN IMMUNOL
VOLUME 109, NUMBER 4

0.7 7 W wighttime M Daytime

0.6

0.5

0.4 =

0.3

0.2

0.1

Mean Improvement From
Baseline in Asthma Symptoms

Placebo BIS025mgaqd BIS 0.5 mggd BIS 1 mg qd

FIG 1. Mean improvement from baseline in nighttime and daytime
asthma symptoms over the 12-week study period. *P < .05, **P <
.01, and ***P < .001 versus placebo. Mean change adjusted for
center effect. BIS, Budesonide inhalation suspension; gd, once
daily. Adapted with permission from Ann Allergy Asthma

Immunol. 1999;83:231-9.
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FIG 2. Mean number of days of breakthrough medication used per
2-week period at baseline and at the end of the 12-week study
period. *P < .05 versus placebo. BIS, Budesonide inhalation sus-
pension; qd, once daily. Data from Ann Allergy Asthma Immunol.
1999;83:231-9.

week treatment period. Breakthrough medication use
also was significantly reduced in patients receiving neb-
ulized budesonide compared with that seen in the place-
bo group (P < .05, Fig 4). In addition, a smaller propor-
tion of patients given nebulized budesonide (5%-18%)
required a course of systemic corticosteroids compared
with patients receiving placebo (36%). More patients
given placebo discontinued the study because of worsen-
ing asthma (36%) than those given nebulized budesonide
(2%-13%, P < .02).

Children in the active treatment groups also achieved
significant improvement in pulmonary function com-
pared with those in the placebo group. The mean change
in morning PEF was significantly greater in the nebu-
lized budesonide groups versus that in the placebo group
(P < .05, Fig 5).59 In addition, patients receiving nebu-
lized budesonide, 0.5 mg twice daily, also demonstrated
a significant improvement in FEV, (0.08 L) compared
with that seen in the placebo group (-0.01 L, P < .05).
This study shows that corticosteroid-dependent, persis-
tent asthma in young children may be treated effectively
with a twice-daily regimen of nebulized budesonide.
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FIG 3. Mean improvement from baseline in nighttime and day-
time asthma symptoms over the 12-week study period. *P < .05
and **P < .01 versus placebo. Mean change adjusted for center
effect. BIS, Budesonide inhalation suspension; qd, once daily.
Adapted with permission from J Allergy Clin Immunol.
1998;102:789-96.
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FIG 4. Mean number of days of breakthrough medication used per
2-week period at baseline and at the end of the 12-week study
period. *P < .05 and **P < .01 versus placebo. BIS, Budesonide
inhalation suspension; bid, twice daily. Adapted with permission
from J Allergy Clin Immunol. 1998;102:789-96.

Efficacy of once- or twice-daily nebulized budesonide.
In this study children 6 months to 8 years of age with
moderate persistent asthma were randomized to treat-
ment with placebo (n = 95) or nebulized budesonide,
0.25 mg once daily (n = 94), 0.25 mg twice daily (n =
99), 0.5 mg twice daily (n = 98), or 1 mg once daily (n =
95).57 At study entry, all patients were using at least one
asthma medication daily (excluding long-term systemic
corticosteroids) plus a periodic bronchodilator for break-
through symptoms. Thirty-one percent were previously
treated with a stable dose of an inhaled corticosteroid for
at least 2 months before enrollment, and similar propor-
tions of these inhaled corticosteroid—dependent patients
were included within each randomized treatment group
(25%-34% in the budesonide groups; 38% in the placebo
group). In patients able to perform pulmonary function
tests consistently, a baseline FEV| of 50% or greater of
predicted value was required, with 15% or greater
reversibility after albuterol. Age, duration of asthma, and
baseline symptom scores in patients who received budes-
onide were comparable with those of the patients who
received placebo (Tables IIT and 1V).57
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FIG 5. Mean change from baseline in morning PEF. *P < .05 and
**¥P<.01 versus placebo. Mean change adjusted for center effect.
BIS, Budesonide inhalation suspension; bid, twice daily. Data
from J Allergy Clin Immunol. 1998;102:789-96.

Image available in print only

FIG 6. Mean improvement from baseline in nighttime and day-
time asthma symptoms over the 12-week study period. *P < .05,
**P< .01, and ***P < .001 versus placebo. Mean change adjusted
for center effect. BIS, Budesonide inhalation suspension; qd, once
daily; bid, twice daily. Adapted with permission from Pediatrics.
1999;103:414-21.
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FIG 7. Mean number of days of breakthrough medication used per
2-week period at baseline and at the end of the 12-week study
period. *P < .05, **P < .01, and ***P < .001 versus placebo. BIS,
Budesonide inhalation suspension; qd, once daily; bid, twice
daily. Data from Pediatrics. 1999;103:414-21.

All nebulized budesonide groups demonstrated greater
improvement in nighttime asthma symptom scores com-
pared with that seen in the placebo group over the 12-
week treatment period (Fig 6), and differences were sig-
nificant in the groups that received nebulized budesonide,
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0.25 mg twice daily, 0.5 mg twice daily, and 1 mg once
daily (P < .01).57 Similar results were reported for day-
time symptom scores. When analysis was performed on
data combined from all active treatment groups, a signif-
icant difference compared with that seen with placebo
was observed as early as day 2 for nighttime symptoms
and day 5 for daytime symptoms (P < .05). Days of break-
through symptoms requiring bronchodilator use were sig-
nificantly reduced in active treatment groups compared
with the placebo group (P < .01, Fig 7). Of the one third
of patients who could consistently perform pulmonary
function tests, morning PEF results were significantly
improved with nebulized budesonide, 0.25 mg twice
daily, 0.5 mg twice daily, and 1 mg once daily, compared
with placebo (P < .03, Fig 8). Improvements of 17 to 21
L/min also were observed in evening PEF in some treat-
ment groups (nebulized budesonide, 0.25 mg once daily
and 0.25 mg and 0.5 mg twice daily; P < .05). Patients in
all nebulized budesonide dose groups demonstrated
improvements in FEV, and differences were significant
in the group that received nebulized budesonide, 0.5 mg
twice daily (P < .05). Overall, data from this group of
young children with moderate persistent asthma confirm
the efficacy of once- or twice-daily nebulized budesonide,
as reported in the 2 previous studies.

Efficacy by patient age. In a retrospective analysis of
pooled data from 2 of the US studies described
above,57-38 the efficacy of nebulized budesonide adminis-
tered either once or twice daily was compared in patients
less than 4 years of age and in those 4 years of age or
older.0-61 Patients in both age groups demonstrated sig-
nificant improvement in nighttime and daytime asthma
symptom scores with nebulized budesonide treatment
compared with that seen with placebo (P < .05), and
requirements for breakthrough medication were reduced
with active treatment. The results of the age-stratification
analysis were consistent with those observed in the orig-
inal studies for once- and twice-daily administration of
nebulized budesonide. Importantly, demonstration of
efficacy in children less than 4 years of age supports the
findings of previous European studies of nebulized
budesonide in children less than 4 years of age (5-60
months).51,53-55

Efficacy of budesonide administered by means of neb-
ulizer with face mask or mouthpiece. Nebulizers may be
used with a face mask or a mouthpiece, the choice of
which is typically dependent on patient age and level of
cooperation. Studies comparing the use of face masks or
mouthpieces for aerosol treatments have reported similar
results for both devices.%2 In 2 of the 3 studies of nebu-
lized budesonide,>7-38 a retrospective analysis was con-
ducted to compare administration by means of a face
mask with that by means of a mouthpiece.03.64

In both analyses, alleviation of symptoms and reduc-
tion in breakthrough medication use were achieved with
either a face mask or a mouthpiece.®3:64 Improvements in
efficacy variables for both administration devices were
measured. Differences between treatment groups using
face masks and mouthpieces compared with those of the
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FIG 8. Mean change from baseline in morning PEF. *P < .05 and
**P < .01 versus placebo. Mean change adjusted for center effect.
BIS, Budesonide inhalation suspension; gd, once daily; bid, twice
daily. Data from Pediatrics. 1999;103:414-21.

placebo group using face masks (n = 33) or mouthpieces
(n = 59) did not reach statistical significance, most like-
ly because of small sample sizes.

Efficacy considerations. Supporting the results of stud-
ies conducted outside of the United States,51:53-55 the
results of the 3 double-blind studies conducted in the
United States demonstrate that budesonide inhalation sus-
pension is effective when compared with placebo.57-59
Asthma symptoms and pulmonary function would be
expected to worsen in the placebo groups because these
patients, previously maintained on controller medica-
tions, were not allowed controller treatment in any of the
studies. Improvements noted in the placebo group may
have resulted from seasonal asthma or viral-induced asth-
ma that improved over time. Participation in a clinical
trial also may have benefited children in the placebo
group because of improved patient education and early
intervention with breakthrough medication. In the study
of inhaled corticosteroid—dependent children, patients
receiving placebo who were not discontinued from the
study were able to control their symptoms by using rescue
medications, which were used more frequently by
patients in the placebo group compared with those in the
budesonide group.5® In all 3 trials more patients discon-
tinued from the placebo groups for worsening asthma
symptoms compared with those in the budesonide groups.
Their symptom and pulmonary function data before dis-
continuation were carried forward, however, and included
in the efficacy analysis. If these patients receiving place-
bo had remained in the studies, worsening symptom
scores and pulmonary function would be expected.

A dose-response trend was observed with some effica-
cy variables in only one of the original 3 studies®’ and
not at all after patients were stratified by age.60:61 Dose-
response trends are extremely difficult to demonstrate
with inhaled corticosteroids. The difficulty in demon-
strating a dose-response trend across the 3 pivotal trials
may have been compounded by inclusion of children
with mild-to-moderate asthma, who would be expected
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FIG 9. Basal and ACTH-stimulated cortisol levels at baseline and at
week 12 from the double-blind studies. Basal level represents
morning plasma cortisol. The 30- to 60-minute short ACTH-stimu-
lation test was used. BIS, Budesonide inhalation suspension.
Adapted with permission J Allergy Clin Immunol. 1999;104:5200-9.

to respond well to even minimal doses of nebulized
budesonide. Furthermore, asthma is a highly variable dis-
ease,® and these children also may have experienced a
period of disease quiescence. Variability in results caused
by differences in patient cooperation and inhalation tech-
nique, efficacy measures, and factors unique to studies
conducted in children, such as caregiver assessment of
symptoms and accuracy of pulmonary function tests, also
may have contributed to the difficulty in demonstrating a
dose-response relationship.

The 3 US studies provide evidence of efficacy in rela-
tion to symptoms and pulmonary function improvement
with budesonide inhalation suspension. These outcome
measures, which historically have been used in older
children, could be replaced by age-specific measures for
young children. For example, symptom-free days, reduc-
tions in acute exacerbations, and other measures of pul-
monary function may be more relevant and sensitive
indicators of treatment intervention. Other variables
important to the patient/caregiver (eg, administration
time, convenience, and cost) would be of value in deter-
mining optimal care for pediatric patients with asthma.
Determination of the smallest change in a score that
patients or caregivers consider important also would be
of value.%5 Longer term studies similar to that of the
CAMP, which demonstrated the efficacy of budesonide
inhalation powder in improving airway responsiveness
and asthma symptoms, are required to assess the poten-
tial for altering the course of the disease.40

Budesonide administered by means of a pressurized
metered-dose inhaler or a Turbuhaler (AstraZeneca,
Lund, Sweden) is used worldwide and has proved effec-
tive in asthma. Large multicenter trials comparing nebu-
lized budesonide with budesonide or other inhaled corti-
costeroids delivered by means of a pressurized
metered-dose inhaler with a spacer or a dry-powder
inhaler have not been conducted in children. Further-
more, although less expensive delivery systems have
been proved to be effective in older children, budesonide
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FIG 10. Growth velocity estimated from mean changes in height
SD scores from baseline to week 52 by treatment group and
study. The boxes span the 25th and 75th percentiles of the data,
with the median noted by the inside bar. The length of the
whiskers is based on 1.5 times the interquartile range, with outly-
ing data points plotted individually. BIS, Budesonide inhalation
suspension; NS, not significant. Reprinted with permission from
J Allergy Clin Immunol. 1999;104:S200-9.

TABLE V. Adverse events with 10% or greater incidence
reported in 52-week open-label studies®®

CAT, n (%) BIS, n (%)
Respiratory infection 109 (49) 259 (58)
Sinusitis 60 (27) 147 (33)
Fever 45 (20) 124 (28)
Otitis media 42 (19) 97 (22)
Pharyngitis 38 (17) 87 (19)
Accident, injury, or both 28 (13) 72 (16)
Rhinitis 24 (11) 76 (17)
Ear infection 24 (11) 58 (13)
Headache 23 (10) 51 (11)
Viral infection 27 (12) 41 (9)
Bronchitis 17 (8) 50 (11)
Gastroenteritis 16 (7) 44 (10)

CAT, Conventional asthma therapy; BIS, budesonide inhalation suspension.

TABLE VI. Dosage recommendations for budesonide
inhalation suspension®

Recommended Highest recommended

Previous therapy starting dose total daily dose

Bronchodilators alone 0.5 mg qd or 0.5 mg
0.25 mg bid

Inhaled corticosteroids 0.5 mg qd or 1 mg
0.25 mg bid

Oral corticosteroids 1 mg qd or 1 mg
0.5 mg bid

qd, Once daily; bid, twice daily.

inhalation suspension is the only inhaled corticosteroid
treatment approved in the United States for children
younger than 4 years. Currently, detailed studies in
young children are limited by clear definitions of inclu-
sion and exclusion criteria, difficulties in obtaining
objective measures, and ethical concerns for treatment
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selection and use of placebo. All of these areas are being
addressed by the recognition that studies are urgently
needed in young children with early-onset asthma, that
asthma occurs early in childhood, and that the potential
for irrecoverable loss may be the greatest within the early
years of disease onset.

Safety

12-Week double-blind studies. Safety data collected
during the 12-week double-blind phase of the 3 US nebu-
lized budesonide pediatric studies included reports of
adverse events, vital signs, physical examination results,
and laboratory data.>6-59 Pooled data from all 3 studies
demonstrated that the incidence and nature of adverse
events (not related to asthma) were similar in patients
receiving placebo (n =231) and those receiving nebulized
budesonide (n = 786).66 No dose-related adverse effects
were apparent among the patients treated with budes-
onide. Commonly reported adverse events, regardless of
the investigators’ assessment of relationship to treatment,
included respiratory infection, fever, sinusitis, otitis
media, and rhinitis. Between the budesonide and placebo
groups, the incidence of serious adverse events (2% vs
3%) and the proportion of patients who stopped treatment
because of adverse events (1% vs 2%) were similar.60

Hypothalamic-pituitary-adrenal axis function was
assessed by obtaining measurements of both basal and
adrenocorticotropic hormone (ACTH)-stimulated plas-
ma cortisol concentrations. Plasma cortisol concentra-
tions were determined both before and 60 minutes after
administration of ACTH (0.25 mg administered intra-
venously in children aged >2 years and 0.125 mg admin-
istered intramuscularly in children aged <2 years). Dur-
ing the 12-week treatment periods in all 3 studies, similar
basal and ACTH-stimulated cortisol concentrations were
measured in a subset of patients from each study (Fig 9),
with no significant differences between the placebo and
budesonide groups.60

Long-term (52-week) trials. After completion of the
12-week double-blind phase of each of the 3 US studies,
a total of 670 patients were rerandomized in a 2:1 ratio to
receive nebulized budesonide or conventional asthma
therapy (CAT) for 52 weeks in an open-label trial.%6 Neb-
ulized budesonide was initiated at a dose of 0.5 mg either
once or twice daily; reduction to the lowest clinically
effective dose was attempted at each subsequent study
visit. CAT could include B,-agonists (short-acting oral
and inhaled), methylxanthines, cromolyn sodium, or, in 2
of the studies, inhaled corticosteroids. The primary
objective of these studies was to evaluate the overall safe-
ty of budesonide inhalation suspension in a typical clini-
cal usage setting over 1 year.

The incidence and severity of adverse events, clinical
laboratory values, oropharyngeal or nasal fungal cul-
tures, and results of physical examinations were
assessed. Although these studies were not designed
specifically to assess the effects of budesonide on
growth, parameters of height, growth velocity, and skele-
tal age were also evaluated at end point.6® Height was
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measured by means of stadiometry every 4 weeks and
was normalized by comparing differences between
observed height and standard median heights (50th per-
centile) on the basis of age and sex by using data from
the National Center for Health and Statistics. Two of the
studies also assessed skeletal age by using radiographs of
the left hand-wrist obtained at weeks 0 and 52.67

The incidence of reported adverse events over 52
weeks was similar between the 447 budesonide-treated
and 223 CAT-treated patients in a pooled analysis of the
3 extension studies.%¢ The most commonly reported
adverse events were similar to those reported most fre-
quently during the 12-week double-blind studies (Table
V).66 The proportions of patients who experienced seri-
ous adverse events or who discontinued treatment
because of adverse events were similar in the budesonide
and CAT groups. Vital signs, physical examination
results, and laboratory test results (including nasal or oral
fungal cultures) did not suggest any clinically significant
differences between the nebulized budesonide and CAT
study groups.® There were no reports of subcapsular or
lenticular cataracts in these studies. Eye itching or irrita-
tion and skin-related local adverse effects were reported
in 2% or less of patients receiving budesonide.®8 As in
the double-blind study phase, the nebulized budesonide
and CAT groups did not differ significantly in changes
from baseline to week 52 in basal and ACTH-stimulated
cortisol concentrations.

Of the 670 children randomized into the 52-week exten-
sion studies, a total of 371 subjects in the budesonide
group and 156 subjects in the CAT group were included in
the analysis of growth.67 The pooled analysis of the 3
open-label studies showed no significant difference in
growth between the budesonide and CAT groups over 52
weeks in all subjects or when stratified by sex or age. The
distribution of changes in growth SD scores for the budes-
onide and CAT groups for each of the 3 open-label studies
and for the pooled analysis is shown in Fig 10.

In one of the studies, a small but statistically signifi-
cant difference in growth velocity (-0.8 cm/year) and
height SD score was observed between the budesonide
and CAT groups (P < .005).58 These differences may
have resulted from the increased number of outliers and
the higher rate of discontinuations for worsening asthma
in the CAT group compared with in the nebulized budes-
onide group. Alternatively, the difference may be
explained by the fact that CAT-treated subjects in this
study did not receive inhaled glucocorticosteroids, in
contrast to those in the other 2 studies.0 In those 2 stud-
ies, which assessed skeletal age, the mean differences
between skeletal and chronologic ages for all children
and for those stratified by sex were similar between the
nebulized budesonide and CAT groups.

One of the challenges in assessment of growth during
inhaled corticosteroid therapy has been the lack of long-
term data. Studies with follow-up periods of 1 year or less
only provide information on short-term changes in growth
and may not reflect growth during a subsequent year or
the ability to reach final predicted adult height. Longer
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term (>1 year) studies evaluating the growth effects of
nebulized budesonide inhalation suspension have not
been published. However, in a prospective study, the
CAMP research group compared the safety and efficacy
of long-term (4-6 years) administration of inhaled budes-
onide by means of the Turbuhaler with that of nedocromil
and placebo in 1041 children aged 5 through 12 years.40
Skeletal maturation, determined during the last 8 months
of follow-up by means of radiographic evaluation of the
left wrist and hand, was used to estimate the projected
final height of the patient. Although a difference in growth
rates between the budesonide and placebo groups was
apparent during the first year of treatment, growth rates
and projected final heights were similar in all groups by
end of treatment.40 Furthermore, Agertoft and Pedersen®
reported results of a prospective study of 142 children
who were treated with daily inhaled budesonide for an
average of 9.2 years (range, 3-13 years). This study found
that children reached their expected final height after
long-term treatment with budesonide (mean daily dose,
412 ng; range, 110-877 png), suggesting that inhaled
budesonide has no clinically important adverse effects on
adult height. The growth of pediatric patients should be
monitored routinely by means of the most accurate mea-
sure for the specific age group. It is important to remem-
ber that both poorly controlled asthma and inhaled corti-
costeroids have the potential to affect growth, and
therefore growth should be carefully monitored in chil-
dren with suspected asthma, irrespective of whether they
are receiving corticosteroid therapy.

Clinical use

Dose and administration. For all nebulized medica-
tions, the amount of drug delivered to the lungs depends
on the type of nebulizer used, the compressor perfor-
mance, the patient’s breathing pattern, and other vari-
ables.70-73 A study of 27 nebulizer-compressor combina-
tions demonstrated that acceptable delivery of
budesonide was provided in the majority of the systems
tested.”3 Ultrasonic nebulizers are not suitable for admin-
istration of budesonide inhalation suspension because the
inhaled mass of drug is decreased when suspensions are
delivered from these devices.”? Thus budesonide inhala-
tion suspension should be administered from a com-
pressed air—driven jet nebulizer.

Budesonide inhalation suspension is indicated for pro-
phylactic and maintenance therapy of asthma in patients
12 months to 8 years of age.!9 Prior asthma therapy is
used as a guide for determining the recommended start-
ing dose of nebulized budesonide (Table VI).19 Budes-
onide inhalation suspension is effective when adminis-
tered once daily, which may prove to be convenient for
patients. When the desired clinical effect is achieved, the
total daily dose of budesonide and the frequency of
administration must be individualized for each patient,
with the goal of tapering to the lowest effective dose.

For patients previously maintained on oral cortico-
steroids, nebulized budesonide should be started con-
currently with the patient’s usual maintenance dose of
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systemic corticosteroid. After approximately 1 week,
gradual discontinuation of the systemic corticosteroid
may be initiated. Dose reductions of the systemic corti-
costeroid should proceed slowly, not exceeding 25% of
the total dose. Further reductions may be made after 1
to 2 weeks, depending on clinical response. During dis-
continuation of oral corticosteroids, patients should be
monitored for asthma instability (by means of pul-
monary function testing) and for clinical symptoms of
adrenal insufficiency, such as hypotension, joint or
muscular pain, lassitude, and depression. If symptoms
of adrenal insufficiency do occur, doses of systemic
corticosteroids should be temporarily increased, and
subsequent withdrawal should proceed more slowly.

Role in asthma management. In the National Asthma
Education and Prevention Program treatment guide-
lines and in recently released pediatric asthma guide-
lines, inhaled corticosteroids are the preferred treat-
ment for all children older than 5 years with persistent
asthma (mild, moderate, or severe).%!8 In children 5
years of age or younger, anti-inflammatory medica-
tions are recommended for those who require symptom
treatment more than 2 times per week. Although other
dosage forms of budesonide are listed for use in chil-
dren, the nebulized formulation of budesonide was not
available in the United States when the treatment
guidelines for asthma were published.6:18 Budesonide
inhalation suspension has been available outside of the
United States since 1990. Global treatment guidelines
recommend budesonide as the nebulized corticosteroid
for infants and young children because other inhaled
corticosteroids are not available in a suitable form for
nebulization.”# Despite international adoption of these
guidelines and growing support for regular use of anti-
inflammatory agents, inhaled corticosteroids are still
underused by many physicians, particularly in chil-
dren. In a study of children requiring emergency treat-
ment for asthma, two thirds of whom were 5 years of
age or younger, only 16% of patients were reported to
be using inhaled corticosteroids to control their asthma
before hospitalization.”

Three large, randomized, placebo-controlled trials in
the United States have demonstrated the efficacy and
safety of nebulized budesonide in pediatric patients with
persistent asthma.55-57 Nebulized budesonide, adminis-
tered either once or twice daily, was associated with
improved asthma symptoms, decreased use of rescue
medication, and improved pulmonary function. The
effects of budesonide were similar across age groups and
irrespective of whether the drug was administered by
face mask or by mouthpiece.

Nebulized budesonide is a safe and effective treatment
for maintenance and prophylaxis of persistent asthma in
pediatric patients aged 12 months to 8§ years and across a
wide range of disease severity. The availability of nebu-
lized budesonide enables delivery of anti-inflammatory
therapy to very young asthmatic patients who may lack
the coordination and understanding necessary to use
metered-dose inhalers or inhalation-driven devices.
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