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Emerging role of antileukotriene therapy in allergic rhinitis
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Introduction

The leukotriene receptor antagonists are now familiar to
most primary care doctors and to all allergists and
pulmonologists, having been licensed for first- and
second-line therapy in asthma for 3 years. The antagonists
currently available are montelukast, zafirlukast and pranlu-
kast whilst, in addition, the 5-lipoxygenase inhibitor,
zileuton is also available in the USA but used to a much
lesser degree. Given that allergic asthma and allergic
rhinitis both have a similar pathophysiology, and frequently
coexist, it is not surprising that allergists have become
increasingly interested in the potential therapeutic role of
leukotriene antagonists in allergic rhinitis [1,2]. It should
however, be pointed out that none of the leukotriene
antagonists are currently licensed for use in allergic rhinitis.
Apart from allergen avoidance and allergen immunother-
apy, the treatment options in allergic rhinitis include
corticosteroids, histamine receptor antagonists, cromogly-
cate and a-adrenoceptor agonists.

The purpose of this article is to provide an update on
clinical trials which have evaluated antileukotriene therapy
in allergic rhinitis and to identify potential areas where
future studies may be directed.

Pharmacology and pathophysiology of leukotrienes in
allergic rhinitis

The basic pharmacology of cysteinyl leukotrienes in
allergic rhinitis and asthma has been reviewed in detail
elsewhere [3,4]. In brief, the cysteinyl leukotrienes (LTC,,
LTD, and LTE,) are produced from the arachidonic acid
pathway initially via 5-lipoxygenase. Cysteinyl leuko-
trienes are produced by eosinophils, mast cells, monocytes
and basophils. They exhibit a variety of pro-inflammatory
actions including microvascular leakage, inflammatory cell
chemotaxis (particularly eosinophils), mucus hypersecretion
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and neuronal stimulation, all of which are relevant to the
pathophysiology of allergic rhinitis.

The type I cysteinyl leukotriene receptor has now been
cloned and shows a rank order of potency for its natural
ligands of LTD, > LTC, > LTE,, and a comparable
degree of in wvitro potency for the licensed selective
antagonists, namely pranlukast, zafirlukast and montelukast
[5,6]. There are naturally occurring promotor polymorph-
isms of 5-lipoxygenase and of leukotriene C, synthase,
which may modify the cellular capacity for leukotriene
synthesis, and hence a variable contribution of cysteinyl
leukotrienes may be reflected in the magnitude of response
to antileukotriene drugs [7-9].

In vivo evidence for role of leukotrienes in allergic
rhinitis

Specific nasal allergen challenge in atopic subjects has
shown the release of cysteinyl leukotrienes in lavage fluid
coinciding with the early- and late-phase response, which
appear to be related to the dose of antigen [10—12]. This is
supported by studies in patients with allergic rhinitis where
spontaneous increases in cysteinyl leukotrienes from nasal
lavage have been shown in relation to naturally occurring
allergen exposure [13,14]. Nasal challenge with LTD,
results in increased nasal blood flow and resistance, whilst
having no effect on itching, sneezing and discharge, unlike
challenge with antigen and histamine [15,16]. Furthermore,
LTD, exhibited approximately 5000-fold more potency
than histamine on a microgram basis for its topical activity
in vivo [16].

Effects of antileukotriene therapy on allergen challenge

In guinea-pigs oral administration of pranlukast inhibited
antigen and LTD, induced nasal microvascular leakage
[17]. In patients with perennial or seasonal allergic rhinitis,
specific allergen-induced symptoms of congestion as well
as nasal lavage levels of LTD, were markedly reduced by a
S5-lipoxygenase inhibitor, whereas histamine release and
sneezing were not significantly affected [18]. In patients
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with seasonal allergic rhinitis, a 5-lipoxygenase inhibitor
attenuated allergen-induced increase in nasal airway
resistance, nasal secretions and plasma protein extravasa-
tion, in the absence of effects of nasal itch or sneeze [19].
The relative effects of histamine receptor antagonism
(mequitazine) or leukotriene receptor antagonism (pranlu-
kast) were evaluated in 32 patients with perennial nasal
allergy to house dust mite [20]. Symptoms induced by
allergen challenge showed a significant reduction in
sneezing and rhinorrhoea after histamine but not leuko-
triene antagonism. The decrease in effective nasal cross
sectional area after allergen challenge was significantly
attenuated by leukotriene but not histamine antagonism,
whilst diary cards showed significant effects on nasal
discharge with both drugs, on nasal obstruction with
leukotriene antagonist, and on sneezing with histamine
antagonist.

There are also other data looking at allergen responses in
other tissues which would substantiate an important role of
cysteinyl leukotrienes. An in oitro study showed that
blockade of mast cell-mediated contraction of sensitized
human bronchus occurred in synergistic fashion, with the
combination of a histamine antagonist (chlorpheniramine)
and a leukotriene antagonist (MK-571) producing 82%
inhibition, compared to 28% inhibition with MK-571 alone
and 16% by chlorphenamine [21]. Allergen bronchoprovo-
cation testing showed zafirlukast to reduce the early
asthmatic response to a greater degree than loratadine,
whilst each drug provided a similar degree of protection
against the late asthmatic response [22]. However, the
combination of zafirlukast and loratadine was significantly
more effective than either drug alone during the late
asthmatic response, suggesting additive antagonism. Oral
fexofenadine and montelukast on their own have been
shown to decrease the early and late cutaneous allergen
responses, whilst the combination was not significantly
more effective than fexofenadine monotherapy [23].

Clinical efficacy of antileukotriene therapy in allergic
rhinitis

In a double-blind parallel-group multicentre trial of 64
patients with seasonal allergic rhinitis, 8 weeks of treat-
ment with a 5-lipoxygenase inhibitor was more effective
than a placebo on total nasal symptom and daily activity
scores as well as global improvement ratings [24]. In a
parallel-group double-blind placebo-controlled dose-ran-
ging study, zafirlukast was given for 2 days in patients with
seasonal allergic rhinitis and showed significant improve-
ments in nasal congestion, sneezing and rhinorrhoea
compared to a placebo, with a minimal effective dose of
20 mg and an onset of action within 2 h of dosing [25]. In
abstracted data on 484 patients with seasonal allergic

rhinitis, in a placebo-controlled parallel-group double-blind
study, 4 weeks of treatment with oral pranlukast or
loratadine produced significant reductions in total seasonal
allergic rhinitis symptoms scores, although no breakdown
of individual symptoms (e.g. nasal blockage) was given
[26]. In another abstracted study of 1302 patients with
seasonal allergic rhinitis, there were modest but highly
significant improvements in all nasal symptoms and
rhinoconjunctivitis quality of life scores with montelukast
10 mg or loratadine 10 mg as once daily therapy compared
to a placebo over 2 weeks [27].

Pullerits er al. evaluated 33 patients with seasonal
allergic rhinitis in double-blind, double-dummy fashion,
who received oral zafirlukast, intranasal beclomethasone
dipropionate or placebo for 50 days during the pollen
season [28]. Beclomethasone, but not zafirlukast, sig-
nificantly reduced nasal symptoms compared with a
placebo. Moreover, the number of eosinophils in nasal
tissue biopsy increased significantly during the pollen
season in both the zafirlukast and placebo groups but not
in the beclomethasone group (Fig. 1). Nonetheless, it was
evident that there was a numerical trend towards
attenuation of nasal eosinophils with zafirlukast compared
with placebo, which raises the possibility that the study
may have been underpowered to show a modest effect.
The latter would appear to be consistent with the effects
of pranlukast on bronchial biopsy and induced sputum
where there have been consistent but relatively modest
reductions in the number of eosinophils and eosinophilic
cationic protein [29-31]. Taken together these studies
indicate that leukotriene antagonists exhibit a variable
anti-eosinophilic effect in both the upper and lower
airways.

In a single-blind double-dummy placebo-controlled
crossover study of 12 patients with seasonal allergic rhinitis
and coexistent asthma, comparison was made of once daily
oral montelukast 10 mg vs. once daily orally inhaled
budesonide 400 g plus intranasally inhaled budesonide
200 g, with each treatment given for 2 weeks [32]. Both
treatments elicited significant reductions in total seasonal
allergic rhinitis symptom scores, but only the corticosteroid
produced any significant reduction in nasal obstruction.
Furthermore, for nasal nitric oxide and domiciliary nasal
peak inspiratory flow, there were only significant differ-
ences with corticosteroid vs. placebo (Fig. 2). Both
treatments produced a similar and significant fall in
exhaled nitric oxide and although both drugs significantly
attenuated adenosine monophosphate bronchial hyper-
responsiveness, budesonide showed a 2.1-fold significantly
greater shift in bronchial hyper-responsiveness than
montelukast. Taken together with the findings of Pullerits,
this would suggest that corticosteroid is more effective than
leukotriene antagonist as monotherapy in allergic rhinitis,
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Fig. 1. Number of EG2" cells prior to and
during the grass pollen season in nasal 0 T T — 1 I r T
biopsies of patients with allergic rhinitis Pre-season Peak-season Pre-season Peak-season Pre-season Peak-season
(reprinted with permission from [28]). Placebo Zafirlukast Beclomethasone

and that leukotriene antagonists are
effective in the lung than the nose.

probably more

Combined histamine/leukotriene antagonism

A general overview of combined mediator antagonism in
allergic diseases was recently the subject of an editorial in
this journal [33]. Indeed there are possible plans for the future
to market a combined tablet containing loratadine and
montelukast, depending on the results of ongoing clinical
trials. On the basis of the Roquet study on allergen
bronchoprovocation, one would speculate that the effects of
a leukotriene antagonist in allergic rhinitis could be
augmented by coadministration with a histamine antagonist,
particularly as both of these agents showed additive effects
on the late-phase allergen response [22]. There are a number
of studies which have investigated this hypothesis, but have
produced conflicting results. Wilson and coworkers evaluated
38 non-asthmatic patients with summer seasonal allergic
rhinitis in a placebo-controlled single-blind, double-dummy 3
way parallel-group study, where patients received 4 weeks of
once daily therapy with either cetirizine 10 mg, cetirizine
with montelukast 10 mg, or cetirizine with intranasal
mometasone furoate 200 g [34]. All three treatments after
4 weeks produced significant improvements in total daily
symptoms, nasal symptoms and domiciliary nasal peak
inspiratory flow, but there was no significant additivity with
montelukast on top of the response to cetirizine.

In a multicentre randomised double-blind parallel-group
placebo-controlled 2 week trial of 460 patients with spring
seasonal allergic rhinitis, for the primary endpoint of
daytime nasal symptom score, there were no significant

differences between placebo, loratadine 10 mg, montelu-
kast 10 mg or montelukast 20 mg; although on secondary
endpoints including day-time eye symptoms, night-time
symptoms and composite score, montelukast but not
loratadine as monotherapy showed significant superiority
to placebo, whilst both drugs showed significant effects on
rhino-conjunctivitis quality of life [35]. However when
both drugs were given together, there were significant
effects on all of the primary and secondary endpoints.
These results were in contrast to a further study in 907
patients with fall seasonal allergic rhinitis, where there
were modest but highly significant improvements in all
primary and secondary endpoints including rhinoconjunc-
tivitis quality of life scores, when comparing loratadine
10 mg or montelukast 10 mg given alone vs. placebo for
2 weeks. There were non-significant numerical trends
towards further improvements when loratadine and mon-
telukast were given together [36,37]. These apparently
conflicting results may reflect the different sample size,
disease severity and the varying response to loratadine,
allergen load and montelukast in each study.

It is also important to consider the potency of the
antihistamine used as clinical trials have shown signifi-
cantly greater efficacy in seasonal allergic rhinitis with
both fexofenadine and cetirizine as compared to loratadine
[38—40]. It is therefore conceivable that if montelukast
were given in addition to a more potent antihistamine, such
as cetirizine, fexofenadine or desloratadine, that the degree
of additivity might be less pronounced. This hypothesis is
supported by the findings of Wilson et al. in seasonal
allergic rhinitis where montelukast showed no additivity to
cetirizine, as well as the findings of Simons et al. on
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Fig. 2. Means and standard errors for domiciliary nasal peak
inspiratory flow and nasal nitric oxide with placebo (PL),
budesonide inhaled 400 wg plus intranasal 200 wg (BUD), or
oral montelukast 10 mg (MON) in patients with seasonal allergic
rhinitis and asthma. *P < 0.05 for each randomised crossover
active treatment vs. placebo, +P < 0.05 for BUD vs. MON
(reprinted with permission from [32]).

allergen skin prick testing where montelukast showed no
additivity to fexofenadine [23,34]. In order to further
investigate this question, a comparison was made in 37
patients with seasonal allergic rhinitis of once daily therapy
for 2 weeks with either fexofenadine 120 mg alone vs. the
combination of montelukast 10 mg with loratadine 10 mg
in a randomised single-blind, double-dummy placebo-
controlled cross-over study [41]. There were significant

improvements in all symptom scores and domiciliary nasal
peak inspiratory flow with both treatments compared to
placebo, but no differences between the two treatment
regimes (Fig. 3). For example, for the primary outcome
variable of nasal peak inspiratory flow, the mean difference
between the two treatments was 2 L/min (95% CI:. — 6—
10 L/min). The time profile for nasal symptoms and peak
flow showed a rapid onset of action with both treatments
within the first day of administration. A limitation to this
study was the failure to include loratadine monotherapy as
a comparator, although the brief duration of the pollen
season precluded this in a cross-over design. This study
raises the question as to whether there would be additivity
with montelukast on top of the response to fexofenadine at
a higher dose of 180 mg daily, particularly in a subgroup of
patients with more severe allergic rhinitis, and in patients
with perennial rather than seasonal allergic rhinitis.
Another important question to resolve regarding the use of
combined mediator blockade, is how it compares to
monotherapy with intranasal corticosteroid, given that it
had previously been demonstrated that intranasal budesonide
was superior to montelukast [32]. With this aim, 22 patients
with seasonal allergic rhinitis were enrolled into a single-
blind, double-dummy placebo-controlled cross-over study
comparing 2 weeks of once daily therapy with either
intranasal mometasone 200 g as monotherapy or the
combination of montelukast 10 mg plus cetirizine 10 mg
[42]. There were significant improvements in domiciliary
peak nasal inspiratory flow and in all symptom scores with
both treatments compared to a placebo, whilst there were no
significant differences between the two treatments (Fig. 4).
The same idea was taken one step further in terms of
treating the whole airway with systemically administered
combined mediator blockade (as cetirizine 10 mg plus
montelukast 10 mg) or topically administered corticoster-
oids (as orally inhaled budesonide 400 pg plus intranasal
budesonide 200 wg) both given for 2 weeks in a single-
blind, double-dummy placebo-controlled cross-over study
in patients with allergic rhinitis and coexistent asthma [43].
Both treatments produced significant improvements in peak
expiratory flow, asthma symptom scores, daily activity
score and rescue inhaler requirements. Whilst mediator
blockade, but not corticosteroid, significantly improved
bronchial hyper-responsiveness to adenosine monopho-
sphate challenge, the converse was true in terms of
suppression of exhaled nitric oxide. In the same patients
mediator blockade and corticosteroid both produced
significant improvements in all allergic rhinitis symptoms
compared with a placebo, including nasal blockage,
although only the corticosteroid significantly improved
domiciliary peak nasal inspiratory flow rate [44]. These
findings are also supported by another multicentre 2 week
randomised double-blind study where the combination of
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Fig. 3. Morning and evening domiciliary
peak nasal inspiratory flow in patients
with seasonal allergic rhinitis during
placebo run-in and washout periods for

1 week (prior to each randomised cross-
over active treatment) and for 2 weeks
during randomised treatments with either
fexofenadine 120 mg alone or
montelukast 10 mg plus loratadine 10 mg.
For clarity, data are represented as daily
3 day point moving averages — O
represent placebo, [ represent
montelukast and loratadine, A represent
fexofenadine, solid symbols represent
evening values and open symbols
represent morning values (reprinted with
permission from [41]).
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score in patients with seasonal allergic rhinitis receiving either placebo, intranasal mometasone furoate 200 g, or montelukast 10 mg
plus cetirizine 10 mg. *P < 0.05 for active treatments vs. placebo (reprinted with permission from [42]).
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montelukast with loratadine was significantly superior to
montelukast alone on parameters of asthma control [45].
Taken together, all of these data suggest that oral therapy
with combined mediator blockade is a reasonable
therapeutic option for treating upper and lower allergic
airway inflammation. All this data is summarised in
Table 1.

It is also important to consider the relative drug costs.
For example, in the UK, the current cost of 28 days
treatment with the combination of cetirizine 10 mg (£8.15)

and montelukast 10 mg (£25.69) is considerably more
expensive than intranasal budesonide aqueous spray
200 g (£3.28) on its own for the treatment of allergic
rhinitis, or in conjunction with budesonide dry powder
inhaler 400 pg (£10.36) for the treatment of allergic
rhinitis and concomitant asthma. Since many patients
prefer to take tablets rather than nasal sprays or oral
inhalers, it is conceivable that the greater cost of combined
mediator blockade might be mitigated by the effects of
improved compliance on disease control, for example in

Table 1. Efficacy of leukotriene antagonists in seasonal allergic rhinitis

Reference Design Treatments Endpoints Outcomes
Donnelly et al. [25] n = 164 SAR 2 days: zafirlukast SARS Zafirlukast > placebo
1, db, pg, pc
Pullerits et al. [27] n = 33 SAR 7 weeks: zafirlukast or SAR Beclomethasone >
1, db, pg, pc intranasal beclomethasone Nasal eosinophils  zafirlukast = placebo
Grossman et al. [26] n = 484 SAR 4 weeks: pranlukast or SARS Pranlukast = loratadine
1, db, pg, pc loratadine > placebo
Wilson et al. [32] n = 12 SAR/Asthma 2 weeks: montelukast or SARS Budesonide >
1, sb, dd, co, pc inhaled + intranasal budesonide montelukast > placebo
PIF, NO Budesonide > montelukast
= placebo
Malmstrom et al. [27] n = 1302 SAR 2 weeks: montelukast or SARS, QOL Loratadine = montelukast
r, db, pg, pc loratadine > placebo
Wilson et al. [34] n = 38 SAR 4 weeks: cetirizine or cetirizine = SAR, PIF Cetrizine = cetirizine +
1, sb, dd, pg, pc + montelukast or cetirizine montelukast = cetirizine +
+ intranasal mometasone mometasone > placebo
Meltzer et al. [35] n = 460 SAR 2 weeks: montelukast or SARS Loratadine + montelukast >
r, db, pg, pc loratadine, or loratadine + loratadine = montelukast >
montelukast placebo
Lis et al. [36] n =907 SAR 2 weeks: montelukast or SARS, QOL Loratadine + montelukast
r, db, pg, pc loratadine, or loratadine = loratadine = montelukast >
+ montelukast placebo
Wilson et al. [41] n = 37 SAR 2 weeks: fexofenadine or SARS, PIF Fexofenadine = montelukast
1, sb, dd, co, pc loratadine + montelukast + loratadine > placebo
Wilson et al. [42] n = 22 SAR 2 weeks: intranasal SARS, PIF Mometasone = montelukast
1, sb, dd, co, pc mometasone or montelukast + cetirizine > placebo

Wilson et al. [44]

n = 21 SAR/Asthma
1, sb, dd, co, pc

+ cetrizine

2 weeks: inhaled + intranasal
budesonide or montelukast
+ cetirizine

Rhino, Acoustic,

Mometasone = montelukast

NO + cetrizine = placebo

SARS Budesonide = montelukast
+ cetirizine > placebo

PIF Budesonide > placebo =

Rhino, Acoustic

montelukast + cetirizine
Budesonide = montelukast
+ cetrizine = placebo

Randomised (r) controlled studies in patients with seasonal allergic rhinitis (SAR).

Design abbreviations: sb: single-blind, db: double-blind, dd: double-dummy, co: cross-over, pg: parallel-group, pc: placebo-controlled.
End points abbreviations: SARS: seasonal allergic rhinitis symptoms, QOL: quality of life, PIF: domiciliary nasal peak inspiratory flow,
NO: nasal nitric oxide, Rhino: rhinomanometry, Acoustic: acoustic rthinometry (see text for more details on breakdown of SARS in each

study.
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patients who have both allergic rhinitis and asthma. This
could be particularly relevant for atopic children where it
might be easier to administer oral medication on a once
daily basis. Proper pharmacoeconomic studies are therefore
required to evaluate combined mediator blockade in
comparison to other therapies.

Nasal polyposis and aspirin intolerance

Cysteinyl leukotrienes are involved in the aetiology of
aspirin intolerance which may manifest as asthma, nasal
polyposis, sinusitis and angioedema. This phenomenon
may be due to a genetic over-expression of leukotriene Cy
synthase in eosinophils and mast cells, which in the
presence of cyclo-oxygenase inhibition results in increased
cysteinyl leukotriene production [46]. Leukotriene antago-
nists are a valuable treatment for aspirin-sensitive asthma,
although there are no randomised controlled trials on their
efficacy in associated nasal polyposis [47,48]. There is
however, a study of aspirin sensitive asthmatics where the
5-lipoxygenase inhibitor zileuton blocked the increase in
nasal symptoms and leukotriene levels after aspirin
ingestion [49]. Our own anecdotal experience in the
rhinology clinic is that leukotriene antagonists are often a
valuable therapy for controlling nasal polyposis as well as
asthma in aspirin-intolerant asthmatics. Further studies are
indicated to evaluate the role of leukotriene antagonists in
patients with nasal polyposis who are not aspirin sensitive,
and are usually non-atopic to aeroallergens.

Summary

The following conclusions may be drawn from the findings
of studies presented in this review:

e Leukotriene antagonists as monotherapy tend to be
less effective in allergic rhinitis than in asthma.

e Leukotriene antagonists may be more effective in
seasonal allergic rhinitis when given concomitantly with a
histamine antagonist, although the degree of additivity may
vary and depend on the potency of the histamine antagonist
and the disease severity.

e Combined leukotriene/histamine antagonism may be
an effective alternative to intranasal corticosteroid alone in
seasonal allergic rhinitis, or as an alternative to combined
intranasal/inhaled corticosteroid in patients with seasonal
allergic rhinitis and coexistent asthma. However, combined
mediator antagonism is considerably more expensive than
intranasal * inhaled corticosteroid.

Further studies

A number of further clinical studies in allergic rhinitis

would appear to be warranted on the basis of the available
evidence.

e Large multicentre studies are required in seasonal
allergic rhinitis to assess whether montelukast produces
additivity to more potent antihistamines than loratadine,
such as fexofenadine, cetirizine or desloratadine.

e The same question with respect to montelukast
additivity should be directed towards its combined use
with antihistamine in perennial allergic rhinitis, using
objective measures of domiciliary peak nasal inspiratory
flow as well as subjective symptom scores, quality of life
and long-term cost effectiveness.

e In patients with more severe allergic rhinitis, it would
be relevant to compare combined mediator blockade vs.
intranasal corticosteroid plus an antihistamine.

e Large studies are required to compare combined
leukotriene/histamine antagonism vs. combined intranasal/
inhaled corticosteroid in patients with allergic rhinitis and
concomitant asthma, both for seasonal and perennial
disease. Such studies should look at surrogate upper/lower
airway inflammatory markers, as well as conventional
measures of disease activity. It would also be of value to
assess whether combined antagonism might facilitate more
effective dose tapering of topical corticosteroids in patients
with more severe asthma and allergic rhinitis.

e Nasal biopsy studies should be performed to evaluate
putative anti-inflammatory effects of combined leuko-
triene/histamine antagonism in perennial/seasonal allergic
rhinitis, and to compare this with intranasal corticosteroid.

e Paediatric studies are also indicated to evaluate
combined antagonism, particularly to evaluate long-term
effects on allergic rhinitis and its other atopic associations.

e Controlled studies need to be performed to evaluate
the potential role of leukotriene-antagonists as adjunctive
therapy to intranasal corticosteroids in nasal polyposis,
particularly in cases of aspirin intolerance where there is
already evidence for their efficacy in asthma.
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