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ABSTRACT

Background Antiinflammatory therapies, such as
inhaled corticosteroids or nedocromil, are recom-
mended for children with asthma, although there is
limited information on their long-term use.

Methods We randomly assigned 1041 children from
5 through 12 years of age with mild-to-moderate
asthma to receive 200 wg of budesonide (311 chil-
dren), 8 mg of nedocromil (312 children), or placebo
(418 children) twice daily. We treated the participants
for four to six years. All children used albuterol for
asthma symptoms.

Results There was no significant difference be-
tween either treatment and placebo in the primary out-
come, the degree of change in the forced expiratory
volume in one second (FEV,, expressed as a percent-
age of the predicted value) after the administration of
a bronchodilator. As compared with the children as-
signed to placebo, the children assigned to receive bu-
desonide had a significantly smaller decline in the ratio
of FEV, to forced vital capacity (FVC, expressed as a
percentage) before the administration of a bronchodi-
lator (decline in FEV:FVC, 0.2 percent vs. 1.8 percent).
The children given budesonide also had lower airway
responsiveness to methacholine, fewer hospitaliza-
tions (2.5 vs. 4.4 per 100 person-years), fewer urgent
visits to a caregiver (12 vs. 22 per 100 person-years),
greater reduction in the need for albuterol for symp-
toms, fewer courses of prednisone, and a smaller
percentage of days on which additional asthma med-
ications were needed. As compared with placebo, ne-
docromil significantly reduced urgent care visits (16
vs. 22 per 100 person-years) and courses of predni-
sone. The mean increase in height in the budesonide
group was 1.1 cm less than in the placebo group (22.7
vs. 23.8 cm, P=0.005); this difference was evident
mostly within the first year. The height increase was
similar in the nedocromil and placebo groups.

Conclusions In children with mild-to-moderate asth-
ma, neither budesonide nor nedocromil is better than
placebo in terms of lung function, but inhaled budes-
onide improves airway responsiveness and provides
better control of asthma than placebo or nedocromil.
The side effects of budesonide are limited to a small,
transient reduction in growth velocity. (N Engl J Med
2000;343:1054-63.)
©2000, Massachusetts Medical Society.
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STHMA is a disease of chronic airway
inflammation characterized by reversible
airway obstruction and increased airway
responsiveness.!? Recent studies have dem-
onstrated that asthma can be associated with impaired
lung growth during childhood and with a progres-
sive decline in pulmonary function in adulthood.+
Clinical practice guidelines recommend antiinflam-
matory medication for the long-term control of per-
sistent asthma; treatment with inhaled corticosteroids
or nedocromil is recommended for children.!-2
The Childhood Asthma Management Program was
designed to evaluate whether continuous, long-term
treatment (over a period of four to six years) with ei-
ther an inhaled corticosteroid (budesonide) or an in-
haled noncorticosteroid drug (nedocromil) safely pro-
duces an improvement in lung growth as compared
with treatment for symptoms only (with albuterol and,
if necessary, prednisone, administered as needed).!2
The primary outcome in the study was lung growth,
as assessed by the change in forced expiratory volume
in one second (FEV , expressed as a percentage of the
predicted value) after the administration of a broncho-
dilator. Secondary outcomes included the degree of
airway responsiveness, morbidity, physical growth, and
psychological development.

METHODS

The design and methods of the research program have been
described previously.712:15
Screening and Schedule of Visits

Between December 1993 and September 1995, we enrolled
1041 children from 5 through 12 years of age at eight clinical cen-
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ters. The children had mild-to-moderate asthma, as defined by the
presence of symptoms or by the use of an inhaled bronchodilator
at least twice weekly or the use of daily medication for asthma.
The children’s airway responsiveness to methacholine, as indicat-
ed by the concentration of the drug that caused a 20 percent de-
crease in the FEV,, was 12.5 mg per milliliter or less. They had
no other clinically significant conditions.!? The children’s parents or
guardians signed an informed-consent form approved by the local
institutional review board. Follow-up visits occurred two and four
months after randomization and at four-month intervals thereaf-
ter. From March through June 1999 (the end of the treatment
period), the children discontinued the study medication and re-
turned two to four months later for spirometry and methacholine
challenge. Children who had been using additional medications
because of inadequate control of asthma continued to use those
medications.

Treatment

Three hundred eleven children were randomly assigned to re-
ceive budesonide (Pulmicort, AstraZeneca, Westborough, Mass.)
(200 ug twice daily, delivered by two 100-ug actuations of a breath-
actuated metered-dose inhaler [ Turbuhaler, AstraZeneca]), and 208
were assigned to receive a matching placebo. Three hundred twelve
children were assigned to receive nedocromil sodium (8 mg twice
daily, delivered by four 2-mg actuations of a pressurized metered-
dose inhaler [Tilade, Rhone—Poulenc Rorer, Collegeville, Pa.]), and
210 were assigned to receive a matching placebo. Assignments were
made by permuted-blocks randomization with stratification accord-
ing to clinic.!® The total daily doses of budesonide (400 ug) and ne-
docromil (16 mg) were administered as two equal daily doses to
maximize adherence to the treatment regimen,!7-20 and adherence
was also promoted by an educational program.!s Albuterol (Ven-
tolin, Glaxo Wellcome, Research Triangle Park, N.C.), delivered
by two 90-ug actuations of a pressurized metered-dose inhaler,
was used as needed for symptoms of asthma or to prevent exer-
cise-induced bronchospasm.!2 A written action plan guided rescue
treatment.!2!5 Short courses of oral prednisone were prescribed for
exacerbations of asthma.!2 The addition of beclomethasone dipropi-
onate (168 ug twice daily; Vanceril, Schering-Plough, Kenilworth,
N.J.) to the study medication was allowed if the control of asthma
was inadequate. If control remained unsatisfactory, replacement or
addition of medications was allowed. To account for remission, it
was permissible to taper the study medication to a dose of zero (by
stepwise reductions from 100 percent to 50 percent to zero), ac-
cording to defined procedures.!2 Algorithms guided the resump-
tion of the full dose of the study medication.!2

Outcome Measures

Spirometry was performed twice yearly, with measurements
obtained both before and after the administration of a broncho-
dilator.”12 A’ methacholine challenge was performed annually.12
Methacholine challenge was not performed within 28 days of an
upper respiratory tract infection or the use of prednisone for ex-
acerbations of asthma.

The children (or their parents or guardians) completed a diary
card each day that recorded night awakenings due to asthma,
morning and evening peak flows as measured by a peak-flow meter
(Assess, HealthScan Products, Cedar Grove, N.J.), use of study
medication, use of albuterol for symptoms and to prevent exercise-
induced bronchospasm, use of prednisone, absences from school
due to asthma, visits to a physician’s office or hospital because of
asthma, and severity of symptoms.!2

The children’s height (measured by Harpenden stadiometer) and
weight were recorded at every visit; the total bone mineral density
of the spine from L1 to L4 and the Tanner stage of sexual devel-
opment (assessed on the basis of the development of pubic hair,
genitals [in boys] or breasts [in girls], and testicular volume, each
scored from 1 [preadolescent characteristics] to 5 [adult character-
istics]) were assessed annually.!2 Skeletal maturation (bone age)
during the last eight months of follow-up was determined at a

central reading center by evaluation of a radiograph of the left
wrist and hand by the method of Greulich and Pyle?! and was used
to estimate the projected final height.22 Psychological development
was assessed with four neurocognitive tests administered at base line
and three years later, and by eight psychosocial questionnaires com-
pleted at base line and during annual visits.!2 Psychosocial question-
naires included the Children’s Depression Inventory,?? a 27-item
questionnaire completed by the child with regard to the symptoms
of depression. The total score for this scale ranges from 0 to 54,
with higher scores indicating greater depression. Skin-prick test-
ing, with a core battery of 10 allergens and several locally relevant
allergens, was performed at base line and four years later.!2.14

Anterior and posterior images of the lens of the eye, taken with
a digital retroluminescent camera (Neitz Cataract Screener CT-S,
Neitz Instruments, Tokyo) during the last eight months of follow-
up, were examined for posterior subcapsular cataracts at a central
reading center.2+

Statistical Analysis

Our study had 90 percent power to detect a difference of 3.5
percent between either treatment group and the placebo group in
the mean change in the FEV,, expressed as a percentage of the
predicted value, after the administration of a bronchodilator, after
four to six years of treatment.!2 Data from the two placebo groups
were pooled after we determined that the children in the two groups
were similar with respect to base-line characteristics and outcomes.
Each participant was included in his or her assigned study group,
regardless of any adjustments of treatment (intention-to-treat analy-
sis). The degree of change in an outcome measure was determined
by subtracting the base-line measurement from the measurement
obtained at the last follow-up visit during the treatment period.
The difference between each treatment group and the placebo
group in each measure of change was determined with use of mul-
tiple regression,?® with the change in the measure as the response
variable, two indicator variables for the treatment groups, and the
following eight covariates: the base-line value of the outcome meas-
ure, the child’s age at randomization, race (two indicator variables),
sex, clinic (seven indicator variables), duration of asthma at base
line, severity of asthma at base line, and skin-test reactivity at base
line (any reactivity vs. none). The adjusted mean change in each
outcome measure in each study group was computed from the
regression model by the use of mean values for all covariates.26
Kaplan—Meier estimates of cumulative probability and log-rank
tests?” were used to evaluate the time to the first course of pred-
nisone and the time to the initiation of therapy with beclometh-
asone or any other nonassigned medication for asthma in each
treatment group. All analyses were performed with SAS software
(version 6.12, SAS Institute, Cary, N.C.). The P values presented
are two-sided and have not been adjusted for multiple comparisons.
Interim monitoring of results by a data and safety monitoring board
took place semiannually; statistical guidelines for stopping the study
were not used. In the comparisons among the study groups we used
regression models to adjust for small imbalances in base-line meas-
ures; however, unadjusted analyses for all outcome measures yield-
ed qualitatively similar results.

RESULTS
Study Population

The three study groups were similar at base line,
except for a slightly higher proportion of boys in the
nedocromil group (Table 1). The duration of follow-
up was similar in all the study groups, with a mean of
4.3 years (Table 2).

Measures of Pulmonary Function

Budesonide treatment improved the FEV after the
administration of a bronchodilator from a mean of
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TABLE 1. CHARACTERISTICS OF THE PATIENTS AT BASE LINE.*

CHARACTERISTICT

Age — yr
Race or ethnic group — no. (%)
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Sex — no. (%)t
Female
Male
Age at onset of asthma — yr
Time since diagnosis of asthma — yr
Treatments in 6 mo before enrollment — no.
of patients (%)
Cromolyn or nedocromil
Inhaled corticosteroid
Oral corticosteroid
Severity of asthma — no. (%)
Moderate
Mild
Hospitalizations for asthma in year before enroll-
ment — no./100 person-yr
Recordings on daily diary card
Episode-free days — no./mo§
Use of albuterol for symptoms — puffs /wk
Night awakenings — no./mo

FEV, before bronchodilator use — % of predicted

FEV, after bronchodilator use — % of predicted
Airway responsiveness to methacholine

(FEV, PC,,) — mg,/ml{
Height — percentile

BUDESONIDE NEDOCROMIL PLAcEBO
(N=311) (N=312) (N=418)
9.0+2.1 8.8*x2.1 9.0x2.2

201 (64.6) 218 (69.9) 292 (69.9)
44 (14.1) 38 (12.2) 56 (13.4)
32 (10.3) 29 (9.3) 37 (8.9)
34 (10.9) 27 (8.7) 33(7.9)

130 (41.8) 106 (34.0) 184 (44.0)

181 (58.2) 206 (66.0) 234 (56.0)
3.1x2.3 3.1+x24 3.0x2.6
5.2+2.6 5.0+2.7 49+2.7

133 (42.8) 148 (47 .4) 160 (38.3)

126 (40.5) 114 (36.5) 150 (35.9)

107 (34.4) 94 (30.1) 162 (38.8)

166 (53.4) 161 (51.6) 216 (51.7)

145 (46.6) 151 (48.4) 202 (48.3)
31 29 31
9.7+7.8 9.9+8.1 9.6%7.6

10.4+9.8 10.5+9.8 10.2+9.6
0917 1.0£1.7 0.8x1.5

93.6+14.4 93.4*+14.5 94.2+14.0

103.2*+13.2 102.3*x12.7 103.3=12.2
1.1+3.3 1.2+3.3 1.1+£3.3

56.8+28.0 56.0£28.7 55.3+28.8

*Plus—minus values are means +SD. Not all percentages add to 100, because of rounding or be-
cause some children used more than one treatment before enrollment.

1FEV, denotes the forced expiratory volume in one second, and FEV, PC,; the concentration of
methacholine that caused a 20 percent decrease in FEV.

1P value for homogeneity among groups = 0.02.

§An episode-free day was defined as a day with no night awakenings, morning and evening peak
flow =80 percent of personal best peak flow (determined by algorithm!2), no use of albuterol for
symptoms, no use of prednisone, no absence from school or contact with a physician because of asth-
ma symptoms, and no episode of wheezing, coughing, chest tightness, or shortness of breath.

{Values are geometric means *=SD.

103.2 percent of the predicted value to a mean of
106.8 percent within two months, but this measure-
ment gradually diminished to 103.8 percent by the end
of the treatment period, at which point the change in
the FEV, after bronchodilator use in the budesonide
group was not significantly different from that in the
placebo group (Table 3 and Fig. 1). The nedocromil
group was similar to the placebo group in this meas-
ure throughout the treatment period (Table 3 and
Fig. 1). The ratio of the FEV, to the forced vital capac-
ity (FVC, expressed as a percentage of the predicted
value) after bronchodilator use was smaller at the end
of the treatment period than at the start in all study
groups; the decline in the budesonide group was less
than that in the placebo group (1.0 percent vs. 1.7
percent, P=0.08) (Table 3 and Fig. 1).

In patients treated with budesonide, FEV, before
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the administration of a bronchodilator increased with-
in two months and was significantly higher at the end
of the treatment period than it was in those receiving
placebo (P=0.02); the nedocromil group was simi-
lar to the placebo group with respect to this measure
throughout the treatment period (Table 3 and Fig. 1).
The FVC (expressed as a percentage of the predicted
value) before bronchodilator use increased in all study
groups. The increase in the nedocromil group was
less than that in the placebo group (P=0.02), where-
as the increase in the budesonide group was similar to
that in the placebo group (Table 3). The FEV:FVC
ratio before bronchodilator use was smaller at the end
of the treatment period than at the start in all three
groups; the decline in the budesonide group was less
than that in the placebo group (0.2 percent vs. 1.8
percent, P=0.001) (Table 3 and Fig. 1).
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TABLE 2. FOLLOW-UP, ASTHMA TREATMENT, AND MORBIDITY DURING THE TRIAL.*

BupesoniDE  NEDOCROMIL  PLACEBO
EVENT (N=311) (N=312) (N=418) P VaLUE
BUDESONIDE  NEDOCROMIL
VS. PLACEBO  VS. PLACEBO
Follow-up
Duration of follow-up (yr) 4.3+0.8 4.3+0.7 4.3+0.7 0.35 0.40
Percentage of scheduled visits completed 95.2 95.2 95.1 0.94 0.92
Percentage of days with completed diary card 85.7 85.6 85.7 0.94 0.65
Percentage of patients in whom primary outcome 98.4 98.4 98.3 0.94 0.94
was measured
Asthma treatment
Percentage of days during which treatment was
prescribed
Budesonide, nedocromil, or placebo only
Full dose 88.9 78.6 78.4 <0.001 0.89
Tapered to half dose 34 3.3 2.3 0.05 0.03
Tapered to zero dose 1.1 1.0 0.6 0.10 0.16
Beclomethasone or other asthma medications 6.6 17.1 18.7 <0.001 0.53
Percentage of days child reported to take pre- 73.7 70.2 76.2 0.34 0.01
scribed dose of study medication}
Prednisone course (no./100 person-yr)} 70 102 122 <0.001 0.01
Morbidity
Urgent care visits due to asthma (no./100 12 16 22 <0.001 0.02
person-yr)}
Hospitalizations due to asthma (no./100 2.5 4.3 4.4 0.04 0.99
person-yr)f
Fractures (no./100 person-yr)t 5.7 4.1 5.1 0.59 0.23
No. of eyes with posterior subcapsular cataracts§ 0t 0 0 1.00 1.00

*Plus—minus values are means =SD. The primary outcome was the forced expiratory volume in one second after bron-
chodilator use, expressed as a percentage of the predicted value.

tResults are based on daily diaries.

fRates have been adjusted for age at randomization, race or ethnic group, sex, clinic, duration of asthma at base line,
severity of asthma at base line, and skin-test reactivity at base line.

§Results are based on photographic evaluations of 1909 eyes in 955 children. In one child in the budesonide group,
an area in the right eye was classified as a questionable posterior subcapsular cataract on photographic evaluation; the
child was found to have a barely measurable (<0.5 mm) posterior subcapsular cataract on slit-lamp examination five
months later. Uncorrected Snellen visual acuity in the eye was 20,/25. This child received budesonide as study medication,
beclomethasone (for a total of 13 months), and oral prednisone (for a total of 38 days) during the trial, as well as an

intranasal corticosteroid.

Airway responsiveness to methacholine, expressed
as the concentration that caused a 20 percent de-
crease in FEV,, improved throughout the treatment
period in all three groups (Fig. 1), with the greatest
improvement occurring in the budesonide group. At
the end of the treatment period, airway responsive-
ness to methacholine was significantly improved in
the budesonide group as compared with the placebo
group (P<<0.001), whereas the change in the nedocro-
mil group was similar to that in the placebo group
(Table 3 and Fig. 1).

Health Outcomes

As compared with the placebo group, the budes-
onide group had a 43 percent lower rate of hospital-
ization (P=0.04), a 45 percent lower rate of visits
for urgent care (P<<0.001), and a 43 percent lower
rate of use of courses of prednisone (P<<0.001) over
the treatment period (Table 2). The nedocromil group
had a 27 percent lower rate of urgent care visits (P=

0.02) and a 16 percent lower rate of use of courses
of prednisone (P=0.01) than the placebo group, but
there was no significant difference in the rate of hos-
pitalization. One death from asthma occurred in the
nedocromil group; the child had been receiving sup-
plemental treatment, including inhaled corticosteroids,
for several months before her death. One child in the
placebo group required intubation for an exacerbation
of asthma.

Control of asthma was best in the budesonide
group, as indicated by significantly fewer symptoms
(P=0.005), less use of albuterol for symptoms (P<
0.001), and more episode-free days (P=0.01) (Table
3). Changes in morning peak flow and the number
of night awakenings per month were similar in all
groups (Table 3). The times to the first course of pred-
nisone and to the initiation of treatment with beclo-
methasone or other nonassigned asthma medications
were significantly longer in the budesonide group than
in the placebo group (P<<0.001) (Fig. 2).
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TABLE 3. SPIROMETRIC MEASURES, AIRWAY RESPONSIVENESS, PHYSICAL GROWTH, PSYCHOLOGICAL DEVELOPMENT,
AND DIARY-CARD MEASURES ACCORDING TO TREATMENT GROUP.

MEeASURE* Mean VALUET SD¥ P VALUE
BUDESONIDE NEDOCROMIL
BUDESONIDE ~ NEDOCROMIL ~ PLACEBO VS, Vs.
(n=311) (N=312) (N=418) PLACEBO PLACEBO
Changes in spirometric values after broncho-
dilator use
FEV, (% of predicted) 0.6 -0.5 —-0.1 9.6 0.36 0.56
FEV, (liters) 1.04 1.06 1.08 0.40 0.30 0.58
FVC (% of predicted) 0.7 -0.1 0.9 9.3 0.74 0.16
FVC (liters) 1.27 1.29 1.33 0.45 0.05 0.25
FEV:FVC (%) -1.0 -1.3 -17 5.2 0.08 0.26
Changes in spirometric values before broncho-
dilator use
FEV, (% of predicted) 29 0.4 0.9 11.2 0.02 0.57
FEV, (liters) 1.02 0.99 1.01 0.43 0.76 0.58
EVC (% of predicted) 2.3 0.6 24 10.0 0.89 0.02
FVC (liters) 1.29 1.28 1.35 0.47 0.07 0.06
FEV:EVC (%) -0.2 -1.0 -1.8 6.5 0.001 0.10
Airway responsiveness to methacholine (ratio of 3.0 1.8 1.9 33 <0.001 0.97
follow-up to base-line values)
Change in height (cm) 22.7 23.7 23.8 5.4 0.005 0.65
Height percentile at last follow-up 51.3 55.2 55.7 15.5 <0.001 0.62
Bone age at last follow-up (yr) 13.7 13.6 13.7 25 0.84 0.61
Difference between bone age and 0.2 0.4 0.4 1.1 0.18 0.83
chronologic age (yr)
Projected final height (cm)§ 174.8 174.8 174.8 44 0.86 0.87
Tanner genital stage at last follow-up (boys)q 3.0 2.8 29 0.9 0.53 0.10
Tanner breast stage at last follow-up (girls){ 33 3.2 34 0.8 0.56 0.17
Change in bone density (g/cm?) 0.17 0.17 0.18 0.08 0.53 0.15
Change in total score on Children’s Depression -3.2 -1.8 22 5.1 0.01 0.35
Inventory||
Changes in daily diary-card measures
Symptom score —0.44 —0.38 -0.37 0.37 0.005 0.80
Morning peak flow (liters/min) 131 131 132 67 0.86 0.82
Episode-free days (no./mo) 11.3 9.3 9.3 10.2 0.01 0.97
Use of albuterol for symptoms (pufts/wk) -7.4 -5.7 -5.3 7.1 <0.001 0.42
Night awakenings (no./mo) -0.7 -0.6 -0.6 1.1 0.14 0.48

*Changes were calculated by subtracting the base-line values from the values at the last follow-up. FEV, denotes forced expiratory volume

in one second, and FVC forced vital capacity. The primary outcome measure was the FEV| after bronchodilator use, expressed as a percentage
of the predicted value.

TMeans have been adjusted for the average base-line values of the outcome measure, age at randomization, race or ethnic group, sex, clinic,
duration of asthma at base line, severity of asthma at base line, and skin-test reactivity at base line. Only measures with both base-line and
follow-up values are included in this table.

$SD is the standard deviation estimated from the regression model.

§Projected final height was calculated from the prediction equations of Tanner et al.,22 which use height, chronologic age, bone age, and

(for girls) age at first menses.

{The Tanner stage is an assessment of sexual development. The possible scores for genital stage and for breast stage range from 1 to 5,
where 1 indicates preadolescent characteristics and 5 indicates adult characteristics.

| The Children’s Depression Inventory? is a 27-item questionnaire completed by the child with regard to the symptoms of depression. The
total score ranges from 0 to 54, where higher scores indicate greater depression.

During the treatment period, the percentage of days
on which beclomethasone or another asthma medica-
tion was prescribed in addition to or instead of the
originally assigned treatment was significantly lower
(P<<0.001) for children assigned to budesonide (6.6
percent) than for those assigned to placebo (18.7 per-
cent); there was no significant difference in the meas-
ure between the nedocromil group (17.1 percent) and
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the placebo group (Table 2). Compliance with treat-
ment, defined as the percentage of days on which a
child was reported to have taken the prescribed dose
of study medication, was similar in children assigned to
budesonide and those assigned to placebo (73.7 per-
cent and 76.2 percent, respectively), but it was lower
in children assigned to nedocromil (70.2 percent)
(P=0.01 for the comparison with placebo) (Table 2).
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Figure 1. Mean Values for Spirometric Measures before and after the Use of a Bronchodilator, Airway Responsiveness, Standing
Height, and Standing-Height Velocity during Four Years of Follow-up in the Budesonide (Bud), Nedocromil (Ned), and Placebo (Plbo)
Groups.

The numbers of observations used to calculate means at annual intervals are shown below each panel. When comparisons were
made over the total follow-up time, the budesonide group differed significantly (P<0.001) from the placebo group in all measures,
even though these differences may not be apparent in every panel, and there were no significant differences between the nedocro-
mil group and the placebo group in any measure. FEV, denotes forced expiratory volume in one second, FVC forced vital capacity,
and FEV, PC,, airway responsiveness measured by the concentration of methacholine that caused a 20 percent decrease in FEV,.
For FEV, PC,,, values were obtained at 0, 8, 20, 32, and 44 months. P values for the comparisons between study groups of the
changes from base line to last follow-up are shown in Table 3.
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Figure 2. Kaplan-Meier Estimates of the Cumulative Probability of a First Course of Prednisone and Initiation of Additional Therapy
(Beclomethasone or Other Nonassigned Asthma Medications) during Four Years of Follow-up in the Budesonide (Bud), Nedocromil

(Ned), and Placebo (Plbo) Groups.

The numbers of children at risk at annual intervals are shown below each graph.

Measures of Growth and Assessment for Cataracts

At the end of the treatment period, the mean in-
crease in height in the budesonide group was 1.1 cm
less than the mean increase in the placebo group (22.7
vs. 23.8 cm, P=0.005); the height increase was sim-
ilar in the nedocromil and the placebo groups (Table
3). The difference between the budesonide and pla-
cebo groups in the rate of growth was evident pri-
marily within the first year of treatment and did not
increase later: all groups had similar growth velocity
by the end of the treatment period (Fig. 1), as well
as similar changes in bone density (Table 3). At the
end of treatment, the bone age, projected final height,
and Tanner stage in the budesonide and nedocromil
groups were similar to those in the placebo group
(Table 3). The only difference with respect to chang-
es in any of the psychosocial measures was a greater
improvement in the total score on the Children’s
Depression Inventory,?? indicating less depression, in
the budesonide group as compared with the placebo
group (a decline of 3.2 vs. 2.2, P=0.01) (Table 3).
None of the children had posterior subcapsular cat-
aracts according to lens-photography criteria (Table 2).
However, one child in the budesonide group was clas-
sified as having a questionable posterior subcapsular
cataract. A barely measurable (<0.5 mm) posterior
subcapsular cataract was found in this child on slit-
lamp examination by an ophthalmologist five months
after the photographs were taken. The uncorrected
Snellen visual acuity in the eye was 20,/25. This child
received budesonide as study medication, beclometh-
asone (for 13 months), and oral prednisone (for 38
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days) during the study, as well as an intranasal cortico-
steroid.

Discontinuation of Study Medication

Four months after discontinuation of the study
medication, the children assigned to nedocromil had
a smaller reduction from base line in the FEV:FVC
ratio after bronchodilator use than did those assigned
to placebo (a decline of 1.2 percent vs. 2.2 percent,
P=0.03). Also at this time, children assigned to bu-
desonide or nedocromil had a smaller reduction in
FEV,:FVC before bronchodilator use than did those
assigned to placebo (budesonide vs. placebo: a decline
of 0.9 percent vs. 2.5 percent, P=0.005; nedocromil
vs. placebo: a decline of 1.1 percent vs. 2.5 percent,
P=0.01). The groups were similar in all other meas-
ures, including airway responsiveness, which worsened
in the budesonide group during the four-month peri-
od after discontinuation of budesonide and became
similar to that in the placebo group (data are avail-
able elsewhere*).

DISCUSSION

The finding that neither budesonide nor nedocro-
mil improved lung function, as measured by the per-
centage of the predicted value for FEV] after the ad-
ministration of a bronchodilator, was unexpected.
FEV, was chosen as the primary outcome measure
because it is widely accepted as the most clinically

*See NAPS document no. 05569 for 16 pages of supplementary mate-
rial. To order, contact NAPS, ¢ /o0 Microfiche Publications, 248 Hempstead
Tpke., West Hempstead, NY 11552.
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useful and predictive measure of lung function. It is
highly reproducible and correlates well with the pro-
gression of disease,28:2 use of health care3° and sever-
ity of asthmal33! and accurately describes the natural
history of childhood asthma. The value after broncho-
dilator use was chosen as the outcome measure be-
cause it minimizes the effects of airway constriction
and has less variability over time in individual patients
than the value before bronchodilator use.

The use of budesonide was associated with improve-
ment in the FEV, before bronchodilator use, when
measured as a percentage of the predicted value, but
not when measured in liters (Table 3). The use of
nedocromil was not associated with improvement in
cither measure of FEV,. Since predicted values depend
on height 3233 the statistical significance of the change
in the FEV, as a percentage of the predicted value is
mostly attributable to the slightly smaller stature of
the children in the budesonide group.

As a consequence of normal lung growth,3* the
FEV,:FVC ratio before bronchodilator use decreased
over time in all three groups (Fig. 1). The decrease
was minimized by budesonide (before bronchodilator
use, P=0.001; after bronchodilator use, P=0.08). The
minimization of the decrease was not due to improve-
ment in FEV, and might have been due to lower FVC
or improved bronchodilation in the budesonide group.

During the trial, there was a lack of decline in the
FEV, before and after bronchodilator use in the pla-
cebo group and a lack of long-term improvement in
the budesonide and nedocromil groups as compared
with the placebo group. An irreversible deterioration
in lung function might have occurred in the patients
before their enrollment, and the treatment might
therefore have been too late to effect a change. Eighty
percent of all childhood asthma is diagnosed by the
age of six years,? and normal proliferation of the al-
veoli and airway development occur predominantly
before the age of five years.3¢ We enrolled children
from 5 through 12 years of age, who had had asthma
for a mean of five years. Some studies recommend
initiating treatment within two to three years after
the onset of disease.?

In contrast to the results of lung-function meas-
urements, our findings on airway responsiveness and
health outcomes clearly favor budesonide. As expect-
ed,¥ improvement in airway responsiveness to meth-
acholine occurred during the treatment period in all
three study groups (Fig. 1) but was substantially and
significantly greater in the budesonide group (Table
3); this finding is consistent with the results of short-
er trials in children.383% The relative improvement in
the budesonide group suggests additional improve-
ment as a consequence of lower bronchomotor tone or
diminished airway inflammation.

The rates of hospitalization and of urgent care visits
and the need for additional therapy and oral predni-
sone were lowest in the budesonide group (Table 2).

Budesonide was also associated with a greater reduc-
tion in symptoms and in the use of albuterol for symp-
toms and with an increase in the number of episode-
free days as compared with placebo (Table 3).

We also evaluated the long-term effects of inhaled
nedocromil in children. Overall, the results in the
nedocromil group were similar to those in the pla-
cebo group, except that nedocromil was associated
with fewer exacerbations, as evidenced by a lower rate
of prednisone use and a lower rate of urgent care visits.

The current literature indicates that treatment of
children with inhaled or nasal corticosteroids, specif-
ically beclomethasone dipropionate, results in a loss
of 0.7 to 1.4 cm in linear growth over a one-year pe-
riod.3846 Our four-to-six-year trial provides evidence
that the effect of budesonide on growth velocity is not
sustained and that extrapolations from one-year stud-
ies to projected loss in subsequent years are not ap-
propriate. Calculations of projected final height?2 sug-
gest that the children in the study groups will achieve
similar final heights.

There were no significant differences among the
three groups in the change in bone density. Several
recent studies have suggested that the use of high
doses of inhaled corticosteroids in adults can lead to
the development of cataracts.#”#8 In one child in the
budesonide group, an area of one eye was classified as
a questionable posterior subcapsular cataract on pho-
tographic assessment. However, interpretation of this
finding was complicated by the child’s use of oral cor-
ticosteroids and the lack of base-line photographic as-
sessment.

After discontinuation of the study medication, no
differences were observed among the study groups
in lung function or growth from base line (the be-
ginning of the study) to the final measurement, ex-
cept for the FEV:FVC ratio before bronchodilator
use. The increase in responsiveness to methacholine
seen in the budesonide group after discontinuation
of the study medication suggests that the beneficial
effect of budesonide on airway responsiveness to meth-
acholine is due to changes in bronchomotor tone or
airway inflammation, and not to the prevention or res-
olution of remodeling of the airway wall.

The percentage of days on which only the full
dose of the assigned study medication was prescribed
was greater in the budesonide group than in the place-
bo group (88.9 percent vs. 78.4 percent, P<<0.001)
(Table 2). However, it is unlikely that this difference
substantially influenced the findings. Four post hoc
analyses confirmed the results of the intention-to-treat
analysis. These analyses excluded any outcome meas-
ures obtained after departure from full-dose study
medication, were restricted to children who used only
full-dose study medication throughout the follow-up,
included only children who had reported compliance
with full-dose study medication on at least 80 percent
of days, and categorized children according to their
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prescribed treatment at the end of the treatment pe-
riod (data are available elsewhere*).

Our study demonstrates the importance of long-
term, controlled trials of treatment for asthma. A ben-
efit of budesonide in terms of lung function, as meas-
ured by the FEV, after bronchodilator use, was evident
at one year, but not at four years; a reduction in linear
growth velocity in children treated with budesonide
was evident at one year but was absent by the second
year. Airway responsiveness to methacholine improved
in all study groups over the four to six years of treat-
ment. The improvement was substantially and signif-
icantly greater with budesonide than with placebo,
but this advantage disappeared after the discontinua-
tion of treatment with budesonide.

In summary, we found that in children five or more
years of age with mild-to-moderate asthma, contin-
uous daily treatment with inhaled budesonide or ne-
docromil had no therapeutic benefit in terms of lung
function, as measured by the FEV, after bronchodi-
lator use, as compared with therapy given as needed
for the control of symptoms (as in the placebo group).
Intervention with antiinflammatory medications ear-
lier in childhood, earlier after the onset of disease, or
in patients selected because of a decline in pulmo-
nary function might still be beneficial and should be
evaluated. Continuous daily treatment with inhaled
budesonide leads to better control of asthma than
symptomatic treatment (as in our placebo group) or
treatment with nedocromil, and its side effects are
limited to a small, transient reduction in growth ve-
locity. Inhaled corticosteroids are safe and effective
for long-term use in children with asthma.
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