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Abstract: Many studies have been published in the last 10 years on the efficacy and safety of
montelukast in asthma since this drug entered the market. Experimental studies, in vitro and
in vivo, and clinical studies on large numbers of patients with asthma of different severity have
clearly demonstrated that montelukast is able to modify the pathophysiological mechanisms of
the disease, and to improve to some extent the clinical and functional manifestations of
asthma. Studies of montelukast as monotherapy or in combination with other drugs, mainly
inhaled corticosteroids (ICS], versus different comparator drugs have contributed to the
positioning of montelukast in the different levels of asthma treatment, according to the Global
Initiative for Asthma Guidelines. Montelukast may be used as monotherapy as an alternative to
low-dose ICS (particularly in a step-down strategy) or in addition to ICS for improving clinical
manifestations by an increase in anti-inflammatory effects and a sparing of corticosteroids.
The heterogeneity of asthma has received a large amount of attention in the last few years in
order to better tailor treatment according to the different clinical and biological phenotypes of
asthma. Montelukast has proven to be particularly effective in exercise-induced asthma and in

asthma associated with allergic rhinitis. Other phenotypes where montelukast is effective
include asthma in obese patients, asthma in smokers, aspirin-induced asthma and viral-
induced wheezing episodes. The safety profile of montelukast is very good, and the suspicions
of increased risk of Churg—Strauss syndrome or suicide have not been confirmed.
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Introduction

Leukotriene receptor antagonists (LTRAs), apart
from anti-immunogloblin (Ig) E monoclonal
antibodies, are the only new category of anti-
asthma drugs to enter the market in the last
10 years. Up to the end of the 1990s, asthma
treatment was based only on beta2-agonists and
corticosteroids, with a minimal role for other
older drugs such as theophylline and cromones.
The novelty of LTRAs was that they target a spe-
cific mechanism, the binding of leukotrienes to
their receptors, which is part of the complex
pathway involved in asthma. Distinct from inhib-
itors of 5-lipoxygenase or other enzymes involved
in the generation of leukotrienes, some competi-
tive antagonists of the cysteinyl-leukotrienes
(Cys-LTs) have been developed and launched
in the market, that is, zafirlukast, pranlukast
and montelukast. Among them, montelukast

has shown the best efficacy and safety profile,
and it has become the most widely studied anti-
leukotriene compound.

Role of leukotriene in asthma
pathophysiology

Leukotrienes are produced by many cells of the
body and mediate many aspects of the inflamma-
tory response. In the lung, the leukotriene cas-
cade, due to the activation of intracellular
5-lipoxygenase with subsequent release of sulphi-
dopeptide leukotrienes (L'TC4, LTD4 and
LTE4: Cys-LTs), is activated by different stimuli
acting on many inflammatory cells, either resi-
dent (such as mast cells) or recruited in the air-
ways (eosinophils, macrophages, etc.), but also
on epithelial cells [Holgate er al. 2003]. Cys-
LTs mediate several different effects on airway
cells and structures. In particular, LTD4 is the
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most potent bronchoconstricting agent on a
molar basis, but Cys-LTs also have chemo-
attractive properties for many inflammatory
cells (mainly eosinophils), effects on vascular per-
meability, mucous secretions and sensory nerve
activation, and are responsible for part of the
pathophysiology of asthma (Figure 1) [Hamid
et al. 2003].

In addition to the manifestations of the acute
phase of airway inflammation, Cys-LTs play a
role in the remodelling process of the airways
leading to the progressive decline in pulmonary
function observed in some asthmatic patients.
Some experimental studies have demonstrated
the role of Cys-LT's in inducing the proliferation
and activation of mucosal fibroblasts [Asakura
et al. 2004] and the secretion and deposition of
some component of the extracellular matrix
[Altraja er al. 2008].

For all these reasons, LTRAs held the potential
to be effective as anti-asthma drugs, with the pos-
sibility of hindering both the acute phase and the
long-term consequences of allergic inflammation
of asthma.

Effects of LTRAs in allergic

airway inflammation

In preliminary studies, LTRAs have been shown
to decrease the recruitment and activation of
eosinophils in the airways [Laitinen ez al. 2005],
and to blunt the release of pro-inflammatory
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cytokines from airway cells in some i vitro stud-
ies, although at relatively high doses [Maeba ez al.
2005]. The anti-inflammatory effect of montelu-
kast has been demonstrated iz vivo by the
decrease in sputum eosinophilia [Pizzichini
et al. 1999], exhaled nitric oxide concentration
[Sandrini ez al. 2003] and inflammatory cells in
the airway mucosa [Ramsay er al. 2009] of asth-
matic subjects, as well as by the improvement of
indirect markers of inflammation and remodel-
ling, such as bronchial hyperresponsiveness
[Currie and Lipworth, 2002].

These effects seem to be complementary to those
obtained with the use of other anti-inflammatory
and anti-allergic compounds, such as antihista-
mines (which, however, have no role in asthma
treatment) and corticosteroids. The administra-
tion of montelukast and desloratadine before
allergen challenge resulted in a greater protective
effect than that obtained by administering the
drugs singly, on both the immediate and the
late airway responses in a group of asthmatic sub-
jects [Davis ez al. 2009]. Some papers suggested
that corticosteroids could not prevent allergen-
induced increase in LTE4 urinary excretion
[Dworski er al. 1994; O’Shaugnessy et al. 1993].
This was not confirmed by our recent study, in
which 1-week inhaled beclomethasone signifi-
cantly blunted the early increase in urinary
LTE4 after allergen challenge [Bartoli er al.
2010]. In the same experimental model of aller-
gen challenge, montelukast plus inhaled
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Figure 1. Different targets of cysteinyl leukotrienes on the resident and recruited cells in the airways in
asthma. (Reproduced with permission from Hamid et al. [2003].].
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corticosteroids (ICS) determined a greater
bronchoprotection than ICS alone on the imme-
diate airway response [Leigh er al. 2002].

Thus, there is no doubt that LTRAs have shown
anti-inflammatory properties, with complemen-
tary effects to antihistamine and ICS, and may
be active in the prevention of bronchial
remodelling.

Clinical studies of montelukast in asthma

The first demonstrations of the efficacy of mon-
telukast in asthma were obtained in the mid-
1990s, when the results of both comparative
studies of montelukast versus placebo and studies
of the protective effect of montelukast on bronch-
oconstriction induced by exercise or other non-
specific stimuli were published [Leff ez al. 1998;
Reiss ez al. 1998]. Montelukast improved symp-
toms, rescue medication use and pulmonary
function, and reduced the rate of exacerbation
and the level of blood eosinophils, in mild-to-
moderate asthmatics not treated with ICS.
Montelukast also protected against bronchocon-
striction induced by exercise better than long-
acting beta2-agonists (LABAs) [Villaran ez al.
1999]. These data led to the introduction of
montelukast into the market at the end of the
1990s.

At the same time, the efficacy of montelukast in
rhinitis was evaluated in other studies, which
showed that montelukast was effective and well
tolerated with additional benefits over antihista-
mines, although still less effective than intranasal
corticosteroids [Nayak and Langdon, 2007].

The following studies were conducted in an
attempt to determine the place of montelukast
in asthma treatment.

Comparison with ICS

As ICS are the ‘gold standard’ for the treatment
of asthma, the first evaluation was the compari-
son between montelukast and low-dose ICS.
This point is important because monotherapy is
recommended in patients with mild asthma, and
the decision on which should be the ‘first option’
(ICS or montelukast) is therefore crucial. The
many studies published on this point, using dif-
ferent study protocols for different time periods,
depending on the specific outcome considered
(i.e. pulmonary function, symptoms or rate of
exacerbations) have largely confirmed the greater
efficacy of low-dose ICS in comparison with

montelukast [Busse ez al. 2001; Malmstrom
et al. 1999]. For this reason, all international
guidelines state that ICS are more effective than
LTRAs in the monotherapy of asthma, and rec-
ommend montelukast as second choice in
patients with mild asthma [Global Initiative for
Asthma, 2009].

However, the majority of these studies included
subjects that, at randomization, had frequent
symptoms and poor pulmonary function, thus
representing a sample of patients with moderate
asthma in whom ICS are expected to be more
effective than montelukast. When patients with
mild asthma were selected, montelukast was
still more effective than placebo [Barnes er al.
2001], but few studies have compared low-dose
ICS with montelukast, and with controversial
results. At doses equivalent to 500 pg daily of
beclomethasone, LTRAs were less effective than
ICS on symptoms, pulmonary function and
sputum ecosinophils [Bacci er al. 2010; Jayaram
et al. 2005] (Figure 2). However, in a recent
study of 534 patients with mild asthma well con-
trolled by low-dose ICS, replacing ICS with
montelukast was associated with good asthma
control in more than 75% of patients after
6 weeks, with an increase in compliance to treat-
ment [Mclvor et al. 2009].

Another argument in the decision between ICS
and montelukast might be the concern for possi-
ble side effects in long-term treatment, particu-
larly in children. Although many studies have
confirmed the lack of a consistent effect of low-
dose ICS on the long-term growth in children
(despite a mild delay in growth in the first year)
[Doull, 2004], treatment with montelukast might
be used as first choice for avoiding this side effect,
and changing to ICS might be considered as an
alternative.

Montelukast as add-on therapy

After the results of montelukast in monotherapy
and its potential additive effect to ICS, many
studies have been performed in order to assess
the efficacy of montelukast as add-on therapy.
When added to ICS, montelukast induced fur-
ther improvement in symptoms and pulmonary
function, particularly in patients still symptom-
atic despite treatment with ICS [Vaquerizo ez al.
2003; Laviolette ez al. 1999].

The positioning of montelukast at the step 3 level
of asthma management has been studied in
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Figure 2. Sputum eosinophils before (B) and after 4-weeks’ treatment with zafirlukast (LTRAJ, low-dose ICS
or high-dose ICS [Bacci et al. 2010]. ICS, inhaled corticosteroid; LTRA, leukotriene receptor antagonists.

(Reproduced with permission from Price et al. [2006].).

patients not controlled by ICS monotherapy; in
these patients, the addition of a second drug
(a LABA or LTRA) is recommended. Although
in short-term studies the combination of ICS
plus LABA was more effective on symptoms
and pulmonary function than ICS plus montelu-
kast [Deykin er al. 2007; Fish ez al. 2001], in a
1-year study especially designed to assess efficacy
with regard to rate of severe exacerbations, fluti-
casone plus montelukast provided equivalent
clinical control to fluticasone plus salmeterol,
and was associated with a greater reduction in
blood eosinophilia [Bjermer er al. 2003]. A
recent systematic review suggests that different
conclusions may be drawn when either short-
term or long-term trials are considered: in
12-week trials, efficacy with regard to rate of
exacerbations is higher for salmeterol plus ICS
than montelukast plus ICS, with a similar safety
profile, whereas in 48-week trials, the two treat-
ments are similar, with a lower rate of adverse
events for montelukast plus ICS (Figure 3)
[Joos et al. 2008].

A controversial point is the efficacy of montelu-
kast in patients with severe asthma already trea-
ted with maximal therapy (high-dose ICS plus
LABAs). In these patients, we demonstrated
that a subgroup showed a positive response to
a LTRA added on top of maximal therapy
[Tonelli ez al. 2003], whereas other authors did

not find any positive effects [Robinson er al.
2001].

However, the possibility of reducing the dose of
ICS or oral steroids in patients with moderate-to-
severe asthma by the addition of montelukast,
without relevant loss of asthma control, has
been suggested by some studies [Tohda er al
2002; Lofdahl er al. 1999], and confirmed by a
systematic review [Ducharme, 2002].

Montelukast in real life

Some observational studies have been performed
in order to confirm the clinical effectiveness of
montelukast in treating asthma in daily practice.
In a large study in the UK, involving 56 centres
that recruited more than 1300 asthmatic patients,
66% reported great improvement in asthma con-
trol after the addition of montelukast, and in
8.2% this improvement was dramatic [Barnes
et al. 2005]. In another study performed in
Belgium on 5769 patients, 89% reported a
global improvement of their asthma with signifi-
cant change in the asthma control questionnaire,
and also an improvement of rhinitis symptoms
[Korn er al. 2009]. A recent article from an
observational study on 1681 patients not con-
trolled by ICS, or ICS plus LABA, showed that
the addition of montelukast improved both
asthma control and asthma-related quality of
life [Virchow er al. 2010].
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(d) 48 week trials
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Figure 3. Meta-analysis of the addition of montelukast or salmeterol to inhaled corticosteroids on the rate of
exacerbations (a and b) and adverse events (c and d) in short-term (a and c) and in long-term (b and d} studies.

(Reproduced with permission from Joos et al. [2008].).

Safety profile of montelukast

The safety profile of montelukast has been well
evaluated in the many long-term studies on large
groups of adult and paediatric patients, and no
significant or considerable side effects have been

reported [Virchow er al. 2010; Joos er al. 2008;
Nayak and Langdon, 2007; Ducharme, 2002]. A
recent review on more than 2700 children and
adolescents concluded that the clinical and labo-
ratory safety profile for montelukast was similar
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to that observed for placebo or active control/
usual care therapies, and that the safety profile
of montelukast did not change with long-term
use [Bisgaard er al. 2009].

Since the beginning of the use of montelukast,
several case reports on the occurrence of a
Churg—Strauss syndrome (CSS) have been
reported. These cases have been considered as
being due to the loss of some ‘masking’ effect
of high-dose ICS or oral corticosteroids, which
were reduced after the addition of montelukast,
with subsequent manifestation of full clinical fea-
tures of the systemic vasculitis. A report on a
large number of patients with CSS has been
described in a recent paper, showing that mon-
telukast use was associated with a 4.5-fold risk of
CSS onset within 3 months, although this effect
might be confounded by the escalation in asthma
therapy before CSS onset [Hauser ez al. 2008].

More recently, some concern was raised regard-
ing the possibility of greater suicide rate in
patients taking montelukast, but the revision of
116 clinical studies showed that the frequency of
behaviour-related adverse experience and sui-
cides in patients treated with montelukast was
no different from control groups [Philip ez al
2009a, 2009b].

Montelukast: which role in the heterogeneity

of asthma?

Recently, great attention has been given to the
different asthma phenotypes. They may be clas-
sified according to clinical presentations (such as
causal or trigger factors, or comorbidities), and
also to different biological mechanisms (such as
eosinophilic and noneosinophilic asthma)
(Table 1) [Wenzel, 2006]. These different pheno-
types may require a different approach to treat-
ment, sometimes  different from  that
recommended by current guidelines. Some of
these phenotypes seem particularly sensitive
to LTRAs.

Exercise-induced bronchospasm is frequent in
children and in young patients with mild
asthma, and is often associated with other mar-
kers of uncontrolled asthma, such as symptoms
induced by other nonspecific triggers or frequent
exacerbations; in these cases, the patient should
be managed according to general recommenda-
tions. Sometimes, however, bronchoconstriction
is induced almost exclusively by exercise,
particularly in elite athletes, thus representing

Table 1. Different asthma phenotypes and relevance
in asthma management.

Clinical or physiological phenotypes
Severity-defined

Exacerbation-prone

Defined by chronic restriction
Treatment-resistant

Defined by age at onset

Phenotypes related to the following triggers
Aspirin nonsteroidal anti-inflammatory drugs
Environmental allergens

Occupational allergens or irritants

Menses

Exercise

Inflammatory phenotypes

Eosinophilic

Neutrophilic

Pauci-granulocytic

(Reproduced with permission from Wenzel [2006].)

a true clinical phenotype. In these patients, mon-
telukast has demonstrated greater efficacy than
beta2-agonists, both as regular and occasional
treatment, in preventing exercise-induced
asthma, with the advantage of no loss of efficacy
over time [Raissy et al. 2008; Wenzel, 2006;
Villaran er al. 1999].

Another trigger of asthma attacks is aspirin and
other related chemicals (often present in some
food as additives or preservatives). Aspirin-sensi-
tive patients often have severe asthma, and may
have-greater activation of the leukotriene cascade,
as demonstrated by high levels of urinary LTE4
[Gaber ez al. 2008]. Some studies tried to assess
whether aspirin-sensitive patients are particularly
responsive to LTRA treatment, with some posi-
tive results [Dahlen ez al. 2002]. However, these
data have not been confirmed by other studies.

Allergic rhinitis is frequently associated with
asthma both in allergic and nonallergic patients,
and untreated upper airway disease represents a
frequent cause of uncontrolled asthma [Bousquet
er al. 2005]. As montelukast is effective on both
upper and lower airways, its use might be
particularly useful in patients with both asthma
and rhinitis. A post hoc analysis of a subgroup
of patients enrolled in a study comparing
budesonide plus montelukast with a doubling
dose of budesonide showed that patients with
asthma and rhinitis reported a greater improve-
ment in symptoms and pulmonary function
with budesonide plus montelukast (Figure 4)
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Figure 4. Effect of montelukast on pulmonary func-
tion in subjects with asthma and rhinitis: post hoc
analysis of the COMPACT study. PEF, peak expiratory
flow rate. (Reproduced with permission from Price
et al. [2006].).

[Price ez al. 2006]. After that, many other clinical
and observational studies have confirmed that the
addition of montelukast to current treatment
induced a considerable and long-lasting improve-
ment in asthma control in patients with both
asthma and rhinitis [Borderias ez al 2007;
Philip ez al. 2004].

Obesity is now considered an additional risk for
asthma, and also as a factor resulting in poor
asthma control through different mechanisms
[Lugogo et al. 2010]. Obese asthmatic patients
often show a low degree of airway inflammation
and seem poorly responsive to ICS. In these
patients, preliminary data suggest that montelu-
kast may be more effective than ICS [Peters-
Golden er al. 2006], probably because it may
more easily reach small airways. This point has
also been considered in other kinds of uncon-
trolled asthma, and the involvement of small air-
ways, which might be hardly reached by inhaled
drugs, may explain the persistence of symptoms
and exacerbations despite a normal or near
normal forced expiratory volume. As small air-
ways have a high density of Cys-LTs receptors
[Mechiche ez al. 2003], and montelukast may
reach small airways due to its systemic distribu-
tion, this drug may have some potential in treat-
ing small airway involvement in asthma.

Smoking is a strong risk factor that may influence
the severity of asthma and the response to treat-
ment, and it is associated with a more prominent
neutrophilic pattern of airway inflammation. A
comparative analysis between ICS and montelu-
kast suggests that patients with asthma who
smoke may show a similar response to montelu-
kast in comparison with ICS, which is different
from their nonsmoking counterparts who show a
better response to ICS [Lazarus er al. 2007].

Biological phenotypes have been described, with
the noneosinophilic phenotype being less respon-
sive to ICS [Bacci et al. 2006]. Although LTRAs
are believed to be effective mainly on the eosin-
ophilic component of airway inflammation, the
efficacy of LTRAs in viral-induced bronchocon-
striction (which is often not associated with
eosinophilic inflammation) may suggest that
these compounds might be recommended in
this biological phenotype [Fitzgerald and Mellis,
2006]. This point has not been adequately
assessed and requires further well-designed pro-
spective studies.

A similar issue has been considered in the epi-
sodes of wheezing in children. It is well known
that viral infections are frequently responsible for
wheezing in both atopic and nonatopic young
children, and leukotrienes have been demon-
strated to be released in large amounts from the
airways during these episodes [Oommen and
Grigg, 2003]. Occasional or regular treatment
with montelukast in preschool children resulted
in a more rapid resolution of the wheezing epi-
sodes and in a better management of these events
[Han er al. 2010; Bisgaard er al. 2003].

Montelukast: recommendations for

asthma management

After 10 years of clinical practice and hundreds of
clinical and experimental studies, the position of
montelukast in the management of asthma is now
well defined. According to Global Initiative for
Asthma guidelines, montelukast is the recom-
mended alternative monotherapy to low-dose
ICS, especially in a step-down strategy (step 2),
and also as an add-on treatment to ICS plus
LABA combination, in order to improve control
and reduce the dose of ICS (steps 3 and 4)
(Figure 5). Some studies have evaluated the
response to ICS or to montelukast in a crossover
study design; in this way, it was possible to assess
for potential determinants of a better response to
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Low-dose ICS*

Low-dose ICS
plus long-acting
Bz-agcnist

Medium-or Oral
high-dose ICS glucocorticosteroid
plus long-acting (lowest dose)
Bz-agonist

Leukotriene
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Medium-or
high-dose ICS

Leukotriene

Anti-IgE
modifier

treatment

(2]
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S
2
Q.
o
o
3
[e]
o
2
c
o
o

Low-dose ICS plus
leukotriene modifier

Sustained-release
theophylline

Low-dose ICS plus
sustained-release
theophylline

*Inhaled glucocorticosteroids
**Receptor antagonist or synthesis inhibitors

Figure 5. Treatment steps for asthma management according to the Global Initiative for Asthma guidelines
[Global Initiative for Asthma, 2009]. ICS, inhaled corticosteroids; Ig, immunoglobulin.

either ICS or montelukast. Using this model, it
has been observed that only about 15% of
patients showed a greater response to montelu-
kast than to ICS. These patients were younger,
with better baseline pulmonary function, lower
levels of airway inflammation and higher LTE4
urinary excretion [Szefler et al. 2005]. The per-
centage of subjects with greater response to mon-
telukast than to ICS corresponds fairly well to the
well-known percentage of patients responsive to
LTRAs in clinical practice, and also to the per-
centage of polymorphism of some genes related
to the activity of enzymes involved in the leuko-
triene pathway [Klotsman ez al. 2007]. A more
recent study compared, in a crossover design, the
addition of LABA or montelukast to low-dose
ICS in children not controlled under ICS, show-
ing that many patients reported a better response
to montelukast plus ICS than to LABA plus ICS
[Lemanske er al. 2010]. This observation con-
firms the heterogeneity in response to treatment
(may be related to some genetic background) and
suggests that therapeutic options might be

Table 2. Recommendations for montelukast in

different asthma phenotypes.

Montelukast is recommended in:
exercise-induced asthma
asthma with allergic rhinitis
Montelukast may be recommended in:
asthma in obese patients
asthma in smokers
aspirin-sensitive asthmatics
viral-induced wheezing episodes

tailored to the specific response of the individual
patient.

Some asthma phenotypes seem particularly sen-
sitive to montelukast, such as asthma predomi-
nantly induced by exercise or asthma associated
with allergic rhinitis (Table 2). Children and
adults with low levels of airway inflammation
seem more sensitive to montelukast than to
ICS. Other potential phenotypes where monte-
lukast might be particularly useful are
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Table 3. Montelukast summary of knowledge.

Montelukast is a potent antagonist of cysteinyl leukotrienes and represents the first category of drugs that

targets this inflammatory pathway in asthma

Montelukast as monotherapy is a good alternative to inhaled corticosteroids (ICS) for a minority of

patients who respond poorly to ICS

Added to ICS, montelukast increases the long-term control of asthma in patients with
moderate-to-severe asthma, with some ICS-sparing effect

Specific asthma phenotypes, such as exercise-induced asthma, asthma associated with rhinitis,
aspirin-induced asthma, seem particularly responsive to montelukast, with some evidence that it
is effective in asthma in obese patients, asthma in smokers, and viral-induced wheezing episodes

in children

The effects of montelukast on some markers of airway inflammation (particularly in subjects
with noneosinophilic asthma) or on airway remodelling in vivo need to be better investigated
The safety profile of montelukast is very good, with no confirmation of the suspected increase in the

risk of Churg—Strauss syndrome or suicide

represented by obese asthmatics, patients with
predominant small airway involvement and
patients (especially young children) with virus-
induced wheezing episodes. In the future, phar-
macogenetics might be of some help in selecting
patients genetically predisposed to have a good
response to LTRAs.

Conclusion

In summary, montelukast (the most widely used
of the LTRAsS) is effective on many biological and
pathophysiological mechanisms involved in
asthma, and on which ICS are only partially
effective (Table 3). It represents a good alterna-
tive to ICS as monotherapy, and it is a particu-
larly good additional treatment to ICS in large
groups of patients, with the aim of reaching and
maintaining control of asthma with the minimal
possible dose of ICS.

According to the heterogeneity of asthma, mon-
telukast has been proven particularly effective in
exercise-induced asthma and in asthma associ-
ated with allergic rhinitis. Other phenotypes
where montelukast is effective are: asthma in

obese patients; asthma in smokers; aspirin-
induced asthma; viral-induced wheezing
episodes.

The safety profile of montelukast is very good,
and the suspicions of an increased risk of CSS
or suicide have not been confirmed.
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