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Rationale: Long-acting �-agonists (LABAs) and inhaled cortico-
steroids administered together appear to be complementary in
terms of effects on asthma control. The elements of asthma control
achieved by LABAs (improved lung function) and leukotriene recep-
tor antagonists (LTRAs; protection against exacerbations) may be
complementary as well.
Objective: We sought to determine whether the combination of
the LTRA montelukast and the LABA salmeterol could provide an
effective therapeutic strategy for asthma.
Methods and Measurements: In a randomized, placebo-controlled,
crossover study of 192 subjects with moderate asthma, we com-
pared the clinical efficacy of regular treatment over 14 weeks with
the combination of montelukast and salmeterol to that with the
combination of beclomethasone and salmeterol in moderate
asthma. The primary efficacy outcome was time to treatment
failure.
Main Results: Three months after the randomization of the last
subject, the Data and Safety Monitoring Board determined that
the primary research question had been answered and terminated
the trial. The combination of montelukast and salmeterol was
inferior to the combination of beclomethasone and salmeterol as
judged by protection against asthma treatment failures (p �

0.0008), lung function (26 L/min difference in A.M. peak expiratory
flow rate, p � 0.011), asthma control score (0.22 difference in
Asthma Control Questionnaire score, p � 0.038), and markers of
inflammation and airway reactivity.
Conclusions: Patients with moderate asthma similar to those we
studied should not substitute the combination of an LTRA and an
LABA for the combination of inhaled corticosteroid and an LABA.
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Inhaled corticosteroids (ICS) are effective in the treatment of
asthma and are considered to be generally safe. Although current

(Received in original form January 25, 2006; accepted in final form September 8, 2006 )

Supported by the National Heart, Lung, and Blood Institute of the National Insti-
tutes of Health (U10-HL51810, U10-HL51834, U10-HL51831, U10-HI51823, U10-
HL51845, U10-HL51843, U10-HL56443, U10-HL, M01-RR03186) and by IVAX
Laboratories, Inc., and Merck, Inc. See details under METHODS.

Correspondence and requests for reprints should be addressed to Aaron Deykin,
M.D., Pulmonary Division Brigham and Women’s Hospital, 75 Francis Street,
Boston, MA 02115. E-mail: Aaron.Deykin@biogenidec.com

This article has an online supplement, which is accessible from this issue’s table
of contents at www.atsjournals.org

Am J Respir Crit Care Med Vol 175. pp 228–234, 2007
Originally Published in Press as DOI: 10.1164/rccm.200601-112OC on September 14, 2006
Internet address: www.atsjournals.org

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Previous studies in asthma suggest that the most robust
clinical effects of long-acting �-agonists (improved lung
function) are distinct from those of the leukotriene receptor
antagonists (protection against exacerbations). The efficacy
of combination therapy with these agents, as compared
with the usual combination therapy with a long-acting
�-agonist and an inhaled corticosteroid, is not known.

What This Study Adds to the Field

In patients with moderate asthma, the combination of a
leukotriene receptor antagonist and a long-acting �-agonist
was inferior to the combination of an inhaled corticosteroid
and a long-acting �-agonist as judged by protection against
asthma treatment failures, lung function, and markers of
inflammation and airway reactivity. Patients similar to those
we studied should not substitute the combination of a leu-
kotriene receptor antagonist and a long-acting �-agonist
for the combination of an inhaled corticosteroid and a long-
acting �-agonist.

guidelines recommend the use of these agents as first-line ther-
apy for individuals with persistent symptoms, these documents
acknowledge that, because systemic adverse effects may occur
with prolonged use at higher doses, ICS should be prescribed
at the lowest effective dose (1, 2). Strategies to limit ICS exposure
have included the use of other controller agents, such as long-
acting �-agonists (LABAs) or leukotriene receptor antagonists
(LTRAs) (3). This approach is supported by studies demonstra-
ting that, compared with increasing the dose of ICS in patients
with asthma whose disease is not well controlled while using
lower dose ICS, addition of an LABA is associated with superior
clinical outcomes with less ICS exposure (4–6).

In a previous study, we investigated whether an LABA could
replace ICS therapy in patients with well-controlled asthma using
low-dose ICS and found that, although LABAs and ICS pro-
duced similar effects on lung function, ICS achieved greater
suppression of biological markers associated with airway in-
flammation as well as superior protection against asthma treat-
ment failure in this population (7). In contrast to this clinical
profile, LTRAs have antiinflammatory properties as judged by
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suppression of markers of airway inflammation in asthma, even
in subjects previously treated with combination therapy (8, 9).
Furthermore, in some reports, these agents have been shown to
reduce asthma exacerbations to a degree comparable to an ICS,
although ICS produce superior effects on lung function (10, 11).
In this regard, because the elements of asthma control achieved
by an LTRA (suppression of inflammation and maintenance of
control) and an LABA (improvement in lung function) appear
to be complementary, we hypothesized that the combination of
an LTRA and an LABA might demonstrate synergistic benefi-
cial clinical properties and thus provide an effective therapeutic
strategy for asthma. Although our understanding of the appro-
priate role of LABA in asthma therapy is evolving (12–14),
currently published treatment guidelines recommend that indi-
viduals with asthma requiring more than low–moderate doses of
ICS receive concomitant LABA therapy (1). Thus, we compared
clinical outcomes of treatment with the novel combination of
an LTRA and an LABA to those of treatment with the standard
combination of an ICS and an LABA in subjects with moderate
asthma.

METHODS

Patients

We recruited male and female subjects aged 12 to 65 years with a
history of physician-diagnosed asthma at the Asthma Clinical Research
Network centers and screened them using methods previously reported
(7). At enrollment, subjects were required to have an FEV1 of at least
40% of the predicted value and demonstrate hyperresponsiveness to
methacholine (PC20 � 8 mg/ml) or a 12% or greater improvement in
FEV1 after the administration of a �-agonist bronchodilator (if FEV1

was � 55% of predicted at enrollment). Subjects not using an ICS or
LTRA at the time of enrollment were required to have an FEV1 of
80% or less of the predicted value. Exclusion criteria included cigarette
smoking (� 10 pack-years or any cigarette use within the last 12 mo),
respiratory tract infection, or asthma exacerbation (i.e., a need for oral
corticosteroid or urgent care visit) within the previous 6 weeks. All
subjects gave their written, informed consent as required by the institu-
tional review board of each center, which also reviewed the protocol.

Study Design

Subjects meeting the above criteria entered a 36-week randomized,
double-blind, placebo-controlled cross-over trial (Figure 1). During an
initial 4-week run-in period, all subjects received single-blind treatment
with beclomethasone hydrofluoroalkane (HFA) (80 �g twice daily) and
montelukast (10 mg by mouth at bedtime) as well as “as needed”
albuterol. Physiologic and symptom measures recorded during this run-
in provided baseline data for use in defining subsequent asthma treat-
ment failures. To avoid preselecting subjects preferentially responsive
to a specific controller agent (i.e., ICS only or an LTRA only), the
treatment regimen during the run-in period included both an ICS and an
LTRA. In this regard, subjects with the capacity to achieve reasonable
asthma control while using either an ICS or an LTRA were enrolled.
Subjects without any treatment failure criteria and an FEV1 of 55% or
greater of predicted at the conclusion of the 4-week run-in period were
randomized to receive double-blind treatment with either the combina-
tion of beclomethasone HFA (QVAR, 80 �g twice daily; IVAX Labs,
Miami, FL) and salmeterol (Serevent, 50 �g inhaled twice daily via
Diskus; GlaxoSmithKline, Research Triangle Park, NC) and placebo
LTRA or the combination of montelukast (Singulair, 10 mg by mouth
at bedtime; Merck, Whitehouse Station, NJ) and salmeterol (50 �g
inhaled twice daily via Diskus) and placebo beclomethasone HFA for
14 weeks of active treatment. Subsequently, subjects entered a second
4-week run-in period during which time they again received single-
blind therapy with beclomethasone HFA 80 �g twice daily in addition
to montelukast 10 mg by mouth at bedtime. Subjects then crossed over
to the alternate combination therapy as compared with that which they
had received in the first active treatment and completed the second
active treatment period over the subsequent 14 weeks.

The primary outcome for this trial was time to treatment failure.
Treatment failure was defined by criteria, listed in Table 1, that we
have used in previous trials (7, 15). Consistent with these previous
trials, subjects meeting treatment failure criteria received additional
therapy and continued study participation. Prespecified secondary out-
comes included spirometric values, scheduled recordings of morning
and evening peak expiratory flow rate (PEFR), use of rescue medica-
tions, biologic markers associated with airway inflammation in asthma
(methacholine PC20, exhaled nitric oxide, sputum eosinophils), a six-
question asthma control score (16), asthma quality of life questionnaire
(AQLQ), and asthma symptom utility index (ASUI). The techniques
for these measures and the protocols for establishing and monitoring
quality control have been described previously (7, 17). In this trial,
spirometry was performed using Masterscope spirometers and JLAB
Bronchial Test software (Erich Jaeger, Milbury, OH).

Protocol Approval and Study Monitoring

Prior to beginning the trial, a National Institutes of Health–appointed
review committee approved the protocol. A Data and Safety Monitor-
ing Board (DSMB) reviewed adverse outcomes and data quality
throughout the study. Three months after the randomization of the last
study subject, the DSMB determined that the study had generated
sufficient data to answer the primary research question and terminated
the trial.

Statistical Analysis

The primary response variable was the time until treatment failure.
Because of the crossover design, each subject provided a failure time
or a censoring time for each of the two treatment regimens. For each
subject, one of the treatment regimens was considered to be superior
if the time to failure was longer when the subject used that regimen as
compared with the time to failure when that subject used the alternate
regimen. Subjects eligible for inclusion in this primary analysis are those
who (1 ) completed the trial, (2 ) failed on at least one treatment and
had enough data during treatment with the second regimen to determine
a treatment superiority, or (3 ) did not fail during treatment with the
one regimen, had not failed during treatment with the second regimen
through the time of the last completed study visit, and had at least as
much follow-up with the second regimen as with the first. If a subject
did not meet failure criteria during either treatment, then neither treat-
ment was considered superior for that subject. Superiority of one treat-
ment over the other was assessed by McNemar’s test for paired binary
data applied in an intent-to-treat manner. The target sample size of
180 randomized subjects provided 90% statistical power to detect such
a difference in failure rates, with a two-sided 0.05 significance level test,
while accounting for a 10% withdrawal rate.

Secondary outcome variables measured serially over the trial were
analyzed in a longitudinal intent-to-treat manner using mixed-effects
linear models (18, 19). Proportions of subjects with longer time to
failure with ICS/LABA as compared with that with LTRA/LABA were
examined between study subgroups using a two-sided Fisher’s exact
test. Proportions of subjects with an increase in Asthma Control Ques-
tionnaire (ACQ) score of at least 0.5 during each treatment regimen
were compared using an exact two-sided McNemar’s test. Additional
information regarding the statistical analysis can be found in the online
supplement.

Role of the Funding Source

The National Heart, Lung, and Blood Institute of the National Institutes
of Health funded the study, including the purchase of salmeterol. IVAX
Laboratories, Inc., provided beclomethasone HFA and matching pla-
cebo, and Merck, Inc., provided montelukast and matching placebo.
Neither entity had input into the trial, including design, data collection,
analysis, or interpretation.

RESULTS

Patient Enrollment and Demographics

Two hundred fifty-four subjects were recruited between Septem-
ber 2002 and January 2004. Of these, 62 subjects did not complete
the 4-week run-in for reasons indicated in Figure 1A; therefore,
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Figure 1. Timing of the assessments and disposi-
tion of all enrolled subjects during the (A ) 4-week
run-in and (B ) the two 14-week randomized
treatment periods. DSMB � Data and Safety
Monitoring Board; ICS � inhaled corticosteroid;
LABA � long-acting �-agonist; LTRA � leuko-
triene receptor antagonist; Mch � methacho-
line.

192 subjects were randomized. In March 2004, the DSMB
stopped the trial after determining that no further information
was needed to establish superiority, as reflected by the primary
outcome, for one of the treatment arms as compared with the
other. The baseline characteristics of the randomized subjects
are shown in Table 2.

The disposition of the study subjects is shown in Figure 1B.
Of the 192 subjects that were randomized, 144 completed at
least one treatment arm and 110 subjects completed a portion
of the trial sufficient to be included in the primary prespecified
time-to-treatment failure analysis. Of the 98 subjects who did
not complete the trial, 75 subjects terminated because the DSMB
stopped the trial. There were no differences in the numbers or
reasons for withdrawal from the trial between the two treatment
arms.

Treatment Failures

Of the 110 subjects eligible for the prespecified primary analysis,
73 (66%) did not fail while receiving either therapy. Ten subjects
(9%) failed while receiving an ICS and an LABA, and 29 individ-
uals (26%) met treatment failure criteria while receiving an
LTRA and an LABA. In the two subjects who failed while
receiving both treatment regimens, the time to failure was
shorter during treatment with the combination of an LTRA and
an LABA as compared with that during treatment with the com-
bination of an ICS and an LABA. Significantly more subjects
experienced a shorter time to treatment failure while using

an LTRA and an LABA in combination as compared with
using an ICS and an LABA in combination (29 vs. 8 subjects,
p � 0.0008; Figure 2). The reasons for treatment failure in these
subjects were similar to those observed in previous studies and
are detailed in Table 3.

Secondary Outcomes

The differences in asthma exacerbations were consistent with
those observed in treatment failures. Six percent of those eligible
for the primary analysis experienced an asthma exacerbation
while receiving an ICS and an LABA, whereas 14% met exacer-
bation criteria while receiving an LTRA and an LABA. More
subjects experienced a shorter time to exacerbation while using
an LTRA and an LABA in combination as compared with using
an ICS and an LABA in combination (p � 0.041).

The changes in other secondary outcomes mirrored the pat-
tern observed for treatment failures and exacerbations (Table 4).
The combination of an ICS and an LABA produced significant
improvements in a.m. PEFR (26 L/min), methacholine respon-
siveness (� 1 doubling dilution shift), and exhaled NO (5.9
ppb) as compared with the combination of montelukast and
salmeterol. We also observed smaller, but statistically significant,
treatment differences favoring beclomethasone and salmeterol
in pre- and post-bronchodilator FEV1, the need for supplemental
short-acting �-agonist use, daytime asthma symptoms, ACQ
score, and sputum parameters, including eosinophil counts,
eosinophil cationic protein (ECP), and tryptase.
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TABLE 1. TREATMENT FAILURE CRITERIA

In-clinic measures
• Prebronchodilator FEV1 values on two consecutive sets of spirometric

determinations that are � 80% of that obtained at randomization
• Post-bronchodilator FEV1 value that is � 80% of that obtained at

randomization

At-home measures
• Prebronchodilator PEF � 65% of baseline* on any two of three consecutive

scheduled measurements*
• Post-bronchodilator PEF � 80% of baseline†

• An increase in as-needed albuterol use of � 8 puffs per 24 h over baseline†

use for a period of 48 h, or � 16 puffs/24 h for 48 h‡

• Either PEF � 65% of baseline† or persistent asthma symptoms despite
60 min of repeated rescue �-agonist use‡

Additional criteria
• Use of oral, parenteral, or non–study-related inhaled corticosteroids related

to the treatment of worsened asthma‡

• Emergency department therapy resulting in the use of corticosteroid
therapy related to the treatment of worsened asthma‡

• Physician clinical judgment for safety reasons

* PEF rate measurements were scheduled on awakening (before bronchodilator
use) and between 8 and 11 P.M.

† Baseline values defined by the average daily measurement obtained during
Weeks 3 and 4 of the run-in period.

‡ Subjects meeting these criteria were also designated as experiencing an asthma
exacerbation.

Subgroup Analysis

Differences in initial asthma control, as defined in previous stud-
ies by lung function and diurnal PEFR variability, did not affect
the relative efficacy of the treatment regimens (7, 15). Of the
55 subjects with well-controlled asthma (as determined by nor-
mal lung function and low diurnal PEFR variability) when using
an LTRA and an ICS at randomization, 4 (7%) met treatment
failure criteria while receiving beclomethasone and salmeterol,
and 12 individuals (22%) met treatment failure criteria while
receiving an LTRA and an LABA. More well controlled subjects
experienced a longer time to treatment failure when using beclo-
methasone and salmeterol in combination than when using mon-
telukast and salmeterol in combination (12 vs. 3, p � 0.035).

Of the 55 subjects who had less well controlled asthma (abnor-
mal lung function or elevated diurnal PEFR variability), 5 indi-
viduals (9%) met treatment failure criteria while receiving
beclomethasone and salmeterol, and 17 (31%) met treatment
failure criteria while receiving an LTRA and an LABA. In this
less well controlled subgroup, more subjects experienced a
longer time to treatment failure when using an ICS and an
LABA in combination than when using an LTRA and LABA
in combination (17 vs. 5, p � 0.017). There was no difference
in the proportion of subjects in this less well controlled sub-
group with preferential protection against treatment failure
while using an ICS/LABA (relative to an LTRA/LABA) as
compared with that in the subjects with well-controlled asthma
(p � 1.0).

Because the results of a large salmeterol surveillance study
suggest that the clinical effects of salmeterol may differ in distinct
ethnic populations (12), we also assessed whether the treatment
differences we observed were similar in white subjects as com-
pared with African Americans. In the 60 white individuals, more
subjects experienced a longer time to treatment failure when
using beclomethasone and salmeterol in combination than when
using montelukast and salmeterol in combination (10 vs. 2,
p � 0.039). Thirty-two subjects identified themselves as African
American. In these subjects, more individuals experienced a

TABLE 2. CHARACTERISTICS OF THE STUDY SUBJECTS*

Age at enrollment, yr 34.3 � 10.1
Female sex, n (%) 117 (61)
Race/ethnicity, n (%)

White 105 (54.7)
Black 55 (28.6)
Asian of Pacific Islander 10 (5.2)
Hispanic 21 (10.9)
Other 1 (0.5)

Atopic, n (%) 180 (94)
FEV1, L 2.87 � 0.78
FEV1, % predicted 83.3 � 14.7
A.M. PEFR, L/min† 424 � 112
FEV1 improvement 60 min after salmeterol, % 8.1 � 8.2
Methacholine PC20,‡ mg/ml, n � 189§ 0.94 (0.47, 3.30)
Rescue albuterol use, no. daily puffs†§ 0.24 (0.00, 1.04)
ACQ§ 0.83 (0.33, 1.33)
IgE, IU/ml, n � 179§ 233 (91, 534)
Exhaled nitric oxide, ppb, at 350 ml/s (n � 188)§ 13.1 (8.9, 20.9)
Induced sputum parameters§

Eosinophils, % (n � 153) 0.20 (0.00, 0.90)
ECP, �g/L (n � 147)§ 62 (32, 149)
Tryptase, �g/L (n � 148)§ 1.0 (1.0, 2.6)

Baseline asthma medication use
Short-acting �-agonists only, n (%) 37 (19)
Long-acting �-agonists, n (%) 81 (42)
Leukotriene receptor antagonists, n (%) 25 (13)
ICS, n (%) 127 (66)
ICS �g/d§|| 200 (114, 320)

Definition of abbreviations: ACQ � Asthma Control Questionnaire; ECP � eosino-
phil cationic protein; ICS � inhaled corticosteroids; PEFR � peak expiratory flow
rate.

* Values represent mean � SD, measured at randomization, unless otherwise
noted; n � 192 unless otherwise noted.

† Average during last 2 weeks of run-in.
‡ Measured at Week 2 of the run-in period.
§ Median and first and third quartiles are reported.
|| Fluticasone equivalent.

longer time to treatment failure when using beclomethasone and
salmeterol in combination than when using montelukast and
salmeterol in combination (15 vs. 3, p � 0.0075). There was
no difference in proportion of white subjects with preferential
protection against treatment failure while using an ICS/LABA
(relative to an LTRA/LABA) as compared with that in the
African-American subjects (p � 1.0).

DISCUSSION

The hypothesis that the combination of an LTRA and an LABA
could provide effective asthma treatment was based on the ob-
servation that each agent has been demonstrated to produce
beneficial effects similar to those of ICS on complementary pa-
rameters of asthma control (7, 10, 11). We speculated that com-
bining an LTRA and an LABA could produce synergistic bene-
ficial effects, resulting in acceptable control of both lung function
and asthma stability.

Our crossover study, which directly compared the combina-
tion of an LTRA (montelukast) and an LABA (salmeterol) with
the combination of an ICS (beclomethasone) and an LABA in
the same individuals, demonstrates that in subjects with moder-
ate asthma, the combination of an LTRA and an LABA is
inferior to the combination an ICS and an LABA as judged by
protection against asthma treatment failures, lung function, and
markers associated with inflammation. The difference in protec-
tion against treatment failure between the two regimens is sub-
stantial. As reflected by relative prolongation of time to failure,
the proportion of subjects with superior asthma control while
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Figure 2. Kaplan-Meier survival curves for treat-
ment failure during treatment with LTRA 	 LABA
or ICS 	 LABA in the subjects eligible for the
prespecified primary analysis (n � 110). p �

0.0008 (McNemar’s test) for differential prolon-
gation of time to failure between the treatments.

using an ICS/LABA (29/110) was over 3.5-fold higher than the
proportion of subjects with preferential control during use of
an LTRA/LABA (8/110). Because the criteria for determining
treatment failure status were designed to capture elements of
asthma instability that would induce most clinicians to augment
therapy, the inferior protection against these events we document
with the combination of an LTRA/LABA suggests that this combi-
nation cannot be generally substituted for an ICS/LABA combina-
tion in patients with asthma similar to those we studied.

The effects of the two combination treatments on the second-
ary outcomes studied mirrored those observed for treatment
failures. As compared with the LTRA/LABA combination, an
ICS/LABA combination was associated with improved lung
function (FEV1 before and after a bronchodilator and a.m.
PEFR), symptoms, need for supplemental rescue medication,
and suppressed markers associated with airway inflammation.
The relative improvement in a.m. PEFR (25 L/min) associated
with the ICS/LABA as compared with the LTRA/LABA is
clinically meaningful and is consistent with the magnitude of the
treatment failure differences. Although statistically significant,
the magnitude of the relative improvements in other measures,

TABLE 3. REASONS FOR TREATMENT FAILURE

Treatment

LTRA/LABA (29 events) ICS/LABA (10 events)

Post-BD FEV1 � 80% of baseline 11 (38%) 2 (20%)
Corticosteroid treatment 9 (31%) 5 (50%)
Pre-BD PEF � 65% of baseline (2 of 3 consecutive assessments) 7 (24%) 3 (30%)
Physician clinical judgment for safety reasons 6 (21%) 4 (40%)
Albuterol use of � 8 puffs per 24 h over baseline 7 (24%) 1 (10%)
Persistent asthma symptoms despite rescue use 5 (17%) 2 (20%)
Physician judgment or use of corticosteroids only 2 (7%) 4 (40%)
Pre-BD FEV1 � 80% of baseline (2 consecutive assessments) 3 (10%) 1 (10%)
Emergency department treatment 1 (3%) 3 (30%)
Post-BD PEF � 80% of baseline 1 (3%) 2 (20%)
No PEF improvement despite rescue use 1 (3%) 0
� 16 Puffs albuterol/24 h for 48 h 0 0

Definition of abbreviations: BD � bronchodilator; ICS � inhaled corticosteroid; LABA � long-acting �-agonist; LTRA � leukotriene
receptor antagonist.

Multiple reasons are possible for each event. Reasons for events contributing to the primary efficacy outcome are given.

including prebronchodilator FEV1 and quality-of-life scores, was
small and of uncertain clinical relevance. This variability in treat-
ment effect across asthma outcome measures is consistent with
that recently documented by Jenkins and colleagues (20).

Previous data suggest that the response to controller therapies
is heterogeneous and specific individuals may be preferentially
responsive to a specific class of controller therapy (21, 22). In
this regard, we designed the run-in period of this trial to include
combined treatment with an ICS and an LTRA so as not to
bias enrollment against subjects whose asthma could not be
controlled with either an LTRA or an ICS alone. Furthermore,
we retrospectively stratified our data according to baseline
asthma control and ethnicity, two factors that may influence the
likelihood of beneficial response to either a leukotriene modifier
or an ICS (12, 23). We determined that the magnitude of the
difference between the regimens as judged by treatment failures
was similar in those with well-controlled asthma as compared
with those with poorer control, as well as in whites as compared
with African Americans. Additional analyses may determine if
responses to the regimens studied are associated with other
phenotypic and genotypic markers.
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TABLE 4. CHANGES FROM BASELINE IN THE SECONDARY OUTCOME VARIABLES WITH EACH TREATMENT OVER 14 WEEKS
AND DIFFERENCES BETWEEN TREATMENTS

LTRA/LABA ICS/LABA LTRA/LABA vs. ICS/LABA

Variable Change (95% CL) Change (95% CL) Difference (95% CL) p Value

FEV1, L 
0.04 (
0.09, 0.01) 0.05 (0.01, 0.09) 
0.09 (
0.15, 
0.02) 0.007
FEV1, % predicted 
1.27 (
2.78, 0.25) 1.54 (0.35, 2.74) 
2.81 (
4.69, 
0.93) 0.003
Postsalmeterol FEV1, L 
0.12 (
0.17, 
0.07) 
0.03 (
0.07, 0.01) 
0.09 (
0.15, 
0.02) 0.007
A.M. peak flow, L/min 
5.69 (
25.46, 14.08) 20.18 (14.80, 25.55) 
25.87 (
46.26, 
5.48) 0.011
P.M. peak flow, L/min 
11.06 (
19.10, 
3.02) 9.96 (4.83, 15.09) 
21.02 (
30.32, 
11.72) � 0.001
Peak flow variability, % 
1.11 (
2.34, 0.13) 
2.22 (
3.13, 
1.31) 1.11 (
0.44, 2.66) 0.152
Rescue use, no. daily puffs 0.12 (
0.09, 0.33) 
0.25 (
0.41, 
0.08) 0.36 (0.10, 0.62) 0.006
Daily A.M. symptoms (0–3) 0.02 (
0.03, 0.06) 
0.05 (
0.08, 
0.01) 0.06 (0.01, 0.12) 0.025
ACQ* 0.01 (
0.16, 0.17) 
0.21 (
0.35, 
0.08) 0.22 (0.01, 0.43) 0.038
AQLQ† 0.05 (
0.11, 0.21) 0.14 (0.01, 0.26) 
0.09 (
0.29, 0.11) 0.370
ASUI‡ 
0.01 (
0.04, 0.02) 0.03 (0.01, 0.055) 
0.04 (
0.08, 0.00) 0.057
Exhaled nitric oxide difference from baseline, ppb§ 3.23 (0.05, 6.40) 
2.69 (
5.44, 0.06) 5.91 (1.59, 10.24) 0.006
Salmeterol-protected methacholine PC20 (n � 88)||¶ 
1.46 (
1.85, 
1.08) 
0.47 (
0.80, 
0.14) 
0.99 (
1.45, 
0.54) � 0.0001
Sputum eosinophils, % (n � 60)¶ 0.80 (0.30, 1.60) 0.15 (0.0, 0.25) 0.70 (0.20, 1.40) 0.0019
Sputum ECP, �g/L (n � 53)¶ 133 (79, 191) 10 (
4, 42) 90 (17, 166) 0.0147
Sputum tryptase, �g/L (n � 53)¶ 5.5 (3.3, 9.4) 0.2 (0.0, 0.5) 5.0 (3.0, 8.1) � 0.0001

Definition of abbreviations: ACQ � Asthma Control Questionnaire; AQLQ � asthma quality of life questionnaire; ASUI � asthma symptoms utility index; CL �

confidence limits; ECP � eosinophil cationic protein; ICS � inhaled corticosteroids; LABA � long-acting �-agonist; LTRA � leukotriene receptor antagonist.
Unless otherwise noted, values represent the results of a modeled, intent-to-treat analysis; n � 190.
* Scale: 0–6; higher scores indicate poorer control.
† Scale: 1–7; higher scores indicate improved asthma-related quality of life.
‡ Scale 0–1: higher scores indicate fewer symptoms.
§ Measured at 350-ml/s expiratory flow rate.
|| Values represent doubling dilution changes; negative values indicate increased responsiveness.
¶ Aligned analysis of the individuals with complete data.

We recognize that because the present study did not include
an LABA monotherapy arm, we cannot directly compare the
combination of an LTRA/LABA to an LABA alone. Prior stud-
ies, including our own, have demonstrated that, in comparison
to ICS, LABA monotherapy is associated with increased risk
of asthma treatment failures, exacerbations, and, in some individ-
uals, increased risk of death (7, 12, 24). However, the percentage
of subjects experiencing treatment failures over 14 weeks of
therapy we observed with the LTRA/LABA combination (26%)
is considerably smaller than that we previously reported in a
comparable population of patients with asthma treated for 16
weeks with salmeterol during ICS withdrawal (46%). Taking
these data together, it appears likely that the addition of an
LTRA to an LABA provides improved suppression of treatment
failures as compared with an LABA alone, although not to the
degree achieved by the combination of an ICS and an LABA.
Whether either therapy reduces the putative idiosyncratic risk
of severe exacerbations, or death, attributed to the use of LABAs
cannot be determined from our data.

Although the primary endpoint of the trial—treatment
failure—is a composite designed to capture multiple aspects of
asthma control, which we have used in multiple previous studies,
we note that the relative effects of the two treatment regimens
on the ACQ, another composite measure of asthma control,
were modest. Although the average group difference in ACQ
(0.22) between the treatments reached statistical significance,
this value is below the reported minimal clinically important
difference (0.5) in this measure for an individual (16). This dis-
crepancy may reflect the different aspects of asthma control
captured by treatment failures—as we define them—as com-
pared with the ACQ. The treatment failure endpoint is designed
to capture intermittent deteriorations in asthma stability that
would induce many clinicians to intensify asthma care. In this
respect, whereas the ACQ (which was assessed only during clinic
visits) captures the subjects’ retrospective assessment of their

overall asthma control in the preceding week, treatment failures
assess whether an individual’s asthma control has ever deterio-
rated below a clinically relevant threshold. Importantly, the pro-
portion of subjects with a worsening of asthma control as re-
flected by an increase in ACQ of at least 0.5 during LTRA/
LABA treatment was larger than that during treatment with the
ICS/LABA combination (19 vs. 9%, p � 0.04). However, the
magnitude of the treatment effect as judged by preferential pro-
tection against treatment failures (� 3.5:1) was still larger than
that as judged by preferential improvements in ACQ (p � 0.005
by a generalized estimating equation). In this respect, our pri-
mary endpoint may be more sensitive to significant, but transient,
alterations in asthma control that are not retrospectively re-
ported by the subjects using the ACQ.

In summary, despite previous data suggesting a strong ratio-
nale for combining an LABA with an LTRA (an alternate anti-
inflammatory agent), the results of our study indicate that the
clinical synergy produced with this combination is inferior to
the synergistic properties associated with an ICS and an LABA
as judged by protection from treatment failures, lung function,
and suppression of markers associated with airway inflammation.
Although future studies may identify subgroups of individuals
for whom the LTRA/LABA combination is effective, patients
with moderate asthma should not substitute this combination of
agents for ICS/LABA treatment.
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