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ABSTRACT

BACKGROUND
Treatment guidelines recommend the regular use of inhaled corticosteroids for pa-
tients with mild persistent asthma. We investigated whether the symptom-driven use
of a combination of beclomethasone dipropionate and albuterol (also known as sal-
butamol) in a single inhaler would be as effective as the regular use of inhaled beclo-
methasone and superior to the as-needed use of inhaled albuterol.

METHODS

We conducted a 6-month, double-blind, double-dummy, randomized, parallel-group
trial. After a 4-week run-in, patients with mild asthma were randomly assigned to re-
ceive one of four inhaled treatments: placebo twice daily plus 250 ug of beclometha-
sone and 100 g of albuterol in a single inhaler as needed (as-needed combination
therapy); placebo twice daily plus 100 ug of albuterol as needed (as-needed albuterol
therapy); 250 ug of beclomethasone twice daily and 100 ug of albuterol as needed
(regular beclomethasone therapy); or 250 ug of beclomethasone and 100 ug of alb-
uterol in a single inhaler twice daily plus 100 ug of albuterol as needed (regular com-
bination therapy). The primary outcome was the morning peak expiratory flow rate.

RESULTS

In 455 patients with mild asthma who had a forced expiratory volume in 1 second of
2.96 liters (88.36% of the predicted value), the morning peak expiratory flow rate
during the last 2 weeks of the 6-month treatment was higher (P=0.04) and the num-
ber of exacerbations during the 6-month treatment was lower (P=0.002) in the
as-needed combination therapy group than in the as-needed albuterol therapy group,
but the values in the as-needed combination therapy group were not significantly dif-
ferent from those in the groups receiving regular beclomethasone therapy or regular
combination therapy. The cumulative dose of inhaled beclomethasone was lower in
the as-needed combination therapy group than in the groups receiving regular beclo-
methasone therapy or regular combination therapy (P<0.001 for both comparisons).

CONCLUSIONS
In patients with mild asthma, the symptom-driven use of inhaled beclomethasone (250
1g) and albuterol (100 ug) in a single inhaler is as effective as regular use of inhaled
beclomethasone (250 g twice daily) and is associated with a lower 6-month cumulative
dose of the inhaled corticosteroid. (ClinicalTrials.gov number, NCT00382889.)
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REATMENT GUIDELINES FOR ASTHMAL?
recommend regular treatment with inhaled
corticosteroids for patients with mild per-
sistent asthma, since this treatment regimen pro-
vides control of asthma,?” suppresses airway in-
flammation,®° and may prevent the progression of
asthma.#%1° Although the doubling of the dose
of inhaled corticosteroids has been reported to
be ineffective in preventing exacerbation of asth-
ma,*>12 high-dose inhaled corticosteroids admin-
istered at the onset of an exacerbation have been
reported to enhance the control of asthma.?® In
addition, the control of mild persistent asthma
achieved with the use of short courses of high-dose
inhaled corticosteroids is similar to that achieved
with the regular use of low-dose inhaled corticoste-
roids.** In patients with moderate-to-severe asth-
ma, the use of a combination of an inhaled long-
acting 8,-agonist and an inhaled corticosteroid for
both maintenance and relief provides better asth-
ma control than does use of the same combination
for maintenance and use of a short-acting or long-
acting 3,-agonist for relief.1>1°
Short-acting [3,-agonists are recommended for
the relief of asthma symptoms, even though the
symptoms are associated not only with broncho-
constriction but also with enhanced airway in-
flammation.'” Furthermore, inhaled corticoste-
roids may rapidly exert their antiinflammatory
effects,'®1° may enhance the effect of 3,-ago-
nists,2%2 and may be as effective as systemic cor-
ticosteroids in treating asthma exacerbations,??
even if they are not consistently so in cases of se-
vere exacerbation. On this basis, we hypothesized
that the symptom-driven rescue use of a short-act-
ing B,-agonist in combination with a relatively
high-dose inhaled corticosteroid is as effective in
providing control of mild persistent asthma as is
regular treatment with the same dose of the same
inhaled corticosteroid twice daily plus a short-
acting 3,-agonist as needed.

METHODS

STUDY DESIGN

Details of the methods and statistical analysis are
provided in the Supplementary Appendix (avail-
able with the full text of this article at www.nejm.
org). The study was designed by two academic au-
thors, both of whom vouch for the accuracy and
completeness of the data reported, and by an em-
ployee of the sponsor. All other authors had in-
put into the study design and also helped to per-

form the trial. Statistical analyses were conducted
at Contract Research Organization Statistics and
Data Management and were reviewed by an aca-
demic author. All authors had full access to the
data. The sponsor had no input in the writing of
the manuscript.

PATIENTS
Patients were recruited between August 2002 and
September 2004 in 25 centers. The inclusion cri-
teria were a history of mild persistent asthma (ac-
cording to published guidelines?3) for at least
6 months, an age of 18 to 65 years, a prebroncho-
dilator forced expiratory volume in 1 second (FEV,)
of 75% or more of the predicted value, associated
with either an increase in FEV, of 12% or more of
the predicted value after inhalation of 200 ug of
albuterol (known as salbutamol outside the United
States) or a positive methacholine challenge (in
which a methacholine concentration of <8 mg per
milliliter, or a methacholine dose of <1 mg, pro-
vokes a 20% decrease in the FEV,). Exclusion crite-
ria are reported in the Supplementary Appendix.
The protocol was approved by the institutional re-
view board at each study site, and written informed
consent was obtained from each participant.

PROTOCOL
This was a multinational, multicenter, double-blind,
double-dummy, randomized, four-group, parallel
group, drug-controlled trial (Fig. 1 and 2). Patients
were instructed in the use of a peak flow meter
(Mini-Wright, Clement Clarke) and were told to re-
cord the following data in diary cards daily: rate of
peak expiratory flow in the morning and evening,
asthma symptoms, number of nocturnal awaken-
ings, intake of study drugs, and number of puffs
of rescue medication. Daytime symptoms were
evaluated in the evening, and nighttime symptoms
in the morning, with the use of a four-point scale.2*
Daytime symptom scores ranged from 0 (no symp-
toms) to 4 (symptoms occurring for most of the day
and affecting normal daily activities); nighttime
symptom scores ranged from 0 (no symptoms) to
4 (symptoms so severe that they did not allow any
sleep).

Patients entered a 4-week run-in period during
which they received 250 ug of inhaled beclometh-
asone dipropionate twice daily and albuterol on an
as-needed basis for the relief of symptoms. Pa-
tients then entered the study if their asthma was
controlled, as defined as an absence of any of the
following events during the last 2 weeks of the
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As-needed combination therapy

As-needed albuterol therapy

Beclomethasone

Regular beclomethasone therapy

4-Week Run-In Period
L

(500 pg/day)
Regular combination therapy
T T T T T T T 1
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8
(screening)  (randomization) (end of
L 1 treatment)

6-Month Treatment Period

Figure 1. Study Design.

of albuterol as needed.

At each visit, patients underwent a physical examination; measurement of blood pressure, heart rate, and pulmo-
nary function; and evaluation of asthma symptoms, asthma exacerbations, and adverse events. As-needed combina-
tion therapy consisted of placebo twice daily plus 250 yig of beclomethasone and 100 pg of albuterol in a single in-
haler as needed; as-needed albuterol therapy, placebo twice daily plus 100 pg of albuterol as needed; regular
beclomethasone therapy, 250 g of beclomethasone twice daily and 100 pg of albuterol as needed; and regular
combination therapy, 250 pig of beclomethasone and 100 g of albuterol in a single inhaler twice daily plus 100 pg

run-in period®*: diurnal variation in the peak expi-
ratory flow rate of more than 20% on 2 consecu-
tive days, use of four or more puffs of rescue alb-
uterol per day on 2 consecutive days, use of oral
corticosteroids, and at least 80% adherence to use
of the diary and the medications.

On entry into the study, patients were random-
ly assigned to receive one of four inhaled treat-
ments: placebo twice daily plus 250 ug of beclo-
methasone and 100 ug of albuterol in a single
inhaler as needed (as-needed combination thera-
py); placebo twice daily plus 100 ug of albuterol
as needed (as-needed albuterol therapy, as a con-
trol); 250 ug of beclomethasone twice daily and
100 ug of albuterol as needed (regular beclometh-
asone therapy); or 250 ug of beclomethasone and
100 pg of albuterol in a single inhaler twice daily
plus 100 ug of albuterol as needed (regular com-
bination therapy). Patients were not given a writ-
ten plan of action to guide the as-needed use of
study drugs but were simply instructed orally to
use them any time they were needed for relief of
symptoms.

Patients were randomly assigned to a treatment
group according to a list prepared with the use of
a random-number generator and a balanced-block
design stratified according to center. Each inves-

tigator assigned each patient the lowest number
available at the site, according to chronologic or-
der of entry into the study at the randomization
visit.

Clinic visits took place at the beginning (visit 1)
and end (visit 2) of the run-in period and thereafter
on study weeks 4, 8, 12, 16, 20, and 24, for a total
of 8 visits. During each visit, the investigator re-
viewed the diary cards and verified compliance
with the assigned treatment. Compliant patients
were considered to be those who had taken at least
80% of the study medication prescribed since the
last visit and had filled in the diary cards consis-
tently since the last visit.

OUTCOME VARIABLES
The primary outcome for comparison across treat-
ment groups was the mean rate of morning peak
expiratory flow during weeks 23 and 24. Second-
ary outcomes included other functional variables,
symptom scores, and the number and severity of
exacerbations (see the Supplementary Appendix).
During each visit, the clinician reviewed the di-
ary cards to assess the number and severity of ex-
acerbations, as previously defined.?> A mild exac-
erbation was defined as awakening at night owing
to asthma or as a decrease in the morning peak
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510 Patients were screened

44 Were excluded
3 Had an adverse event
3 Had uncontrolled asthma
3 Had protocol violations
7 Met an exclusion criterion
6 Did not meet inclusion criteria

5 Had poor compliance
4 Were lost to follow-up

12 Withdrew consent

4 Had other reasons

466 Were randomly assigned

to treatment

124 Received as-needed
combination therapy

119 Receive:
albutero

d as-needed
| therapy

110 Received regular
beclomethasone therapy

113 Received regular
combination therapy

22 Were withdrawn

1 Had an adverse event

2 Did not have a thera-
peutic response

3 Violated protocol

2 Met an exclusion
criterion

2 Had poor compliance

7 Withdrew consent

1 Was lost to follow-up

18 Were withdrawn

3 Did not have a thera-
peutic response

2 Violated protocol

1 Met an exclusion
criterion

1 Had poor compliance

6 Withdrew consent

3 Were lost to follow-up

2 Were withdrawn for

17 Were withdrawn

2 Did not have a thera-
peutic response

1 Violated protocol

1 Met an exclusion
criterion

1 Had poor compliance

8 Withdrew consent

2 Were lost to follow-up

2 Were withdrawn for

16 Were withdrawn

1 Had an adverse event

3 Did not have a thera-
peutic response

8 Withdrew consent

3 Were lost to follow-up

1 Was withdrawn for
other reasons

4 Were withdrawn for
other reasons

other reasons

other reasons

102 Completed
the study

101 Completed
the study

93 Completed
the study

97 Completed
the study

plus 100 pg of albuterol as needed.

Figure 2. Screening, Randomization, and Study Completion.

Some of the 44 patients who were excluded had more than one reason for exclusion. As-needed combination therapy consisted of place-
bo twice daily plus 250 pg of beclomethasone and 100 pg of albuterol in a single inhaler as needed; as-needed albuterol therapy, placebo
twice daily plus 100 pg of albuterol as needed; regular beclomethasone therapy, 250 pyg of beclomethasone twice daily and 100 pg of al-
buterol as needed; and regular combination therapy, 250 pg of beclomethasone and 100 pg of albuterol in a single inhaler twice daily

expiratory flow rate to more than 20% below the
baseline value, the use of more than three addi-
tional puffs per day of rescue medication (either
albuterol or beclomethasone and albuterol) as
compared with during the baseline period (the last
week of the run-in period) for 2 or more consecu-
tive days, or both. Single, isolated days on which
mild exacerbation occurred were not counted.
A severe exacerbation was defined as a decrease in
the morning peak expiratory flow rate to more
than 30% below the baseline value on 2 consecu-

tive days or more than eight puffs per day of rescue
medication for 3 consecutive days or the need for
treatment with oral corticosteroids, as judged by
the investigator. Days on which severe exacerba-
tions occurred were excluded from the count of
days with mild exacerbations.

STATISTICAL ANALYSIS

Our equivalence study was designed to investigate
whether the effects of as-needed combination ther-
apy with beclomethasone and albuterol (the inves-
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tigational treatment) would be clinically similar to
those of either the regular use of beclomethasone
plus albuterol as needed (regular beclomethasone
therapy, the recommended treatment according to
standard guidelines) or the regular use of a beclo-
methasone and albuterol plus as-needed albuterol
(regular combination therapy).

Equivalence was determined on the basis of the
two-sided 95% confidence interval (CI) of the dif-
ference between treatment groups in the mean
morning peak expiratory flow rate during the last
2 weeks of treatment. The maximum difference
considered to indicate clinical equivalence between
groups was 40 liters per minute (i.e., 10% of the
expected mean morning peak expiratory flow rate
of 400 liters per minute at the end of the study).
This limit was selected a priori (and denoted in the
protocol) on the basis of guidelines?? suggesting
that treatment should not be changed if the peak
expiratory flow rate varies by less than 20% for
a given patient. Thus, we speculated that there
would be no clinical consequences of a difference
of less than 10% between two groups at the end of
the study.

We calculated that we would need to enroll 430
patients, on the basis of an expected mean morn-
ing peak expiratory flow rate of 400 liters per
minute with an unadjusted SD of 95 liters per min-
ute, a statistical power of the study of 80%, and a
two-sided alpha of 0.05. To account for an esti-
mated 15% dropout rate, we calculated that a
sample of 552 patients would be required to have
data that could be evaluated for 480 patients. After
the final data were collected, we adjusted the stan-
dard deviation of the mean morning peak expira-
tory flow rate for the corresponding baseline values
(see the Supplementary Appendix). The hypothesis
of equivalence for the primary efficacy variable
was tested with use of an analysis-of-covariance
(ANCOVA) model. The 95% bilateral CI for the dif-
ference in least-squares means was evaluated to
demonstrate equivalence. We then estimated that
the actual statistical power of our study was more
than 80% to detect a difference of 23 liters per
minute (5.75%) in the mean morning peak expi-
ratory flow rate between treatment groups.

As proof of sensitivity, our trial was also de-
signed to demonstrate efficacy by showing the su-
periority of as-needed combination therapy over
as-needed albuterol therapy, to verify whether
asthma symptoms improved after additional treat-

ment with beclomethasone. We also tested the
superiority of regular beclomethasone over as-
needed albuterol. Using a total of 480 patients,
a two-sided test, and an alpha of 0.05, we esti-
mated the statistical power to be more than 80%
to detect a significant difference between these
treatments and an effect size of 0.42. The effect
size is a dimensionless variable expressing the
standardized difference (i.e., the mean difference
divided by standard deviation) between, in our
study, the mean morning peak expiratory flow rate
after as-needed combination therapy and after as-
needed albuterol therapy.

We first tested for the superiority of as-needed
combination therapy over as-needed albuterol ther-
apy with regard to morning peak expiratory flow.
If superiority was shown, we tested for equivalence
of rates of morning peak expiratory flow after
as-needed combination therapy and after regu-
lar beclomethasone therapy. If this equivalence
was shown, we then tested for equivalence of as-
needed combination therapy and regular combina-
tion therapy.

Although in our original statistical plan we
used the last-observation-carried-forward method
to handle missing data, in the final analysis, the
maximume-likelihood method of analysis was also
used to test the hypothesis of superiority or equiv-
alence with regard to primary and secondary effi-
cacy variables (see the Supplementary Appendix).
We used an ANCOVA model with terms for treat-
ment group, geographic region, and baseline val-
ues as covariates. The 95% CI for the difference
in least-squares means was evaluated to demon-
strate equivalence. P values of less than 0.05 were
considered to indicate statistical significance.

RESULTS

Of the 510 patients screened during the 4-week
run-in period, 466 were randomly assigned to a
treatment group. Of these patients, 11 had no evi-
dence of drug intake (2 receiving as-needed com-
bination therapy, 1 receiving as-needed albuterol
therapy, 4 receiving regular beclomethasone ther-
apy, and 4 receiving regular combination therapy).
Thus, data from only the remaining 455 patients
were available for a modified intention-to-treat
analysis. Since the results were essentially the same
in the modified and full intention-to-treat popu-
lations, we report the results of the modified analy-
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sis only. We report the results of prespecified
analyses performed with the use of the last-obser-
vation-carried-forward method. In addition, we re-
port the results of post hoc analyses performed
with the use of the maximum-likelihood method.

A total of 73 patients were withdrawn after
randomization. The number of patients withdrawn
did not differ significantly between groups (P=
0.76) (Fig. 2), and 393 patients completed the
study. The treatment groups were well matched

regarding demographic and clinical characteristics
(Table 1).

LUNG FUNCTION
We examined 455 patients with mild asthma who
had an FEV, of 2.96 liters (88.36% of the pre-
dicted value). In the analysis of the primary-out-
come data, as compared with the control group
receiving as-needed albuterol therapy, the morn-
ing peak expiratory flow rate at 6 months was

o’

Table 1. Characteristics of Patients at Baseline.*

Characteristic

Male sex — no. (%)

Age —yr

Height —cm

Atopy — no. (%)

Weight — kg

Previous inhaled corticosteroids — no. (%)

Mean daily dose of inhaled corticosteroid
(beclomethasone equivalent) at
screening visit — pgy

Peak expiratory flow rate
Morning — liters/min
Evening — liters/min
Variability — %

FEV,

Mean +SD — liters
Percentage of predicted value

Forced vital capacity
Mean +SD — liters
Percentage of predicted value

Asthma symptom scorei:
Daytime
Nighttime

Nocturnal awakenings — no.

Symptom-free days — %

Rescue medication — puffs/day

As-Needed As-Needed Regular
Combination Albuterol Beclomethasone
Therapy Therapy Therapy
(N=122) (N=118) (N=106)
50 (41.0) 49 (41.5) 45 (42.5)
36.8+13.1 40.6+13.8 37.9£13.5
168.6+10.5 168.4+9.1 168.6+8.3
77 (63.1) 68 (57.6) 66 (62.3)
69.0+£13.3 71.9+14.7 67.1+12.2
36 (29.5) 36 (30.5) 33 (31.1)
458.8+163.7 468.6+155.8 472.7+£122.7
441.5+103.1 436.4+112.5 428.5+106.0
447.8+99.5 439.9+111.8 435.2+101.9
1.7+5.2 0.7+4.1 1.7+5.5
3.0£0.8 3.0£0.9 3.0£0.7
88.5+11.3 88.9+10.5 88.8x11.1
3.7+1.2 3.8+1.2 3.6£1.0
91.5£14.3 93.9+14.5 90.9+14.1
0.7+1.0 0.9+1.4 1.2+2.1
0.7£1.0 1.0+1.4 1.1+1.7
0.1+0.2 0.1+0.3 0.1+0.3
55.7+37.5 51.6+40.3 49.1+40.4
0.4+0.7 0.5+0.8 0.4+0.7

Regular
Combination
Therapy
(N=109)

43 (39.4)
39.9+14.4
167.3+8.8
64 (58.7)
69.5£13.3
39 (35.8)
439.7+168.3

431.9+103.0
435.2+103.2
0.7+4.6

2.9+0.7
87.2+10.7

3.5£1.0
88.7+£12.9

0.8+1.2
0.9+1.2
0.1+0.2
47.0+38.4
0.5+0.7

* Plus—minus values are means +SD. Baseline was defined as the last week of the run-in period. Values did not differ significantly among
groups, according to analysis of variance for continuous variables and the chi-square test for categorical variables. FEV, denotes forced expi-

ratory volume in 1 second.

normal daily activities and symptoms so severe that they did not allow any sleep at night).

" Mean daily dose was calculated only for patients who were regularly receiving an inhaled corticosteroid on entry into the study.
: Daytime and nighttime asthma symptom scores ranged from 0 (no symptoms) to 4 (symptoms occurring for most of the day and affecting
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significantly higher both among patients receiv-
ing as-needed combination therapy and among
those receiving regular beclomethasone therapy
(Table 2). In contrast, the morning peak expiratory
flow rate did not differ significantly after as-needed
combination therapy and after regular beclometh-
asone therapy or regular combination therapy (Ta-
ble 2). As compared with the group receiving as-
needed albuterol therapy, evening peak expiratory
flow rate was significantly higher in the group re-
ceiving regular beclomethasone therapy but not
in the group receiving as-needed combination ther-
apy (Table 2). As compared with as-needed albuter-
ol therapy, the prebronchodilator FEV, and forced
vital capacity (FVC) were significantly higher after
as-needed combination therapy but not after reg-
ular beclomethasone therapy (Table 2); these val-
ues did not differ significantly between patients
receiving as-needed combination therapy and those
receiving regular beclomethasone therapy or reg-
ular combination therapy.

In the group receiving as-needed albuterol ther-
apy, the morning peak expiratory flow rate was
lower during the first 2 weeks of treatment, as
compared with baseline, and remained lower until
the end of the study (Fig. 3, and Tables A and B
of the Supplementary Appendix). According to
maximum-likelihood analysis, the morning peak
expiratory flow rate was significantly higher dur-
ing weeks 17 and 18 and onward, as compared
with baseline, in the group receiving regular be-
clomethasone therapy but not in the other three
groups (Fig. 3B, and Table B of the Supplementary
Appendix). As compared with baseline, the FEV,
and FVC increased significantly, both in the as-
needed combination group and in the regular
combination group, and evening peak expiratory
flow rate increased significantly in the regular
combination group. According to the maximum-
likelihood analysis only, the evening peak expi-
ratory flow rate and FEV, (percentage of the
predicted value) increased significantly in the reg-
ular beclomethasone group (Supplementary Ap-
pendix).

SYMPTOMS AND USE OF RESCUE MEDICATION
As compared with the group receiving as-needed
albuterol therapy, the group receiving as-needed
combination therapy had fewer nocturnal awak-
enings, and the group receiving regular beclometh-
asone had less daily use of rescue medication (Table
2). According to the last-observation-carried-for-

ward analysis only, the percentage of symptom-free
days was significantly higher in the group receiv-
ing regular beclomethasone therapy than in the
group receiving as-needed albuterol therapy (Ta-
ble 2). As compared with baseline values, the per-
centage of symptom-free days increased signifi-
cantly in all groups except the group receiving
as-needed albuterol therapy, in which the number
of nocturnal awakenings increased significantly
(Tables A and B of the Supplementary Appendix).
According to the maximum-likelihood analysis
only, the regular beclomethasone group had fewer
daytime asthma symptoms at 6 months than at
baseline.

EXACERBATIONS
A total of 237 exacerbations (17 of which were se-
vere) occurred during the study, 38 (none severe)
in patients receiving as-needed combination ther-
apy, 83 (including 10 severe) in those receiving as-
needed albuterol therapy, 33 (including 4 severe)
in those receiving regular beclomethasone thera-
py, and 83 (3 severe) in those receiving regular
combination therapy. The mean number of exac-
erbations per patient per year was lower in the
as-needed combination group (0.74) and in the reg-
ular beclomethasone group (0.71) than in the as-
needed albuterol group (1.63, P<0.001) and in the
regular combination group (1.76, P<0.001) (Table C
in the Supplementary Appendix). The percentage
of patients with at least one exacerbation was not
significantly different in the group receiving as-
needed combination therapy (4.92%) and the group
receiving regular beclomethasone therapy (5.66%,
P=0.802) or the group receiving regular combina-
tion therapy (10.09%, P=0.133). The percentage
of patients with at least one exacerbation was sig-
nificantly lower both in the group receiving as-
needed combination therapy and in the group re-
ceiving regular beclomethasone therapy than in
the group receiving as-needed albuterol therapy
(17.80%) (P=0.002 and P=0.005, respectively) (Ta-
ble C and Fig. 1 in the Supplementary Appendix).
Kaplan—Meier analysis showed that the time to
first exacerbation differed significantly between
groups, with the shortest time to first exacerba-
tion in the as-needed albuterol group (P=0.003
by the log-rank test) (Fig. 4).

INTAKE OF STUDY DRUG
The cumulative dose (mean *SD) of as-needed
short-acting 3,-agonists was lower among patients
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receiving as-needed combination therapy (7.39+
10.10 mg) than among those receiving as-needed
albuterol therapy (9.74+14.17 mg) and was simi-
lar to that among patients receiving regular beclo-
methasone therapy (6.5949.02 mg) and those re-
ceiving regular combination therapy (7.25+10.50
mg), but the differences were not significant (over-
all P=0.00).

The cumulative dose of inhaled beclometha-
sone was significantly lower in the group receiving
as-needed combination therapy (18.48+25.25 mg)
than in the group receiving regular beclometh-
asone therapy (76.97+17.35 mg, P<0.001) or the
group receiving regular combination therapy
(77.07£17.55 mg, P<0.001) (Fig. 2 of the Supple-
mentary Appendix).

SAFETY
The number of adverse events did not differ sig-
nificantly between the treatment groups (see the
Supplementary Appendix). Serious adverse events
were reported in only two patients: one patient
receiving as-needed combination therapy had he-
moptysis of undetermined cause, and one patient
receiving regular beclomethasone therapy had myo-
cardial ischemia.

DISCUSSION

We found that symptom-driven rescue use of a
combination of a short-acting 3,-agonist (albuter-
ol, 100 ug per puff) and a corticosteroid (beclo-
methasone, 250 ug per puff) in a single inhaler is
equivalent to regular treatment with inhaled be-
clomethasone (250 ug twice daily) in controlling
mild persistent asthma. This finding suggests that
mild persistent asthma may not require regular
treatment with inhaled corticosteroids, but rather
only as-needed use of an inhaled corticosteroid
and an inhaled bronchodilator, although the dose
of inhaled beclomethasone in our study was rela-
tively high.

Regular beclomethasone therapy and as-needed
combination therapy with beclomethasone and
albuterol were superior to as-needed albuterol
therapy with regard to morning peak expiratory
flow and some clinical outcomes examined. This
finding suggests that patients treated with albu-
terol as needed had symptoms of asthma after
run-in treatment with regular beclomethasone was
withdrawn. It seems likely that these patients re-

N ENGL ) MED 356,20 WWW.NEJM.ORG MAY 17, 2007
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Figure 3. Mean (+SE) Morning Peak Expiratory Flow (PEF) Rates in the
Modified Intention-to-Treat Population.

Missing values were replaced according to the last-observation-carried-
forward (LOCF) technique (Panel A) or the maximum likelihood technique
(Panel B). As-needed combination therapy consisted of placebo twice daily
plus 250 pg of beclomethasone and 100 pg of albuterol in a single inhaler
as needed; as-needed albuterol therapy, placebo twice daily plus 100 pyg of
albuterol as needed; regular beclomethasone therapy, 250 pg of beclometh-
asone twice daily and 100 pg of albuterol as needed; and regular combina-
tion therapy, 250 pg of beclomethasone and 100 g of albuterol in a single
inhaler twice daily plus 100 pg of albuterol as needed. P values for compari-
son with the mean for the last week of the run-in period (baseline) are as
follows. In Panel A, among patients receiving as-needed albuterol therapy,
P<0.001 for weeks 5 and 6, P=0.001 for weeks 11 and 12, P=0.01 for weeks
17 and 18, and P=0.03 for weeks 23 and 24. In Panel B, among patients re-
ceiving as-needed albuterol therapy, P<0.001 for weeks 5 and 6, P<0.001
for weeks 11 and 12, P=0.001 for weeks 17 and 18, and P=0.009 for weeks
23 and 24; among patients receiving regular beclomethasone therapy,
P=0.01 for weeks 17 and 18, and P=0.006 for weeks 23 and 24.
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Figure 4. Kaplan—-Meier Estimates of the Time to First Asthma Exacerbation
in the Modified Intention-to-Treat Population.

Tick marks represent a first asthma exacerbation. As-needed combination
therapy consisted of placebo twice daily plus 250 pg of beclomethasone
and 100 pg of albuterol in a single inhaler as needed; as-needed albuterol
therapy, placebo twice daily plus 100 pg of albuterol as needed; regular be-
clomethasone therapy, 250 pg of beclomethasone twice daily and 100 pig
of albuterol as needed; and regular combination therapy, 250 pg of beclo-
methasone and 100 pg of albuterol in a single inhaler twice daily plus 100 pg
of albuterol as needed.

quired an additional controller treatment for more
complete control of asthma. The differences be-
tween groups in the mean morning peak expira-
tory flow rates were small and fell within the CI
of equivalence used to power the study. However,
these differences were also associated with supe-
riority with regard to some relevant clinical out-
comes (e.g., number of exacerbations or nocturnal
awakenings), a finding that suggests that they are
clinically relevant. The same effects of regular
beclomethasone were found with the as-needed
use of a combination of beclomethasone and
albuterol, which is a preferable option since it
is simpler and is associated with a lower cumula-
tive dose of inhaled corticosteroid.

Our results confirm and extend the conclusions
of Boushey et al.,** who showed that mild persis-
tent asthma is equally controlled by intermittent
and regular treatment with inhaled corticoste-
roids. In contrast to that study, which included a
10-day course of high-dose inhaled corticosteroids
for exacerbations and as-needed albuterol for re-
lief, we tested the simpler alternative of as-needed
use of a combination of an inhaled corticosteroid
and an inhaled bronchodilator, albeit with a rela-
tively high dose of beclomethasone. Thus, our

study went a step further than that of Boushey
et al.: patients were not given a written action plan
but rather were instructed orally to use the in-
haled medications any time they needed relief
from symptoms.

Previous studies have shown that the use of
inhaled corticosteroids may reduce the rates of
asthma-related hospitalization and death?>2” and
that regular therapy with inhaled corticosteroids
for mild asthma reduces the frequency of exacer-
bations and may reduce the rate of decline in lung
function.*%° However, these studies included pa-
tients with mild or moderate asthma, whereas our
study included only those with mild persistent
asthma. Our 6-month study was long enough to
show that as-needed use of beclomethasone and
albuterol is sufficient to control mild persistent
asthma but was too short to determine whether
the therapy affects the natural history of asthma.
Since the role of inhaled corticosteroids in modi-
fying the natural history of asthma is controver-
sial, large, long-term studies will be needed to re-
solve this issue.

The simple, symptom-driven use of inhaled bec-
lomethasone and albuterol may overcome one of
the major problems in the treatment of chronic
diseases such as asthma: poor compliance.2%2°
Poor compliance is especially likely to occur in
patients with mild asthma who have infrequent
symptoms.3° In addition, even though regular low
doses of inhaled corticosteroids are safe, pro-
longed intake is of some concern.3! In our study,
as compared with the regular use of beclometh-
asone, the symptom-driven use of beclometha-
sone plus albuterol was associated with a lower
cumulative dose of beclomethasone (18.48 mg in
6 months), equivalent to a regular daily dose of
100 ug. The exact reduction in the cumulative dose
of inhaled corticosteroid could not be established
in our study, since we did not titrate the dose of
the inhaled beclomethasone and used a relatively
high dose (250 ug twice daily) in the regular bec-
lomethasone group. A relatively high dose of bec-
lomethasone may be required when the drug is
taken on an as-needed basis, whereas a dose lower
than 250 ug twice daily might be sufficient to
achieve the same degree of control; thus, the “cor-
ticosteroid-sparing” effect observed in this study
may be an artifact of the study design.

Our data on exacerbations confirm that as-
needed treatment with beclomethasone and albu-
terol, as well as regular treatment with beclo-
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methasone, were superior to as-needed treatment
with albuterol alone. However, these results should
be interpreted with caution, since our study was
not powered to detect the effect of treatment on
asthma exacerbations.

The effects of regular treatment with a combi-
nation of beclomethasone and albuterol not only
were similar to the effects of regular treatment
with beclomethasone alone on most outcomes but
also were associated with an increased incidence
of exacerbations, which for unknown reasons con-
trasted with the improvement of almost all other
end points. These findings suggest that regular
treatment with a bronchodilator, particularly short-
acting bronchodilators,”3233 not only is ineffec-
tive3>2 — even when given in combination with
inhaled corticosteroids — but may be detrimental

to patients with mild asthma.34-3¢
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APPENDIX

Members of the Beclomethasone plus Salbutamol Treatment (BEST) Study Group were as follows: Italy — A. Papi, G.W. Canonica, P.
Maestrelli, P. Paggiaro, A.M. Vignola (deceased), L.M. Fabbri, D. Olivieri, N. Crimi, and E. Pozzi; Austria — J. Zarkovic and N. Wetter;
Spain — P. Lloberes, J. Serra, and S. Bardagi; Poland — I. Grzelewska-Rzymowska, Z. Siergiejko, M. Pelc, P. G6rski, J. Kruszewski, R.
Chazan, M. Szmidt, G. Pinis, C. Palczynski, W. Droszcz, and B. Swierczynska.
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