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OBJECTIVE: To evaluate the effectiveness of montelukast as add-on
therapy for patients diagnosed with asthma and concurrent allergic rhinitis
who remain uncontrolled while receiving inhaled corticosteroid (ICS)
monotherapy or ICS/long-acting beta-2-agonist (LABA) therapy in a
community practice setting.

DESIGN: An eight-week, multicentre, open-label, observational study.
Patients were 15 years of age or older and, while treated with an ICS or
ICS/LABA, had allergic rhinitis and uncontrolled asthma symptoms by at
least two criteria as per the Canadian Asthma Consensus Guidelines. The
primary outcome measure was the percentage of patients with controlled
asthma symptoms after eight weeks of treatment with montelukast 10 mg
once daily added to ICS or ICS/LABA therapy.

RESULTS: In total, 1004 patients participated in the survey phase of the
study. Of these patients, 319 continued in the treatment phase and 301
(94.4%) completed the eight-week assessment. At baseline, all patients
had uncontrolled asthma symptoms based on the Canadian Asthma
Consensus Guidelines; at the eight-week assessment, 229 patients (76.1%)
achieved asthma control. According to the Asthma Control Questionnaire
(as determined by scores of 0.75 or less), 164 patients (54.7%) achieved
well-controlled asthma at week 8. The mean (+ SD) Asthma Control
Questionnaire score decreased from 2.03+0.80 to 0.92+0.80 (P<0.001) for
all patients, representing a clinically significant improvement. A statisti-
cally and clinically significant reduction in the overall Mini Rhinitis
Quality of Life Questionnaire score was achieved with a decrease from
2.57£1.20 to 1.12£1.00 (-1.45+1.35; P<0.001). Patient and physician
satisfaction rates with montelukast add-on therapy were also significantly
increased when compared with baseline treatment.

CONCLUSION: Montelukast add-on therapy is effective for managing
asthma and allergic rhinitis symptoms in patients who were previously
uncontrolled with ICS or ICS/LABA treatment.
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Ajout du montélukast aux corticostéroides en inhalation
en monothérapie ou a I’association de corticostéroides en
inhalation et de B, agonistes a longue durée d’action
dans la prise en charge des patients ayant recu un
diagnostic d’asthme et de rhinite allergique concomitante

(étude RADAR)

OBJECTIF : Evaluer lefficacité du montélukast comme traitement
d’appoint dans la prise en charge extrahospitaliere des patients ayant regu
un diagnostic d’asthme et de rhinite allergique concomitante, qui sont
demeurés symptomatiques malgré le traitement avec des corticostéroides
en inhalation (CSI) seuls ou une association de CSI/B, agonistes a longue
durée d’action (BALA).

PROTOCOLE : Frude multicentrique d’observation menée au su, d’une
durée de huit semaines. Les participants, 4gés de 15 ans et plus, présen-
taient une rhinite allergique et des symptomes d’asthme non mattrisés,
déterminés par une réponse positive 2 au moins deux critéres de maitrise de
l'asthme définis par la Conférence canadienne de consensus sur I'asthme,
malgré un traitement avec des CSI en monothérapie ou une association
CSI/BALA. Le principal parametre d’évaluation était le pourcentage de
patients présentant des symptdmes d’asthme maitrisés apres huit semaines
de traitement avec le montélukast 2 10 mg une fois par jour comme traite-
ment d’appoint aux CSI ou aux CSI/BALA.

RESULTATS : Au total, 1004 patients ont participé a la phase de sondage
de P’étude. De ces patients, 319 ont continué dans la phase de traitement et
301 (94,4 %) ont complété I'évaluation de huit semaines. Au départ, tous
les patients présentaient des symptomes d’asthme non maitrisés selon la
définition de la Conférence canadienne de consensus sur I'asthme; lors de
I’évaluation a la semaine 8, les symptomes de I'asthme étaient maitrisés
chez 229 patients (76,1 %). A la semaine 8, 164 patients (54,7 %) présen-
taient des symptdmes d’asthme bien maitrisés selon le questionnaire ACQ
(Asthma Control Questionnaire) (soit des scores de 0,75 ou moins). Le score
moyen (+ E.T.) au questionnaire ACQ a diminué de 2,03+0,80 4 0,92+0,80
(p < 0,001) pour tous les patients, ce qui constitue une amélioration sig-
nificative sur le plan clinique. Une réduction significative sur les plans
statistique et clinique a été notée quant au score obtenu sur le mini-ques-
tionnaire RQLQ (Rhinitis Quality of Life Questionnaire), avec une diminu-
tion de 2,57+1,20 a 1,12+1,00 (-1,45+1,35; p < 0,001). Par ailleurs, le
degré de satisfaction des patients et des médecins a I’égard du traitement
d’appoint avec le montélukast était significativement supérieur au degré de
satisfaction rapporté avec les traitements initiaux.

CONCLUSION : Le traitement d’appoint avec le montélukast est effi-
cace pour maitriser les symptomes d’asthme et de rhinite allergique chez les
patients qui demeurent symptomatiques malgré des CSI ou une association

de CSI/BALA.

pidemiological studies have shown that asthma has increased in
prevalence worldwide over the past decades, with varying rates
throughout the world. Asthma is now estimated to affect approxi-
mately 300 million people around the world (1). It is estimated that

the prevalence of asthma in the general population is between 4%
and 11% and the prevalence of rhinitis is between 10% and 30%.
Approximately 80% of the patients who suffer from asthma also
have rhinitis (2-4). It has been observed that patients with asthma
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and allergic rhinitis (AR) have higher rates of asthma exacerba-
tions and increased emergency room visits compared with asthma
patients without concurrent AR (5,6). Therefore, patients with
asthma and AR represent an important subgroup for clinicians
because of the complexity of effectively managing the two associ-
ated conditions.

Asthma remains poorly controlled, even though a large number
of patients are prescribed controller medications, mainly inhaled
corticosteroids (ICS) (7). In general, asthma guidelines (8) suggest
that ICS are the optimal initial therapy. This is supported by a
recent trial (9) showing that the early use of low-dose ICS is asso-
ciated with better control of symptoms but, most importantly, with
a significant 44% reduction in severe exacerbations of asthma.
Despite ICS treatment, an important proportion of asthma
patients have uncontrolled symptoms. This lack of therapeutic
effectiveness may be due to low efficacy of ICS monotherapy, low
compliance and poor adherence to treatment regimens (10,11).
Other factors that may explain suboptimal asthma control include
smoking (12), environmental conditions, inattentiveness to aggra-
vating factors and interruption of therapy (13-15). According to
treatment guidelines, ICS are considered to be first-line treatment
in mild, uncontrolled asthma while leukotriene receptor antagon-
ists may provide an alternative treatment for asthma patients who
are not controlled, not satisfied or refuse to take ICS therapy (16-
18).

Montelukast is an orally administered, once-daily leukotriene
receptor antagonist that may be used in the treatment of asthma.
Recent studies have shown that for patients whose asthma is not
controlled with ICS therapy, adding a second drug, rather than
increasing the dose of ICS, results in improved control of symp-
toms (19-21).

The SingulaiR in Asthma anD Allergic Rhinitis (RADAR)
study was a phase [V study with the aim to assess the effectiveness
of montelukast add-on therapy to ICS or ICS and long-acting
beta-2-agonist (LABA) treatment in patients with asthma and
concurrent AR who were not controlled with their ICS treatment.
Secondary objectives of the study were to assess the effectiveness
of montelukast, change in quality of life and patient and physician
global satisfaction. The study was conducted in the practices of
community physicians across Canada.

METHODS

Study design

This was a phase [V, prospective, multicentre cohort study con-
ducted on patients with asthma that were currently being treated
with an ICS or ICS/LABA combination. The study was comprised
of two distinct phases: a survey phase and a treatment phase. The
aim of the survey phase was to describe the prevalence of AR, as
well as the proportion of patients who had uncontrolled symptoms,
or who were not satisfied or were nonadherent with ICS or ICS/
LABA treatment. The second or treatment phase of the study was
conducted on the patients identified from the survey as having
uncontrolled asthma symptoms. The maximum proportion of
patients taking an ICS/LABA combination enrolled at each site
was 50%. The treatment phase of the study employed an open-
label, prospective, single-cohort design. Patients that were eligible
and agreed to participate in the treatment phase of the study were
treated with montelukast for eight weeks. Clinical assessments
were conducted at baseline (week 0) and at eight weeks. All
patients were required to sign the appropriate informed consent
form before their participation in the study. Before each study visit,
all patients were asked to refrain from using their short-acting

beta-2-agonist (SABA) for 4 h.
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Subject selection criteria

For the survey phase of the study, eligible patients were 15 years of
age or older (in Quebec, patients had to be 18 years of age or older)
and had been diagnosed with asthma for at least six months. In
addition to the criteria above, patients eligible for the treatment
phase had to fulfill the following inclusion criteria: diagnosed with
AR for at least one year; forced expiratory volume in 1 s of 80% or
greater of the predicted value; user of an ICS or ICS/LABA at any
dosage; and uncontrolled asthma defined as the presence of at least
two of the criteria based on the Canadian Asthma Consensus
Guidelines: daytime symptoms four days or more in the last week;
night-time symptoms one night or more in the last week; mild
infrequent exacerbations; absenteeism from school or work due to
asthma in the last week; restricted physical activity in the last
week; four doses or more of an SABA (apart from one dose/day
before exercise) in the previous week; forced expiratory volume in
1 s or peak expiratory flow 90% or less of their personal best in the
previous week; or diurnal variability in peak expiratory flow
greater than 10% to 15% in the previous week.

Patients were excluded if their asthma symptoms were con-
trolled or if they were being treated with montelukast or any of the
following treatments at the time of entry into the study: an LABA
alone, prednisone, regular use of theophylline, or other asthma
medications such as sodium cromoglycate or nedocromil. Patients
using an antibiotic for a respiratory tract infection at the time of
entry into the study or treated with an antibiotic within 30 days for
a respiratory tract infection (initiation of antibiotic treatment was
permitted during the study) were also excluded. A history of
chronic obstructive pulmonary disease, cystic fibrosis or immune
deficiency requiring specific therapy or any other diseases that
could influence the evolution of asthma were reasons for exclu-
sion. Patients with a history of hypersensitivity to any component
of montelukast were excluded. Patients diagnosed with rhinitis
medicamentosa, patients with evidence of significant nasal obstruc-
tion due to structural causes that significantly interfere with nasal
air flow, and patients unwilling to stop regular use of a histamine
H1 antagonist for AR symptoms, or unwilling to stop use of anti-
histamine eye drops, cromoglycate eye drops or ophthalmic corti-
costeroids were also excluded from the study.

Treatment and follow-up

All patients were treated for eight weeks with 10 mg montelukast
sodium (Singulair, Merck & Co Inc, USA) tablets taken once
daily at bedtime. Patients were assessed by the treating physician
at their clinic at baseline and eight weeks. All assessments, includ-
ing respiratory function tests, were conducted according to the
routine practice of the treating physicians.

Outcome measures

The primary effectiveness outcome measure was the proportion of
patients for whom asthma symptom control was achieved after
eight weeks of treatment with montelukast. Patients were con-
sidered to be uncontrolled for their asthma symptoms if two or
more of the eight Canadian Asthma Consensus Guidelines criteria
were met.

The secondary effectiveness outcome measures were the pro-
portion of patients for whom asthma symptom control was
achieved after eight weeks of treatment with montelukast, as
defined by the Asthma Control Questionnaire (ACQ) score. The
ACQ is a self-administered questionnaire that consists of seven
seven-point Likert scale questions that describe the frequency and
severity of asthma symptoms. The ACQ score is calculated as the
mean of the seven items. The ACQ score ranges between 0 (well-
controlled) and 6 (extremely poorly controlled); a score of 0.75 or
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greater (22) indicates uncontrolled symptoms. A decrease of 0.5 or
more in the ACQ is considered to be a clinically significant
improvement in symptom control. A secondary measure of effect-
iveness was the absolute and per cent change in the ACQ score
between the baseline and the eight-week assessments.

Another secondary outcome measure was the change in the
quality of life in patients with concurrent AR as assessed by the the
Mini Rhinoconjunctivitis Quality of Life Questionnaire
(MiniRQLQ). The MiniRQLQ was developed to measure the
functional problems that are troublesome to adults with rhino-
conjunctivitis. It is a self-administered questionnaire that has 14
questions in five domains (activity limitations, practical problems,
nose symptoms, eye symptoms and other symptoms). The score
ranges from O (least impairment) to 6 (greatest impairment pos-
sible); an average change in overall score of 0.7 or higher (23) is
considered to be a clinically significant change in quality of life.
The absolute and per cent changes in the five MiniRQLQ domains
and the overall MiniRQLQ) score were measured between baseline
and the eight-week assessment. Patient and physician satisfaction
with inhaled therapy and montelukast add-on therapy was also
evaluated. Satisfaction with treatment was defined as reporting
‘very satisfied’ or ‘satisfied’ with controller medication.
Dissatisfaction was defined as a report of being ‘very dissatisfied’ or
‘dissatisfied’ or ‘neither satisfied or dissatisfied” with controller
medication.

Statistical methods
Descriptive statistics were given for patient demographics, base-
line characteristics, medical history and primary triggers for asthma
exacerbation for the study sample as a whole. The asthma symp-
toms criteria and global satisfaction at the baseline and eight-week
assessments were stratified by ICS or ICS/LABA drug group and
were reported for the study sample as a whole. The secondary out-
come measures, ACQ and MiniRQLQ scores, were stratified by
ICS drug group and ICS dose categories. Patients were classified by
ICS dose used at baseline into one of the following groups: low
dose was defined as 250 pg/day or less for fluticasone propionate or
equivalent (500 pg/day or less for beclomethasone dipropionate
and 1000 pg/day or less for budesonide); moderate dose defined as
greater than 250 pg/day to 500 pg/day for fluticasone propionate or
equivalent (greater than 500 pg/day up to 1000 pg/day for beclo-
methasone dipropionate and greater than 1000 pg/day up to
2000 pg/day inclusive for budesonide); and high dose was defined
as greater than 500 pg/day for fluticasone propionate or equivalent
(greater than 1000 pg/day for beclomethasone dipropionate and
greater than 2000 pg/day for budesonide). Between-ICS drug
group or ICS dose category comparisons for the above parameters
were assessed for statistical significance with the y? test for cat-
egorical scales and the ANOVA for continuous scales.
Uncontrolled asthma control during the eight-week treatment
period was calculated as the proportion of patients with two or
more positive responses based on the asthma symptoms criteria as
defined by the Canadian Asthma Consensus Guidelines. The pro-
portion of patients with an ACQ score of 0.75 or less at eight
weeks was also used as a secondary measure of effectiveness. The
statistical significance of the mean and percent change in ACQ
score within each patient group and the study sample as a whole
was assessed for statistical significance with Student’s t test for
paired samples. The statistical significance of between-group dif-
ferences with respect to the changes in the ACQ and MiniRQLQ
scores from baseline to eight weeks was assessed with one-way
ANOVA. The statistical significance of the respective changes in
asthma symptoms criteria and treatment satisfaction from baseline
to week 8 was assessed using the McNemar-Bowker test for paired
dichotomous data.
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Missing data regarding the MiniRQLQ) were handled using the
MiniRQLQ background administration and analysis guidelines
(23). If a patient did not report an answer to all 14 questions of the
MiniRQLQ, the overall score was not computed. If, however, the
answers to the specific domains were available, then a score for
that specific domain was reported. Missing data in the ACQ ques-
tionnaires were handled using an optimal method as described by
the ACQ background, administration and analysis guidelines
(24,25). To minimize the risk of bias, missing values were interpol-
ated using either previous or subsequent completions of the ques-
tionnaire. There was only one patient for whom the ACQ score
was not calculated at week 8 because none of the seven items from
the questionnaire were answered.

In accordance with the real-life aim of the study, the intent-to-
treat principle was applied for the analysis of effectiveness.
Therefore, all patients, including those with protocol violations,
were included in the effectiveness analysis, provided that baseline
and eight-week data were available. The analyses were performed
using SPSS version 12.0 for Windows (SPSS Inc, USA).

RESULTS

Patient disposition

Patient enrolment began in April 2007; the last patient was
enrolled in November 2007 and the last follow-up visit was com-
pleted in January 2008. A total of 1020 patients were enrolled by
72 physician investigators; 16 patients were excluded from the
survey analysis due to protocol violations (n=8, 0.8%) and because
no consent was provided (n=8, 0.8%). Of the 1004 patients
included in the survey phase analysis, 319 eligible patients from
54 sites (75.0%) accepted to participate in the treatment phase of
the study. Of the 319 enrolled patients, 301 (94.4%) completed
the eight-week assessment. There were six patients that were
screening failures and were excluded from the intent-to-treat
analysis. During the treatment phase, 12 patients (3.8%) discon-
tinued before the eight-week follow-up visit. Reasons for discon-
tinuation were: lost to follow-up (n=9, 2.8%), protocol violation
(n=1, 0.3%) and withdrawal of consent (n=2, 0.6%). These
12 patients were not included in the effectiveness analysis because
eight-week follow-up data were not available.

Survey phase

The demographics and characteristics of the 1004 patients who
completed the survey phase of the study are described in Table 1.
With respect to controller therapy, 414 patients (41.2%) were on
ICS, 434 (22.4%) were on a combination inhaler (ICS/LABA),
103 (10.3%) were on a leukotriene receptor agonist and 26 (2.6%)
were on a LABA. There were seven specific questions that assessed
the asthma profile of the patients. The results showed that
518 patients (51.6%) reported coughing, wheezing, breathing
faster or a tight chest four or more times in the previous week (ques-
tion 1). There were 405 patients (40.3%) that reported being
awakened due to asthma symptoms one or more times in the previ-
ous week (question 2). In addition, 381 patients (37.9%) experi-
enced a restriction in physical activities because of asthma in the
previous week (question 3) and 214 patients (21.3%) experienced
an exacerbation in asthma symptoms in the previous three months
(question 4). There were 87 patients (8.7%) that reported having
missed work or school in the previous week because of asthma
(question 5). Also, 383 patients (38.1%) used the rescue inhaler
four or more times in the previous week (question 6) and 207
(20.6%) used extra inhalations of combination inhaler in the pre-
vious week (question 7). There were 728 patients (72.5%) that
reported at least one of the seven asthma symptoms above. From
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TABLE 1
Demographics and baseline characteristics

Survey phase Treatment
Baseline characteristics (n=1004) phase (n=313)
Age, years 47.6£17.3 46.1£17.2
Sex, n (%)

Male 364 (36.3) 114 (36.4)
Female 640 (63.7) 199 (63.6)
Duration of asthma diagnosis, months 162.3+147.6 162.6+139.0
Duration of allergic rhinitis diagnosis, - 131.4+135.4

months
Primary trigger for asthma exacerbation, n (%)
Viral infection - 89 (28.4)
Pet dander - 40 (12.8)
Dust mites - 35 (11.2)
Weather conditions/humidity - 34 (10.9)
Pollen - 30 (9.6)
Smoking history, n (%)
Patient smokes - 56 (17.9)
Member of household smokes - 55 (17.6)
Patient quit smoking - 88 (28.1)
Member of household quit smoking - 44 (14.1)
Medical history, n (%)
Allergic rhinitis - 313 (100.0)
Sinusitis - 91 (29.1)
Obesity - 107 (34.2)
Eczema - 65 (20.8)
ICS drug group, n (%)
Missing - 6 (1.9)
ICS only - 154 (49.2)
Fluticasone propionate - 103 (32.9)
Budesonide - 28 (8.9)
Beclomethasone dipropionate - 12 (3.8)
Ciclesonide - 11 (3.5)
ICS/LABA - 153 (48.9)
Budesonide + formoterol fumarate - 78 (24.9)
Fluticasone propionate + salmeterol - 74 (23.6)
xinafoate
Ciclesonide + formoterol fumarate - 1(0.3)

Data presented as mean * SD unless otherwise specified. ICS Inhaled corti-
costeroid; LABA Long-acting beta-2-agonist

an AR questionnaire with 14 specific questions that evaluated the
AR symptoms of the patients, there were 858 patients (85.5%)
that experienced at least one of the AR symptoms.

Treatment phase

Demographic data and baseline characteristics on patients included
in the treatment phase of the analysis are described in Table 1. The
most frequently used ICS therapy was fluticasone (n=103, 32.9%),
followed by budesonide (n=28, 8.9%). With respect to ICS/LABA
use, the most frequently reported combination therapy was
budesonide and formoterol fumarate (n=78, 24.9%), followed by
fluticasone propionate and salmeterol xinafoate (n=74, 23.6%).
There was missing ICS drug group information for six patients
(1.9%) in the study.

Effectiveness outcome

Table 2 describes the asthma control assessment stratified by ICS
drug group at the baseline and eight-week assessments for all
patients with concurrent AR, based on the Canadian Asthma
Consensus Guidelines. There was missing information for one
patient at baseline regarding the asthma control assessment; there-
fore, results were based on the 312 patients who completed this
section of the questionnaire. At baseline, the most commonly
reported symptom was “daytime asthma symptoms >4 days in the
last week” with 133 patients (86.4%) in the ICS group and
128 patients (83.7%) in the ICS/LABA group. For all eight
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Figure 1) A statistically and clinically significant decrease from baseline
to eight weeks in the mean (+ 95%CI) Asthma Control Questionnaire
(ACQ) score (P<0.00)

asthma symptom criteria, the changes in responses from the base-
line to eight-week assessments were statistically significant (all
P<0.015) (Table 2). The between-group differences for ICS and ICS/
LABA group were similar for all asthma symptoms at baseline and the
eight-week follow-up assessment. The only exception was “SABA use
>4 doses in the last week” with 112 (72.7%) patients in the ICS group
and 78 (51.0%) patients in the ICS/LABA group (P<0.001). All 312
patients at baseline were uncontrolled as per the asthma control
assessment definition at baseline. At week 8, there were 72 patients
(23.9%) that were uncontrolled; 40 patients (26.5%) in the ICS
group and 32 (21.9%) in the ICS/LABA group.

ACQ

The proportion of patients who reached well-controlled asthma in
the ICS group (defined as ACQ scores of 0.75 or less) at eight
weeks in the ICS subgroups (low-, moderate- and high-dose ICS)
was 65.5%, 44.0% and 42.9%, respectively. This difference in pro-
portion between the three dose groups who were uncontrolled at
baseline as per Canadian Consensus Guidelines was statistically
significant (P=0.029). For these patients, a statistically and clinic-
ally significant decrease from baseline to eight weeks in the mean
(£ SD) ACQ score of 1.17+1.01 was observed (P<0.001) (Figure 1).
The mean and per cent (+ SD) changes in the ACQ score,
respectively, for patients treated with low-dose (-1.18+1.01,
—55.6%+38.3%), moderate-dose (—1.12+0.94, —40.6%+98.4%)
and high-dose ICS (-1.28+1.29, —44.0%+43.8%) were also clinic-
ally and statistically significant (Tables 3 and 4).

The proportion of ICS/LABA patients who reached well-
controlled asthma (defined as ACQ scores of 0.75 or less) at eight
weeks in each ICS subgroup (low-, moderate- and high-dose ICS)
was 52.8%, 54.2% and 50.0%, respectively (P=0.972). For these
patients, a statistically and clinically significant decrease from
baseline to eight weeks in the mean ACQ score of —1.07+0.99 was
also observed (P<0.001). Similar results in the mean and per cent
changes in ACQ score were reported compared with patients in
the ICS group (Table 4). For all patients, a statistically and clinic-
ally significant reduction in the ACQ score was achieved, with a
mean decrease of —1.11+1.00 (from 2.03+0.80 to 0.92+0.80)
(P<0.001).

MiniRQLQ

The MiniRQLQ for both ICS drug groups exceeded an improve-
ment (change from baseline) of 0.70 or greater for the overall score
and each domain (Figure 2). Patients in the ICS group reported a
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TABLE 2
Asthma control assessment (Canadian Asthma Consensus Guidelines)
Baseline Week 8
ICS/LABA, ICS/ILABA,
ICS, n=154 n=153 P* Total, n=312 ICS, n=151 n=146 P* Total, n=301

Presence of the following asthma symptoms, n (%)
1. Daytime symptoms 24 days in the previous week 133 (86.4) 128 (83.7) 0.527 265 (84.9) 36 (23.8) 29 (19.9) 0.483 65 (21.6)
2. Night-time symptoms 21 night in the previous week 112 (72.7) 108 (70.6) 0.705 224 (71.8) 44 (29.1) 32 (21.9) 0.184 77 (25.6)
3. Mild infrequent exacerbations’ 56 (36.4) 62 (40.5) 0.483 118 (37.8) 9 (6.0) 7 (4.8) 0.799 16 (5.3)
4. Absenteeism due to asthma (school or work) in the 16 (10.4) 28 (18.3) 0.052 44 (14.1) 3(2.0) 0 (0.0) 0.248 4(1.3)

previous week
5. Restricted physical activity in the previous week 93 (60.4) 99 (64.7) 0.480 193 (61.9) 27 (17.9) 23 (15.8) 0.645 50 (16.6)
6. SABA 24 doses in the previous week* 112 (72.7) 78 (51.0) <0.001 191 (61.2) 26 (17.2) 21 (14.4) 0.528 47 (15.6)
7. FEV, or PEF <90% of their personal best in the 39 (25.3) 37 (24.2) 0.895 77 (24.7) 1(0.7) 5(3.4) 0.116 6 (2.0)

previous week
8. Diurnal variability in PEF >10% to 15% in the 10 (6.5) 18 (11.8) 0.117 29 (9.3) 1(0.7) 3(2.1) 0.364 4(1.3)

previous week
Patient is uncontrolled3 154 (100.0) 153 (100.0) NC 312 (100.0) 40 (26.5) 32 (21.9) 0.417 72 (23.9)

*Based on the y2 test; TOne exacerbation in the previous 3 months requiring a doctor visit or oral prednisone or an emergency room visit; *Excluding one dose/day
before exercise; 8Uncontrolled was defined by having at least 2 positive responses of the criteria listed above. P<0.001 based on the McNemar test for change in
asthma control assessment between baseline and week 8 for total, inhaled corticosteroid (ICS) and ICS/long-acting beta-2-agonist (LABA) drug group for all asthma
symptoms. The only exceptions were for asthma symptom 4 (P=0.004) and asthma symptom 8 (P=0.012) in the ICS drug group. FEV, Forced expiratory volume in
1's; NC Not calculable; PEF Peak expiratory flow; SABA Short-acting beta-2-agonist

TABLE 3
Asthma Control Questionnaire (ACQ) and Mini Rhinoconjunctivitis Quality of Life Questionnaire (MiniRQLQ) outcome assessments
ICS ICS/LABA
Low-dose, Moderate-dose, High-dose, Moderate-dose,
n=89 n=50 n=15 pP* Low-dose, n=93 n=51 High-dose, n=9 pP*
Asthma symptoms, n (%)
Well controlled asthma at baseline 9(10.1) 3 (6.0) 0 (0.0) 0.340 5(5.4) 1(2.0) 1(11.1) 0.403
Well controlled asthma at week 8 57 (65.5) 22 (44.0) 6 (42.9) 0.029 47 (52.8) 26 (54.2) 4 (50.0) 0.972
ACQ, mean (SD)
ACQ score at baseline 1.93 (0.79) 2.10(0.79) 2.41 (0.89) 0.084 2.06 (0.78) 2.03 (0.74) 2.00 (1.14) 0.947
ACQ score at week 8 0.78 (0.72) 0.98 (0.73) 1.09 (0.65)  0.143 0.93 (0.81) 0.97 (0.85) 1.36 (1.58) 0.419
MiniRQLQ, mean (SD)
Overall score at baseline 2.44 (1.21) 2.57 (1.10) 2.58 (1.26)  0.805 2.63 (1.28) 2.79 (1.09) 2.26 (1.54) 0.470
Overall score at week 8 0.96 (0.75) 1.26 (1.10) 0.97 (0.96) 0.163 1.09 (1.02) 1.29 (1.11) 1.50 (1.89) 0.429
MiniRQLQ domains, mean (SD)
Activities at baseline 2.46 (1.32) 2.59 (1.32) 2.82 (1.08) 0.571 2.66 (1.39) 2.48 (1.28) 2.52 (1.51) 0.759
Activities at week 8 0.94 (0.83) 1.17 (1.38) 1.07 (1.27)  0.504 0.98 (0.99) 1.05 (1.16) 1.83 (2.11) 0.125
Practical problems at baseline 2.70 (1.52) 3.18 (1.49) 3.03 (1.78) 0.213 2.98 (1.57) 3.27 (1.32) 2.17 (1.82) 0.113
Practical problems at week 8 1.08 (1.06) 1.64 (1.39) 1.21 (1.60) 0.041 1.25 (1.30) 1.54 (1.45) 1.69 (2.22) 0.411
Nose symptoms at baseline 2.85(1.28) 2.85 (1.09) 2.51 (1.33) 0.590 2.99 (1.58) 2.97 (1.18) 2.33(1.81) 0.441
Nose symptoms at week 8 1.03 (0.94) 1.56 (1.37) 1.00 (1.31)  0.026 1.19 (1.22) 1.39 (1.06) 1.08 (1.43) 0.600
Eye symptoms at baseline 2.04 (1.55) 2.04 (1.38) 2.24 (1.85) 0.888 2.14 (1.59) 2.58 (1.52) 2.37 (2.04) 0.296
Eye symptoms at week 8 0.80 (0.92) 0.89 (1.00) 0.76 (1.11) 0.834 1.03 (1.21) 1.30 (1.39) 1.46 (2.19) 0.442
Other symptoms at baseline 2.25(1.55) 2.55 (1.70) 2.42 (1.70) 0.566 2.55 (1.55) 2.80 (1.50) 1.89 (1.89) 0.250
Other symptoms at week 8 0.98 (1.03) 1.20 (1.24) 0.90 (0.68)  0.468 1.05 (1.23) 1.51 (1.61) 1.50 (2.19) 0.181

*Based on ANOVA for continuous variables and y? for categorical variables. An ACQ score of <0.75 was defined as ‘well-controlled asthma’. ICS Inhaled corticos-
teroid; LABA Long-acting beta-2-agonist

mean decrease in overall MiniRQLQ score of —1.45+1.35; similar
results were observed for the ICS/LABA group with a mean
decrease of —1.45+1.37. With respect to the ICS drug groups strati-
fied by ICS dose categories, all patients showed a significant reduc-
tion in the mean and per cent overall MiniRQLQ score and
domains score. The only exception was patients that belonged to
the high-dose ICS/LABA group for whom the decrease in scores
did not reach statistical significance (Table 4). No between-
group differences were reported for the change in MiniRQLQ.
For the study sample as whole, a statistically and clinically sig-
nificant reduction in the overall MiniRQLQ score was achieved,
with a mean decrease of —1.45+1.35 (from 2.57+1.20 to
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1.12+1.00) (P<0.001). All MiniRQLQ domains showed a statis-
tically significant reduction, with a mean decrease of —~1.53+1.51
in the activities domain, —1.67+1.74 in the practical problems
domain, —1.67+1.56 in the nose symptoms domain, —1.20+1.65
in the eye symptoms domain and —1.35+1.53 in the other symp-

toms domain. All changes were clinically and statistically signifi-
cant (P<0.001).

Patient and physician satisfaction with treatment

Patients and investigators were asked to rate their level of satisfac-
tion with controller therapy treatment at baseline and monte-
lukast add-on therapy after eight weeks of treatment (Figure 3). At
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TABLE 4

Mean and per cent change in Asthma Control Questionnaire (ACQ) and Mini Rhinoconjunctivitis Quality of Life Questionnaire

(MiniRQLQ) outcome assessments at eight weeks

ICS ICS/LABA
Low dose  Moderate dose High dose p* Low dose Moderate dose High dose p*
Mean change in ACQ score -1.18 (1.01) -1.12(0.94) -1.28 (1.29) 0.871 -1.13 (1.02) -1.01 (0.93) —-0.71 (0.87) 0.459
P value within group <0.001 <0.001 0.003 <0.001 <0.001 0.053
Mean change in overall MiniRQLQ -1.50 (1.39) -1.33(1.23) -1.57 (1.60)  0.750 —-1.50 (1.40) -1.46 (1.29) —0.98 (1.61) 0.599
P value within group <0.001 <0.001 0.003 <0.001 <0.001 0.128
Mean change in MiniRQLQ domains
Activities -1.54 (1.52) -1.43(1.42) -1.79 (1.41) 0.716 -1.66 (1.57) -1.40 (1.58) —-0.96 (1.39) 0.371
P value within group <0.001 <0.001 <0.001 <0.001 <0.001 0.091
Practical problems -1.61 (1.74) -1.59 (1.53) -1.82(2.03) 0.898 -1.78 (1.81) -1.71 (1.72) —0.75 (2.49) 0.315
P value within group <0.001 <0.001 0.005 <0.001 <0.001 0.423
Nose symptoms -1.81(1.55) -1.40(1.37) -1.43 (1.64) 0.263 -1.83 (1.67) -1.57 (1.53) -1.42 (1.94) 0.598
P value within group <0.001 <0.001 0.006 <0.001 <0.001 0.078
Eye symptoms -1.27 (1.72) -1.19 (1.41) -1.43(1.95) 0.882 -1.07 (1.72) -1.23 (1.58) -1.17 (1.96) 0.872
P value within group <0.001 <0.001 0.017 <0.001 <0.001 0.136
Other symptoms -1.28 (1.39) -1.31(1.64) -1.45(1.85) 0.922 —-1.53 (1.56) -1.33 (1.58) —0.54 (1.30) 0.205
P value within group <0.001 <0.001 0.012 <0.001 <0.001 0.276
Per cent change in ACQ score -55.6 (38.3) —40.6 (98.4) —44.0 (43.8) 0.414 —49.9 (44.1) -50.6 (38.8) —47.9 (51.6) 0.987
P value within group <0.001 0.005 0.002 <0.001 <0.001 0.034
Per cent change in overall —49.6 (46.3) —48.1 (47.3) -53.5 (44.1) 0.929 -52.8 (44.4) -51.5 (36.5) —38.4 (60.6) 0.664
MiniRQLQ
P value within group <0.001 <0.001 0.001 <0.001 <0.001 0.117
Per cent change in MiniRQLQ domains
Activities -51.7 (47.9) -50.8 (69.1) —63.1 (39.0) 0.750 —-55.9 (47.0) -41.1 (69.8) —44.9 (55.6) 0.332
P value within group <0.001 <0.001 <0.001 <0.001 <0.001 0.057
Practical problems -50.7 (45.0) —41.3 (55.5) -50.7 (48.8) 0.549 —39.5 (101.8) —49.7 (43.7) —-15.8 (90.9) 0.553
P value within group <0.001 <0.001 0.002 <0.001 <0.001 0.637
Nose symptoms -56.3 (42.5) —46.3 (46.1) —47.4 (56.7) 0.428 —53.3 (46.6) —45.1 (43.0) —36.7 (62.0) 0.445
P value within group <0.001 <0.001 0.008 <0.001 <0.001 0.138
Eye symptoms -39.0 (64.4) —42.1(63.1) -50.9 (48.7) 0.809 —28.3 (98.7) —49.7 (44.4) —-35.0 (77.8) 0.384
P value within group <0.001 <0.001 0.003 0.009 <0.001 0.244
Other symptoms -52.5(45.3) —40.4 (72.6) -57.5 (47.4) 0.421 -54.5 (53.2) —40.6 (70.6) -27.1 (52.8) 0.257
P value within group <0.001 <0.001 0.001 <0.001 <0.001 0.190

*Based on ANOVA. Within-group P value is based on the one-sample T-test. ICS Inhaled corticosteroid; LABA Long-acting beta-2-agonist.
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Figure 2) A statistically and clinically significant decrease from baseline
to eight weeks in the mean (£ 95%CI) Mini Rhinoconjunctivitis
Quality of Life Questionnaire (MiniRQLQ) scores (P<0.001)

the baseline assessment, for the ICS and ICS/LABA groups, 74.7%
and 60.8%, respectively, of the patients were dissatisfied with their
treatment and 25.3% and 39.2%, respectively, were satisfied. At
the eight-week assessment, for the ICS and ICS/LABA groups,
79.5% and 82.8%, respectively, were satisfied with montelukast
add-on therapy. Overall, there were 32.3% patients who were
satisfied with their ICS therapy at baseline, and 81.7% were satis-
fied with their montelukast add-on therapy at week 8. The change
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Figure 3) A statistically significant change from baseline to eight weeks
in the mean (x 95%CI) global satisfaction score for patients and phys-
icians (P<0.001)

in patient satisfaction between the baseline and eight-week assess-
ment was statistically significant (P<0.001). The investigator
satisfaction with treatment results were similar to those obtained
for patient satisfaction (Table 5).

Safety

Montelukast was well tolerated; there were no serious adverse
events related to study drug reported over the course of the study.
A total of 13 nonserious adverse events were reported by 11
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TABLE 5
Patient and investigator global satisfaction with treatment
Baseline Week 8

ICS ICS/ILABA Total ICS ICS/ILABA Total pP*
Patient global satisfaction with treatment, n (%)
Very satisfied 8(5.2) 15 (9.8) 24 (7.7) 64 (42.4) 70 (47.9) 136 (45.2)
Satisfied 31 (20.1) 45 (29.4) 77 (24.6) 56 (37.1) 51 (34.9) 110 (36.5)
Neither satisfied nor dissatisfied 49 (31.8) 52 (34.0) 104 (33.2) 17 (11.3) 13 (8.9) 36 (12.0) <0.001
Dissatisfied 60 (39.0) 36 (23.5) 97 (31.0) 14 (9.3) 11 (7.5) 16 (5.3)
Very dissatisfied 6 (3.9) 5(3.3) 11 (3.5) 0 (0.0) 1(0.7) 1(0.3)
Missing 0(0.0) 0 (0.0 0(0.0) 0 (0.0 0 (0.0) 2(0.7)
Total, n 154 153 313 151 146 301
Investigator global satisfaction with treatment, n (%)
Very satisfied 3(1.9) 4 (2.6) 7(2.2) 69 (45.7) 65 (44.5) 135 (44.9)
Satisfied 19 (12.3) 34 (22.2) 54 (17.3) 51 (33.8) 58 (39.7) 110 (36.5)
Neither satisfied nor dissatisfied 47 (30.5) 53 (34.6) 104 (33.2) 20 (13.2) 15 (10.3) 30 (10.0) <0.001
Dissatisfied 84 (54.5) 57 (37.3) 142 (45.4) 9 (6.0) 7 (4.8) 25 (8.3)
Very dissatisfied 1(0.6) 3(2.0) 4(1.3) 0 (0.0 1(0.7) 1(0.3)
Missing 0 (0.0) 2(1.3) 2 (0.6) 2(1.3) 0 (0.0) 0 (0.0)

*Based on the McNemar-Bowker test for total and for the inhaled corticosteroid (ICS) and ICS/long-acting beta-2-agonist (LABA) groups

patients (3.5%). The most frequently reported system organ class
was for the respiratory, thoracic and mediastinal system (n=4,
1.3%) followed by the gastrointestinal system (n=4, 1.3%).

DISCUSSION

Patients who suffer from asthma also experience limitations in
their physical, emotional, social and professional lives. The nega-
tive impact of asthma on a patient’s life increases when asthma
symptoms are not adequately controlled (26). According to the
National Asthma Education and Prevention Program, the goals of
asthma therapy are to achieve control of asthma symptoms by
maintaining normal pulmonary function, preventing chronic
symptoms and recurrent exacerbations, and providing optimal
pharmacotherapy with minimal or no adverse events (17).

Because cysteinyl leukotrienes participate in the pathophysiol-
ogy of both asthma and AR (27), it has been suggested that block-
ing the cysteinyl leukotriene receptor may be beneficial to patients
with asthma and AR. Accordingly, recent studies have shown that
montelukast can improve symptoms of seasonal AR and asthma in
patients with both diseases (28,29).

The survey determined that 85.5% of the patients with asthma
also had one or more AR symptoms. Similar results were also
found in other studies (4,9) and confirm that AR is one of the
most frequent concomitant symptoms of asthma.

In the current study, montelukast add-on therapy with ICS or
ICS/LABA treatment was effective in achieving control and
reducing asthma symptoms within eight weeks of treatment in
patients who had uncontrolled asthma symptoms and AR. While
all patients had uncontrolled symptoms — as defined by the
Canadian Asthma Consensus Guidelines — at initiation of treat-
ment, the vast majority had controlled symptoms after eight weeks
of treatment with monteleukast. The results showed that montel-
ukast was also effective in achieving asthma control, defined as an
ACQ score of less than 0.75. It should be noted that with the
ACQ assessment there were 20 (6.4%) patients that were con-
trolled at baseline. Of these patients, 17 (85.0%) maintained their
asthma control, two patients (10.0%) became uncontrolled and
one patient (5.0%) was lost to follow-up. A total of 164 patients
(54.7%) achieved asthma control at week 8 based on the ACQ.
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Montelukast therapy was also effective in significantly reducing
the ACQ score in patients treated with low-, moderate- and high-
dose ICS in the ICS and ICS/LABA groups. The only exception,
with a nonstatistically significant decrease in ACQ score, was for
the high-dose ICS/LABA group; however, this may be due to the
low number of patients in this group.

The quality of life of patients with respect to their concomitant
AR was significantly improved with montelukast add-on therapy.
There were no significant between-group differences with respect
to overall quality of life and specific domains. Therefore, regardless
of whether patients were taking ICS monotherapy or ICS com-
bination therapy in combination with montelukast, improvement
in quality of life was observed. Both physician and patient satisfac-
tion with montelukast combination therapy were also significantly
increased compared with baseline ICS treatment.

Potential weaknesses of the present study include the single-
cohort design without a parallel control group. The aim of the
study, however, was to assess the effectiveness of montelukast in
combination with ICS monotherapy or ICS/LABA therapy in
patients who were not controlled with their current ICS therapy.
Another potential weakness of the study is the open-label design.
However, this is necessary for closer emulation of the real-life set-
ting and routine clinical practice in which blinding of treatment
used is not applicable. In addition, the study period was relatively
short and long-term effects on asthma control, and especially
asthma exacerbations, could not be reliably measured.

The strengths of the current study include the high potential
for generalization of the study results to the Canadian target popu-
lation; this was achieved by enrolling patients from a representa-
tive sample of Canadian general practitioners and family physicians.
The use of standardized and validated questionnaires assessing the
severity of asthma enhances the internal validity of the study and
allows direct comparison of the results to those obtained in other
clinical trials.

Overall, montelukast once daily was well-tolerated during the
eight-week treatment period of the study. There were no treatment-
related serious adverse events reported. Montelukast add-on ther-
apy with ICS or ICS/LABA treatment is effective for managing
asthma and AR symptoms in adult patients who were previously
uncontrolled with ICS treatment.
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