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Background

Treatment guidelines recommend the use of inhaled corticosteroids in patients with 
asthma who have persistent symptoms and the “stepping down” of therapy to the 
minimum needed to maintain control of asthma. Whether patients with asthma that 
is well controlled with the use of inhaled corticosteroids twice daily can receive a step-
down treatment with once-daily montelukast (our primary hypothesis) or once-daily 
fluticasone propionate plus salmeterol (our secondary hypothesis) has not yet been 
determined.

Methods

We randomly assigned 500 patients with asthma that was well controlled by inhaled 
fluticasone (100 μg twice daily) to receive continued fluticasone (100 μg twice daily) 
(169 patients), montelukast (5 or 10 mg each night) (166 patients), or f luticasone 
(100 μg) plus salmeterol (50 μg) each night (165 patients). Treatment was administered 
for 16 weeks in a double-blind manner. The primary outcome was the time to treatment 
failure.

Results

Approximately 20% of patients assigned to receive continued fluticasone or switched 
to treatment with fluticasone plus salmeterol had treatment failure, as compared with 
30.3% of subjects switched to montelukast. The hazard ratio for both comparisons was 
1.6 (95% confidence interval, 1.1 to 2.6; P = 0.03). The percentage of days on which 
patients were free of asthma symptoms (78.7 to 85.8%) was similar across the three 
groups.

Conclusions

Patients with asthma that is well controlled with the use of twice-daily inhaled flutic
asone can be switched to once-daily fluticasone plus salmeterol without increased 
rates of treatment failure. A switch to montelukast results in an increased rate of treat-
ment failure and decreased asthma control; however, patients taking montelukast re-
mained free of symptoms on 78.7% of treatment days. (ClinicalTrials.gov number, 
NCT00156819.)
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Treatment guidelines for asthma 
recommend the use of inhaled corticoste-
roids as first-line therapy for persistent asth-

ma of all severities.1-3 When asthma control has 
been achieved, the guidelines further recommend 
the “stepping down” of therapy to minimize the 
adverse effects of medication. Most studies of step-
down therapy involve patients with moderate or 
severe asthma.4-11

It has not yet been systematically investigated 
whether, in patients with mild asthma that is well 
controlled with the use of low-dose inhaled cor-
ticosteroids twice daily, therapy can be stepped 
down to an alternative, less intensive treatment 
strategy without a loss of asthma control. Simpler 
treatment regimens are important because large 
numbers of patients have mild persistent asthma, 
and most patients with asthma refill their pre-
scriptions for controller medication irregularly.12 
Providing patients with efficacious alternatives 
that are more convenient than corticosteroid ther-
apy and associated with fewer adverse effects or 
fewer negative perceptions could increase the ad-
herence of patients to treatment and minimize 
exposure to medication while maintaining asthma 
control.

We investigated the following step-down treat-
ment strategies as substitutions for f luticasone 
propionate (100 μg twice daily): montelukast (5 mg 
or 10 mg) once daily (the primary alternative) or 
fluticasone (100 μg) plus salmeterol (50 μg) once 
daily (the secondary alternative). Montelukast given 
once daily was shown to be equivalent to low-dose 
fluticasone (100 μg twice daily) in patients with 
mild persistent asthma during 12 weeks of double-
blind treatment and in those with mild asthma 
during 36 weeks of open-label treatment.13 Flutica-
sone (100 μg) plus salmeterol (50 μg) once daily, 
administered in a combination inhaler, has been 
shown to produce bronchodilation that persists 
for at least 24 hours.14 Therefore, the step-down 
treatment strategies we evaluated are favorable al-
ternatives to twice-daily inhaled corticosteroids, 
because they are administered only once daily and 
they offer reduced exposure to corticosteroids. 
Monotherapy with salmeterol was not consid-
ered, since studies have shown that it is associ-
ated with increased rates of asthma exacerbation 
and treatment failure.15 In this study (the Leu-
kotriene or Corticosteroid or Corticosteroid–Sal-

meterol [LOCSS, NCT00156819] trial by the Amer-
ican Lung Association Asthma Clinical Research 
Center), we compared the use of montelukast or a 
combination of fluticasone and salmeterol as step-
down therapy.

Me thods

The protocol was written by the lead academic 
member of the writing committee, in collabora-
tion with the Protocol Committee of the American 
Lung Association Asthma Clinical Research Cen-
ters. GlaxoSmithKline reviewed the protocol but 
played no role in the study design, in the collection, 
analysis, or interpretation of the data, or in the 
preparation of the manuscript. The data were col-
lected and analyzed by the Data Coordinating Cen-
ter of the American Lung Association Asthma Clin-
ical Research Centers, which vouches for the data 
analysis. The manuscript was written by the lead 
academic committee member in collaboration with 
the writing committee. GlaxoSmithKline reviewed 
the final manuscript and offered comments for 
consideration by the writing committee; there were 
no confidentiality agreements with GlaxoSmith-
Kline regarding the study results.

Subjects

All study centers received approval from the insti-
tutional review board. All subjects provided written 
informed consent. From June 6, 2003, to April 13, 
2005, a total of 1309 patients from 19 American 
Lung Association Asthma Clinical Research Cen-
ters clinics16 were assessed for eligibility (Fig. 1). 
Of these patients, 522 were excluded before enroll-
ment, and 287 were excluded after enrollment, dur-
ing the run-in period. Five hundred patients whose 
asthma was acceptably controlled after 4 to 6 weeks 
of open-label treatment with fluticasone propionate 
(Flovent Diskus, GlaxoSmithKline), 100 μg twice 
daily, were randomly assigned to receive double-
blind treatment for 16 weeks with either contin-
ued inhaled fluticasone propionate (100 μg twice 
daily); montelukast (Singulair, GlaxoSmithKline), 
5 mg once daily for children ages 6 to 14 years and 
10 mg once daily for persons 15 years or older; 
or inhaled fluticasone (100 μg) and salmeterol 
(50 μg) (Advair Diskus, GlaxoSmithKline) once 
daily. The placebos (for Diskus and both doses of 
montelukast) and matching montelukast tablets 
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were prepared by GlaxoSmithKline, using a meth-
od involving a sugar overcoating. The study ended 
on July 31, 2005.

Protocol

Detailed study methods are given in the Supple-
mentary Appendix (available with the full text of 
this article at www.nejm.org). Key inclusion criteria 
for enrollment in the run-in period, during which 
open-label fluticasone was given for 4 to 6 weeks, 
included physician-diagnosed asthma; an age of 
6 years or older and a forced expiratory volume in 
1 second (FEV1) of 60% or more of the predicted 
value before administration of a bronchodilator; 

and a reversibility of airway obstruction by 12% or 
more with the use of a beta-agonist or a provoca-
tive concentration of methacholine producing a 
20% decrease in FEV1 of 8 mg per milliliter or less 
within the previous 2 years.

Inclusion criteria for randomization after the 
run-in period (Fig. 2) were as follows: adequate 
adherence (i.e., completion of at least 10 of the 
previous 14 days of daily diary cards and flutica-
sone treatment for at least 21 of the previous 28 
days); a prebronchodilator FEV1 of at least 80% of 
the predicted value; a score on the Asthma Control 
Questionnaire17 of less than 1.5 (range, 0 to 6, 
with lower values indicating less-severe asthma 
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Figure 1. Enrollment, Randomization, and Follow-up of Patients.
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and 0.5 unit as the minimal clinically important 
difference18); fewer than 16 puffs of a rescue beta-
agonist used per week during the final 2 weeks of 
the run-in period (except as medication before ex-
ercise); no hospitalization, urgent medical care 
(for asthma), oral corticosteroid use, or use of 
additional asthma medication during the run-in 
period; and an absence of febrile illness (tempera-
ture exceeding 38.0°C, or 100.4°F) within the 
previous 24 hours.

Patients were randomly assigned to one of the 
three treatment groups (with an assignment ratio 
of 1:1:1) on the basis of a permuted-block design, 
stratified according to clinic and age (6 to 14 years 
vs. ≥15 years). Double-blind treatment lasted 16 
weeks, with clinic visits after 2, 4, 8, 12, and 16 
weeks of treatment.

Outcome Variables

The primary outcome measure was the time to 
treatment failure, defined as the occurrence of any 
one of the following events: hospitalization or an 
urgent medical visit for asthma initiated by the pa-
tient or physician; use of systemic corticosteroids 
for asthma or need for open-label use of inhaled 
corticosteroids for asthma, as determined by the 
study physician or an asthma care provider; a de-
crease in prebronchodilator FEV1 to more than 20% 
below the baseline value measured at randomiza-
tion; a decrease in the morning peak expiratory 
flow rate to more than 35% below the baseline 
value (the mean over the final 2 weeks of the run-
in period) on 2 consecutive days; use of 10 puffs 

or more per day of rescue beta-agonist for 2 con-
secutive days (except as medication before exercise); 
refusal of the patient to continue because of lack 
of satisfaction with treatment; or judgment by a 
physician that the patient should stop treatment 
for reasons of safety. Follow-up continued accord-
ing to protocol after the treatment failures were 
noted.

Secondary outcomes specified in the protocol 
included measures of pulmonary function (morn-
ing peak expiratory flow rate from the patients’ 
daily diary cards and FEV1 ),19 measures of asthma 
symptoms and medication use from the patients’ 
daily diary cards, the number of days on which 
patients were free of asthma symptoms, and scores 
related to the quality of life of patients. Scores on 
the mini–Asthma-Specific Quality-of-Life Ques-
tionnaire ranged from 1 to 7, with higher values 
indicating better asthma control (less-severe asth-
ma)20,21; scores on the Asthma Control Question-
naire ranged from 0 to 6, with higher scores indi-
cating more-severe asthma17; and scores on the 
Asthma Symptom Utility Index ranged from 0 to 1, 
with higher scores indicating fewer symptoms 
(less-severe asthma).22 A post-hoc analysis of the 
percentage of patients with well-controlled asth-
ma, as defined by Bateman et al.,23 for each of the 
16 weeks of follow-up was also performed.

The numbers of patients were chosen for the 
study to have a statistical power of 90%, with a 
type 1 error rate of 2.5% and a 5% inflation factor, 
to detect an absolute difference of 8% or more 
in the percentage of patients with a treatment fail-
ure between the montelukast group or the flutica-
sone–salmeterol group and the fluticasone group.

Statistical Analysis

Analyses were performed on the basis of the inten-
tion-to-treat principle; all available data from all 
patients were included in all analyses. Kaplan–
Meier and Cox proportional-hazards regression 
techniques were used to evaluate times to treat-
ment failure.24,25 Linear and logistic-regression 
models were used to evaluate differences among 
treatment groups for continuous and dichotomous 
outcomes, respectively. Differences between values 
at enrollment and randomization were evaluated 
with the use of paired t-tests. The results of regres-
sion analyses presented were adjusted for clinic, 
age, baseline values, and follow-up time. Analysis 
of repeated measures (i.e., pulmonary function, 
asthma symptom scores, and asthma control) in-
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Figure 2. Study Design.
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volved generalized estimating equations to account 
for correlations among measurements for each pa-
tient.26,27 Continuous data skewed toward 0 were 
analyzed on the basis of the ranks of the data. The 
data were analyzed with SAS software (version 8)28 
and Stata software (version 9).29

R esult s

Characteristics of Patients

Table 1 summarizes characteristics of all 500 pa-
tients at enrollment and randomization. The mean 
age of patients was 30.8 years, 60.2% were women, 
and 35.4% were self-reported blacks or Hispanics. 
Prebronchodilator pulmonary function and scores 
on the Asthma Control Questionnaire increased af-
ter completion of the run-in period. At randomiza-
tion, patients’ disease was mild, as verified with 
the use of pulmonary-function tests and scores on 
questionnaires reflecting asthma control and qual-
ity of life. However, in the previous year, approxi-
mately one third of patients (34.0%) had had one or 
more unscheduled health care visits for asthma and 
had received one or more courses of oral cortico-
steroids (29.4%). Most patients reported asthma 
symptoms that were worsened by allergies (81.0%), 
as well as rhinitis (63.2%), whereas a minority re-
ported sinusitis (30.0%), food allergies (25.6%), 
gastroesophageal reflux disease (22.2%), and ec-
zema (18.6%).

Data on a few characteristics differed across 
the three treatment groups. Before enrollment, a 
higher percentage of patients assigned to receive 
montelukast were taking an inhaled corticosteroid 
daily, as compared with those assigned to receive 
fluticasone or fluticasone plus salmeterol, and the 
fluticasone group had fewer former smokers and 
a higher mean score on the mini–Asthma-Specific 
Quality-of-Life Questionnaire for patients aged 6 to 
14 years. As compared with the fluticasone group 
and the montelukast group, the fluticasone–sal-
meterol group had fewer patients with gastro-
esophageal reflux disease and more with allergies 
that trigger asthma. Most patients (86%) met the 
eligibility criterion for enrollment because of the 
reversibility of airway obstruction with the use 
of a bronchodilator during the previous 2 years, 
rather than bronchial hyperresponsiveness to 
methacholine during the same period. The recruit-
ment of the children, aged 6 to 14 years, varied 
according to clinical center. At 11 centers, up to 
37.0% of patients were children, and 8 centers did 
not enroll children.

Adherence

Of 2500 scheduled clinic visits, 93% were complet-
ed. The missed visits (6.8%) were fairly evenly dis-
tributed across the three treatment groups: 7.6% 
of visits were missed in the fluticasone group and 
in the fluticasone–salmeterol group, and 4.1% of 
visits were missed in the montelukast group. Ad-
herence to treatment was evaluated on the basis 
of diary cards, drug-dispensing forms, clinic visit 
forms, and pill counts and inhaler counters. Adher-
ence ranged from 90.5 to 100.0%, with similar val-
ues among the three groups (Table A in the Sup-
plementary Appendix).

Primary Outcome

Figure 3 shows the cumulative percentages (esti-
mated with the use of Kaplan–Meier curves) of 
patients with treatment failure in the three groups. 
The rates of treatment failure were 20.2% and 20.4% 
in the fluticasone group and the fluticasone–sal-
meterol group, respectively, and 30.3% in the mon-
telukast group, which represented an approximate-
ly 60% higher rate in the montelukast group as 
compared with the other two groups (hazard ra-
tio, 1.6; 95% confidence interval [CI], 1.1 to 2.6; 
P = 0.03 for both comparisons). The most common 
reason for treatment failure was a decrease in FEV1 
of 20% or more below the baseline value, which 
represented 47.8% of events (Table 2). (Treatment 
failed for some patients according to more than 
one criterion.) Treatment failure owing to a need 
for the systemic use of corticosteroids, a need for 
the open-label use of inhaled corticosteroids, or an 
unscheduled urgent care visit for asthma occurred 
in 17 patients (10.7%) in the f luticasone group, 
18 patients (11.1%) in the fluticasone–salmeterol 
group, and 22 patients (13.3%) in the montelukast 
group (P = 0.64). Five of the six patients for whom 
one reason for treatment failure was that treat-
ment was stopped owing to physician judgment 
also had another reason for failure. The remaining 
patient, assigned to receive fluticasone twice daily, 
had a possible allergic reaction 46 days after the 
start of treatment.

Prespecified Secondary Outcomes

Mean prebronchodilator FEV1 values were higher 
in the fluticasone group (91.1% of the predicted 
value) and the fluticasone–salmeterol group (91.8% 
of the predicted value) than in the montelukast 
group (88.8% of the predicted value) (P = 0.002 and 
P<0.001, respectively) (Table 3). Asthma control, 
as measured with the use of the Asthma Control 
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Table 1. Characteristics of Patients at Enrollment and Randomization, According to Treatment Group.*

Characteristic
Fluticasone 

(N = 169)

Fluticasone  
+ Salmeterol 

(N = 165)
Montelukast 

(N = 166) P Value†

Age at randomization

Mean ±SD (yr) 29.3±14.6 30.8±14.9 32.4±15.4 0.15

6–14 yr (no.) 29 24 26

≥15 yr (no.) 140 141 140

Male sex (%) 39.1 37.6 42.8 0.61

Race or ethnic group (%)‡

White 64.5 58.8 68.1 0.13

Black 30.2 27.3 25.3

Hispanic 4.7 10.9 6.0

Other 0.6 3.0 0.6

Former smoker (%) 10.1 18.2 17.5 0.06

Exposed to second-hand smoke (%) 24.3 28.5 18.1 0.08

Asthma characteristics at enrollment

Age at asthma onset (yr) 16.2±22.0 15.1±17.1 16.4±18.7 0.82

≥1 Urgent visit for asthma in previous year (%) 35.5 35.8 30.7 0.55

≥1 Course of oral corticosteroids in previous year (%) 28.4 31.5 28.3 0.77

Short-acting beta agonist >2 times/wk (%) 69.8 63.0 61.4 0.23

Daily inhaled corticosteroids (%) 39.6 43.0 53.0 0.03

Asthma scores§

ASUI score at randomization 0.89±0.09 0.89±0.10 0.89±0.11 0.78

ACQ score¶

At enrollment 1.63±0.74 1.79±0.83 1.64±0.86 0.13

At randomization 0.67±0.38 0.72±0.38 0.70±0.40 0.52

Mini-AQLQ score

For patients ≥15 yr, at randomization 5.74±0.89 5.90±0.79 5.76±0.84 0.24

For patients 6–14 yr, at randomization 6.48±0.57 6.14±0.73 6.09±0.69 0.03

Pulmonary function‖

Prebronchodilator (% of predicted value)

FEV1

At enrollment 85.8±13.3 85.8±15.7 85.5±13.1 0.97

At randomization 92.8±10.4 92.4±15.3 91.9±11.1 0.81

FVC

At enrollment 96.5±13.5 95.9±16.0 95.2±13.1 0.69

At randomization 101.1±11.6 100.3±15.1 99.4±12.4 0.52

PEF

At enrollment 90.5±18.3 89.9±18.8 92.6±18.3 0.39

At randomization 95.7±18.8 94.9±18.2 95.8±18.6 0.89
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Questionnaire, was better in the fluticasone group 
and in the f luticasone–salmeterol group than in 
the montelukast group (Table 3). The percentage 
of days on which patients used a rescue inhaler in 
the montelukast group tended to be higher than 
that in the fluticasone–salmeterol group (22.9% vs. 
17.1%, P = 0.06) and in the fluticasone group (22.9% 
vs. 18.2%, P = 0.09). Fewer patients reported noc-
turnal awakenings due to asthma in the flutica-
sone group than in the montelukast group (16.7% 

vs. 25.4%, P = 0.04), with a similar trend in the flu
ticasone–salmeterol group (17.3%, vs. 25.4% in 
the montelukast group; P = 0.06). The percentage 
of days on which patients were free of symptoms 
was similar across groups, ranging from 78.6% 
to 85.8%.

Post Hoc Data Analysis

In a post hoc analysis, the percentage of patients 
whose asthma met the criteria for being well con-

Table 1. (Continued.)

Characteristic
Fluticasone 

(N=169)

Fluticasone  
+ Salmeterol 

(N=165)
Montelukast 

(N=166)
P 

Value†

Postbronchodilator (% of predicted value)

FEV1

At enrollment 99.3±12.4 95.7±12.4 97.2±13.1 0.08

At randomization 99.3±11.6 98.7±17.6 98.0±12.1 0.72

FVC

At enrollment 102.8±13.1 100.4±13.5 101.6±13.0 0.35

At randomization 102.0±12.3 101.1±16.1 101.1±14.7 0.80

Other

Postbronchodilator FEV1 (% change from  
prebronchodilator value)

At enrollment 17.5±12.0 14.2±9.3 15.6±8.4 0.03

At randomization 7.1±7.0 6.7±6.1 6.7±7.2 0.83

Postbronchodilator FVC (% change from  
prebronchodilator value)

At enrollment 7.8±10.1 7.1±8.8 7.0±8.9 0.87

At randomization 0.9±5.7 0.8±5.2 1.7±9.9 0.46

PC20

At randomization (mg/ml) 3.0±2.6 1.8±2.7 2.6±2.1 0.33

Other conditions self-reported at enrollment (%)

Chronic obstructive pulmonary disease 0.6 0.6 0.6 1.00

Gastroesophageal reflux disease 22.5 16.4 27.7 0.05

Eczema 16.0 22.4 17.5 0.29

Sinusitis 29.6 32.1 28.3 0.74

Rhinitis 63.9 63.0 62.7 0.97

Food allergies 26.0 24.8 22.9 0.86

Allergies that trigger asthma 77.5 87.3 78.3 0.04

*	Plus–minus values are means ±SD. FEV1 denotes forced expiratory volume in 1 second, FVC forced vital capacity, PEF peak expiratory flow 
rate, and PC20 provocative concentration of methacholine required to produce a 20% decrease in FEV1 of 8 mg per milliliter or less.

†	P values were derived from a chi-square test for differences among percentages for categorical variables and from analysis of variance for 
continuous variables.

‡	Race or ethnic group was self-reported.
§	Higher values indicate less-severe asthma. Asthma Symptom Utility Index (ASUI) scores range from 0 to 1. Mini–Asthma-Specific Quality-

of-Life Questionnaire (mini-AQLQ) scores range from 1 to 7.
¶	Asthma Control Questionnaire (ACQ) scores range from 0 to 6, with higher values indicating more-severe asthma.
‖	Predicted values for pulmonary function were from Hankinson et al.19
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trolled each week according to criteria of Bateman 
et al.23 during the 16-week treatment period ranged 
from 58.8 to 71.3% for the montelukast group, 59 
to 71% for the fluticasone group, and 64.7 to 73.5% 
for the fluticasone–salmeterol group (Fig. B in the 
Supplementary Appendix). Odds ratios for well-
controlled asthma were 0.67 (95% CI, 0.47 to 0.96; 
P = 0.03) for the montelukast group as compared 
with the fluticasone group; 0.57 (0.40 to 0.81, P =  
0.002) for the montelukast group as compared with 
the fluticasone–salmeterol group; and 1.17 (0.82 
to 1.64, P = 0.37) for the f luticasone–salmeterol 
group as compared with the fluticasone group. At 
the end of the study, more of the patients assigned 
to receive fluticasone twice daily (69.7%) or flutic
asone plus salmeterol once daily (78.4%) wished 
to continue the treatment than did those assigned 
to receive montelukast (56.4%) (P<0.001).

Adverse Events

We could only identify adverse events occurring 
during a 16-week period. The percentage of pa-
tients reporting minor side effects was similar 
among groups: those involving the ear, nose, and 
throat (91.5%), lower respiratory effects (18.2%), 
neurologic effects (mostly headache) (70.2%), gas-
trointestinal effects (47.4%), musculoskeletal effects 
(40.9%), and nonspecific effects (21.5%) (Table C 
in the Supplementary Appendix). However, fewer 
patients reported upper respiratory infections in 

the montelukast group (26.7%) than in the flutic
asone group (37.5%) or in the f luticasone–sal-
meterol group (38.5%) (P = 0.03 and P = 0.02, re-
spectively). Similarly, fewer patients reported viral 
respiratory infections in the montelukast group 
(7.3%) than in the fluticasone group (15.5%) or in 
the fluticasone–salmeterol group (13.7%) (P = 0.04 
and P = 0.08, respectively). More patients reported 
nausea and vomiting (33.3%) and fever (26.8%) in 
the f luticasone group than in the montelukast 
group (21.2% and 15.1%, respectively) (P = 0.01 for 
both comparisons). 

There were 20 serious adverse events during the 
study: 6 during the run-in period and 14 during 
the treatment period (see the Supplementary Ap-
pendix). Serious events after randomization oc-
curred in six patients (3.6%) in the f luticasone 
group, four patients (2.4%) in the fluticasone–sal-
meterol group, and four patients (2.4%) in the 
montelukast group. Two of the 14 events occurring 
during the treatment period (1 asthma exacerba-
tion and 1 decrease in peak expiratory flow rate) 
were judged to be possibly related to the study 
medication; 1 event (burning in the mouth and 
tightening of the throat) was judged to be defi-
nitely related; 11 events were judged to be unre-
lated; and for 1 event (depression), the role of study 
medication was unclear.

Discussion

Current treatment guidelines for asthma recom-
mend the continuous evaluation of asthma con-
trol by physicians and patients and the stepping 
down of therapy to the minimum required to main-
tain such control.1-3 Although the strategy for step-
down therapy is obvious — decrease the dose of 
inhaled corticosteroids4-11 — for patients receiv-
ing high-dose inhaled corticosteroids, combination 
therapy, or both, strategies for the stepping down 
of therapy for patients whose asthma is success-
fully controlled with the use of conventional doses 
of an inhaled corticosteroid have not been well de-
fined.

We describe the effect of stepping down ther-
apy to either therapy with the leukotriene modifier 
montelukast or with once-daily f luticasone plus 
salmeterol in patients with mild asthma that was 
well controlled with the use of twice-daily f lutic
asone. These strategies were selected for evalua-
tion because some patients may prefer an oral, 
nonsteroidal medication (montelukast) or a once-
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daily inhaled medication (fluticasone plus salmet
erol) to a twice-daily inhaled controller medica-
tion (fluticasone). We used a composite definition 
of treatment failure that included seven general 
measures of asthma control.15,30,31 Our results 
showed a difference in the rates of treatment fail-
ure for patients receiving montelukast (30%) and 
those receiving either twice-daily f luticasone or 
once-daily fluticasone plus salmeterol (20%). Al-
though fluticasone plus salmeterol has been ap-
proved by the Food and Drug Administration for 
twice-daily administration, the bronchodilation it 
provides for 24 hours in patients with mild asthma 
is a rationale for its once-daily use in those pa-
tients.14

Other outcome measures — including prebron-
chodilator FEV1, asthma control as measured ac-
cording to the Asthma Control Questionnaire, and 
numbers of nocturnal awakening — also favored 
fluticasone and fluticasone plus salmeterol over 
montelukast, although these differences may not 

be clinically important. These results are consis-
tent with a recent study by Sorkness et al.32 com-
paring these three regimens in children, with the 
exception of effects on lung function. We found 
fluticasone and fluticasone plus salmeterol to have 
similar effects on lung function in children and 
adults, whereas Sorkness et al. found fluticasone 
to be superior to the combination drug in children, 
albeit over a longer period of follow-up.

Our findings with regard to the post hoc com-
posite outcome of well-controlled asthma23 are 
also consistent with those of other studies: ap-
proximately 10% more patients were classified as 
having well-controlled asthma each week during 
follow-up in the fluticasone group and the flutica-
sone plus salmeterol group than in the montelu-
kast group (Fig. B in the Supplementary Appendix). 
Despite the increased rate of treatment failure as-
sociated with montelukast, the rates of clinically 
significant asthma exacerbation did not differ sig-
nificantly among the three groups. This finding 

Table 2. Reasons for Treatment Failure, According to Treatment Group.*

Variable or Comparison
Fluticasone 

(N = 168)

Fluticasone 
+ Salmeterol 

(N = 162)
Montelukast 

(N = 165)
Hazard Ratio  

(95% CI)
P

Value†

Treatment failure — no. of patients (%) 34 (20.2) 33 (20.4) 50 (30.3)

Fluticasone + salmeterol vs. flutica-
sone

1.0 (0.6–1.6) 0.99

Montelukast vs. fluticasone 1.6 (1.1–2.6) 0.03

Montelukast vs. fluticasone + salmet
erol

1.6 (1.1–2.6) 0.03

Reasons for treatment failure — no. of 
patients

No. of reasons

1 23 26 36

2 4 4 8

≥3 7 3 6

Urgent care for asthma 8 7 6

Systemic corticosteroid use 11 9 13

Inhaled corticosteroid use 8 9 12

≥20% Decrease in FEV1 from base-
line value

14 16 26

≥35% Decrease in PEF from base-
line value

6 1 6

≥10 Uses of rescue inhaler 4 1 5

Refusal of treatment by patient 2 1 3

Treatment stopped owing to physi-
cian judgment

1 1 4

*	Hazard ratios and 95% confidence intervals (CIs) were derived from a Cox proportional-hazards model stratified ac-
cording to clinic and age. FEV1 denotes forced expiratory volume in 1 second, and PEF peak expiratory flow rate.
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suggests that our study protocol was safe and also 
sensitive for assessing step-down therapy.

The fact that 30.3% of patients had treatment 
failure in the montelukast group implies that ap-
proximately 70% of the patients continued to have 

good asthma control. Similarly, according to a 
more stringent criterion, each week most patients 
(50.8 to 61.4%) assigned to montelukast had well-
controlled asthma. The high percentages of symp-
tom-free days in all three treatment groups (78.7% 

Table 3. Additional Outcomes, According to Treatment Group.*

Outcome
Fluticasone
 (N = 168)

Fluticasone 
+ Salmeterol 

(N = 161)
Montelukast 

(N = 165) P Value

Fluticasone  
+ Salmeterol 

vs. 
Fluticasone

Montelukast 
vs. 

Fluticasone

Montelukast  
vs. 

Fluticasone 
+ Salmeterol

Prebronchodilator pulmonary function 
— mean (95% CI)†

Percentage of predicted FEV1 value 91.1 (89.6–92.6) 91.8 (90.4–93.2) 88.8 (87.4–90.1) 0.31 0.002 <0.001

Percentage of predicted FVC value 99.0 (97.7–100.3) 98.8 (97.6–99.9) 98.2 (97.0–99.4) 0.68 0.25 0.41

Percentage of predicted PEF value 96.2 (94.5–98.0) 99.0 (97.0–100.9) 94.7 (93.1–96.3) 0.007 0.09 <0.001

Assessment scores from question-
naires‡

ACQ score§

Mean (95% CI) 0.73 (0.67–0.78) 0.71 (0.65–0.76) 0.82 (0.76–0.89) 0.58 0.02 0.004

No. of patients 167 161 165

ASUI score

Mean (95% CI) 0.89 (0.88–0.90) 0.89 (0.88–0.90) 0.89 (0.88–0.90) 0.85 0.44 0.53

No. of patients 167 160 161

Mini-AQLQ score

For patients ≥15 yr

Mean (95% CI) 5.8 (5.7–5.9) 5.8 (5.7–6.0) 5.8 (5.7–5.9) 0.66 0.82 0.80

No. of patients 128 127 132

For patients 6–14 yr

Mean (95% CI) 6.6 (6.4–6.8) 6.6 (6.4–6.8) 6.4 (6.2–6.5) 0.82 0.19 0.14

No. of patients   27   23   22

≥1 Nocturnal awakening —  
no. of patients (%) 

28 (16.7) 28 (17.3) 42 (25.4) 0.92 0.04 0.06

Symptoms and use of medication — 
% of diary-care days

No. of patients 165 160 165

Percentage of days symptom-free 
— mean (95% CI)

85.8 (82.8–89.6) 82.7 (78.9–86.6) 78.7 (74.9–82.4) 0.48 0.10 0.35

Percentage of days with rescue-inhal-
er use — mean (95% CI)

18.2 (14.1–22.3) 17.1 (12.8–21.3) 22.9 (18.8–27.0) 0.69 0.09 0.06

*	P values and 95% confidence intervals (CIs) were derived from multiple linear regression models with robust variance estimates. All models 
included adjustments for clinic, age, and — for continuous outcomes — baseline values of pulmonary function and asthma-control scores. 
Symptom-free days were analyzed as ranked data. FEV1 denotes forced expiratory volume in 1 second, FVC forced vital capacity, and PEF 
peak expiratory flow rate.

†	Predicted values for pulmonary function were from Hankinson et al.19

‡	Higher values indicate less-severe asthma. Asthma Symptom Utility Index (ASUI) scores range from 0 to 1. Mini–Asthma-Specific Quality-
of-Life Questionnaire (mini-AQLQ) scores range from 1 to 7.

§	Asthma Control Questionnaire (ACQ) scores range from 0 to 6, with higher values indicating more-severe asthma.
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for montelukast, 85.8% for fluticasone, and 82.7% 
for fluticasone plus salmeterol) also suggest that 
most patients fared well.

An interesting finding was that there were rela-
tively few upper respiratory infections in the mon-
telukast group. This may have been due to a misdi-
agnosis of allergic rhinitis, for which montelukast 
is effective, or possibly to a more specific effect on 
leukotriene production due to viral infection.33 
Alternatively, the chronic use of inhaled cortico-
steroids may reduce immunity, thereby predispos-
ing patients to infection.

In a recent trial involving patients with mild 
persistent asthma, there were minimal differences 
in asthma control between those receiving an in-
haled corticosteroid twice daily only as needed, 
guided by a symptom-based action plan, and those 
receiving either a leukotriene modifier twice daily 
or an inhaled corticosteroid twice daily.34 The re-
sults of our study suggest another strategy, which 
is less complex for patients to follow. For patients 
whose asthma is well controlled with the twice-
daily use of an inhaled corticosteroid, the use of 
once-daily f luticasone plus salmeterol or once-
daily montelukast could be considered. If treat-
ment failure occurs, treatment could be modified 
accordingly.

Whether the better outcomes found in our flu
ticasone–salmeterol group offset the convenience 
of a once-daily oral formulation (montelukast) de-
pends on the preferences of patients and physi-
cians as well as on cost. Recent studies have raised 
concerns about the potential adverse effects of 
long-acting beta-agonists and inhaled corticoste-
roids.35-37 Individual patients and their physicians 
must choose a treatment regimen for asthma that 
balances efficacy with actual or perceived risks and 

maximizes adherence. No single approach will 
provide the best combination of these factors for 
all patients with asthma.

In summary, we found that patients whose 
asthma is well controlled with the use of twice-
daily f luticasone can be safely switched to step-
down treatment with once-daily fluticasone plus 
salmeterol. Oral montelukast is not as effective, 
although it provided good asthma control for most 
patients.
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CORRECTION

Randomized Comparison of Strategies for Reducing
Treatment in Mild Persistent Asthma

Randomized Comparison of Strategies for Reducing Treatment in Mild

Persistent Asthma . The second paragraph under Protocol (page

2029) should have read `̀ Inclusion criteria for randomization after the

run-in period (Figure 2) were as follows: adequate adherence (i.e.,

completion of at least 10 of the previous 14 days of daily diary cards

and fluticasone treatment for at least 21 of the previous 28 days);

a prebronchodilator FEV1 of at least 80% of the predicted value; a

score on the Asthma Control Questionnaire17 of less than 1.5 (range,

0 to 6, with lower values indicating less-severe asthma and 0.5 unit

as the minimal clinically important difference18); fewer than 16 puffs

of a rescue beta-agonist used per week during the final 2 weeks of

the run-in period (except as medication before exercise); no hospital-

ization, urgent medical care (for asthma), oral corticosteroid use, or

use of additional asthma medication during the run-in period; and an

absence of febrile illness (temperature exceeding 38.0°C, or 100.4°F)

within the previous 24 hours.´́ We regret the error. The text has been

corrected on the Journal ’s Web site at www.nejm.org.
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