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Background: No standard, optimal treatment exists for severe intermittent (ie, episodic) asthma in children. However,
evidence suggests that both daily and episode-driven montelukast are effective for this phenotype.

Objective: To assess the regimen-related efficacy of montelukast in treating pediatric episodic asthma.
Methods: A multicenter, randomized, double-blind, double-dummy, parallel-group, 52-week study was performed in children

6 months to 5 years of age comparing placebo with two regimens of montelukast 4 mg: (1) daily; or (2) episode-driven for 12
days beginning with signs/symptoms consistent with imminent cold or breathing problem. The main outcome measure was the
number of asthma episodes (symptoms requiring treatment) culminating in an asthma attack (symptoms requiring physician visit,
emergency room visit, corticosteroids, or hospitalization).

Results: Five hundred eighty-nine patients were randomized to daily montelukast, 591 to intermittent montelukast, and 591
to placebo. Compared with placebo, no significant difference was seen between daily montelukast (P � .510) or intermittent
montelukast (P � .884) in the number of asthma episodes culminating in an asthma attack over 1 year. Daily montelukast reduced
symptoms over the 12-day treatment period of asthma episodes compared with placebo (P � .045). Beta-agonist use was reduced
with both daily (P � .048) and intermittent montelukast (P � .028) compared with placebo. However, because of prespecified
rules for multiplicity adjustments (requiring a positive primary endpoint), statistical significance for secondary endpoints cannot
be concluded. All treatments were well tolerated.

Conclusions: Montelukast did not reduce the number of asthma episodes culminating in an asthma attack over 1 year in
children 6 months to 5 years of age, although numerical improvements occurred in some endpoints.

Ann Allergy Asthma Immunol. 2011;106:518–526.

INTRODUCTION
Asthma is one of the most common diseases of childhood:
one third of children experience a wheezing episode by 3
years of age, and nearly 50% experience a wheezing epi-
sode by the age of 6.1,2 Despite the high prevalence, asthma

in infants and preschool-age children presents unique dif-
ficulties in both diagnosis and management. Foremost,
acute breathing difficulties in this age group often repre-
sent an entity separate from true asthma. Affected children
tend not to display signs of atopy, bronchial responsive-
ness,3 or other features common to persistent or atopic
asthma such as airway remodeling or eosinophilic inflam-
mation.4,5 They also tend to have discrete episodes typi-
cally triggered by viral upper respiratory infections (ie, not
immunoglobulin E–mediated), separated by long asymp-
tomatic periods.3 A variety of terms have been used to
describe this intermittent condition, such as “infrequent
episodic asthma,” “transient wheeze,” and “viral wheeze.”
For the purposes of this study, the phenotype is referred to
as “episodic asthma.”

Despite its intermittent course, episodic asthma is associ-
ated with significant morbidity: Rates for wheezing-related
emergency department visits and hospitalizations are highest
in children younger than 5 years6 and may be related to the
difficulty in managing such patients. Indeed, meta-analyses in
pediatric episodic asthma have not shown consistent benefits
of medications traditionally effective in persistent asthma,
including inhaled corticosteroids.7–9 Accordingly, guidelines
for episodic asthma recommend as-needed short-acting
�-agonists and, if needed, oral corticosteroids for moderate to
severe exacerbations.2,10,11
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Three studies have suggested that montelukast is effica-
cious in managing episodic asthma in children when given
either on a daily preventative basis12 or on an episode-driven
basis.13,14 However, whether daily or episode-driven interven-
tion is a preferred management option is unknown.

Therefore, the purpose of this study was to evaluate daily
montelukast and episode-driven montelukast versus placebo
in children with episodic asthma.

METHODS

Patients
Boys and girls age 6 months to 5 years were eligible. Patients
were required to have had episodes of asthma symptoms in
the past year (2–4 episodes for patients � 2 years old; 3 to 6
episodes for patients � 2 years old, including 1 in the past 6
months) lasting approximately 3 days that, at a minimum,
required short-acting �-agonist treatment, with asymptomatic
periods between episodes. In addition, patients had at least 1
corticosteroid treatment (oral, rectal, inhaled, or parenteral)
or hospitalization for asthma in the year before screening.
Pertinent exclusion criteria included history of persistent
asthma symptoms and asthma controller medication or im-
munotherapy in the previous 2 weeks.

Conduct of this study was consistent with the standards of
the Declaration of Helsinki. The protocol was approved by
local institutional review boards or ethics committees, and the
parent/guardian of each patient provided written informed
consent before participation.

Study Design
This study (Merck Protocol 302) was a 52-week, multicenter,
randomized, double-blind, double-dummy, parallel group
trial conducted at 111 multinational sites from November
2006 to August 2009, comparing two regimens of montelu-
kast (daily dosing and intermittent, episode-driven dosing)
with placebo in patients age 6 months to 5 years with episodic
asthma. After a 2-week placebo run-in period, eligible pa-
tients were randomized to 1 of 3 treatment arms for 52 weeks:
daily montelukast plus intermittent, episode-driven matching
placebo; episode-driven montelukast plus daily matching pla-
cebo, or daily placebo plus episode-driven placebo, all ad-
ministered once nightly. Montelukast was administered as
4-mg oral granules to patients 6 to 23 months of age, and as
a 4-mg chewable tablet to patients 2 to 5 years of age. Patients
who turned 6 years of age during the study were switched to
the 5-mg chewable tablet, consistent with approved labeling.
Short-acting �-agonists were available to all patients for use
every 4 to 6 hours as needed. An action plan for treatment of
worsening asthma was provided to parents/guardians. Par-
ents/guardians were contacted by telephone every 2 to 3
weeks during the active treatment period to assess compli-
ance and to inquire about possible adverse experiences (AEs).
Medication compliance was assessed by pill count.

Allocation was determined according to a computer-gen-
erated schedule. Numbered packaging was used to implement

allocation. All study personnel, including investigators, study t
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oordinators, patients, parents/guardians, monitors, and cen-
ral laboratory staff, remained blinded to treatment allocation
hroughout the study. The code was revealed to the research-
rs once recruitment, data collection, and laboratory analyses
ere complete.
Parents/guardians completed a symptom calendar every

vening consisting of 2 questions documenting whether their
hild had: (1) experienced any respiratory symptoms or (2)
aken any episode-driven medication in the previous 24
ours. If the patient had any symptoms, this marked the start
or continuation) of an episode, and episode-driven medica-
ion (montelukast or placebo) was started that evening (given
n addition to the daily medication) and continued nightly for
2 days. Short-acting �-agonists were administered every 4
o 6 hours as needed for at least 24 hours. Parents/guardians
lso completed an episode diary documenting the following
arameters for the preceding 24 hours: (1) overnight symp-
oms, measured as the presence of cough (0 � “did not cough
t all” to 4 � “coughed almost all night”); (2) daytime
ymptoms, measured as cough, wheezing, and trouble breath-
ng (each on a scale of 0 � “none” to 5 � “very severe”); (3)
ctivity limitations (0 � “did not interfere” to 5 � “unable to
o activities”); (4) medication use and frequency (short-
cting �-agonists; inhaled, oral, or rectal corticosteroids); and
5) healthcare resource utilization (HRU), defined as an un-
cheduled visit to a doctor, urgent care clinic, or emergency
epartment or hospital for breathing problems, or treatment
ith corticosteroids (oral, rectal, inhaled, or parenteral). The

pisode diary was completed for at least the12-day duration
f episode-driven medication or until breathing problems
esolved.

fficacy and Safety Endpoints
he primary efficacy measure was the number of asthma
pisodes culminating in an asthma attack (ie, attacks that
ccurred within episodes). The beginning of an episode was
efined by the start day of episode-driven treatment. The start
f an asthma attack was the first day the patient’s symptoms
equired HRU. Key secondary endpoints included symptoms
uring the 3 days before an asthma attack (mean of the daily
verage of the individual symptom scores for wheeze and
ifficulty breathing), and during the 12-day treatment episode
mean of the daily average of the individual symptom scores
or wheeze, difficulty breathing, interference with activity;
ays after an attack were not included if an attack occurred).
ther endpoints included the number of asthma attacks, the
umber of asthma episodes, the percentage of asthma-free
ays (defined as a day with no symptoms, no �-agonist use,
nd no HRU), and the daily average �-agonist use over the
2-day treatment period of asthma episodes. The difference
n efficacy between the 2 montelukast regimens was an
xploratory endpoint.

Safety was assessed by the incidence of clinical AEs,
erious AEs, drug-related AEs, and AEs resulting in discon-

inuation.
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Statistical Methods
The primary hypothesis was that montelukast (daily or inter-
mittent regimens) compared with placebo would decrease the
number of asthma episodes culminating in an asthma at-
tack—in other words, attacks that occurred within episodes,
irrespective of when in the course of an episode a given attack
occurred. Only one asthma attack was counted per episode.
The primary efficacy analysis was based on all patients who
received at least one dose of study drug. A supportive per-
protocol approach excluding patients with important protocol
violations was performed for the primary and key secondary
endpoints.

The primary analysis was performed using a Poisson re-
gression model with factors for treatment group, age group
(�2 years, �2 years), geographical region, and an offset for
number of days in the study. Prespecified subgroup analyses
included sex, race (white, black, Hispanic, other), age group
(�2, �2 to �3, �3 years), number of asthma attacks during
the previous year, asthma predictive index (API) status, and
geographical region.

To adjust for multiple statistical comparisons, a step-down
approach was used in comparing the 2 montelukast regimens
with placebo: the daily regimen was tested first, and no
significant effect on an endpoint would be claimed for the
intermittent regimen if the effect on the endpoint with the
daily regimen was not significant. Within a given regimen,
the two key secondary endpoints assessing symptom severity
would be tested only if a significant difference in the primary
endpoint was detected, and was performed using Hochberg’s
method: significance would be demonstrated if the P-values
associated with these 2 endpoints were .05 or less or if 1
P-value was greater than .05 and the other was .025 or less.
All other endpoints were considered to be supportive or
exploratory, and multiplicity adjustment was, therefore, not
required.

Based on findings after results unblinding, additional post-
hoc analyses were carried out in the subset of children 2 years
of age or older with at least 1 asthma episode.

The primary variable for safety was the overall inci-
dence of AEs, and included all randomized patients who
received at least one dose of study drug. The 95% confi-
dence intervals were determined using the Miettinen and
Nurminen method.

Based on the previous studies of montelukast in episodic
asthma,12,13 a dropout rate of approximately 20% was antic-
ipated. A sample size of 450 evaluable patients per treatment
arm provides 90% power (� � 0.05) to detect a difference of
23% in episodes leading to asthma attacks, assuming a rate of
2 attacks/year in the placebo group and 1.54 attacks/year in
the montelukast groups.

RESULTS

Patients
Patient disposition is shown in Figure 1. Compliance was

greater than 98% for all treatment groups. Baseline patient t
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haracteristics were generally similar across treatment groups
Tables 1 and 2).

fficacy
Primary Endpoint. No significant difference was seen be-

ween either montelukast regimen and placebo for the pri-
ary endpoint of the number of asthma episodes culminating

n an asthma attack (Table 3). Approximately 75% of patients
ad at least 1 asthma episode and, as shown in Figure 2, only
pproximately 50% had at least 1 episode culminating in an
ttack. The average time between the start of an episode and
he start of an attack was 1.5 days, 1.3 days, and 1.6 days, for
aily montelukast, intermittent montelukast, and placebo, re-
pectively. The most common component of an attack was
reatment with corticosteroids (�71%), followed by unsched-
led physician visit (�38%), emergency department visit
�13%), urgent care clinic visit (9%), unscheduled visit to
nother medical facility (�6%), and hospitalization (3%).

No significant differences were seen in the prespecified
ubgroup analyses, including API status. However, some
ubgroups showed numerical trends in which daily montelu-
ast appeared to be either more effective than placebo (pa-
ients aged 18–35 months: adjusted annual rate 0.86 vs 1.22)
r less effective than placebo (patients aged 6–17 months:
.38 vs 0.75; patients 2 years of age or younger with more

Figure 1. Patient accounting.
han 4 episodes: 1.31 vs 0.74).
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Following these trends seen based on patient age, post-hoc
analyses of the primary endpoint were carried out in a sub-
group of children age 2 years of age or older who had at least
one asthma episode (Table 4). No significant differences
were seen between montelukast (either daily or intermittent)
and placebo in this subgroup, although the daily montelukast
group had a slightly greater reduction in primary events

Table 1. Patient Characteristics

Daily
montelukast

(N � 584)

Intermittent
montelukast

(N � 588)

Placebo
(N � 585)

Gender, n (%)
Male 346 (59.2) 363 (61.7) 349 (59.7)
Female 238 (40.8) 225 (38.3) 236 (40.3)

Age
Months, mean (SD) 38.9 (16.3) 39.5 (16.5) 39.2 (16.4)
�2 years, n (%) 91 (15.6) 96 (16.3) 101 (17.3)

Race, n (%)
American Indian or

Alaska Native
31 (5.3) 27 (4.6) 35 (6.0)

Asian 15 (2.6) 13 (2.2) 22 (3.8)
Black or African

American
15 (2.6) 17 (2.9) 13 (2.2)

Multiracial 84 (14.4) 83 (14.1) 90 (15.4)
Native Hawaiian or

other Pacific
Islander

1 (0.2) 0 (0.0) 0 (0.0)

White 438 (75.0) 448 (76.2) 425 (72.6)
Ethnicity, n (%)

Hispanic or Latino 378 (64.7) 369 (62.8) 373 (63.8)
Not Hispanic or

Latino
206 (35.3) 219 (37.2) 212 (36.2)

Geographical
region, n (%)

Europe and Middle
East

95 (16.3) 99 (16.8) 88 (15.0)

North and Central
America

224 (38.4) 223 (37.9) 271 (46.3)

South America 214 (36.6) 210 (35.7) 163 (27.9)
Othera 51 (8.7) 56 (9.5) 63 (10.8)

Allergic rhinitis,
n (%)

308 (52.7) 284 (48.3) 262 (44.8)

Atopic dermatitis,
n (%)

175 (30.0) 158 (26.9) 160 (27.4)

API positive, n (%)b 312 (53.4) 316 (53.7) 331 (56.6)
Previous inhaled

corticosteroid
use, n (%)

291 (49.9) 305 (51.9) 259 (44.3)

Previous systemic
corticosteroid
use, n (%)

434 (74.3) 430 (73.3) 443 (75.9)

Abbreviations: API, asthma predictive index; SD, standard deviation.
a Other geographical regions include Australia, Singapore, and South
Africa;
b API status was defined as positive if any of the following criteria
were met: history of atopic dermatitis, at least one positive skin

testing, or parent history of asthma.
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ompared with placebo than in the main analysis (8.4% vs
.3% reduction). A categorical analysis of this post-hoc
ubgroup showed that numerically fewer patients in the
aily montelukast group had an episode culminating in
ttack than those in the placebo group (59.3% vs 66.6%;
� .041) (Fig 3).

able 2. Baseline Measures of Episodic Asthma Reported in the
revious Year

Daily
montelukast

(N � 584)

Intermittent
montelukast

(N � 588)

Placebo
(N � 585)

Episodes of
breathing
problems

4.0 (1.0) 4.0 (1.1) 3.9 (1.0)

Missed days at
school, daycare,
and scheduled
activities

14.7 (17.2) 14.9 (19.8) 16.2 (26.3)

Healthcare resource
utilization

Courses of inhaled
corticosteroids

1.0 (1.4) 1.1 (1.5) 1.0 (1.5)

Courses of oral/rectal
corticosteroids

1.4 (1.3) 1.4 (1.3) 1.4 (1.3)

Unscheduled visits to
health care
provider for
breathing problems

3.6 (2.5) 3.6 (2.7) 3.5 (2.5)

Emergency room
visits for breathing
problems without
admission

1.1 (1.6) 1.1 (1.4) 1.1 (1.6)

Hospital admissions
for breathing
problems

0.3 (0.7) 0.4 (0.8) 0.3 (0.6)

ll values are mean (standard deviation).
Figure 2. Number of asthma episodes culminating in asthma attacks.
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Table 3. Primary and Key Secondary Results

Treatment N Adjusted Mean Comparison with placebo P-value

Number of asthma episodes culminating in asthma attack (primary endpoint)

Adjusted annual rate
(95% CI)

Rate reduction (95% CI) P-value

Daily Montelukast 584 0.99 (0.86 ,1.14) 5.3% (�11.4,19.6) .510
Intermittent montelukast 588 1.06 (0.92 ,1.22) �1.2% (�19.2,14.0) .884
Placebo 585 1.05 (0.92 ,1.20)

Symptoms during the 3 days prior to start of an asthma attack (daily average of wheeze and difficulty breathing score)

LS mean
(95% CI)

LS mean difference
(95% CI)

P-value

Daily montelukast 138 1.69 (1.49, 1.88) �0.19 (�0.46, 0.09) .176
Intermittent montelukast 162 1.70 (1.52, 1.89) �0.17 (�0.44, 0.09) .202
Placebo 152 1.88 (1.69, 2.07)

Symptoms during the 12-day treatment episode (daily average of wheeze, difficulty breathing, daytime cough, and
interference with daily activity score)

LS mean
(95% CI)

LS mean difference
(95% CI)

P-value

Daily montelukast 365 1.08 (1.00, 1.16) �0.12 (�0.24, 0.00) .045
Intermittent montelukast 387 1.09 (1.01, 1.17) �0.11 (�0.23, 0.00) .061
Placebo 368 1.20 (1.12, 1.28)

Number of asthma attacks

Adjusted rate
(95% CI)

Rate reduction
(95% CI)

P-value

Daily montelukast 584 1.17 (1.02 ,1.34) 3.3% (�13.1, 17.3) .676
Intermittent montelukast 588 1.23 (1.08 ,1.40) �2.0% (�19.2, 12.7) .802
Placebo 585 1.21 (1.07 ,1.37)

Number of asthma episodes

Adjusted rate
(95% CI)

Rate reduction
(95% CI)

P-value

Daily montelukast 584 2.26 (2.06 ,2.47) 5.6% (�5.2, 15.3) .295
Intermittent montelukast 588 2.48 (2.26 ,2.72) �3.6% (�15.4, 7.0) .521
Placebo 585 2.39 (2.19 ,2.61)

Percentage of asthma-free days

LS mean
(95% CI)

LS mean difference
(95% CI)

P-value

Daily montelukast 584 92.8 (91.9, 93.6) 1.06 (�0.10, 2.23) .074
Intermittent montelukast 588 91.4 (90.6, 92.3) �0.27 (�1.43, 0.90) .654
Placebo 585 91.7 (90.9, 92.5)

�-agonist use (times per day in patients with an asthma episode)

LS mean
(95% CI)

LS mean difference
(95% CI)

P-value

Daily montelukast 365 2.14 (1.94, 2.34) �0.29 (�0.57, 0.00) .048
Intermittent montelukast 387 2.11 (1.92, 2.31) �0.31 (�0.59, �0.03) .028
Placebo 368 2.42 (2.22, 2.62)
Abbreviations: CI, confidence interval; LS, least squares; N, Number of patients in the analysis; SE, standard error.
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Secondary and Exploratory Endpoints. Secondary efficacy
endpoints are summarized in Table 3. Over the 12-day treat-
ment episode, daily montelukast reduced symptoms com-
pared with placebo (P � .045), and �-agonist use was re-
duced with both daily (P � .048) and intermittent
montelukast (P � .028) compared with placebo. However,
because statistical adjustments for multiple comparisons re-

Table 4. Post-Hoc Analysis of Primary and Key Secondary Endpoints

Treatment N Adjusted

Number of asthma epis

Adjuste
(95%

Daily montelukast 376 1.28 (1.13
Intermittent montelukast 385 1.37 (1.21
Placebo 365 1.40 (1.24

Symptoms during the 3 days prior to start of an asthma

LS m
(95%

Daily montelukast 110 1.64 (1.4
Intermittent montelukast 136 1.67 (1.4
Placebo 130 1.82 (1.6

Symptoms during the 12-day treatment episode (daily
interference wit

LS m
(95%

Daily montelukast 309 1.01 (0.9
Intermittent montelukast 334 1.04 (0.9
Placebo 313 1.16 (1.0

Abbreviations: CI, confidence interval; LS, least squares; N, number

Figure 3. Number of asthma episodes culminating in asthma attacks;
post-hoc analysis of patients �2 years. P � .041 for daily montelukast vs
pplacebo (�2 test).
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uired a positive primary endpoint, statistical significance
annot be concluded for these secondary endpoints. No sig-
ificant difference was seen between the two montelukast
egimens in the primary efficacy variable.

Notable differences were seen based on age group, with
enerally better outcomes for patients 2 years of age or older
n symptoms during the 3 days before the start of attack (P �
015) and symptoms during the 12-day episode treatment
eriod (P � .001). However, analyses to support a treatment-
y-age interaction did not reach significance.
Post-hoc analyses in children 2 years of age or older

ith at least one episode showed improvements with both
aily (P � .017) and intermittent (P � .046) montelukast
ver placebo for symptoms over the 12-day treatment
pisode.

afety
o clinically meaningful differences were seen in AEs be-

ween montelukast and placebo, and few patients discontin-
ed because of AEs (Table 5). Three serious AEs were
onsidered by the investigator to be drug related: pneumonia
nd asthma in a patient receiving placebo, and somnolence
ssociated with overdose in a patient receiving daily monte-
ukast. The most common AEs (regardless of treatment
roup) were asthma, upper respiratory infections, nasophar-
ngitis, cough, and fever. No meaningful differences were
een between daily montelukast, intermittent montelukast, or

nts Age �2 Years with �1 Asthma Episode)

Comparison with placebo P-value

culminating in attacks

Rate reduction
(95% CI)

P-value

) 8.4% (�8.1, 22.4) .297
) 1.7% (�16.1, 16.7) .844
)

(daily average of wheeze and difficulty breathing score)

LS mean difference
(95% CI)

P-value

) �0.18 (�0.48, 0.12) .233
) �0.15 (�0.44, 0.14) .318
)

e of wheeze, difficulty breathing, daytime cough, and
activity score)

LS mean difference
(95% CI)

P-value

) �0.15 (�0.27, �0.03) .017
) �0.12 (�0.25, 0.00) .046
)

ents in the analysis; SE, standard error.
(Patie

mean

odes

d rate
CI)

,1.45
,1.56
,1.58

attack

ean
CI)

2, 1.86
7, 1.87
2, 2.03

averag
h daily

ean
CI)

3, 1.10
6, 1.13
8, 1.25
lacebo in these AEs, or in the rates of nervous system
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disorders (3.8%, 2.7%, 2.2%, respectively) or psychiatric
disorders (1.5%, 1.4%, 1.5%).

DISCUSSION
The efficacy of an episode-driven treatment strategy can be
assessed only in terms of effects seen once an episode starts.
Although the primary endpoint of the current study was
chosen because it could be applied fairly to both treatment
regimens, the study design requires (or presumes) that inter-
mittent treatment will be initiated promptly on the observa-
tion of relevant signs/symptoms, that reporting of symptom
patterns will be thorough and accurate, and that HRU (in-
cluding corticosteroid use) is consistent across participating
regions. Ultimately, in the current study, neither daily mon-
telukast nor episode-driven montelukast was significantly
better than placebo for the primary endpoint of the number of
asthma episodes culminating in attacks. Both montelukast
regimens, however, reduced �-agonist use compared with
placebo, and daily montelukast also reduced symptoms over
the 12-day treatment episode. Although these latter results
cannot be considered statistically significant because of the
prespecified adjustments for multiple comparisons, they are
nonetheless consistent with findings of previous studies of
montelukast in episodic wheezing.

Three previous year-long studies support the efficacy of
montelukast in children 2 or more years with episodic wheez-
ing. In the Preventing Virus-Induced Asthma (PREVIA)
study, which enrolled 549 children age 2 to 5 years with a
history of intermittent asthma symptoms resulting from an
upper respiratory infection,12 daily montelukast was signifi-
cantly better than placebo for the primary endpoint of asthma
exacerbations. Montelukast was also associated with signifi-
cantly longer time to first exacerbation and reduced overall
rate of inhaled corticosteroid use.

In the PRE-EMPT study, which enrolled 220 children age

Table 5. Adverse Experiences

Daily
montelukast

N � 584

Intermittent
montelukast

N � 588

Placebo
N � 585

Clinical AE (%) 510 (87.3) 533 (90.6) 516 (88.2)
Drug-related AEa (%) 3 (0.5) 6 (1.0) 5 (0.9)
Serious AE (%) 28 (4.8) 41 (7.0) 33 (5.6)
Discontinuation

because of AE (%)
10 (1.7) 8 (1.4) 18 (3.1)

Asthma 336 (57.5) 342 (58.2) 326 (55.7)
Nasopharyngitis 110 (18.8) 110 (18.7) 81 (13.8)
Cough 91 (15.6) 101 (17.2) 93 (15.9)
Fever 94 (16.1) 87 (14.8) 80 (13.7)
Upper respiratory

infection
83 (14.2) 78 (13.3) 82 (14.0)

Pharyngitis 59 (10.1) 64 (10.9) 67 (11.5)

a Determined by the investigator to be possibly, probably, or definitely
drug-related.
2 to 14 years with intermittent asthma, episode-driven mon- b

524
elukast was significantly more effective than placebo for the
rimary endpoint of unscheduled HRU for asthma in children
to 14 years of age.13 Montelukast was also associated with

ignificantly better symptom scores and missed school or
ork.
In the Acute Intervention Management Strategies (AIMS)

rial,14 neither episode-driven montelukast nor budesonide
nhalation suspension was significantly better than placebo
hen added to albuterol for the primary endpoint of episode-

ree days in 238 children 12 to 59 months with wheezing
ssociated with an upper respiratory tract infection. However,
oth budesonide and montelukast significantly improved
ymptom and activity scores. Interestingly, the investigators
ound that children with positive API scores showed greater
enefit from study medication than did those with negative
PI scores.
We found several trends suggesting better outcomes in

hildren aged 2 or more years compared with those younger
han 2 years. Episodic wheezing in infants and preschool-age
hildren tends to be associated with a respiratory infection
ather than an immunoglobulin E–mediated process. Early
ntervention in episodic wheezing does not affect progression
o persistent wheezing,15,16 suggesting that pediatric episodic
sthma and wheezing/asthma later in life may be distinct
isease entities. These observations may account for the
imited efficacy of ICS,7 anticholinergic drugs,8 and oral
orticosteroids (initiated by parents)9 in episodic wheezing,
nd of montelukast in post-respiratory syncytial virus bron-
hiolitis,16 despite the established efficacy of these medica-
ions in persistent (and likely atopic) asthma. Thus, estab-
ished asthma therapies may not be consistently effective in
eterogeneous populations comprising patients that will go
n to have persistent or atopic asthma as well as those who
ill not. An additional consideration for the variable effect of

sthma medications in episodic wheezing is that efficacy may
e difficult to demonstrate in an intermittent disease com-
ared with a more chronic, predictable disease.
Several observations from the current study give our re-

ults perspective in the context of the results from PREVIA,
RE-EMPT, and AIMS. Perhaps most notable is the mild
egree of disease in our study population. Symptom scores
ere quite low (1.08–1.88 on a 0–5 scale). Thus, it may not
e surprising that only 50% of episodes culminated in (ie,
ncluded) attacks. Furthermore, the observed rate of asthma
pisodes culminating in attacks was substantially lower than
xpected for the placebo group (1.0/year was only half the
ate expected), and 32% lower than expected for daily mon-
elukast; the expected rates were derived from the PRE-
MPT results and served as the basis for our sample size
alculations. With such mild disease and low event rates,
emonstrating a treatment effect would inevitably be consid-
rably difficult with the current sample size.

The mild disease burden and results in our study may be
elated to several factors. First, the inclusion of children
ounger than 2 years may have played a role in the outcomes

ecause of the aforementioned heterogeneous population and
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cause of wheezing, and limited efficacy of traditional asthma
medications in this age group. Both PREVIA and PRE-
EMPT had statistically significant primary outcomes, and
both excluded children younger than 2 years. Conversely,
AIMS, which had results somewhat similar to ours (ie, impact
on symptoms but not episodes), enrolled children as young as
12 months.

Second, differences were also seen in other patient char-
acteristics among the four studies. For instance, approxi-
mately 15% of patients in PREVIA12 had symptoms consis-
tent with persistent asthma rather than intermittent asthma,
and might be more likely to respond to intervention. In
PRE-EMPT, 64% of patients in the montelukast group and
49% in the placebo group had atopic dermatitis,13 compared
with only approximately 28% of patients in our study. Pos-
sibly, patients in PRE-EMPT were more likely to have atopic
asthma and thus were more likely to show a response to
treatment. Conversely, only approximately 35% of patients in
AIMS had eczema, and 60% were API positive, which is
more similar to our population (�55% API positive), and
consistent with the more similar study outcomes.

Third, although the entry criteria for the 3 previous studies
and our study were generally similar with respect to previous
symptoms, children in our study could have diagnoses based
on parent/guardian verbal report, whereas children in
PREVIA, PRE-EMPT, and AIMS had at least 1 healthcare
provider–diagnosed episode of intermittent asthma. Diagno-
sis in this age group can be difficult, even by physicians,2

because of the need to rely on patient or caregiver history,
lack of agreement of terms used to describe symptoms, and
variability of presentation. Therefore, using a caregiver-con-
firmed history of episodes may have been an inherent limi-
tation in our study.

Finally, the short period (average �1.4 days) between the
start of an episode and the start of an attack in this study—
reflecting, by definition, how caregivers chose to interpret
signs and symptoms—may limit the ability of an episode-
driven medication to reduce symptoms quickly enough to
prevent an attack.

Montelukast was generally well tolerated and similar to
placebo with respect to AEs. Most AEs were related to
asthma or respiratory tract infections, which is to be expected
given the patient population, and our findings are similar to
those in the PRE-EMPT study.13

In conclusion, neither daily nor intermittent montelukast
reduced the number of asthma episodes culminating in at-
tacks in children with episodic wheezing, although both reg-
imens had some positive effects on symptoms. These results,
in the context of the variable results of similar studies with
other controller medications that have well-established effi-
cacy in persistent asthma, underscore the difficulty in man-
aging episodic wheeze in preschool-aged children and the
need to further study possible interventions to decrease the

significant morbidity associated with this condition. U
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