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Abstract Zafirlukast is a selective and competitive orally administered inhibitor of the

Pharmacological Profile

cysteinyl leukotrienes LTC4, LTD4 and LTE4. The drug isindicated for the pro-
phylaxis and treatment of chronic asthma, and has been developed in response to
mounting evidence indicating the importance of the cysteinyl leukotrienesin the
pathogenesis of this disorder.

The efficacy of zafirlukast 20mg twice daily has been shown in double-blind
placebo-controlled studies of up to 13 weeks' duration in patients aged =12 years.
Zafirlukast was consistently superior to placebo inimproving objective measures
of lung function and subjective measures such as symptom scores and use of
as-required bronchodilator therapy. This dosage is also as effective when added
to low-dosage inhaled corticosteroid therapy as doubling of corticosteroid dos-
ages. Recent studies indicate superior efficacy over zafirlukast of twice-daily
inhal ed fluti casone propi onate 88ug or sal meterol 42g, athough zafirl ukast was
nevertheless associated with clinical improvement. Data also show zafirlukast
40mg to be of similar efficacy to pranlukast 225mg (both twice daily).

Overal, preliminary pharmacoeconomic datasuggest that healthcare costsare
reduced by zafirlukast therapy, although superior cost effectiveness has been
reported with inhal ed fluticasone propionate, and further studiesare needed. Data
areavailableto show improvementsin patient-rated quality of life, and preference
for and high rates of compliance with zafirlukast.

Inclinical trials, zafirlukast has shown an adverse event profile similar to that
of placebo. Isolated reports of hepatic dysfunction in a small number of individ-
ual s receiving the drug have been received, and recommendati onsfor monitoring
of patients are in place. Although no causal relationship has been established
between zafirlukast and Churg-Strauss Syndrome, patients undergoing cortico-
steroid dosage reductions require careful surveillance.

Conclusions: zafirlukast isan effectiveand well tolerated agent for preventive
monotherapy in mild to moderate persistent asthma. Emerging dataindicate ben-
efit of the drug when added to low-dosage inhal ed corticosteroids and show that
it may be a viable aternative to inhaled adjunctive treatments and increased
corticosteroid dosages in some patients. Although inhal ed fluticasone propionate
and salmeterol have been associated with greater clinical improvement than
zafirlukast in clinical studies, compliance considerations and the confirmed clin-
ical efficacy relative to placebo of the drug denote zafirlukast as an effective
aternative in treatment programmes based on individualised therapy. As experi-
ence with zafirlukast accumulates, it is expected that the drug will be positioned
more definitively in national and international treatment guidelines.

Zafirlukast is a selective and competitive inhibitor of the cysteinyl leukotrienes
LTC4, LTD4and LTE4. In humans, the drug prevents bronchoconstriction induced
by LTD4, alergens, exercise, cold air, sulphur dioxide or platel et activating factor.
Zafirlukast has a so been shown to have abeneficia effect on airway inflamma-
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tion induced by LTEj4, and to attenuate | ate-phase bronchoconstrictive responses
to allergenic challenge. The effect of the drug on bronchial hyper-responsiveness
has not been fully clarified, although limited data suggest a smaller effect of
zafirlukast than inhaled fluticasone propionate in this respect.

Zafirlukast exhibits 2-compartment pharmacokinetic characteristics. Peak
plasma concentrations are reached within 3 hours, and steady-state conditionsare
attained after 3 days of twice-daily oral administration. Coadministration with
food reduces the rate and extent of absorption of the drug. Zafirlukast is approx-
imately 99% bound to plasma proteins.

Themean plasmaelimination half-life of zafirlukast ranged from 8 to 16 hours
in pharmacokinetic studies, and the drug is metabolised extensively in the liver
by the cytochrome P450 (CYP) system. Elimination of zafirlukast, chiefly as
metabolites, takes place predominantly viathe faecal route.

Inhibition by zafirlukast of the hepatic microsomal enzymes CYP2C9 and
CY P3A givesrise to the potential for interactions with other drugs metabolised
viathese routes. Coadministration of zafirlukast with warfarin may resultinin-
creased prothrombin times, and careful monitoring with possible adjustment of
warfarin dosages is required in patients so affected. Plasma concentrations of
zafirlukast have been reduced in patients also receiving theophylline or erythro-
mycin, and increased with coadministration of aspirin. Increasesin plasmatheo-
phylline concentrations have not been reported in studies in patients who also
received zafirlukast, although there have been isolated reports of increased se-
rum/plasma concentrations of theophylline (occasionally with signs of theophyl-
line toxicity) in patients on long term therapy who have had zafirlukast added to
their medication. There have been no significant interactions reported with single
doses of azithromycin or clarithromycin. Zafirlukast does not appear to affect
oral contraceptive efficacy.

Therapeutic Use The therapeutic efficacy of zafirlukast 20mg twice daily orally has been shown
in a series of randomised and doubl e-blind comparisons with placebo of up to 13
weeks' duration. Zafirlukast was consistently superior to placebo in improving
objective measures of lung function [forced expiratory flow in 1 second (FEV 1)
and morning and evening peak expiratory flow (PEF)] and subjective measures
such as symptom scores and use of as-required bronchodilator therapy in patients
with mild to moderate asthma. The drug has also shown efficacy in patients with
severe persistent asthma, and data are available to show maintenance of benefit
with long term use.

Three double-blind placebo-controlled studies of 4, 6 and 10 weeks' duration
have been carried out in a total of 1193 children aged from 5 to 11 or 12 years
with mild to moderate asthma. Improved asthma control was seen consistently
with zafirlukast 10mg twice daily across these studies, not all of which are fully
published.

According to preliminary reports, the addition of zafirlukast to low-dosage
inhal ed beclomethasone dipropi onate therapy wasat |east as effective asdoubling
of corticosteroid dosages in 1 double-blind study and equivalent in another. In 1
study (n = 394), mean morning PEFswereincreased from baseline over 13 weeks
by 21, 25 and 13 L/min with zafirlukast 40 and 80mg twice daily and doubled
dosages of beclomethasone dipropionate, respectively. Improvements of at least
10% in mean morning PEF werereported in 36% of patientstreated with zafirluk-
ast 20 or 80mg twicedaily and in 38% of those on doubled corticosteroi d dosages
in the other trial (n = 440). At a dosage of 80mg twice daily, zafirlukast has also
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been shown to improve asthma control when added to existing high-dosage in-
haled corticosteroid therapy.

A series of randomised and double-blind 6- or 12-week studies (only one of
which has been fully published to date) involving at least 100 or 200 patientsin
each treatment group has recently indicated inhal ed fluticasone propionate 88ug
twice daily to be more effective (in terms of pulmonary function, symptomatic
improvement, Bz-agonist usage and frequency of nocturnal awakening) than
zafirlukast 20mg twice daily in the control of mild to moderate asthma. In most
studies, patients had been managed previously with inhaled short-acting (32-
agonist therapy. Nevertheless, in 2 studies in which placebo controls were in-
cluded, strong trends towards improved lung function were noted in patients
receiving zafirlukast. M ean percentages of symptom-free dayswere increased to
a significantly greater extent with fluticasone propionate than with zafirlukast,
but improvements with zafirlukast were neverthel ess superior to those seen with
placebo.

B2-agonist usage and nocturnal awakenings were statistically significantly
reduced relative to placebo by zafirlukast in 1 placebo-controlled tria. In the
other such study, the mean percentage of days on which B2-agonist therapy was
not needed wasincreased to agreater extent with fluticasone propionate than with
zafirlukast (p < 0.05), but significant increases (p < 0.05) relative to placebo were
neverthel ess seen with both active treatments (37.5% with zafirlukast and 48.9%
with fluticasone propionate).

Significantly greater improvements with inhaled salmeterol 42ug twice daily
than with zafirlukast 20mg twice daily were reported in 2 randomised double-
blind 4-week studies in patients with moderate asthma, over 80% of whom were
also receiving inhaled corticosteroid therapy. In 1 study, mean morning and eve-
ning PEFs were increased from baseline by 3.5 and 2.5%, respectively, with
zafirlukast, and by 8 and 5.6% with salmeterol (between-group differences were
statistically significant). The difference between groups at 4 weeks for mean
FEV1 was not significant, however, and statistically significant increases from
baseline were reported with both treatments. Salmeterol recipients reported sig-
nificantly greater improvement relative to baseline in patient-rated symptom
scoresthan did patientsreceiving zafirlukast. There was no significant difference
between groups in reduction of mean frequency of nocturnal awakening, how-
ever.

Overall, datafrom adouble-blind 6-week study in 298 Japanese patients with
mild to moderate asthma show zafirlukast 40mg twice daily to be of similar
efficacy in terms of global efficacy ratings and mean morning and evening PEFs
to pranlukast 225mg twice daily. The rate of marked or moderate improvement
was shown to be statistically significantly greater with zafirlukast than with
pranlukast by 1 statistical method (Dunnett-Gent 1-sided test), but not by another
(Wilcoxon 2-sample test). Nonsignificant trends towards greater increases from
baseline in mean morning and evening PEFs were observed with zafirlukast.

A nonblind pharmacoepidemiological study has been carried out in the prac-
tice setting in 3759 patientswith mild to moderate or severe asthmawho received
zafirlukast 20mg twice daily for 4 weeks. The extent of improvement in pulmo-
nary function decreased with increasing age, but zafirlukast was associated with
overall clinical improvement in patients of al ages. Adolescents showed the
greatest improvements in al measures of efficacy (PEF and FEV 1, B2-agonist
use, symptom scores, nocturnal awakenings and mornings with asthma).
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Pharmacoeconomic, Cost analyses based on results of clinical studies have shown significant reduc-
Quality-of-Life and tions in the use of healthcare resources relative to placebo in patients receiving
Compliance zafirlukast. According to a meta-analysis of 5 placebo-controlled trials, costs
Considerations associated with asthma exacerbations per 1000 patients per year were £26 000

and £48 000 (1995 values) for zafirlukast and placebo, respectively.

Recent cost and cost-effectiveness analyses have been based on results of
double-blind clinical studies comparing zafirlukast with inhaled fluticasone pro-
pionate, and have consistently shown lower costs from athird party payer’s per-
spective with corticosteroid treatment. One report showed daily direct costs per
successfully treated patient to be $US4.64 for zafirlukast and $US2.76 (1998
values) for fluticasone propionate; these values increased to $US6.02 and
$US3.81 when indirect costs (based on missed days of work) were included. A
study in 451 patients yielded cost-effectiveness ratios of $US428.64 and
$US157.67 per sickness-free day per patient per month for zafirlukast and
fluticasone dipropionate, respectively (year of costing not stated).

Results of retrospective US analyses of medical claimsare inconclusive. One
study showed a 21% increase from baseline in the total annual cost of asthma
careover 21 monthsin 392 patientsreceiving zafirlukast, whereas 857 individuals
receiving fluticasone propionate showed a 22% decrease (p < 0.0001 between
groups). In an analysis of managed care claims from 780 patients, however, out-
patient visits, inpatient stays, emergency department visits and prescriptions for
inhaled salbutamol were al significantly reduced (p < 0.002) over 3 months by
the addition of zafirlukast to existing inhaled corticosteroid therapy.

There is some disagreement in the literature over the effect on quality of life
of zafirlukast treatment, athough data are available to show improvement in
patients treated with the drug. No clinically meaningful change with zafirlukast
20mg twice daily over 12 weeksin quality of life according to the Asthma Qual-
ity-of-Life Questionnaire (AQLQ) was suggested in a comparison with
fluticasone propionate 88ug or salmeterol 42ug twice daily. However, thesefind-
ings are at variance with data showing improved quality of life after 13 weeks
treatment with zafirlukast 20mg twice daily in patients with moderate asthma.
Twice-daily therapy with zafirlukast has also been shown to be associated with
greater improvements in quality of life than increased dosages of inhaled corti-
costeroids in a 52-week UK assessment.

Data are aso available to show high rates of compliance with zafirlukast
therapy, with an approximate 2 to 1 preference by patients for oral zafirlukast
over inhaled treatment.

Tolerability Pooled data from 5188 patients treated with zafirlukast in clinical trials showed
pharyngitis (incidence of 16%), headache (12%) and aggravation reaction (a
COSTART term used to define worsening of any pre-existing condition) [8%] to
be the major adverse events reported with short term therapy (<20 weeks). Other
adverse events, reported in 3 to 4% of patients, included infection, rhinitis, influ-
enza syndrome, nausea and cough. All were reported with incidences similar to
those with placebo.

According to more recent US tol erability data based on 6090 healthy volun-
teers and patients with asthma, only headache was reported with an incidence
above 10% (12.9% with zafirlukast and 11.7% with placebo) in alisting of ad-
verse events reported at rates higher than those with placebo in at least 1% of
zafirlukast recipients. UK prescribing information highlights headache (inci-
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Dosage and
Administration

dence of 9.9 vs 9% with placebo) and Gl disturbance (nausea 2.6 vs 2.2%; vom-
iting 1.2 vs 1%,; diarrhoea 2.3 vs 1.8%; and abdominal pain 1.6 vs 1.2%) as the
predominant adverse events reported in comparisons of zafirlukast with placebo.

Comparative clinica studies have shown no clinically significant differences
between zafirlukast and pranlukast or inhaled fluticasone propionate or
salmeterol in adverse event profiles.

Raised serum levels of liver enzymes have been occasionally reported in pa-
tientsreceiving zafirlukast, but these usually return to normal or near-normal after
withdrawal of treatment. There have been isolated reports of hepatic dysfunction
in asmall number of patients, and recommendations have been made to address
thisissue.

Zafirlukast 10mg twice daily had a tolerability profile similar to placebo in
studiesin 411 children aged 5 to 11 years, with pharyngitis being reported most
commonly (9.3 and 13.6%, respectively, of zafirlukast and placebo recipients).
Treatment-rel ated adverse eventswerereportedin 4.2, 7.4 and 8.1%, respectively,
of adolescent, adult and elderly patients receiving zafirlukast in a phar-
macoepidemiological study in 3759 individuals. Relativeto other patient groups,
headache, abdominal pain, diarrhoea and nausea were most frequent, and infec-
tion and sinusitis least common, in elderly patients.

Churg-Strauss Syndrome, a form of vasculitis, has been noted in patients re-
ceiving zafirlukast. The majority of reports have been in patients in whom oral
corticosteroid dosages were being reduced, and it isthought that the syndromeis
seen chiefly in patients with an underlying eosinophilic disorder, masked by
corticosteroid treatment, that becomes clinically apparent when corticosteroid
dosagesarereduced foll owing the additi on of zafirlukast therapy. No direct causal
relationship has been established between Churg-Strauss Syndrome and the
leukotriene receptor antagonists.

Zafirlukast is administered orally as one 20mg tablet twice daily at regular inter-
vals for the prophylaxis and treatment of persistent asthma in patients aged 12
years and over. As food may reduce the bioavailability of zafirlukast, the drug
should be taken at least 1 hour before or 2 hours after meals.

There are no specific dosage guidelinesfor the use of zafirlukast inthe elderly,
but adosage of 10mg twice daily isrecommended for children aged 7 to 11 years
in some countries, including the US, and the drug is contraindicated in children
aged under 12 yearsin the UK. Prescribing guidelines in the latter country also
state that zafirlukast should not be given to patients with hepatic impairment or
cirrhosis. US guidelines state that dosage adjustments are not required in patients
with renal impairment, but zafirlukast is contraindicated in the UK in patients
with moderately or severely impaired renal function.

The recognition of asthma as a chronic inflam-
matory disorder, concern over thelimitations of es-
tablished therapies and identification of theimpor-
tant role played by the leukotrienes in the
pathogenesis of asthma have led to the develop-
ment of a class of new agents, the leukotriene re-

0 Adis International Limited. All rights reserved.

ceptor antagonists, of which zafirlukast (fig. 1) is
a member. The pharmacology and therapeutic po-
tential of zafirlukast were first reviewed in Drugs
in 1998,111 and the present article re-examines the
role of thisagent in the light of research carried out
and clinical experience gained since that time.

Drugs 2001; 61 (2)
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Fig. 1. Structural formula of zafirlukast.

1. Physiological Role of the Leukotrienes

The leukotrienes are lipoxygenase products
formed by the oxidative metabolism of arachidonic
acid, a 20-carbon fatty acid. The discovery of this
group of compounds dates back over 60 years to
studies on snake venom that revealed a substance
that caused sustained contractions of airway smooth
muscle.[? The pattern of this contractile response
differed from that seen with histamine, and the
newly discovered substance was named slow-
reacting substance of anaphylaxis (SRS-A). SRS
Awaslater discoveredinlungtissuefromindividual s
with asthma.[3l

The compounds making up SRS-A are now
known to be the inflammatory mediators leuko-
triene Cs (LTC4), Dy (LTD4) and Es (LTE4), also
known as the cysteinyl leukotrienes (reviewed by
Adkins and Brogdent!). This group of compounds
is one of 2 leukotriene classes, the other of which
consists of the non-peptide leukotrienes A4 (LTAY)
and B4 (LTBy). Their precursor, arachidonic acid,
becomes available after cleavage from cell mem-
brane phospholipids by phospholipase A,,[*®! and
isthen acted upon by 5-lipoxygenase after presen-
tation by 5-lipoxygenase-activating protein
(FLAP) [both of which are located in the nuclear
envelopel®] to form 5-hydroperoxyeicosatetrae-
noic acidl”8l (fig. 2). Thisisin turn converted to
LTA 4, an unstable compound that is converted rap-
idly to the dihydroxyleukotriene LTB, in neutro-
phils, or to the cysteinyl leukotriene LTC,4 in eosin-
ophils, mast cells and alveolar macrophages.[91
After formation, LTC,istransported into the extra-

0 Adis International Limited. All rights reserved.

cellular spacewhere LTD, isformed by the loss of
a glutamic acid moiety.[11:12 Subsequent cleavage
by extracellular dipeptidases|eadsto theformation
of LTE,.

The leukotrienes exert their physiological ef-
fects by binding to specific receptors. Two cys-
teinyl leukotriene receptor subtypes, CysLT; and
CysLT»,, havebeenidentified pharmacologically in
humans,[13 and have been characterised more re-
cently after cloning in Xenopus laevis oocytes
and/or thehuman embryonickidney cell lineHEK -
693.11415 Most of the actions of the cysteinyl
leukotrienes are mediated by the CysLT; receptor,
which is found in the smooth muscle of airways
and is activated by all 3 compounds (LTC,, LTD4
and LTE,). The effects produced include smooth
muscle contraction leading to bronchoconstrict-
ion,[16-19] increased vascular permeabilityl29 and
mucus production,21 and inflammatory cell infil-
tration into the lungs.[2223] In humans, the CysLT,
receptor mediates constriction of pulmonary vas-
cular smooth muscle, although this processis less
well understood than those mediated by the
CysLT; receptor.[24 A receptor that is acted upon
by LTB4 and that predominantly mediates chemo-
taxis [the B leukotriene (BLT) receptor] has also
been identified.[25]

2. Pharmacological Profile

2.1 Pharmacodynamics

Asreported previoudy by Adkinsand Brogden,[1
zafirlukast is a selective and competitive inhibitor
of LTCy, LTD4 and LTE4. Preclinical studies in
guinea-pigs showed the drug to inhibit the binding
of LTD4 and LTE,4 to parenchymal lung membrane
tissug,[28! to antagonise LTD4-induced dyspnoeal?d]
and to attenuate leukotriene-induced eosinophil re-
sponsed?3 in a dose- or concentration-dependent
manner. Zafirlukast alsoinhibited and reversed ov-
albumin-induced bronchoconstriction in sensitised
animals, and dose-dependently inhibited LTDy-
induced tracheal oedema.[26]

Extensive human data are available to show the
ability of zafirlukast to confer protection against a

Drugs 2001; 61 (2)
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Fig. 2. Biochemical formation and receptor interactions of the leukotrienes. The precursor, arachidonic acid, is cleaved from the
phospholipid bilayer by cytosolic phospholipase A; as shown. Leukotrienes B, and C, are carried through the cell membrane into

the extracellular space by membrane transporters. Note blockade

receptor CysLT; by zafirlukast. BLT = B leukotriene; 5-HPETE =

activating protein.

variety of challenges that induce bronchocon-
striction. Previously reviewed results! from dou-
ble-blind, placebo-controlled crossover studiesin-
volving 6 to 39 participants have shown the
efficacy of single doses of the drug in the preven-
tion of bronchoconstriction induced by LTD,4,[27-30
allergens,3-34 exercise, 3371 cold air,[3841 syl-
phur dioxidel4? or platelet activating factor.[43]
Most of these studies were carried out in patients
with asthma and involved assessments based on
forced expiratory volume in 1 second (FEV3).
Zafirlukast was administered orally in most trials,
and although doses ranged from 5 to 100mg, 20 or
40mg was used most frequently. Treatment wasgiven
from 0.5 to 24 hours before the challenge, with an
interval of 2 to 8 hours being most common.
Since publication of the last review of zafirlu-
kast in Drugs, preliminary datahave become avail-
able from adouble-blind study to confirm the ben-
eficial effect of the drug on airways inflammation
induced by LTE,.[*4 After initial screening to de-
termine the dose of LTE,4 required to reduce FEV;

0 Adis International Limited. All rights reserved.

of access of leukotrienes C4, D4 and E,4 to the cysteinyl leukotriene
5-hydroperoxyeicosatetraenoic acid; FLAP = 5-lipoxygenase-

by 15% (PD15), 6 weeks' oral therapy with zafirluk-
ast 80mg twice daily was associated with substan-
tial reductionsrelative to placebo in eosinophil and
neutrophil countsin bronchial biopsies taken both
before and after repeat LTE, (PD15) challengein a
total of 19 adults with mild asthma (fig. 3).

Data reported in the previous review,l which
showed the protective effect of zafirlukast against
the early response to allergenic challenge have
been supported by 2 recent and similarly designed
randomised and double-blind crossover studiesin
atotal of 36 patientswith cat-induced asthma.[45:4¢]
In both trials, patients received zafirlukast 20mg
twice daily or placebo orally for 1 week, and were
exposed to alergenic materia at the end of each
treatment period by being placed in a sealed room
with 2 cats. Overall decreases in median FEV,
relative to baseline were significantly smaller after
zafirlukast than after placebo treatment [26.5 vs
33.12% (p = 0.02)[45] and 15 vs 25% (p = 0.019)[461].
In one of the studies (for which a fully published
report was available),[43! median FEV; reductions

Drugs 2001; 61 (2)
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were significantly smaller with zafirlukast 15 and
30 minutes after the start of the challenge, but not
at 45 and 60 minutes. It should be noted that the
median challenge duration was significantly
longer with zafirlukast than with placebo after ad-
justment for differencesin levels of allergenic ex-
posure (risk ratio 0.37; p = 0.0223).

Many patients also experience a late broncho-
constrictiveresponseto allergenic challengethat is
associated with tissue oedema, infiltration and re-
cruitment of inflammatory leukocytes and in-
creased bronchial hyper-responsiveness.[4748 This
response develops 3 to 6 hours after challenge and
may last for up to 24 hours. Previously reported
preliminary data indicated attenuation of the late-
phase response by zafirlukast given orally,[3234.49]
but no further studies of this effect have been pub-
lished to date.

The full extent of the effect of zafirlukast on
bronchia hyper-responsiveness remains to be clari-
fied. Most recent data are from a double-blind
crossover comparison with inhaled fluticasone
propionate in 30 patients with mild to moderate
asthma.l59 Patients received zafirlukast 20mg
orally or fluticasone propionate 100ug by inhaa
tion twice daily for 2 weeks each, with a 2- to 4-
week washout period between treatments. Mean
concentrations of nebulised histamine required to
cause a 20% reduction in FEV; (PDyg) were 1.61
and 0.99 g/L after fluticasone propionate and
zafirlukast treatment, respectively (p = 0.037 be-
tween treatments), which indicated a greater effect
with the corticosteroid. Mean baseline (pretreat-
ment) PDyg values ranged from 0.57 to 0.58 g/L.

Zafirlukast exhibited bronchoprotective and
anti-inflammatory effects with improved peak ex-
piratory flow (PEF) when added to inhaled corti-
costeroid therapy in a recent study in 24 patients
with the glycine-16 [(3,-adrenoceptor genotype
(which is known to predispose to [3-agonist
desensitisation and is present in around 40% of
individuals with asthma).l3! Patients were ran-
domised to single-blind crossover treatment with
placebo, zafirlukast 20mg twice daily orally or
formoterol 120ug twice daily by inhalation. Mean

0 Adis International Limited. All rights reserved.
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Fig. 3. Effect of zafirlukast on eosinophil counts in bronchial
biopsies after leukotriene E4 (LTE4) challenge. After screening
to determine the dose of LTE, inducing a 15% reduction in
forced expiratory volume in 1 second (PD;s), 19 patients with
mild asthma were randomised to double-blind treatment with
zafirlukast 80mg or placebo twice daily orally for 6 weeks.[*4]
Fibreoptic bronchoscopy was carried out and biopsies taken
before and 4 to 6 hours after LTE4 PD;s challenge before and
after treatment.

methacholine PD,g values were increased 1.5-fold
with zafirlukast and 1.9-fold with formoterol rela-
tiveto placebo (both p < 0.05). Zafirlukast, but not
formoterol, was associated with significant (p <
0.05 vs placebo) suppression of mean exhaled
levels of nitric oxide, amarker of bronchial inflam-
mation. However, in contrast to inhaled fluticasone
propionate, 4 weeks' treatment with zafirlukast
20mg twicedaily had no beneficial effect onlevels
of exhaled nitric oxide in a recent double-blind
crossover study in 8 patientsalready receiving inhaled
[3>-adrenoceptor agonist therapy.[52

2.2 Pharmacokinetics

The pharmacokinetic profile of oraly adminis-
tered zafirlukast has been described in detail pre-
viously by Adkinsand Brogden;[!! thefollowing is
abrief summary based on updated information.[53-5

Zafirlukast exhibits 2-compartment pharmaco-
kinetic characteristics after oral administration. After
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rapid Gl absorption, peak plasmaconcentrations of
the drug are attained typically within 3 hours. The
absolute bioavailability of zafirlukast has not been
determined, although coadministration with food
generally reducesthe rate and extent of absorption.
Whether this effect is clinically significant is not
known, but patients are neverthel ess advised not to
take the drug with food (section 6). Steady-state
plasma concentrations of the drug are reached
within 3 days with twice-daily administration, are
proportional to dosage and are predictable from
single-dose data. Zafirlukast isapproximately 99%
bound to plasma proteins (chiefly albumin) over
the plasma concentration range 0.25 to 10 mg/L.

Systemic exposure to zafirlukast as shown by
mean areas under plasma drug concentration ver-
sustime curves (AUCS) is greater in children than
in adults. Accumulation in plasma after multiple
doses is similar in children and adults, however.
Plasmaclearance of zafirlukast appearsto decrease
with advancing age. Peak plasma concentrations
and AUC values in elderly men and women (aged
up to 78 years) have been shown to be 2 to 3 times
greater than those in younger patients.

Zafirlukast is metabolised extensively in the
liver, and plasma concentrations of the drug de-
clinein abiphasic fashion after oral administration.
The mean elimination half-life in pharmacokinetic
studies ranged from 8 to 16 hours. In vitro studies
indicate that hydroxylation by the cytochrome
P450 (CY P) isoenzyme CY P2C9isthemajor route
of biotransformation of zafirlukast, and that the
drug inhibits both thisand the CY P3A4 isoenzyme
(section 2.3). The metabolites of zafirlukast in
plasmaare 90 times less potent in vitro in terms of
leukotriene antagoni sm than the parent compound.
Elimination primarily involves these metabolites
and takes place predominantly viathe faecal route,
with urinary excretion accounting for less than
10% of an oral dose.

Peak plasma drug concentrations and AUC val-
ues are increased by 50 to 60% relative to those
in healthy individuals in patients with stable alco-
holic hepatic cirrhosis who receive zafirlukast.
Thereareno data, however, from studiesin patients

0 Adis International Limited. All rights reserved.

with hepatitis or from long term trials in patients
with cirrhosis, and recommendationsvary between
countries. Limited data suggest that the pharmaco-
kinetics of zafirlukast are not altered, and that dosage
adjustments are therefore not required, in patients
with mild renal impairment, but recommendations
again differ asto whether the drug should be used in
patients with more severe disease (see section 6).

2.3 Pharmacokinetic Drug Interactions

Because zafirlukast inhibits the hepatic micro-
somal enzymes CY P2C9 and CYP3A, concurrent
use of other drugs metabolised by these enzymes
may result in altered clearances and plasma drug
concentrations. Asreported previously, concom-
itant administration of zafirlukast and warfarin
may result in increased plasma concentrations of
Swarfarin and clinically significantly increased
prothrombin times. Monitoring and adjustment of
warfarin dosages where necessary are therefore
recommended in patients receiving zafirlukast at
the same time as warfarin.[53]

Other previously reviewed studies showed 30 to
40% reductions in plasma concentrations of za-
firlukast when the drug was coadministered with
theophylline or erythromycin in patients with
asthma, and the concomitant administration of as-
pirin increased plasma concentrations of zafirlu-
kast by approximately 45%.[% Subsequent data in-
dicate no significant effect of zafirlukast on plasma
theophylline concentrations after single doses of
the latter.[5356] | ncreased serum/plasma concentra-
tions of theophylline (sometimes accompanied by
signs of theophylline toxicity) have been reported
rarely in patients on long term therapy who have
had zafirlukast added to their medication.[5357] The
mechanism behind this effect is not known, but an
idiosyncratic reaction has been postulated.!58! A
randomised crossover study in 12 healthy volun-
teers showed no evidence of any clinically signifi-
cant interaction between zafirlukast 20mg twice
daily and single 500mg doses of azithromycin or
clarithromycin.[58]

Zafirlukast 40mg twice daily orally was not as-
sociated with any clinically significant effect on
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Table I. National Heart, Lung, and Blood Institute/WHO classification of asthma severity.!®2 Note that the presence of 1 feature in a category

is sufficient to place a patient in that category

Mild intermittent

Intermittent symptoms (less than once weekly) and nocturnal symptoms rare (less than twice monthly).

Exacerbations brief, with normal lung function between exacerbations. PEF or FEV1 280% predicted;

variability in PEF <20%
Mild persistent

Symptoms at least once weekly, but less than once daily. Nocturnal symptoms more than twice monthly.

Exacerbations may affect activity and sleep. PEF or FEV1 280% predicted; variability in PEF 20 to 30%

Moderate persistent

Symptoms daily; nocturnal symptoms present on more than 1 night each week. Daily use of short-acting

inhaled B2-agonists. Exacerbations affect activity and sleep. PEF or FEV1 60 to 80% predicted; variability

in PEF >30%

Severe persistent

Continuous symptoms limit physical activity, with frequent nocturnal symptoms and exacerbations. PEF or

FEV1 <60% predicted; variability in PEF >30%

FEV, = forced expiratory volume in 1 second; PEF = peak expiratory flow.

plasma ethinylestradiol concentrations or contra-
ceptive efficacy in a 3-week study in 39 healthy
women receiving a fixed-dosage estrogen/proges-
togen oral contraceptive regimen.[1:53

As with all drugs that affect these hepatic en-
zyme systems, it is recommended that appropriate
care be exercised when zafirlukast is coadmin-
istered with any drugs likely to inhibit CY P3A or
CYP2C9.[53]

3. Therapeutic Use

At the time of the previous review,[! the effi-
cacy of zafirlukast 20mg twice daily over placebo
had been shown in large double-blind parallel-
group studies predominantly in patients aged 12
years and over with mild to moderate asthma
(thedrug wasgiven orally inall studiesdiscussed).
Efficacy relative to placebo has also been de-
monstrated in patients with moderate to severe as-
thmal5%-61 (a generally accepted asthma severity
classification is given in table 1162)),

Since the publication of the last review, the ef-
ficacy of zafirlukast relative to placebo has been
confirmed, and data pertaining to long term treat-
ment have been published. Studies have also as-
sessed the efficacy of zafirlukast relative to pla-
cebo in younger patients, and the drug has been
compared with other anti-asthmatic therapies,
most notably inhaled fluticasone propionate and
the long-acting B,-adrenoceptor agonist salme-

0 Adis International Limited. All rights reserved.

terol. Zafirlukast has also been investigated as an
alternativeto increased dosages of inhaled cortico-
steroids, and as add-on therapy in patients receiv-
ing high dosages of these agents. A comparison
with one other |eukotriene antagonist, pranlukast,
has a so been carried out.

Changes in pulmonary function were measured
chiefly intermsof PEF and FEV ; acrossthese stud-
ies. Symptomsand use of as-requiredinhaled bron-
chodilator therapy were also widely monitored.
Randomised and double-blind study designs were
commonly employed, although the results of many
of the studies conducted since the last review are
available in preliminary abstract form only (see
following subsections for details).

As might be expected for an agent that modu-
|atestheactionsof mediatorsof inflammation, case
reports are available in the literature to suggest
benefit of zafirlukastinanumber of other conditions.
Theseinclude eczema, 6364 chronic urticaria,[6566]
sinusitig%7-69 and chronic nasal polyps.[7%-71 How-
ever, results of a small randomised, double-blind
and placebo-controlled comparison of zafirlukast
with intranasal beclomethasone dipropionate do
not support the use of zafirlukast in seasona al-
lergic rhinitis,[72 and the potential place, if any, of
the drug in the management of these other condi-
tions remains debatable and will not be discussed
further in this article.
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3.1 Comparisons with Placebo

Previously reported comparisons of zafirlukast
with placebo were of 6 or 13 weeks' duration and
involved between 106 and 762 patientstreated pre-
viously with ashort-acting inhaled [3,-agonist with
or without theophylline. The efficacy of zafirlukast
was assessed objectively by measuring pulmonary
function (FEV1 and morning and evening PEF),
and subjectively by symptom assessment and by
recording the use of as-required bronchodilator
therapy [usually in the form of the inhaled short-
acting [,-adrenoceptor agonist salbutamol (albu-
terol)]. Studies consistently showed significantly
greater improvements in these end-points with
zafirlukast than with placebo.[t! Frequencies of
nocturnal awakening were also consistently re-
duced to agreater extent in zafirlukast than in pla-
cebo recipients.

In the largest of these trials (n = 762),[73l in
which patients were randomised after a single-
blind run-in period of 7 to 14 days, treatment with
zafirlukast 20mg twice daily for 13 weeks im-
proved mean morning PEF by 13.6 L/min (p <
0.01) and increased mean FEV 1 by 0.08L (p <0.05)
relative to placebo. Mean weekly frequencies of
nocturnal awakening were 2.05 and 2.52 after 13
weeks in the zafirlukast and placebo groups, re-
spectively (p < 0.05) [awakenings decreased from
baseline by 19.8 and 4.3%)]. Trends towards reduc-
tionsin daytime asthma symptom scores, mornings
with asthma and [3,-agonist use, and increased
morning PEF, were evident in zafirlukast recipients
after 2 days.[”®! These findings are concordant with
those of another group of investigators,[”1 who re-
ported clinical improvement relativeto placebo af -
ter only 3 days of therapy.

Patients with severe asthma at baseline (FEV 1
<65% predicted) derived greater benefit from
zafirlukast treatment than did patients with less se-
vere disease (FEV, >80% predicted) [note that
classification of severity of disease by percentage
of predicted FEV 1 isbased on expected normal val-
ues according to recommendations by Crapo et
al.[ or Polgar and Promadhat(8].[73] In addition,
retrospective analyses of subsets of patients who
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participated in 13-week randomised double-blind
studieshaveindicated greater benefit of zafirlukast
in moderate asthma than in mild disease,!””! and
have shown efficacy of the drug as monotherapy in
patients with severe persistent asthma.[’8 In 1 ana-
lysis (involving atotal of 1484 patients previously
managed with inhal ed short-acting 3,-agonist ther-
apy), incremental increasesin benefit of zafirlukast
20mg twice daily were noted in subgroups with
high levels of inhaled (3,-agonist use (>8 puffs/
day), PEF variability (=20%) and airflow obstruc-
tion (FEV; : forced vital capacity ratio <0.7) at
baseline.[’"]

Data from ameta-analysis of 5 randomised and
double-blind 13-week studies indicated that the
risk of an asthma exacerbation requiring oral corti-
costeroid treatment was approximately halved
(oddsratio 0.53; p = 0.01) relative to placebo (n =
692) in patients receiving zafirlukast 20mg twice
daily (n=972).["9]

Preliminary data from a 6-week multicentre,
double-blind and placebo-controlled Japanese
study!8% concur with the findings reported in the
previous review. Patients aged 16 years or over
with mild to moderate asthma were recruited, of
whom 243 completed the trial. Of these patients,
161 (66%) were receiving concurrent therapy with
inhaled or oral corticosteroids. Mean morning PEF
was increased by 21 to 26 L/min after treatment
with zafirlukast 10, 20 or 40mg twice daily; the
corresponding increase in the placebo group was 3
L/min.

3.2 Long Term Efficacy

Long term efficacy of zafirlukast 20mg twice
daily has been shown in anonblind extensionl8! of
a large double-blind study(73 (section 3.1). Of an
original cohort of 762 patients, 443 (of whom 310
had previously received zafirlukast and 133 pla-
cebo during the 13-week double-blind phase) en-
tered the nonblind extension phasein which all pa-
tients received active treatment. Data are available
for thefirst 39 weeksto show sustained therapeutic
benefit of zafirlukast, with significant improve-
ments (p < 0.01) after 3 weeksrelative to the start
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of the nonblind extension period in mean, percent-
age predicted and personal best FEV in patients
who had previously received placebo.

Analysis of combined results for all patients
(previous treatment with zafirlukast or placebo)
showed a statistically significant mean increase
from baseline (the start of the double-blind phase)
in FEV 1 over the 52-week period covering the dou-
ble-blind and extension phases of 4.7% (p <
0.001). Similarly, mean percentage predicted and
percentage personal best FEV; valuesincreased by
5.1 and 6, respectively (both p < 0.001).

3.3 Studies in Children

Preliminary results are available for 3 random-
ised, double-blind and placebo-controlled studies
in children aged 5 to 1182 or 12[83.84 years. Chil-
dren with mild to moderate asthma (mean FEV; at
baselineranging from 72 to 77.8% predicted) were
recruited, and dosages ranging from 5 to 40mg
twice daily were given for 4 to 10 weeks after a
single-blind run-in period of 7 to 14 days. Fully
published combined results from 2 studies of 4
and 6 weeks duration in a total of 714 children
previously treated with short-acting inhaled (3,-
agonists showed improvementsrelative to placebo
from baseline in spirometric and patient-reported
parameters with zafirlukast 5 or 10mg twice daily,
with no additional clinical benefit being evident at
higher dosages.[85 Onset of actionwas particularly
rapidinthisagegroup, with statistically significant
improvements relative to placebo in morning and
evening PEF, peak flow variability and (,-agonist
usage being noted by the end of day 1.

Pooled dataanalysis showed statistically signif-
icant improvements versus placebo in all efficacy
outcomes except asthma epi sode score and noctur-
nal awakenings in children receiving zafirlukast
10mg twice daily.[85] L east squares mean treatment
differences versus placebo were 2.55 for the mean
change from baseline in percentage predicted
FEV: (p = 0.043), 3.8 for the mean percentage
changein FEV; (p = 0.04) and 5.09 for the mean
percentage change in morning PEF (p = 0.003).
Frequency of nocturnal awakening was signifi-
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cantly reduced (p = 0.009 vs placebo) in the subset
of children with at least 1 awakening per week at
baseline (78 zafirlukast 10mg and 86 placebo re-
cipients) at this dosage level.

Both the above studies were designed with 52-
week nonblind extensions during which patients
received zafirlukast 10 (n = 179)[83 or 20mg (n =
321)[84 twice daily. Statitically significant (p <
0.001) improvements from baseline were reported
at the end of these treatment periods for PEF,[83.84]
FEV 1,8 forced vital capacity,!®¥ peak flow vari-
ability,[83 symptomd®3l and B,-agonist usel®®! (no
further details given in the abstracts available).

Improved asthma control was reported over 10
weeks with zafirlukast 10mg twice daily in the
third study,82 in which atotal of 479 children, of
whom 98 were already receiving inhaled cortico-
steroid therapy, were randomised to active treat-
ment or placebo. Overall mean morning PEF was
increased from baseline by 17 and 10 L/min in the
zafirlukast and placebo groups, respectively (p <
0.01 between groups). Corresponding increasesfor
patients also receiving inhaled corticosteroids
were 18 and 3.5 L/min (p < 0.05). Mean frequen-
cies of nocturnal awakening and (,-agonist use
were also statistically significantly reduced rela-
tive to placebo in the overall study population and
in patients receiving inhaled corticosteroids. For
children with night-time awakening in the run-in
period, zafirlukast (n = 22) and placebo (n = 19)
were associated with decreases of 1.4 and 0.5
awakenings per week, respectively (p < 0.05).

3.4 Comparisons with Increased Dosages
of Inhaled Corticosteroids

Anti-inflammatory therapy with inhaled corti-
costeroids is a key feature of the pharmacol ogical
management of persistent asthma. Patientswho re-
main symptomatic on low dosages of these agents
are conventionally prescribed higher dosages to
obtain ongoing control of their condition.[88] How-
ever, preliminary datafrom recent randomised and
double-blind studiesin patients aged 12 years and
over have shown that the addition of zafirlukast to
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low-dosage inhaled corticosteroid therapy may be
an alternative to this approach.[87.8l

In 394 patients with asthma not satisfactorily
controlled by low dosages of inhaled beclometh-
asone dipropionate (mean dosage 336 ug/ day), the
addition of zafirlukast 40 or 80mg twicedaily (n.b.
dosages higher than those currently recommended)
was at least as effective as the doubling of cortico-
steroid dosages.[81 Mean morning PEF was in-
creased from baseline over 13 weeksby 21, 25 and
13 L/min in the zafirlukast 40 and 80mg and dou-
bled corticosteroid groups, respectively. Signifi-
cant improvements in daytime asthma symptom
scores (mean improvements of 16% in the zafirlu-
kast 40mg and doubled corticosteroid groups and
23% in the zafirlukast 80mg group), nocturnal
awakening, mornings with asthma symptoms, [3,-
agonist usage and FEV; were also reported in all 3
groups. Diurnal variability in mean PEF was re-
duced to a greater extent in patients receiving
zafirlukast (by 16 and 24% relative to baseline in
the 40 and 80mg groups, respectively) thaninthose
receiving doubled dosages of inhaled corticoste-
roids (5% reduction from baseline; p < 0.05 vs
zafirlukast 80mg twice daily). Of patients in the
zafirlukast 40 and 80mg groups, 29 and 33%, re-
spectively, showed improvements of at least 10%
in PEF; this was compared with 22% of those in
the doubled corticosteroid group.

Other investigators randomised 440 patients
previously on inhaled beclomethasone dipropion-
ate 400 to 500 pg/day to additional zafirlukast 20
or 80mg twice daily or doubled corticosteroid dos-
ages for 12 weeks,!8! and noted similar results
across treatment groups. Improvements of at least
10% in mean morning PEF were reported in 36%
of patients in both zafirlukast groups, and in 38%
of those randomised to an increased corticosteroid
dosage. Incidences of asthma exacerbations were
26, 20 and 25% in the zafirlukast 20 and 80mg and
doubled corticosteroid groups, respectively. It
should be noted that preliminary details only are
available for both of these studies, and the severity
of asthma at baseline in participating patients was
not reported.
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At the time of the last review of zafirlukast in
Drugs,! 2 multicentre, double-blind and placebo-
controlled studieshad been performed to assessthe
potential steroid-sparing effect of zafirlukast 20mg
twicedaily in patientsreceiving inhaled corticoste-
roids.[8:91 |n both studies, one of which involved
359 patients with mild stable asthma and a study
duration of 20 weeks, 8 and the other 262 patients
with moderate asthma who were studied over 12
weeks,[99 dosages of inhaled corticosteroids were
reduced by 60 to 85% with no loss of symptom
control. However, the extent of the reductions re-
portedindicatesthat patientswere not receiving the
lowest effective corticosteroid dosages at study en-
try, and any conclusions that can be drawn are
therefore limited.

3.4.1 Addition to High-Dosage
Corticosteroid Therapy

Zafirlukast has been shown to improve pulmo-
nary function and symptoms, and to reduce therisk
of exacerbation of asthma, when added at a dosage
of 80mg twice daily to high-dosage inhaled corti-
costeroid treatment. In a double-blind multicentre
study, 368 patients with chronic asthma requiring
treatment with at least 1.2mg of inhaled beclo-
methasone dipropionatedaily or an equivalent dos-
age of budesonide dipropionate or fluticasone pro-
pionate were randomised to additional treatment
with zafirlukast (n = 180) or placebo (n = 188) for
6 weeks.[91]

The primary study end-point of mean morning
PEF was increased from baseline by 18.7 L/min
with zafirlukast and by 1.5 L/min with placebo af-
ter 6 weeks. The least squares mean treatment dif-
ference of 17.5 L/min was statistically significant
(p < 0.001). Least sguares mean differences be-
tween treatments were al so statistically significant
for mean evening PEF (16.2 L/min; p = 0.002),
FEV1(0.12L; p=0.014), daytime asthmasymptom
score (—0.28; p < 0.001), patient-reported [3,-agonist
usage (—0.93 puffs/day; p = 0.007) and B—agonist-
free days per month (2.38; p = 0.021). The be-
tween-treatment differences for mornings with
asthma and number of symptom-free days per
month did not attain statistical significance, how-
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Table Il. Randomised, double-blind parallel-group studies comparing zafirlukast 20mg twice daily orally (ZAF) with inhaled fluticasone
propionate 88ug twice daily (FP) in patients with mild to moderate asthma

Reference FEV1 (L) Treatment Mean changes from baseline at end-point
[% predicted]  regimen and PEF (am, pm; FEV1 B2-agonist symptom  nocturnal
atbaseline  duration L/min) (L) usage scores awakenings
(no. of patients) (no./night)
Bleecker et al.l  Mean 67.5 ZAF x 12wk 111.68, 110.50 10.2 11.45 puffs/day ~ 10.19 10.15
(220)
FP x 12wk (231) 149.94*** 138.91***  1(0.42%** 12.39 10.46*** 10.28***
puffs/day***
Busse et al.[®?] Range 50-80  ZAF x 12wk? 115.2,112.8 10.33 145.3% 10.36
Rickard et al.l?”]
Storms et al.l%!
(abstract)
FP x 12wk? 146.7**, 133.3** 10.57** 161% 10.65*
PL x 12wk? 17.3,14.8 10.21 125.6% 10.43
Dvorin et al.[%] Range 60-85 ZAF x 6wk (210) 13.11° 10.03 10.27 puffs/day
(abstract)
FP x 6wk (215) 117.78*° 10.22* 10.66 puffs/day*
Kalberg et al.®l  Mean 67-68  ZAF x 12wk 116.7,117.1 10.32 1 2 puffs/dayt 10.39 10.271
(abstract) (219)
FP x 12wk (214) 140.8***, 132.1%** 10.5%+* 12.7 puffs/day*** | 0.65*** 10.35*
PL x 12wk (229) 18.8, 111.5 10.25 1 1.4 puffs/day 10.47 10.19

a Total number of patients randomised = 338.
b Morning value.

FEV, =forced expiratory volume in 1 second; PEF = peak expiratory flow; PL = placebo; * p < 0.05, ** p< 0.01, *** p < 0.001 vs comparator(s);
T p<0.05vs PL; 1 indicates an increase from baseline; ¢ indicates a decrease from baseline.

ever. Zafirlukast therapy was associated with are-
duction relative to placebo in the risk of afirst ex-
acerbation of asthma of any severity (odds ratio
0.61; p = 0.046), and there was a 44% reduction
approaching statistical significance (p = 0.053 vs
placebo) with zafirlukast in frequency of exacerba-
tions.

3.5 Comparisons with Inhaled
Fluticasone Propionate

Fluticasone propionate iswell established asan
inhaled corticosteroid therapy for severe asthma,
and has more recently been shown to be effective
in patients with mild to moderate disease when
used at dosages of up to 500pg daily (reviewed by
Jarvisand Faulds'®). Thedrug isknown to bewell
tolerated and at least as effective as high dosages
of other inhaled corticosteroids in maintenance
therapy in mild to moderate asthma,[92 and this has
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led to itswidespread clinical use and to comparisons
with other treatments (including the leukotriene
antagonists).

Results from a number of 6- or 12-week studies
comparing zafirlukast with inhaled fluticasone
propionate in mild to moderate asthma have be-
come available since 1998. Although preliminary
details only are currently available for most of
these studies (table 1), al were carried out in a
randomised and double-blind fashion, and in-
volved over 100093 or 200[94%] patients in each
treatment group. Two trials also included placebo
groups.[93.96] An 8- to 14-day run-in period was
stated to have been used in the study for which full
details are available.® In 1 trial, patients were
transferred to study medication from inhaled cor-
ticosteroid therapy (beclomethasone dipropionate
168 to 336 pg/day or triamcinolone acetonide 400
to 800 pg/day)[ [table 11]; in all other trials, pa-
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Fig. 4. Effect of zafirlukast or fluticasone propionate on percent-
age of symptom-free days experienced. Patients with moderate
asthma previously managed with inhaled short-acting Bz-
adrenoceptor agonist therapy were randomised by Storms et
al.l%8 and Kalberg et al.®l in double-blind placebo-controlled
studies to treatment with oral zafirlukast 20mg twice daily, in-
haled fluticasone propionate 88g twice daily or placebo for 12
weeks. Results are shown as changes relative to baseline at
study end-point. * p < 0.05 vs placebo; ** p < 0.05 vs placebo
and zafirlukast; *** p < 0.01 vs placebo and zafirlukast.

tients had previously been managed with inhaled
short-acting 32-agonist therapy only.

Across al studies, fluticasone propionate 88ug
twice daily by inhalation produced significantly
greater improvements from baseline over 6 or 12
weeksin lung function as shown by mean PEF and
FEV than did zafirlukast 20mg twice daily (tablell).
Fluticasone propionate treatment was al so associated
with greater symptomatic improvement,[94.96.98]
less use of inhaled short-acting [3,-adrenoceptor
agonist therapy!94-96.98 and fewer nocturnal awak-
enings.[94.96]

In the single study for which full details are
available,% symptoms were recorded as chest
tightness, wheeze, shortness of breath and cough,
and were assessed before relief with salbutamol
and rated on a 6-point scale. Mean percentages of
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symptom-free days were increased from baseline
over 12 weeks by factors of approximately 3 and 4
in the zafirlukast and fluticasone propionate
groups, respectively (p < 0.001 between groups).
Mean forced vital capacity was also reported, and
was increased relative to baseline by 0.15L (4.2%)
with zafirlukast and by 0.36L (9.9%) with flu-
ticasone propionate (p < 0.001 between treat-
ments). Exacerbations of asthma were reported by
4 and 6% of patients in the fluticasone propionate
and zafirlukast groups, respectively; the difference
between groups was not statistically significant.
Strong trends towards improved lung function
were seen in patients receiving zafirlukast in the
studies in which a placebo group was included.[939€]
In addition, although mean percentages of symptom-
free days were increased to a significantly greater
extent with fluticasone propionate than with
zafirlukast, improvements with zafirlukast were
superior to those seen with placebo (fig. 4).196.9%81
Bo-Agonist usage and nocturnal awakenings
were both statistically significantly reduced rela-
tive to placebo by zafirlukast treatment in 1 placebo-
controlled trial (table I1).19€] In the other trial [9€]
the mean percentage of days on which B,-agonist
rescue medication was not needed was increased
from baseline to a greater extent with fluticasone
propionate than with zafirlukast (increases of
37.5% with zafirlukast and 48.9% with fluticasone
propionate; p < 0.05 between treatments), although
both active treatments conferred significantly
greater improvement than did placebo (p < 0.05).
In a further study, reported as an abstract, 294
patients not previously treated with inhaled corti-
costeroids were randomised to double-blind therapy
with either zafirlukast 20mg or inhaled fluticasone
propionate 88g twice daily for 4 weeks.[% At the
end of this period, mean morning PEF and percent-
age of symptom-free days were increased, and use
of inhaled salbutamol reduced, to asignificantly (p
< 0.025) greater extent with fluticasone propionate
than with zafirlukast. All patients then received
nonblind treatment with fluticasone propionate for
4 weeks: patients previously treated with zafirluk-
ast showed significantly increased mean morning
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Table Ill. Randomised, double-blind, parallel-group 4-week studies comparing zafirlukast 20mg twice daily orally (ZAF) with inhaled

salmeterol 42ug twice daily (SAL) in patients with moderate asthma

Reference Mean FEV1 Treatment Mean changes from baseline at end-point
L)% (no. of PEF (am, pm; FEV1 B2-agonist symptom nocturnal
predicted] at  patients) L/min) L) usage scores awakenings
baseline (puffs/day) (no./night)
Busse et al.l% 67 ZAF (145) 113,19.9 10.22 10.93 10.23 10.1
SAL (144) 129.6*** 121.8* 10.28 11.5% 10.43%** 10.2
Kalberg & 66 ZAF? 113.2,19.1 Difference 111 115%
Rickard(] between
(abstract) groups NS at
wk 40
SAL? 129.4%** 121.8** 11.9% 1 36%***

a Total number of patients randomised = 301.
b Results not given.

FEV, = forced expiratory flow in 1 second; PEF = peak expiratory flow; NS = not statistically significant; * p < 0.05, ** p < 0.01, *** p < 0.001
vs ZAF; 1 indicates an increase from baseline; | indicates a decrease from baseline.

PEF and reduced need for inhaled salbutamol (p <
0.001) relative to baseline values taken at the end
of the double-blind phase.

3.6 Comparisons with Inhaled Salmeterol

Salmeterol isalong-acting selectiveinhaled 3,-
adrenoceptor agonist indicated for maintenance
therapy of adults and children with asthma. Al-
though the drug can be used alone, most treatment
guidelines direct that salmeterol should be used as
adjunctive therapy in patients with symptoms not
adequately controlled by regular use of inhaled
corticosteroids, and not as a replacement for the
latter(100-102] (see also the review by Adkins and
M cTavishl103]),

Zafirlukast has been investigated as an alterna-
tiveto salmeterol therapy in 2 randomised, double-
blind multicentre studies, both of which recruited
patients aged 12 years or over with moderate per-
sistent asthma (FEV 1 50 to 80% predicted).[104.105]
Of these individuals, over 80% in each trial were
receiving inhaled corticosteroid therapy (to which
was added study medication). Both studieswere of
4 weeks' duration and compared zafirlukast 20mg
with inhaled salmeterol 42ug twice daily (table
I11). In the single trial for which full details are
available,[1%4 criteriafor enrolment included are-
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quirement for an increase of at least 12% in FEV;
within 30 minutes of salbutamol inhaation, and a
7- to 14-day run-in period was used.

Both studies showed significantly greater im-
provementsin asthma control with salmeterol than
with zafirlukast (table I11). In the fully published
study,[1% mean morning and evening PEFs were
increased from baseline by 3.5 and 2.5%, respec-
tively, with zafirlukast, and by 8 (p = 0.001 be-
tween treatments) and 5.6% (p = 0.019) with
salmeterol. There were significant increases from
baseline in mean FEV, values in both treatment
groups at week 1 and week 4. At the end of week
1, the increase in the salmeterol group was signif-
icantly greater than that in zafirlukast recipients
(0.29vs 0.19L; p = 0.023); however, the between-
group difference at week 4 was not significant
(table I11). Exacerbations of asthma were reported
by similar proportions of patients in each group
(5% with salmeterol and 6% with zafirlukast).

Patientstreated with salmeterol reported signif-
icantly greater improvementsover 4 weeksrelative
tobaselineinall patient-rated symptom scoresthan
did those receiving zafirlukast.[1% Mean scores
for chest tightness, shortness of breath and wheez-
ing decreased by 37, 37 and 35%, respectively,
with salmeterol, whereas reductions of 20, 18 and
16% were reported in zafirlukast recipients. Mean
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patient-rated sleep symptoms decreased by 46%
from baseline with salmeterol and by 22% with
zafirlukast (p < 0.001), although there was no sig-
nificant difference between groupsin reduction of
mean frequency of nocturnal awakening (table
[11).1204]

Retrospective analysis of combined data from
the subset of 429 patients who received unchanged
dosages of inhaled corticosteroid for at least 30
days before and during these 2 studies showed sig-
nificantly greater improvements with salmeterol
than with zafirlukast in PEF (33 vs 14 L/min; p <
0.001), percentage of symptom-free days (24 vs
11%; p < 0.001), composite symptom scores (—0.45
vs —0.25; p = 0.014) and salbutamol usage (-1.98
vs—1.12 puffs/day; p = 0.001).[106]

3.7 Comparison with Pranlukast

Zafirlukast has been compared with one other
leukotriene receptor antagonist, pranlukast, in a
randomised, double-blind and multicentre study
involving 298 Japanese patients with mild to mod-
erate asthma (Japanese Society of Allergology cri-
teria).[197 Overall, the 2 drugs appeared to be of
similar efficacy over the 6-week study period at the
dosages given [40mg twice daily for zafirlukast (n
= 153) and 225mg twice daily for pranlukast (n =
145)]. Patients were aged 16 years or over, and
approximately 80% were receiving concurrent
inhaled and/or oral corticosteroids (<1.2 mg/day
beclomethasone dipropionate or equivalent). Bron-
chodilator therapy was also permitted.

The primary end-point was the final global im-
provement rating after 6 weeks, an assessment
based on symptomatic improvement (7-point scale
ranging from marked improvement to marked
worsening), pulmonary function test results, use of
concurrent medication, and investigator and pa-
tient impressions. Rates of marked or moderateim-
provement were 57 and 48.6% for the zafirlukast
and pranlukast groups, respectively. Statistical sig-
nificance in favour of zafirlukast was suggested by
the application of a 1-sided Dunnett-Gent test to
the 95% confidence interval for the difference be-
tween treatments (5.7 to 22.6%; p = 0.003), but
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not by the use of a Wilcoxon 2-sample test (p =
0.122).

Mean morning PEF (secondary end-point) in-
creased from 328.4 to 352.5 L/min with zafirlukast
and from 334.3 to 347.3 L/min with pranlukast.
Mean evening PEFs increased from 348.8 to 369
L/min and from 347.3 to 358.8 L/min with zafir-
lukast and pranlukast, respectively. All changes
from baseline were statistically significant (p <
0.01). Differences between treatments did not at-
tain statistical significance, although there was a
consistent trend towards greater improvement in
mean PEF in patients receiving zafirlukast.

3.8 Pharmacoepidemiological Data

The clinical efficacy of zafirlukast 20mg twice
daily over 4 weeks has been evaluated recently in
alarge nonblind multicentre study in 3759 patients
with mild to moderate or severe asthma.[1%8] This
trial was carried out to assess the effects of zafirlu-
kast on a heterogeneous patient population in the
practice setting, and involved alarge enough num-
ber of individuals for the investigators to compare
drug effects between different age groups.

Patients were aged 12 years or more, and were
required to have FEV; between 45 and 85% pre-
dicted after abstinence of at least 4 hours from [3,-
agonist use. There were no restrictions on con- cur-
rent asthma medications, but patients were
required to be nonsmokers. Baseline values for
PEF, FEV 1, asthma symptoms (4-point scale), noc-
turnal awakenings and (,-agonist usage were re-
corded during a3-day run-in period, after which all
patients received zafirlukast therapy for 4 weeks.

Of the patients enrolled, 3120 (83%) completed
4 weeksof zafirlukast treatment, and 3207 (85.3%)
were evaluable for efficacy. Adolescents aged 12
to 17 years accounted for 263 patients, adults aged
18to 65 yearsfor 2602, and elderly individuals (aged
66 years and over) for 321. A further 21 patientsin
the evaluable population were of unknown age.

After 4 weeks of zafirlukast therapy, least
squares mean changes from baseline were statisti-
cally significant for all measures (morning and
evening PEF and FEV ) in adolescents and adults
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Fig. 5. Effect of 4 weeks’ treatment with zafirlukast 20mg twice daily on peak expiratory flow (PEF) in patients in different age groups.
Patients with mild to moderate or severe asthma were categorised as adolescents (aged 12 to 17 years), adults (aged 18 to 65
years) and elderly individuals (aged 66 years and over) in a large multicentre nonblind study.[1%! Least squares mean changes from
baseline in morning and evening PEF over 4 weeks are shown, together with numbers of evaluable patients. * p < 0.01 between
baseline and week 4; ** p < 0.01 between baseline and week 4, and for adolescents and adults vs elderly patients.

and for morning PEF in elderly patients; the extent
of improvement decreased with increasing age
(fig. 5). There were aso significant (p < 0.01) im-
provements from baselinein all age groups for 3,-
agonist use (respectivereductionsof 38.3, 24.8 and
9.5% in adolescents, adults and the elderly),
asthma symptom scores (reductions of 39.7, 30.1
and 23.3%), nocturnal awakenings (reductions of
62, 46.3 and 46%) and mornings with asthma (re-
ductions of 65.3, 37.3 and 38.3%). Overall, zafir-
lukast was associated with clinical improvementin
all patient groups.[108l

4. Pharmacoeconomic, Quality-of-Life
and Compliance Considerations

4.1 Pharmacoeconomic Analyses

Aswith many other medical conditions, thein-
troduction of new therapies for asthma has been
accompanied by concern over rising treatment
costs and interest in pharmacoeconomic research
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to determine whether these potential cost increases
are offset by reductionsin morbidity and mortality
and by cost savings in other areas.

Data reported in previous reviews 88 have
shown reductionsin the use of healthcareresources
and reduced absenteeism relative to placebo in pa-
tients receiving zafirlukast. The first pharmaco-
economic study of zafirlukast!1%9 was based on re-
sults from 146 patients participating in a 13-week
multicentre double-blind trial that compared ados-
age of 20mg twice daily with placebo in atotal of
762 patients aged 12 years and over with mild to
moderate asthma controlled by short-acting in-
haled B,-agonist therapy (see also section 3.1).[73
Resource consumption was evaluated in terms of
use of healthcare services (frequency and type of
unscheduled healthcare contacts, use of [3;-agonists
and non-asthma medication) and absence from
work or school.

Relative to placebo (n = 43), zafirlukast recipi-
ents (n = 103) showed statistically significant 55%

Drugs 2001; 61 (2)



304

Dunn & Goa

reductions in the number of healthcare contacts
(p = 0.007) and levels of absenteeism from school
or work (p = 0.04); there were also nonsignificant
17 and 19% reductions in the use of inhaled 3,-
agonists and non-asthma medications, respec-
tively. The conclusions that might be drawn from
these results are limited, however, by the signifi-
cantly lower mean percentage of predicted FEV 1
recorded in zafirlukast than in placebo recipients at
baseline (74.2 vs 83.7%; p = 0.002). Thismay have
been responsible for the greater treatment effects
seen in the active treatment group, as patients with
more severe asthmaarelikely to benefit morefrom
treatment. In addition, the number of patients re-
cruited and the study duration were not sufficient
to show effects on severa major sources of cost,
such as rates of death or hospitalisation, and the
study did not include an analysis of the potentially
high costs of treatment failure.

Thecost of treatment failure has been estimated,
however, in ameta-analysis of 5 placebo-controlled
trials, according to which zafirlukast treatment was
associated with an approximate halving of costs
associated with asthma exacerbations.!'1% The in-
cidence of asthma exacerbations leading to treat-
ment withdrawal in patients treated for 13 weeks
was 3.5% with zafirlukast and 6.6% with placebo
(p = 0.008). Although direct and indirect costsin-
curred by patients were not considered, calcula-
tions based on the number of asthma exacerbations
per 1000 patients per year showed respective costs
for zafirlukast and placebo recipientsto be £26 000
and £48 000 (1995 values).

Attention has recently been focused on cost and
cost-effectiveness analyses (all available in ab-
stract form only) based on results of double-blind
clinical trials comparing zafirlukast 20mg with in-
haled fluti casone propionate 88pg twice daily (see
also section 3.5). Theresults of a US cost analysis
undertaken from athird party payer’s perspective
with data from 2 placebo-controlled studiesin pa-
tients previously managed with low-dosage in-
haled corticosteroids showed daily mean treatment
costs of $US2.30 and $US1.66 for zafirlukast and
fluticasone propionate, respectively (year of cost-
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ing not stated).['™ Costs accounted for included
those for drugs (average wholesale price), emer-
gency room visits, unscheduled physician visits,
drug-related adverse events, oral corticosteroids
and inhaled salbutamol. Cost-effectiveness ratios
were higher for zafirlukast than for fluticasone pro-
pionate for each 10% improvement in FEV;
($US9.89 vs $US4.67) and 0.5-point improvement
in asthma quality-of-life scores ($US6.54 vs
$US3.18). Costs per sickness-free day were SUS5.71
and $US3.35 for zafirlukast and fluticasone propi-
onate, respectively. Thispreliminary report did not
clearly identify the clinical studies or the numbers
of patientsinvolved, however.

Three US cost-effectiveness analyses based on
results of placebo-controlled double-blind compar-
isons of zafirlukast 20mg twice daily with flu-
ticasone propionate 88p.g twice daily by inhalation
in patients previously treated with inhaled short-
acting Bo-agonists are al so avail able.[112-114] One of
these reports, which accounted for direct costs (as
in the study discussed abovel') and indirect costs
in terms of missed days of work, showed daily di-
rect costs per successfully treated patient to be
$USA.64 for zafirlukast and $US2.76 (1998 val-
ues) for fluticasone propionate; these values in-
creased to $US6.02 and $US3.81 when indirect
costs were included.[*12 Patient numbers were not
reported.

Another analysis, which included 329 patients
from a single study, showed cost-effectiveness ra-
tios of $US12.08 and $US6.62 per sickness-free
day for zafirlukast and fluticasone propionate, re-
spectively.[113] Direct costs (study drugs, emer-
gency room visits, hospitalisations, unscheduled
physician visits, treatment of adverse events and
use of rescue medication) only were included for
the year 1998. Corresponding values with inclu-
sion of indirect costswere $US14.15 and $US8.86.
In addition, analysis of data from a study in 451
patients yielded cost-effectiveness ratios of
$US428.64 and $US157.67 per sickness-free day
per patient per month for zafirlukast and flu-
ticasone dipropionate, respectively (year of costing
not stated).['14 Sensitivity analyses were used in
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al studies, athough details were not given in the
preliminary reports available. Drug costs were
based on average wholesale prices.

A recent retrospective US analysis of pharmacy
and medical claims from 392 patients starting
treatment with zafirlukast and 857 given flutic-
asone propionate who were followed for 21 months
indicated a 21% increase from baselinein the total
annual cost of asthma care in patients receiving
zafirlukast, whereas those receiving fluticasone
propionate showed a 22% decrease (p < 0.0001
between groups).[119 All patients were followed
for a 9-month pre-baseline washout period during
which no claims were made for inhal ed corticoste-
roid or leukotriene antagonist therapy, and costs
were calculated on the basis of utilisation rates,
asthma costs and total healthcare costs (adjusted
for age, gender and pre-baseline utilisation rates
and costs).

These results, however, do not concur with
other findings based on US managed care claims
from 780 patients aged over 12 years who were
followed for 3 months before and 3 months after
starting treatment with zafirlukast.[116! Of these pa-
tients, 72% were already receiving treatment with
inhaled corticosteroids. The addition of zafirlukast
to existing therapy was associated with reduced
healthcare utilisation which was deemed likely to
tranglate into reductions in direct healthcare costs.
Within 3 months of starting zafirlukast, outpatient
visits, inpatient stays, emergency department visits
and prescriptions for inhaled salbutamol were all
significantly reduced relative to the previous 3
months (p < 0.002).

4.2 Quality of Life

Recent analyses (one based on a retrospective
analysis of 845 patientsfrom 6 USclinical trials,[117]
and another on 329 patients enrolled in a single
study(118]) of results of double-blind placebo-
controlled studies where zafirlukast 20mg was
compared with fluticasone propionate 88ug or sal-
meterol 42ugtwicedaily havesuggested noclinicaly
meaningful improvement with zafirlukast over 12
weeks in quality of life according to the Asthma
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Quality-of-Life Questionnaire (AQLQ).[1"118
However, these findings (which are available in
preliminary abstract form only) are at variance
with previously reported datal®l showing im-
proved quality of life after 13 weeks' treatment
with zafirlukast 20mg twice daily in patients with
moderate asthma.l9.119 |mprovements in objec-
tive and subjective measures of severity of asthma
were associated with significant improvement in
the symptoms and emotional function domainsand
the overall score on the AQLQ. In the 1 fully pub-
lished study,!5% proportions of patients experienc-
ing clinically meaningful improvementsin quality
of life (defined as achange of 0.5 unitsor more from
baseline) were significantly greater with zafirlu-
kast than with placebo for all 4 specified domains
(activities, symptoms, emotions and environmen-
tal; p < 0.037) and for the overall quality-of-life
score (56 vs 46%; p = 0.021).

Zafirlukast has also been shown to confer
greater improvements in quality of life than in-
creased dosages of inhaled corticosteroids. British
patients receiving inhaled beclomethasone dipro-
pionate 400 to 500 pg/day were randomised to 12
weeks' double-blind treatment with zafirlukast 20
or 80mg twice daily or doubled dosages of
beclomethasone di propionate, with an optional 40-
week extension (see also section 3.4881).[120 The
52-week quality-of-life assessment was compl eted
by 58 patients receiving zafirlukast 20mg twice
daily and by 62 receiving doubled corticosteroid
dosages. Quality-of-life scores on the St George's
Respiratory Questionnaire were reduced (indicat-
ing improvement) from 30.5 to 19.3 in patientsin
the zafirlukast group and from 32.4 to 24.1 in cor-
ticosteroid recipients. The difference between
these 2 groups was stated to be statistically and
clinicaly significant.

4.3 Compliance and Patient Preference

Concerns over compliance with inhaled thera-
pies and the ability of patients to obtain maximum
therapeutic benefit through their correct use raises
the issue of potential benefits that may be associ-
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ated with the use of orally administered asthma
treatments.

Data are available to show a preference by pa-
tients for oral therapy with zafirlukast over treat-
ment with inhalers. Results from anonblind cross-
over study in 152 patients revealed a 2 to 1
preference over 4 weeks for zafirlukast 20mg over
inhaled beclomethasone dipropionate (both given
twice daily), despite a higher incidence of adverse
effects with zafirlukast (further details not avail-
able).[121 More patients found zafirlukast easier to
use than inhaled therapy (66 vs 20%).

A median compliance rate of 89% (mean 80%)
was shown in astudy in which an electronic device
that records removal and replacement of tablet
bottle caps was used to monitor 12 weeks' treat-
ment with zafirlukast 20mg twice daily in 47 pa-
tients.[222] The median rate of adherenceto the pre-
scribed regimen (the number of days on which two
20mg zafirlukast tablets were taken at least 8 hours
apart) was 71% (mean 64%).

Advantages of zafirlukast in terms of compli-
ance and patient preference have also been shown
in a study in adolescent patients with chronic
asthma managed with inhaled short-acting .-
agonists and corticosteroids.['23] In this nonblind
crossover trial carried out in 4 countries, patients
aged 12 to 17 years received zafirlukast 20mg or
beclomethasone dipropionate 100 or 200ug by
aerosol inhalation twice daily, each for 4 weeks.
Questionnaire answers showed that 70% of 113 re-
spondents preferred zafirlukast and 27% preferred
inhaled corticosteroid therapy; the remainder had
no preference. Zafirlukast tablets and beclometh-
asone dipropionate inhalers were rated as ‘very
easy’ to use by 65 and 30%, respectively, of respon-
dents. Most interesting isthe observation that only
29% of 122 patients who were assessed for inhaler
technique were using their inhalers correctly at
study entry.

5. Tolerability

Previously reported data from 5188 patients
treated with zafirlukast (predominantly 20mg
twicedaily) in clinical trialsindicated the most fre-
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quently reported adverse events associated with
short term therapy (<20 weeks) to be pharyngitis
(incidence of 16%), headache (12%) and aggrava-
tion reaction (a COSTART term used to define
worsening of any pre-existing condition, e.g.
asthma) [8%].[1 Other adverse events, reported in
310 4% of patients, included infection, rhinitis, in-
fluenza syndrome, nausea and cough. Adverse
event profiles and incidences were similar to the
above in 2573 patients receiving placebo and in
1120 patients receiving long term (21 weeks to 2
years) zafirlukast therapy. Treatment withdrawal
dueto exacerbation of asthmawasreportedin 1.3%
of patientstreated with zafirlukast and 2.4% of pla-
cebo recipients.

More recent adverse event figures from a US
database (reported in prescribing information(5%])
involving 4058 healthy volunteers and patients
treated with zafirlukast and 2032 placebo recipi-
ents are similar to those reported previously. Of
events reported at rates higher than those with pla-
cebo in at least 1% of zafirlukast recipients, only
headache was noted with an incidence above 10%
(12.9 and 11.7% in patients receiving zafirlukast
and placebo, respectively). All other adverse events
were seen in fewer than 4% of patients (fig. 6). Of
the patients who had received zafirlukast and were
included in this database, 1723 had asthma and
wererecruitedto clinical trialsof at least 13 weeks
duration. A total of 671 patients received z&firlu-
kast for at least 1 year.

UK prescribing information highlights head-
ache (incidence of 9.9 vs 9% with placebo) and Gl
disturbance (nausea 2.6 vs 2.2%; vomiting 1.2 vs
1%,; diarrhoea 2.3 vs 1.8%; and abdominal pain 1.6
vs 1.2%) as the adverse events most frequently re-
ported in comparisons of zafirlukast with pla-
cebo.[%4

Comparisons of zafirlukast with pranlukast
(section 3.7), inhaled fluticasone propionate (sec-
tion 3.5) or inhaled salmeterol (section 3.6) have
shown no clinically relevant differences between
treatments in adverse event profiles.

Elevations in serum levels of liver enzymes
have been observed in small numbers of patients
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Fig. 6. Tolerability of zafirlukast. Events reported at higher rates than with placebo by >1% of zafirlukast recipients (aged =12 years)
as shown in a US database (data from healthy volunteers and patients with asthma).%%! Of patients receiving active treatment, 1723
had asthma and were enrolled in clinical studies of at least 13 weeks’ duration, and 222 were aged between 12 and 18 years.

receiving zafirlukast, usually inindividualsreceiv-
ing dosages above those normally recommended
(see section 6). Patients remained asymptomatic,
and levels returned to normal after cessation of
zafirlukast therapy. Rare cases of symptomatic
hepatitis and hyperbilirubinaemia have been linked
to zafirlukast treatment at recommended dosages.
In most patients, enzyme levelsreturned to normal
or near-normal after withdrawal of treatment.[5453]
Severe hepatitis has recently been reported in 3
middle-aged femal e patients who received zafirlu-
kast 20mg twice daily for 2 to 6 months.[124 The
first patient recovered spontaneously, the second
developed subfulminant hepatic failure and re-
quired transplantation, and the third responded to
treatment with corticosteroids. Histological changes
consistent with a drug reaction were observed in 2
of theseindividuals, and the authors recommended
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appropriate monitoring in patients receiving zafir-
lukast.[124]

Inclinical studies, anincreased incidence of in-
fection relative to placebo has been noted in
zafirlukast recipients aged over 55 years.[545%]
These infections were mostly mild to moderate in
intensity, predominantly affected the respiratory
tract, increased in incidence with zafirlukast dos-
age and were associated with concurrent use of in-
haled corticosteroids. The clinical significance of
these observations remains unclear, however.

Integrated datafrom 2 studies of 4 and 6 weeks'
durationin children aged 5to 11 years(section 3.3)
showed a tolerability profile for zafirlukast 10mg
twice daily (n = 205) similar to that with placebo
(n = 206).183 Pharyngitis was the most commonly
reported adverse event (9.3 and 13.6% of children
receiving zafirlukast and placebo, respectively).
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In the pharmacoepidemiological study in 3759
patients discussed in section 3.8, adverse events
were noted in 11.5% of adolescents, 17.5% of
adultsand 18.8% of elderly patients after treatment
with zafirlukast 20mg twice daily for 4 weeks.
These were considered to be treatment-related in
4.2, 7.4 and 8.1% of cases, respectively. Relative
to other age groups, elderly individual swere found
to havethe highest incidences of headache, abdom-
inal pain, diarrhoea and nausea, but the lowest in-
cidences of infection and sinusitis.

The safety of zafirlukast in pregnancy in hu-
mans has not been established, although results of
animal studies have not shown any apparent effects
of the drug on fertility or on fetal development.[54

Churg-Strauss Syndrome, a form of vasculitis
characterised by the presence of at least 4 of (i)
asthma, (ii) eosinophilia, (iii) pulmonary infiltra-
tion, (iv) polyneuropathy, (v) sinusitis, and (vi)
presence of extravascular eosinophils, has been
linked in a number of isolated cases to zafirlukast
use (reviewed by Gozalo Reques and Estrada
Rodriguez!1?3), The majority of reports have been
in patients in whom oral corticosteroid dosages
were being reduced, and although the condition has
been described in 2 zafirlukast recipientswho were
not receiving corticosteroids,1261 symptoms have
recurred in patients undergoing repeated attempts
to withdraw corticosteroid therapy 1 year after
stopping zafirlukast.!127]

Analysisof all reported cases hasled to the sug-
gestion that the syndrome develops primarily in
patients with an underlying eosinophilic disorder
that is masked by corticosteroid treatment and that
becomes clinically apparent when corticosteroid
dosages are reduced following the addition of anew
asthmatherapy (i.e. zafirlukast).[128129] Debate on
this issue continues in the literature,[126.127.130-135]
and physicians are advised to monitor patients for
the signs and symptoms of Churg-Strauss Syn-
drome, particularly in patients with mild to moder-
ate asthmain whom corticosteroid therapy isbeing
gradually withdrawn.[54:55.128] Neverthel ess, recent
review of collated adverse event reports pertaining
to zafirlukast and another leukotriene receptor an-
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tagonist, montelukast, supports the suggestion of
no causal relationship between Churg- Strauss Syn-
drome and this group of agents.[138]

6. Dosage and Administration

Zafirlukast is administered orally as one 20mg
tablet twice daily at regular intervals for the pro-
phylaxis and treatment of persistent asthmain pa-
tients aged 12 years and over.[5359 A dosage of
10mg twice daily is recommended for children
aged 7 to 11 yearsin some countries, including the
US,153] but the drug is contraindicated in children
aged below 12 years in the UK.[5M As food may
reduce the bioavailability of zafirlukast, the drug
should be taken at least 1 hour before or 2 hours
after meals. Patients should be advised not to use
the drug for acute attacks of asthma.

Although the clearance of zafirlukast isreduced
in elderly patients (section 2.2), there are no spe-
cific dosage guidelines for the use of zafirlukast in
this age group. The clearance of zafirlukast isalso
reduced in patients with alcoholic cirrhosis of the
liver (section 2.2), and further investigations are
needed to clarify the pharmacokinetics and toler-
ability of zafirlukast in patients with hepatic dys-
function. UK prescribing guidelines state that the
drug should not be used in patients with hepatic
impairment or cirrhosis, although there is no such
formal recommendation in the US. Most recent
recommendations take account of adversereaction
reports over the past 3 years and state that zafirlu-
kast therapy should be withdrawn in cases of sus-
pected liver dysfunction.[*37 According to US
guidelines,5% dosage adjustments are not required
in patients with renal impairment; however, the
drug is contraindicated in the UK in patients with
moderately or severely impaired renal function.[54

Zafirlukast is excreted in breast milk and is not
recommended for use in nursing mothers.[545%

7. Place of Zdfirlukast in the
Management of Asthma

The leukotriene receptor antagonists zafirlu-
kast, montelukast and pranlukast represent the first
novel group of drugsfor the treatment of asthmato
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be introduced for over 20 years, and the use of these
agents in the management of persistent asthma is
supported by theresultsof placebo-controlled clin-
ical studies. It is clear that zafirlukast produces
bronchodilation, inhibits responses to allergenic
and other challenges (including exercise and cold
air in susceptible individuals) and improves pul-
monary function. The drug has also been shown to
reduce symptom severity, to improve objective
measures of lung function, to reduce the need for
short-acting inhaled [3,-agonist therapy and to re-
duce the incidence of exacerbation of asthma in
controlled clinical studies. At the time of the last
review in Drugs!! the data available showed
zafirlukast to be a potentially useful therapeutic
option for the prophylaxis and treatment of mild to
moderate asthma in patients aged 12 years and
over. These conclusionsremain valid, but the more
recent data reviewed in the present eval uation per-
mit further comment and some refinement of this
broad recommendation.

Current treatment guidelinesdivide asthmainto
degrees of severity, and these are used as the start-
ing pointsfor treatment recommendations (reviewed
by Kempl138]), However, asthmais acomplex con-
dition, and the large number of variablesto be con-
sidered for each patient pointsto aneed to individ-
ualise therapy. The availability of the leukotriene
receptor antagonists increases the ability of physi-
ciansto do this.

Current US consensus guidelines suggest that
leukotriene receptor antagonists be viewed as an
aternative to inhaled corticosteroidsin patientswith
mild persistent asthma, although corticosteroids re-
main the most effective and frequently used anti-
inflammatory agents available.['% Preliminary
abstracts reporting recent clinical trials (section
3.5) have shown that inhaled fluticasone propio-
nate is superior to zafirlukast in the improvement
of lung function and relief of symptomsin patients
with mild to moderate asthma. It should also be
noted, however, that these trials did demonstrate
improvement with zafirlukast (most notably in
studies in which a placebo control group was in-
cluded), and this highlights the need to consider
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(i) other factors that may contribute to the overall
benefit of treatment and (ii) the aims of therapy
(particularly in patients with mild asthma).

Zdfirlukast has been shown to be effective in
patients with mild to moderate asthma, and offers
the additional advantage of oral administration.
This enables patients to avoid the difficulties in-
herent in mastering the correct use of inhalers.
Such considerations are likely to be particularly
relevant in children and the elderly, and clinical
efficacy of zafirlukast hasbeen shownin boththese
patient groups (sections 3.3 and 3.8). The extent of
improvement in lung function with zafirlukast
treatment was lower in elderly than in younger pa-
tientsd198] (section 3.8), but this observation must
beinterpreted in light of special considerationsrel-
evant to thisage group (i.e. the nonspecific presen-
tation of elderly patients with asthma, the likely
presence of other pulmonary or cardiovascular
conditions, and age-related factors affecting re-
sponse to treatment overall[139), Furthermore, pa-
tient compliance with oral therapy is known to be
superior to that with inhalers,140 and data are
available to show high rates of compliance with
and preference for zafirlukast treatment (section
4.3).

Similar considerations apply to patients in
whom zafirlukast might be used as an alternative
to treatments such as the long-acting [3,-agonist
salmeterol. Although this drug was more effective
in 4-week studies than zafirlukast (section 3.6),
salmeterol is usually used in conjunction with in-
haled corticosteroid therapy, and preliminary data
(section 3.4) indicate zafirlukast 20mg twice daily
to be as effective as increased dosages of inhaled
corticosteroids in patients not adequately control-
led by low dosages of these drugs (superiority of
zafirlukast over doubled dosages of corticosteroids
was al so shown, but only when dosages higher than
those recommended were used). Furthermore, al-
though improvements in lung function and symp-
toms with salmeterol have been sustained for up to
46 weeks in placebo-controlled studies,[141-144]
some authors have reported attenuation of initial
protection against bronchoconstriction induced by
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exercisel14%! or methacholine challenge,[146.147] and
reduced response over time to inhaled salbuta-
mol,[148249] in patients receiving salmeterol. The
duration (4 weeks) of the comparisons of zafirlu-
kast with this drug may therefore have been insuf-
ficient to show the full relative efficacy of the leu-
kotriene antagonist. Furthermore, the requirement
for sensitivity of patientsto inhaled [3,-agonists
at baseline (as stated in one of the 2 studies104)
may have predisposed the study population to a
more favourabl e response to salmeterol than might
be expected in the general asthmatic population.

It isimportant to note when considering therel-
ative merits of zafirlukast and inhaled therapies
that clinical studiesare carried out under controlled
conditions, and usually follow patients (in whom
inhaler technique has been carefully explained and
verified) for limited periods only. Long term sur-
veillance of large numbers of patients in ‘real
world' practice settings is needed to clarify and
quantify benefits (not least in terms of efficacy)
that accrue from ease of use and improved compli-
ance in patients receiving zafirlukast.

To date, zafirlukast has been compared in asin-
gleclinical trial with one other leukotriene receptor
antagonist only (section 3.7). Although this com-
parison showed zafirlukast and pranlukast to be of
similar overall efficacy, with some data suggesting
superiority of the former drug, patients received
zafirlukast 40mg twice daily rather than the gener-
ally recommended dosage of 20mg twice daily (as
used in other clinical studies). Further studies are
therefore needed to demonstrate any differences
between zafirlukast and other drugs of the same
class.

Since the last review, data have started to
emerge to show sustained efficacy of zafirlukast
therapy over periods beyond those covered by pre-
vious clinical trials (sections 3.2 and 3.3). Addi-
tional long term studies and clinical experience
with the drug are required to confirm these find-
ings. The role of zafirlukast in the attenuation of
the underlying inflammatory response in asthma
also remains to be determined.
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As with much recent clinical data, most of the
available pharmacoeconomic analyses of zafirlu-
kast are available in preliminary form only, and it
is therefore difficult to assess the value of these
studies and to formulate firm conclusions on their
basis. Early data based on results of trials compar-
ing zafirlukast with placebo suggested benefit of
the drug in terms of reduced healthcare resource
consumption and reduced cost of management of
exacerbations of asthma (section 4.1). More recent
data suggest greater cost effectiveness of inhaled
fluticasone propionate in patients with persistent
asthma. However, these pharmacoeconomic stud-
ies were based on retrospective analysis of and at-
tachment of healthcare costs to the results of
randomised clinical trials. Furthermore, the find-
ings of analyses of managed care and medical/
pharmacy claims are inconclusive at present (sec-
tion4.1). Clearly, prospectively designed and specific
pharmacoeconomic studies, preferably carried out
over prolonged periods in the practice setting (to
take full account of such factors as medication
compliance and quality of life), are required toin-
dicate the true effect of zafirlukast on overal
healthcare costs and patients’ well-being. Further-
more, although current data are not consistent,
quality-of-life analyses have shown improvements
in patients receiving zafirlukast (section 4.2).

Zafirlukast iswell tolerated by most patients. In
particular, despite earlier concerns, no direct link
has been shown between the drug and Churg-
Strauss Syndrome (section 5). Hepatic enzyme
changes have been reported occasionally, but are
not clinically significant in the majority of patients
in whom they are seen. I solated reports of hepatitis
in a very small number of individuals have been
received (section 5), and recommendations for pa-
tient monitoring and treatment withdrawal if nec-
essary arein place. Patients receiving concomitant
treatment with medications such as warfarin re-
quire monitoring because of the potentia for drug
interactions (section 2.3); further studies are re-
quired to clarify the clinical significance of other
potential interactions.
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Data from clinical studies of up to 12 weeks
duration have shown no clinically significant dif-
ferences in terms of adverse events between
zafirlukast and inhaled fluticasone propionate or
salmeterol. Corticosteroids are associated with
lower incidences of dosage-rel ated adverse effects
when administered via inhalation rather than sys-
temically, particularly when used at the low dos-
ages usually required in patientswith mild to mod-
erate asthma, but these effects (most notably
adrenal suppression and impairment of bone meta-
bolism) nevertheless need to be borne in mind in
patients receiving prolonged therapy (see review
by Lipworthl159), Use of inhaled corticosteroidsis
also associated with oropharyngeal adverse effects
in some patients (e.g. dysphonia, pharyngitis and
oral candidiasis).[92] Despite the greater efficacy of
inhaled fluticasone propionate in clinical trials
(section 3.5) and the need for more data on the
possible steroid-sparing effects of zafirlukast (sec-
tion 3.4), these tolerability considerations, together
with compliance concerns, may make zafirlukast a
preferred option in some patients.

In conclusion, zafirlukast is a useful and well
tolerated therapeutic option, suitable for preven-
tive monotherapy (with as-required short-acting
[B2-agonists), in the management of mild to moder-
ate persistent asthma. Emerging data indicate that
the drug is likely to prove beneficia when added
to low-dosage inhaled corticosteroids and that it
may be a viable alternative to inhaled adjunctive
treatments (notably long-acting 2-agonists) and
increased corticosteroid dosages in some patients.
Although inhaled fluticasone propionate and
salmeterol have been associated with greater clin-
ical improvement than zafirlukast in clinical stud-
ies, compliance considerations and the confirmed
clinical efficacy relative to placebo of the drug de-
note zafirlukast as an effective alternative in treat-
ment programmes based on individualised therapy.
As experience with zafirlukast accumulates, it is
expected that the drug will be positioned more de-
finitively in national and international treatment
guidelines.

0 Adis International Limited. All rights reserved.
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