Intermittent or daily montelukast versus placebo

for episodic asthma in children

Erkka Valovirta, MD, PhD*; Maria L. Boza, MD7; Colin F. Robertson, MBBS, MSc, MD4;
Nadia Verbruggen, MSc§; Steven S. Smugar, MD§; Linda M. Nelsen, MHS§; Barbara A. Knorr, MDS§;
Theodore F. Reiss, MD§; George Philip, MD§; and Deborah M. Gurner, MD, PhD§

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.

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.!2 Despite the high prevalence, asthma
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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,’ or other features common to persistent or atopic
asthma such as airway remodeling or eosinophilic inflam-
mation.*> 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.> 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 years® 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.”® Accordingly, guidelines
for episodic asthma recommend as-needed short-acting
B-agonists and, if needed, oral corticosteroids for moderate to
severe exacerbations. 1011
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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 basis'? or on an episode-driven
basis.!*!* 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 B-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
a4-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 [3-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

coordinators, patients, parents/guardians, monitors, and cen-
tral laboratory staff, remained blinded to treatment allocation
throughout the study. The code was revealed to the research-
ers once recruitment, data collection, and laboratory analyses
were complete.

Parents/guardians completed a symptom calendar every
evening consisting of 2 questions documenting whether their
child had: (1) experienced any respiratory symptoms or (2)
taken any episode-driven medication in the previous 24
hours. If the patient had any symptoms, this marked the start
(or continuation) of an episode, and episode-driven medica-
tion (montelukast or placebo) was started that evening (given
in addition to the daily medication) and continued nightly for
12 days. Short-acting [3-agonists were administered every 4
to 6 hours as needed for at least 24 hours. Parents/guardians
also completed an episode diary documenting the following
parameters for the preceding 24 hours: (1) overnight symp-
toms, measured as the presence of cough (0 = “did not cough
at all” to 4 = “coughed almost all night”); (2) daytime
symptoms, measured as cough, wheezing, and trouble breath-
ing (each on a scale of 0 = “none” to 5 = “very severe”); (3)
activity limitations (0 = “did not interfere” to 5 = “unable to
do activities”); (4) medication use and frequency (short-
acting B3-agonists; inhaled, oral, or rectal corticosteroids); and
(5) healthcare resource utilization (HRU), defined as an un-
scheduled visit to a doctor, urgent care clinic, or emergency
department or hospital for breathing problems, or treatment
with corticosteroids (oral, rectal, inhaled, or parenteral). The
episode diary was completed for at least thel2-day duration
of episode-driven medication or until breathing problems
resolved.

Efficacy and Safety Endpoints
The primary efficacy measure was the number of asthma
episodes culminating in an asthma attack (ie, attacks that
occurred within episodes). The beginning of an episode was
defined by the start day of episode-driven treatment. The start
of an asthma attack was the first day the patient’s symptoms
required HRU. Key secondary endpoints included symptoms
during the 3 days before an asthma attack (mean of the daily
average of the individual symptom scores for wheeze and
difficulty breathing), and during the 12-day treatment episode
(mean of the daily average of the individual symptom scores
for wheeze, difficulty breathing, interference with activity;
days after an attack were not included if an attack occurred).
Other endpoints included the number of asthma attacks, the
number of asthma episodes, the percentage of asthma-free
days (defined as a day with no symptoms, no [3-agonist use,
and no HRU), and the daily average [3-agonist use over the
12-day treatment period of asthma episodes. The difference
in efficacy between the 2 montelukast regimens was an
exploratory endpoint.

Safety was assessed by the incidence of clinical AEs,
serious AEs, drug-related AEs, and AEs resulting in discon-
tinuation.
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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,'>!3 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

Screened
1979
208 Not Randomized
1 Adverse event
7 Protocol deviation
127 Not eligible
20 Lost to follow-up
53 Withdrew consent
Randomized
1771
| | |
Daily Montelukast Intermittent Montelukast Placebo
589 591 591
| I |
94 Discontinued 101 Discontinued 97 Discontinued
10 Adverse events 8 Adverse events 19 Adverse events
20 Protocol deviation 24 Protocol deviation 19 Protocol deviation
10 Lack of efficacy 7 Lack of efficacy 8 Lack of efficacy
22 Lost to follow-up 19 Lost to follow-up 17 Lost to follow-up
8 Physician decision 17 Physician decision 14 Physician decision
0 Progressive disease 2 Prog ive di 0 Progressive disease
0 Trial terminated 0 Trial terminated 2 Trial terminated
24 Withdrew consent 24 Withdrew consent 18 Withdrew consent
| | |
Completed Completed Completed
490 (83.9%) 487 (82.8%) 488 (83.4%)
I I I
Included in primary Included in primary Included in primary
analysis analysis analysis
584 (99.2%) 588 (99.5%) 585 (99.0%)

Figure 1. Patient accounting.

characteristics were generally similar across treatment groups
(Tables 1 and 2).

Efficacy

Primary Endpoint. No significant difference was seen be-
tween either montelukast regimen and placebo for the pri-
mary endpoint of the number of asthma episodes culminating
in an asthma attack (Table 3). Approximately 75% of patients
had at least 1 asthma episode and, as shown in Figure 2, only
approximately 50% had at least 1 episode culminating in an
attack. The average time between the start of an episode and
the start of an attack was 1.5 days, 1.3 days, and 1.6 days, for
daily montelukast, intermittent montelukast, and placebo, re-
spectively. The most common component of an attack was
treatment with corticosteroids (~71%), followed by unsched-
uled physician visit (~38%), emergency department visit
(~13%), urgent care clinic visit (9%), unscheduled visit to
another medical facility (~6%), and hospitalization (3%).

No significant differences were seen in the prespecified
subgroup analyses, including API status. However, some
subgroups showed numerical trends in which daily montelu-
kast appeared to be either more effective than placebo (pa-
tients aged 18-35 months: adjusted annual rate 0.86 vs 1.22)
or less effective than placebo (patients aged 6—17 months:
1.38 vs 0.75; patients 2 years of age or younger with more
than 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 Intermittent
Placebo
montelukast montelukast (N = 585)
(N = 584) (N = 588)
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 31(5.3) 27 (4.6) 35 (6.0)
Alaska Native
Asian 15 (2.6) 13(2.2) 22 (3.8)
Black or African 15 (2.6) 17 (2.9) 13(2.2)
American
Multiracial 84 (14.4) 83 (14.1) 90 (15.4)
Native Hawaiian or 1(0.2) 0(0.0) 0(0.0)
other Pacific
Islander
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 206 (35.3) 219 (37.2) 212 (36.2)
Latino
Geographical
region, n (%)
Europe and Middle 95 (16.3) 99 (16.8) 88 (15.0)
East
North and Central 224 (38.4) 223(37.9) 271 (46.3)
America
South America 214 (36.6) 210 (35.7) 163 (27.9)
Other2 51(8.7) 56 (9.5) 63 (10.8)
Allergic rhinitis, 308 (52.7) 284 (48.3) 262 (44.8)
n (%)
Atopic dermatitis, 175 (30.0) 158 (26.9) 160 (27.4)
n (%)
API positive, n (%)° 312 (53.4) 316 (53.7) 331 (56.6)
Previous inhaled 291 (49.9) 305(51.9) 259 (44.3)
corticosteroid
use, n (%)
Previous systemic 434 (74.3) 430 (73.3) 443 (75.9)

corticosteroid
use, n (%)

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.

Table 2. Baseline Measures of Episodic Asthma Reported in the
Previous Year

Daily Intermittent
montelukast montelukast
(N = 584) (N = 588)

Placebo
(N = 585)

Episodes of
breathing
problems

Missed days at
school, daycare,
and scheduled
activities

Healthcare resource
utilization

Courses of inhaled
corticosteroids

Courses of oral/rectal
corticosteroids

Unscheduled visits to
health care
provider for
breathing problems

Emergency room
visits for breathing
problems without
admission

Hospital admissions
for breathing
problems

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

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

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

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

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

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

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

All values are mean (standard deviation).

compared with placebo than in the main analysis (8.4% vs
5.3% reduction). A categorical analysis of this post-hoc
subgroup showed that numerically fewer patients in the
daily montelukast group had an episode culminating in
attack than those in the placebo group (59.3% vs 66.6%;
P = .041) (Fig 3).

60+
M Daily Montelukast

[ Intermittent Montelukast
O Placebo

Percentage of Patients

1 2 3 4 5 6 >6
Number of Episodes Culminating in Attacks

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 . o
(95% Cl) 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 LS mean difference P-value
(95% CI) (95% CI)
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 LS mean difference P-value

(95% CI) (95% CI)
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 (-0.28, 0.00) .061
Placebo 368 1.20(1.12,1.28)

Number of asthma attacks
Adjusted rate Rate reduction P-value

(95% CI) (95% CI)
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 Rate reduction P-value

(95% CI) (95% CI)
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 LS mean difference P-value

(95% CI) (95% CI)
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)

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

LS mean LS mean difference P-value

(95% CI) (95% CI)
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: Cl, confidence interval; LS, least squares; N, Number of patients in the analysis; SE, standard error.
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Table 4. Post-Hoc Analysis of Primary and Key Secondary Endpoints (Patients Age =2 Years with =1 Asthma Episode)

Treatment N Adjusted mean Comparison with placebo P-value
Number of asthma episodes culminating in attacks
Adjusted rate Rate reduction P-value
(95% CI) (95% CI)
Daily montelukast 376 1.28(1.13,1.45) 8.4% (—8.1,22.4) 297
Intermittent montelukast 385 1.37(1.21,1.56) 1.7% (—16.1, 16.7) .844
Placebo 365 1.40 (1.24 ,1.58)

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

LS mean LS mean difference P-value
(95% CI) (95% CI)
Daily montelukast 110 1.64 (1.42, 1.86) —0.18(—0.48,0.12) .233
Intermittent montelukast 136 1.67 (1.47,1.87) —-0.15(-0.44,0.14) .318
Placebo 130 1.82 (1.62, 2.03)

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

LS mean LS mean difference P-value
(95% ClI) (95% ClI)
Daily montelukast 309 1.01 (0.93, 1.10) —0.15(-0.27, —0.03) .017
Intermittent montelukast 334 1.04 (0.96, 1.13) —0.12 (-0.25, 0.00) .046
Placebo 313 1.16 (1.08, 1.25)

Abbreviations: Cl, confidence interval; LS, least squares; N, number of patients in the analysis; SE, standard error.

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-

80 1
B Daily Montelukast (N=376)
[ Placebo (N=366)

70 66.6%

59.3%
60 1

50 1

40.7%

401 33.4%

30 1

Percentage of Patients

20 1

10 1

0
N=153 N=122 N=223 N=243
0 1 or more
Number of Episodes Culminating in Attacks

Figure 3. Number of asthma episodes culminating in asthma attacks;
post-hoc analysis of patients =2 years. P = .041 for daily montelukast vs
placebo (x* test).

quired a positive primary endpoint, statistical significance
cannot be concluded for these secondary endpoints. No sig-
nificant difference was seen between the two montelukast
regimens in the primary efficacy variable.

Notable differences were seen based on age group, with
generally better outcomes for patients 2 years of age or older
in symptoms during the 3 days before the start of attack (P =
.015) and symptoms during the 12-day episode treatment
period (P < .001). However, analyses to support a treatment-
by-age interaction did not reach significance.

Post-hoc analyses in children 2 years of age or older
with at least one episode showed improvements with both
daily (P = .017) and intermittent (P = .046) montelukast
over placebo for symptoms over the 12-day treatment
episode.

Safety

No clinically meaningful differences were seen in AEs be-
tween montelukast and placebo, and few patients discontin-
ued because of AEs (Table 5). Three serious AEs were
considered by the investigator to be drug related: pneumonia
and asthma in a patient receiving placebo, and somnolence
associated with overdose in a patient receiving daily monte-
lukast. The most common AEs (regardless of treatment
group) were asthma, upper respiratory infections, nasophar-
yngitis, cough, and fever. No meaningful differences were
seen between daily montelukast, intermittent montelukast, or
placebo in these AEs, or in the rates of nervous system
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Table 5. Adverse Experiences

Daily Intermittent
Placebo
montelukast montelukast N = 585
N = 584 N = 588
Clinical AE (%) 510 (87.3) 533 (90.6) 516 (88.2)
Drug-related AE? (%) 3(0.5) 6(1.0) 5(0.9)
Serious AE (%) 28 (4.8) 41 (7.0) 33(5.6)
Discontinuation 10(1.7) 8(1.4) 18 (3.1)
because of AE (%)
Asthma 336 (57.5) 342 (58.2) 326 (55.7)
Nasopharyngitis 1 10 (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 83 (14.2) 78 (13.3) 82 (14.0)
infection
Pharyngitis 59 (10.1) 64 (10.9) 67 (11.5)

2 Determined by the investigator to be possibly, probably, or definitely
drug-related.

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,'? 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
2 to 14 years with intermittent asthma, episode-driven mon-

telukast was significantly more effective than placebo for the
primary endpoint of unscheduled HRU for asthma in children
2 to 14 years of age.'> Montelukast was also associated with
significantly better symptom scores and missed school or
work.

In the Acute Intervention Management Strategies (AIMS)
trial,'* neither episode-driven montelukast nor budesonide
inhalation suspension was significantly better than placebo
when added to albuterol for the primary endpoint of episode-
free days in 238 children 12 to 59 months with wheezing
associated with an upper respiratory tract infection. However,
both budesonide and montelukast significantly improved
symptom and activity scores. Interestingly, the investigators
found that children with positive API scores showed greater
benefit from study medication than did those with negative
API scores.

We found several trends suggesting better outcomes in
children aged 2 or more years compared with those younger
than 2 years. Episodic wheezing in infants and preschool-age
children tends to be associated with a respiratory infection
rather than an immunoglobulin E-mediated process. Early
intervention in episodic wheezing does not affect progression
to persistent wheezing,'>'® suggesting that pediatric episodic
asthma and wheezing/asthma later in life may be distinct
disease entities. These observations may account for the
limited efficacy of ICS,” anticholinergic drugs,® and oral
corticosteroids (initiated by parents)’ in episodic wheezing,
and of montelukast in post-respiratory syncytial virus bron-
chiolitis,!¢ despite the established efficacy of these medica-
tions in persistent (and likely atopic) asthma. Thus, estab-
lished asthma therapies may not be consistently effective in
heterogeneous populations comprising patients that will go
on to have persistent or atopic asthma as well as those who
will not. An additional consideration for the variable effect of
asthma medications in episodic wheezing is that efficacy may
be difficult to demonstrate in an intermittent disease com-
pared with a more chronic, predictable disease.

Several observations from the current study give our re-
sults perspective in the context of the results from PREVIA,
PRE-EMPT, and AIMS. Perhaps most notable is the mild
degree of disease in our study population. Symptom scores
were quite low (1.08—1.88 on a 0-5 scale). Thus, it may not
be surprising that only 50% of episodes culminated in (ie,
included) attacks. Furthermore, the observed rate of asthma
episodes culminating in attacks was substantially lower than
expected for the placebo group (1.0/year was only half the
rate expected), and 32% lower than expected for daily mon-
telukast; the expected rates were derived from the PRE-
EMPT results and served as the basis for our sample size
calculations. With such mild disease and low event rates,
demonstrating a treatment effect would inevitably be consid-
erably difficult with the current sample size.

The mild disease burden and results in our study may be
related to several factors. First, the inclusion of children
younger than 2 years may have played a role in the outcomes
because 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 PREVIA'? 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,'* 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,?
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.!?

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.

ACKNOWLEDGMENTS

The authors thank Susan H. Cupo, MS for her help in con-
ducting the study; Susan Lu, PharmD, for her help in the
interpretation of the data and review of the manuscript; Ma-
rie-Pierre Malice, PhD, for her help in designing the study
and interpretation of the data; Celine Le Bailly De Tilleghem,
PhD, for her statistical support; and Jennifer Pawlowski, for
her help with the preparation of the manuscript.

We thank the Protocol 302 investigators:

Robert Anolik, Blue Bell, PA, USA; Margarita Ardila,
Bogota, Colombia; Gustavo Aristizabal, Bogota, Colombia;
Ricardo Aristizabal, Bogota, Colombia; José A. Bardelas,
High Point, NC, USA; Oscar Baron, Bogata, Colombia; Al-
fredo Guerroros Benavides, Lima, Peru; Leah Bentur, Haifa,
Israel; Filippo Bernardi, Bologna, Italy; Pablo Jose Bertrand,
Santiago, Chile; Hans Bisgaard, Copenhagen, Denmark;
Hannah Blau, Tel Hashomer, Israel; Boris M. Blokhin, Mos-
cow Russian Federation; Attilio Boner, Verona, Italy; Maria
Lina Boza, Santiago, Chile; Donald R. Brogan, Collegeville,
PA, USA; Mario Calvo, Valdivia, Chile; Lucrecia Monsante
Carrillo, Lima, Peru; Liana Castro, San José, Costa Rica;
Pablo Cortes, México City, Mexico; Amarjit S. Cheema,
Mississauga, Ontario, Canada; Juan Castillo, Valle del Cauca,
Colombia; Margarita Cortes, Bogota, Colombia; Patricia
Diaz, Santiago, Chile; Elida Duefias, Bogota, Colombia;
Maynard Dyson, Fort Worth, TX, USA; Sergio R. Eis,
Vitéria, Brazil; Eugenia Elizondo, San José, Costa Rica;
Regina Emuzyte, Vilnius, Lithuania; David A. Espinal, Me-
dellin, Colombia; Michael Fayon, Bordeaux, France; César
Villardn Ferreyros, Lima, Peru; Nelson Rosdrio Filho, Cu-
ritiba, Brazil; Dominic A. Fitzgerald, Westmead, Australia;
Alejandro Flores, Puelba, Mexico; Juergen Funck, Neuss,
Germany; Raul E. Gaona, Jr., San Antonio, TX, USA;
Monika Gappa, Hannover, Germany; Susanne Garne, Birk-
erod, Denmark; Natalia A. Geppe, Moscow, Russian Feder-
ation; Anne Goh, Singapore, Singapore; Robin Green, Preto-
ria, South Africa; Richard J. Guillot, Covington, LA, USA;
Jose Pablo Gutierrez, San José, Costa Rica; Lars Hansen,
Viborg, Denmark; Bryan M. Harvey, Jonesboro, AR, USA;
Matthias Henschen, Villingen-Schwenningen, Germany; Jef-
frey Hirschfield, St. Petersburg, FL, USA; Mary Beth Hogan,
Morgantown, WV, USA; Judy Hunter, Torrance, CA, USA;
Luciana Indinnimeo, Roma, Italy; Khalid Igbal, Youngstown,
OH, USA; Anthony Johnson, Little Rock, AR, USA; Ber-
nardo Kierstman, Sdo Paulo, Brazil; Nikolay N. Klimko, St.
Petersburg, Russian Federation; Rabih Klink, France; Dim-
itry S. Korostovtsev, St. Petersburg, Russian Federation; Ma-
rio La Rosa, Catania, Italy; Jeffrey G. Leflein, Ypsilanti, MI,
USA; Michael Leonardi, Charleston, SC, USA; Peter Le
Souef, Subiaco, Australia; Gerardo Lopez, México City,
Mexico; Brian Lyttle, East London, Ontario, Canada; Jorge
Madrinan, Valle del Cauca, Colombia; Edgardo A. Malaca-
man, Canton OH, USA; Jonathan Matz, Baltimore MD, USA;
Rogelio Menendez-Cordova, El Paso, TX, USA; Ove Mick-
elsson, Helsinki, Finland; Philip D. Milnes, Wenatchee, WA,
USA; Carmen A. Molina, Hialeah, FL, USA; James N. Moy,

VOLUME 106, JUNE, 2011

525



Chicago, IL, USA; Nora E. Martinez, México City, Mexico;
Danitza Medero, Bogota, Colombia; A. Manjra, Westville,
South Africa; Kevin Murphy, Omaha, NE, USA; Jeffrey S.
Nelson, Omaha, NE, USA; Richard O’Hern, Rockledge, FL,
USA; Maria C. Ortega, Bogota, Colombia; Falko Panzer,
Mannheim, Germany; Amit I. Patel, Riverside, CA, USA;
Karl P. Paul, Berlin, Germany; Jose Fernando Peirotty, Bo-
gota, Colombia; Massimo Pifferi, Pisa, Italy; Ricardo Andres
Pinto, Santiago, Chile; Paul Potter, Cape Town, South Africa;
Manuel Soto Quirds, San José, Costa Rica; Keith S. Reis-
inger, Pittsburgh, PA, USA; Vera A. Reviakina, Moscow,
Russian Federation; Jose Dirceu Ribeiro, Campinas, Brazil;
Shmuel Rigler, Bat Hefer, Israel; Colin Robertson, Parkville,
Australia; Edward P. Rothstein, Sellersville, PA, USA; Jose
Vidal Sdenz, Heredia, Costa Rica; Harry Sanchinelli, Guate-
mala, Guatemala; Omer Shaikh, Youngstown, OH, USA;
Lynette Shek, Wing Singapore, Singapore; Julie S. Shepard,
Huber Heights, OH, USA; Ellen R. Sher, Ocean, NJ, USA;
Shiv Someshwar, Morgantown, WV, USA; Juan J. Sienra,
México City, Mexico; Dirceu Solé, Sao Paulo, Brazil; Arturo
Solis, San José, Costa Rica; Torben Sorensen, Vaerlose,
Denmark; Ildauro Aguirre Sosa, Lima, Peru; Asher Tal, Beer
Sheva, Israel; Rodolfo Urruela, Guatemala City, Guatemala;
Aruna Valiulis, Vilnius, Lithuania; Erkka Valovirta, Turku,
Finland; Andre van Niekerk, Alberton, Australia; J. H. Ver-
meulen, Cape Town, South Africa; Benjamin Volovitz, Pe-
tach Tikva, Israel; Natalia Igorevna Voznesenskaya, Mos-
cow, Russian Federation; Claire Wainwright, Herston,
Australia; Heinrich C. Weber, Cape Town, South Africa;
Steven F. Weinstein, Huntington Beach, CA, USA; Olga V.
Zaitseva, Moscow, Russian Federation; Michael Zinke, Ham-
burg Germany.

REFERENCES

1. Martinez FD, Wright AL, Taussig LM, et al. Asthma and wheezing in
the first six years of life. The Group Health Medical Associates. N Engl
J Med. 1995;332:133-138.

2. Brand PL, Baraldi E, Bisgaard H, et al. Definition, assessment and
treatment of wheezing disorders in preschool children: an evidence-
based approach. Eur Respir J. 2008;32:1096-1110.

3. Silverman M. Out of the mouths of babes and sucklings: lessons from
early childhood asthma. Thorax. 1993;48:1200-1204.

11.

16.

. Saglani S, Malmstrom K, Pelkonen AS, et al. Airway remodeling and

inflammation in symptomatic infants with reversible airflow obstruction.
Am J Respir Crit Care Med. 2005;171:722-727.

. Saglani S, Payne DN, Zhu J, et al. Early detection of airway wall

remodeling and eosinophilic inflammation in preschool wheezers. Am J
Respir Crit Care Med. 2007;176:858 —864.

. Moorman JE, Rudd RA, Johnson CA, et al. National surveillance for

asthma: United States, 1980-2004. MMWR Surveill Summ. 2007;56:
1-54.

. McKean M, Ducharme F. Inhaled steroids for episodic viral wheeze of

childhood. Cochrane Database Syst Rev. 2000;CDO001107.

. Everard ML, Bara A, Kurian M, et al. Anticholinergic drugs for wheeze

in children under the age of two years. Cochrane Database Syst Rev.
2005;CD001279.

. Vuillermin P, South M, Robertson C. Parent-initiated oral corticosteroid

therapy for intermittent wheezing illnesses in children. Cochrane Data-
base Syst Rev. 2006;3:CD005311.

. Expert Panel Report 3: Guidelines for the Diagnosis and Management of

Asthma. US Department of Health and Human Services. Publication No.
08-4051 2007.

Global Strategy for the Diagnosis and Management of Asthma in Chil-
dren 5 Years and Younger. Global Initiative for Asthma (GINA) 2009.
Available at www.ginasthma.org. Accessed February 12, 2010.

. Bisgaard H, Zielen S, Garcia-Garcia ML, et al. Montelukast reduces

asthma exacerbations in 2- to 5-year-old children with intermittent
asthma. Am J Respir Crit Care Med. 2005;171:315-322.

. Robertson CF, Price D, Henry R, et al. Short-course montelukast for

intermittent asthma in children: a randomized controlled trial. Am J
Respir Crit Care Med. 2007;175:323-329.

. Bacharier LB, Phillips BR, Zeiger RS, et al. Episodic use of an inhaled

corticosteroid or leukotriene receptor antagonist in preschool children
with moderate-to-severe intermittent wheezing. J Allergy Clin Immunol.
2008;122:1127-1135.

. Bisgaard H, Hermansen MN, Loland L, Halkjaer LB, Buchvald F.

Intermittent inhaled corticosteroids in infants with episodic wheezing. N
Engl J Med. 2006;354:1998-2005.

Bisgaard H, Flores-Nunez A, Goh A, et al. Study of montelukast for the
treatment of respiratory symptoms of post-respiratory syncytial virus
bronchiolitis in children. Am J Respir Crit Care Med. 2008;178:
854-860.

Requests for reprints should be addressed to:
Erkka Valovirta, MD, PhD, Adj. Prof.
Suomen Terveystalo AllergyClinic

Turku Aninkaistenkatu 13

20100 Turku, Finland

E-mail: erkka.valovirta@terveystalo.com

526

ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY


http://www.ginasthma.org
mailto:erkka.valovirta@terveystalo.com

	Intermittent or daily montelukast versus placebo for episodic asthma in children
	Introduction
	Methods
	Patients
	Study Design
	Efficacy and Safety Endpoints
	Statistical Methods

	Results
	Patients
	Efficacy
	Primary Endpoint
	Secondary and Exploratory Endpoints

	Safety

	Discussion
	Acknowledgments
	References


