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Abstract

Study objectives: Asthma is most effectively controlled with
inhaled corticosteroids. If there are difficulties in maintaining
control, long acting beta,-agonists or a new alternative:
leukotriene receptor antagonists can be added to the therapy. In
this study we aimed to investigate the effects of montelukast when
added to inhaled corticosteroids (ICS).

Methods: Fourteen stable persistent stable asthmatics receiving
ICS and salmeterol for at least three months were enrolled in the
study. After baseline assessments, salmeterol was ceased for a two-
weeks washout period. Then all subject received 10 mg/daily
montelukast added to their ICS therapy. Pulmonary functions,
symptom scores and exhaled nitric oxide (eNO) levels were
recorded under salmeterol therapy, before and after montelukast
therapy in 10 patients who completed the study.

Results: A detoriation occurred in pulmonary functions and
symptom scores after ceasing salmeterol. Three months after
adding montelukast to ICS, there was a nonsignificant improve-
ment in FEV}, PEF and eNO, but the improvements in night time
symptom scores, bronchodilator consumption and PEF variation
were significant (p<0.01).

Conclusion: Adding montelukast to ICS was shown to be effec-
tive in controlling asthma. When comparing the study parameters
under salmeterol and montelukast, there was not a significant dif-
ference in pulmonary functions and eNO levels but montelukast
was better in controlling night time symptom scores and PEF vari-
ation (p<0.05).
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Introduction

Asthma is chronic disorder, characterized by exacerbation and
remissions, which can be controlled by appropriate manage-
ment. During the last decade several guidelines have been pub-
lished for the management of asthma. These guidelines recom-
mend that the best way to manage asthma is to use drugs which
demonstrate effects on airway inflammation, since this is the
major pathophysiology of asthma.

At present the most effective anti-inflammatory medications
recommended in all asthma management guidelines are
inhaled corticosteroids (ICS). Despite ICS, in moderate to
severe persistent asthmatics who remain inadequately con-
trolled, ICS dose can be increased or an additional medication
such as long-acting B-agonists (LABA) can be added to ther-
apy according to stepwise approach to pharmacological therapy
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of asthma in Global Initiative for Asthma (GINA)
Workshop Report (1).

With the development of cysteinyl leukotriene receptor
antagonists (LTRA), the first new class of antiasthmatic
drugs were introduced in the last 25 years. Many studies on
these agents showed their effectiveness in asthma treat-
ment (2). They were recommended as an alternative med-
ication to inhaled CS in mild persistent asthmatics (3).
There are also reports about the benefits of adding a LTRA
to an ICS (4).

The aim of this study was to investigate the effects of mon-
telukast when added to ICS. Furthermore, we compared
the lung functions, symptom scores and exhaled nitric
oxide (eNO) levels under two treatment modalities:
Salmeterol and ICS/Montelukast and ICS.

Methods

Fourteen stable mild to severe persistent stable asthmatics
who were taking 800 mg budesonide together with 100 mg
salmeterol daily for 3 months were included in the study.

The study parameters were Peak Expiratory Flow Rates
(PEFR), day and night time symptom scores, bronchodila-
tor consumption, pulmonary function tests and eNO levels.

Study Design

In this open label clinical trial, for a two weeks run-in
period, patients recorded their PEFR, day and night time
symptom scores and bronchodilator consumption while
taking ICS and salmeterol and then they were evaluated
with pulmonary function tests and eNO levels.

Inhaled salmeterol was then stopped for a 2-weeks washout
period. At the end of two weeks, patients were assessed
with the same study parameters again, that was before
adding the montelukast therapy.

10 mg/daily montelukast was added to inhaled CS therapy
and the patients had 4 more study visits with 3 weeks inter-
vals for measuring the study parameters. In the last visit
which was on the 3 month of montelukast therapy, the
effects of montelukast were evaluated.

The study was approved by the Gazi University Medical
Faculty’s Ethics Committee and all the subjects gave writ-
ten informed consent.

Pulmonary function tests and nitric oxide measurement
FEV, and PEF were measured with Sensor Medics V,,, 20
spirometer. The best value of three manoeuvres was
expressed as a percentage of the predicted value and as
absolute value.
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eNO was measured on a chemiluminescence analyser
(Sievers 280 NOA™ Sievers Instruments, Inc., USA) sen-
sitive to NO from <1 to 500 parts per billion (ppb, by vol-
ume). Subjects wore Sievers Accurate NO™ Exhaled
Breath Kit that applies resistance to the exhaled breath cir-
cuit. This resistance creates positive pressure in the mouth
(mean pressure of 10-15 cm H,O), forces subject’s soft plate
shut and eliminates nasal NO from the measurement. NO
was sampled at a flow rate of 0.05 1/s with tidal breathing
method. The zero calibration was performed and ambient
air NO was recorded before each test.

Symptoms, maximal diurnal variability, bronchodilator
consumption

Diary cards were given to all patients to record B-agonist
use, PEFR and asthma symptoms every morning and
evening during the study period. The symptom enquiry
included assessment of symptoms during the day and night,
using four point scale (O=no symptoms; 3=severe symp-
toms) (5).

Diurnal variability of PEF was calculated as follow (1):

Maximum PEF-Minimum PEF <100%
1/2 (Maximum PEF+Minimum PEF)

Statistical analysis

Values of FEV, PEF, eNO, PEF variation, symptom scores
and bronchodilator consumption while taking salmeterol,
before the beginning of montelukast and after 3 months of
montelukast therapy was. compared using Wilcoxon test.
Results were expressed as the mean + SEM. A p value of
less than 0.05 was considered significant.

Results

Of the 14 patients included in the study, 2 lost follow-up
and 2 were excluded from the study because of asthmatic
attacks caused by a respiratory tract infection (one on the
31d week, one in the 6th week of montelukast therapy).

The demographic data of the 10 patients who completed
the study are shown in Table 1. Asthma severity was
assessed according to GINA guidelines (1).

Table 1. Demographic data of the patients

Number of patients 10
Gender (M/F) 2/8
Age (years) 46.3+3.06
Mean duration of asthma (years) 15.8+5.03
Severity of asthma: Mild persistent 3 (%30)
Moderate persistent 6 (%60)
Severe persistent 1 (%10)
FEV; (% predicted) 70.3+5
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Table 2. Comparison of pulmonary functions during the study period /T
1* QK p %% Jrk p 1% Fkkx P
FEV, () 1.76x0.12 1.55+0.14 <0.05 1.55+0.14 1.61+0.14 NS 1.76+0.12 1.61+0.14 NS
FEV(%) 70.3+0.5 61:1+5.6 <0.05 61.1+5.6 64.2+5.13 NS 70.3+0.5 64.2+5.13 NS
PEF (L/sec) 4.01x0.24 3.44+0.28 <0.05 3.44+0.28 3.81+0.39 NS 4.01+£0.24 3:81x0.39 NS
PEF (%) 61.5x2 52.7+3.64 <0.05 52.7+3.64 58+4.43 NS 61.5+2 58+4.43 NS
PEF variation 7iatd 9.6+2.31 NS 9.6::2.31 0.9+0.64 <0.01 7:5+2 0.9+0.64 <0.05
1*: Under salmeterol therapy
2%*: After ceasing salmeterol (Before montelukast therapy)
3*%: After montelukast therapy
The outcomes of study parameters were evaluated in three Discussion

groups:

1. Comparison of parameters while using salmeterol and after
the cessation of salmeterol (before montelukast therapy).

2. Comparison of parameters before and after montelukast
therapy.

3. Comparison of parameters while using salmeterol and
after montelukast therapy.

Pulmonary functions worsened significantly after ceasing
salmeterol. They all improved with adding montelukast to
the ICS therapy, though the only significant improvements
were in PEF variation, night time symptom score and bron-
chodilator consumption. No significant difference was
found when comparing the pulmonary functions under two
therapies. However, mean PEF variation was significantly
lower with montelukast therapy than salmeterol therapy

(Table 2).

Bronchodilator consumption, day and night time symptom
scores increased significantly after ceasing salmeterol. After
a 3-month montelukast therapy, they all improved and
there was a decrease in eNO levels. However, when com-
paring the study parameters under two treatment modali-
ties, montelukast was better in controlling night time
symptom scores and PEF variation (Table 3).

In this study, we showed that adding montelukast to ICS is
successful in asthma control. Furthermore, we showed that
montelukast is as effective as salmeterol in stepwise
approach for managing asthma.

Cysteinyl leukotriens, which are important mediators of
asthma, have four major roles in asthmatic inflammation:
Recruiting inflammatory cells to the bronchial wall,
increasing microvascular permeability, stimulating the dis-
charge of mucus secretion and stimulating airway smooth
muscle proliferation (6,7).

Leukotrien receptor antagonists (LTRA) block the effects
of cysteinyl leukotriens at their receptors on target tissues
and inhibition of their activity has been shown to be asso-
ciated with an improvement in asthma control (8,9).
LTRA produce a dual effect within the airways, both as
bronchodilators and as inflammation controllers, which
has not been demonstrated as clearly in other classes of
asthma drugs (2,10,11). Many clinical studies showed their
efficacy in improving asthma control and pulmonary func-
tions mainly in mild persistent asthma, exercise and aspirin

induced asthma (9,12-19).

LTRA have complementary effects to corticosteroids on
inflammation control (9,13,14,20). The results of many
studies suggest that antileukotrien drugs in combination
with ICS are likely to improve lung functions and asthma

Table 3. Comparison of bronchodilator consumption, symptom scores and eNO during study period.

1* 2** p 2** 3*** p 1* 3*** p
Bronchodilator 2.5+0.8 4.9+1.26 <0.01 4.9+1.26 2.2£1.28 =0.05 2.5+0.8 2.2%1.28 NS
consumption/day
Day time symptom score  0.5x0.26 2.2+0.89 <0.05 " 2.2+0.89 0.1+0.1 NS 0.5+0.26 0.1x0.1 NS
Night time symptom score 0.6+0.22 3+2:12 <0.05 3:£2.12 0+0 <0.01 0.6+0.22 00 0.05
eNO (ppb) 21.26+£5.32  24.58+5.46 NS  24.58+5.46  17.63%7.75 NS 21.26+5.32 17.63%17.75 NS

1*: Under salmeterol therapy
2%%: After ceasing salmeterol (Before montelukast therapy)
3*kk: After montelukast therapy
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symptoms more than high doses of ICS without a deterio-
ration in asthma (20,21).

In asthma management guidelines, two approaches are rec-
ommended to treat asthmatic patients who continue to
experience symptoms on ICS: increase the dose of ICS or
add a second therapeutic agent such as LABA, sustained-
release theophylline or LTRA. LABA are currently the
mostly recommended agents as concomitant therapy as a
controller drug for asthma. But in spite of their proven
effects in improving asthma symptoms and lung functions
when added to ICS (22-25), their chronic usage has been
shown to result in developing tolerance to their bron-
choprotective effects in some reports (26-28). Their risk of
masking airway inflammation was mentioned in some other
studies and it was speculated that they can allow an
unrecognised asthmatic exacerbation (29).

Adding theophylline to ICS is no longer commonly used as
first line therapy primarily because of modest clinical ben-
efit, a narrow therapeutic window, reports of serious
adverse events and potential for drug interactions. Recent
studies have suggested adding LTRA to ICS as an alterna-
tive therapeutic option in these group of patients who con-
tinue to experience symptoms on ICS (30,31).

In this study, stopping the salmeterol resulted in significant
detoriation of lung functions and symptoms supporting its
efficacy in add-on therapy to ICS. We cannot make a com-
ment on how much salmeterol effected the study parame-
ters when added to ICS. This is the disadvantage of this
study as we included the patients who were on concomitant
therapy with ICS and salmeterol for at least three months.

Montelukast sodium given 1 Omg once daily added to 800
mg budesonide after a two-week washout period resulted in
improvement in all study parameters, but only the
improvements in PEF variation, night time symptom scores
and bronchodilator consumption were significant. Though
pulmonary functions did not reached the levels under sal-
meterol therapy, the other study parameters were higher
than the levels with salmeterol therapy. When comparing
the study parameters under two treatment modalities, there
were no significant differences between pulmonary func-
tions, day time symptom scores and bronchodilator con-
sumption, but night time symptom scores and PEF varia-
tion were significantly better with montelukast therapy.

There are limited studies comparing the effects of LABA
and LTRA. In the studies of Exercise Study Group and
Montelukast/Salmeterol Exercise Study Group, salmeterol
and montelukast was compared in exercise induced bron-
choconstriction for their bronchoprotective effects.
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Montelukast has been shown to provide significantly
greater effects than salmeterol at 4 and 8 weeks in both
studies. The decrease in initial effectiveness of salmeterol
was assessed as a tolerance (25,32).

In the first study, comparing the effects of salmeterol and
zafirlukast as add-on therapy to ICS, 80% of patients
treated with salmeterol provided significantly greater
improvement than the patients treated with oral zafirlukast
(33). But the study period was only 4 weeks, and these
results can be debatable, since tolerance to bronchoprotec-
tive effects of salmeterol is usually seen after the 4th week of
treatment (28).

Exhaled nitric oxide (eNO) is introduced as a non-invasive
marker of airway inflammation in the last decade. eNO has
been shown to be elevated in untreated asthmatics or when
asthma is out of control (34-38). Although the recent
reports are discussing the eNO’s place in assessing asthma
specific inflammation (39,40,41), it is still advised to take
into consideration eNO as a loss-of-control marker or a
response marker to anti-inflammatory therapy in asthma

(38).

eNO levels have been shown to fall after corticosteroid and
nedocromil sodium therapies (36,37,38,42,43), and there
are three recent studies about the effects of LTRA on eNO.
In the first study that examined eNO levels in children dut-
ing montelukast therapy, eNO levels decreased signifi-
cantly (approximately by 33%) and had a trend to increase
during the washout phase following montelukast therapy
with no significant changes in pulmonary functions (6). It
was speculated in that report that, the role of cysteinyl
leukotriens in the inflammatory cell recruitment not only
ultimately results in cytokine production but also in induc-
tion of NO synthase. In the study of Bisgaard et al., two
weeks of treatment with 5 mg montelukast in 26 asthmatic
children resulted in a decrease in eNO by 20% as compared
with placebo (44). Tamoki et al. also showed that addition
of pranlukast to the regimen of patients requiring high
doses of ICS allowed tapering the dose of ICS by half with
no increase in eNO levels, where the patients receiving
placebo detoriated with a significant rise in eNO (21).

In our study eNO levels fell on average by approximately
28.2% (from 24.58 ppb to 17.63 ppb) following treatment
with montelukast added to ICS on the 12th week of treat-
ment, where the fall began on the 3t week (Figure 1). The
lack of significance in eNO fall may relate to the small
number of patients studied. In our patients, the fall in eNO
was not accompanied by an improvement in pulmonary
functions. This finding agrees with Bratton’s findings who
showed no change in FEV, after montelukast therapy in
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Figure 1. The fall in eNO with addition of montelukast to ICS

spite of a significant change in eNO levels (6). This find-
ing was also shown with ICS by Kharitonov (42). It has
been agreed that the level of eNO in determining inflam-
mation control is not correlated with pulmonary functions.

The results of this study showed that montelukast can pro-
vide a second option in add-on therapy to ICS, as effective
as LABA and even more in some disease control parame-
ters. The addition of montelukast to ICS represents a logi-
cal option as the combination of these two agents offers dif-
ferent but additive anti-inflammatory effects (30). We will
see a better comparison of these agents as add-on therapy to
ICS in a larger group of patients in the near future, by the
means of asthmatic attacks, quality of life, health care util-
isation and safety in a multicentric IMPACT trial, which
has began in the beginning of year 2000 with 1200 adults
(30).
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