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Summary

Synopsis

Pharmacodynamic
Properties

Zafirlukast is a competitive and selective leukotriene receptor antagonist indi-
cated for the prophylaxis and treatment of chronic asthma. The rationale for the
development of leukotriene antagonists was basdd witro andin vivo data
demonstrating the extensive role of the cysteinyl leukotriengd TCs), Da
(LTD4) and E (LTEs) in the pathogenesis of asthma.

Initial data have demonstrated an improvement in pulmonary function
and symptom control and a reduction in the use of short-acting intgaled
adrenoceptor agonist therapy in patients with mild to moderate asthma treated
with oral zafirlukast at the recommended dosage of 20mg twice daily. Available
data also suggest that zafirlukast may significantly reduce the incidence of
asthma exacerbations.

Data on the comparative efficacy of zafirlukast and existing antiasthma med-
ications are limited. Results from 2 double-blind randomised studies comparing
zafirlukast 20mg twice daily with sodium cromoglycate aerosol or dry powder
inhalation reported similar efficacy for both drugs. In a comparison with inhaled
beclomethasone dipropionate (0.2 to 0.25mg twice daily), improvements in morn-
ing peak expiratory flow rate, forced expiratory volume in 1 second and daytime
symptom score were significantly less with zafirlukast 20mg twice daily for 6
weeks. However, available data suggest that patient compliance and patient pref-
erence may be greater with oral zafirlukast 20mg twice daily than with twice-daily
inhaled corticosteroid therapy.

Confounding results from 2 studies preclude any clear conclusions regarding
the potential steroid-sparing effect of zafirlukast at the recommended dosage of
20mg twice daily. Furthermore, Churg-Strauss syndrome has been reported in 6
patients who were being withdrawn from oral corticosteroid therapy while re-
ceiving treatment with oral zafirlukast. It is, therefore, recommended that zafir-
lukast-treated patients who require a reduction in their oral corticosteroid
therapy are closely monitored.

Zafirlukast is generally well tolerated. Reports of elevated liver enzymes in
patients receiving high dosages of zafirlukast (80mg twice daily) preclude the use
of dosages exceeding 40mg twice daily. Careful monitoring is necessary in
zafirlukast-treated patients receiving concomitant therapy with drugs such as
warfarin, terfenadine and erythromycin because of the potential for drug inter-
actions.

Thus, zafirlukast is a potentially useful addition to current antiasthma thera-
pies in patients with mild to moderate asthma. Because zafirlukast is administered
orally, it may be particularly beneficial in patients poorly compliant with asthma
therapy as a result of poor inhaler technique. Further investigation of the efficacy
of zafirlukast is expected to more clearly define its position in the management
of asthma.

The cysteinyl leukotrienes4ZLTCy), D4 (LTD4) and & (LTE4) are important
inflammatory mediators clearly implicated in the pathogenesis of asthma.
Zafirlukast is a competitive inhibitor of LTDand LTE. In vitro, zafirlukast
antagonised the contractile response of guinea-pig and human airway smooth
muscle to LT and LTE and competitively inhibited the binding of Lk2nd
LTE4to guinea-pig lung parenchymal membrane. Zafirlukast is selective for cys-
teinyl leukotriene receptors and demonstrated minimal affinity for a variety of
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Pharmacokinetic
Properties

Therapeutic Potential

other receptor types, including andp-adrenoceptors and muscarinic receptors
in isolated tissue.

In vivo, zafirlukast antagonised the pulmonary effects of A@@d LTD; and
showed potential anti-inflammatory activity in guinea-pig airways with inhibi-
tion of the eosinophil chemotactic responses t04,TTD4 and LTE and a
reduction in LTD-induced oedema.

Bronchial challenge studies in humans have demonstrated the protective effi-
cacy of oral zafirlukast against bronchoconstriction induced by various stimuli,
including LTDy4, exercise and cold air. Similarly, oral administration of zafirlukast
showed protective efficacy relative to placebo against the early and late
bronchoconstrictive response to allergen challenge. Zafirlukast has also been
reported to reduce cellular infiltration into the airways after allergen challenge.
However, further investigations are necessary to clearly determine the extent
of the protection conferred by zafirlukast against increased bronchial hyper-
responsiveness associated with the late phase response.

The pharmacokinetics of zafirlukast are best described by a 2-compartment
model. Maximum plasma concentrationsg were achieved 3 hours after sin-
gle-dose oral administration of zafirlukast 20 or 40mg to healthy volunteers. The
absolute bioavailability of zafirlukast is unknown; however, coadministration
with food produced an approximately 40% reduction in the bioavailability of the
drug. The drug binds extensively to plasma proteins (>99%), predominantly to
albumin and has a mean terminal elimination half-life of approximately 10 hours
in both healthy volunteers and patients with asthma.

Zafirlukast undergoes extensive hepatic metabolism. Hydroxylation by cyto-
chrome P450 CYP2C9 is the major biotransformation pathway for the drug. The
metabolites of zafirlukast appear to contribute little to its overall activity. The
faeces are the main route of elimination, with urinary excretion accounting for
<10% of an orally administered dose.

Because hepatic metabolism is extensive, clearance of zafirlukast is reduced
in patients with hepatic impairment. In patients with stable alcoholic cirrhosis,
the Gnaxand area under the plasma concentration-time curve for zafirlukast were
increased by 50 to 60% compared with healthy volunteers.

Inhibition of the cytochrome P450 CYP2C9 and CYP3A isoenzymes by
zafirlukast has been reportéd vitro. Because there is the potential for drug
interactions to occur with other agents which compete for these enzymes, appro-
priate clinical monitoring is required when zafirlukast is coadministered with
these agents. Zafirlukast interacts with warfarin to produce a clinically significant
increase in prothrombin time but it does not significantly alter the pharmacoki-
netic profile of terfenadine carboxylate, the active metabolite of terfenadine.
Plasma concentrations of zafirlukast decreased when the drug was administered
concomitantly with erythromycin, theophylline or terfenadine and increased
when it was coadministered with aspirin.

The therapeutic efficacy of oral zafirlukast has been investigated in patients aged
212 years with predominantly mild to moderate asthma. Most studies evaluated
zafirlukast 20mg twice daily for up to 13 weeks and included both an objective
assessment of pulmonary function and a subjective assessment of symptom con-
trol as a measurement of therapeutic efficacy. Although many of the investigations
included large patient numbers (n > 100), most of the data from these studies are
available in abstract form only.
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Pharmacoeconomic
Considerations

Tolerability

In double-blind randomised studies, oral zafirlukast 20mg twice daily gener-
ally produced significantly greater improvements in asthma symptom scores,
nocturnal awakenings, forced expiratory volume in 1 second {F&M peak
expiratory flow (PEF) than placebo and significantly reduced the need for as-
required short-acting inhalg$-adrenoceptor agonist therapy. Favourable qual-
ity-of-life benefits were also reported in 1 study during treatment with zafirlukast
20mg twice daily for 13 weeks. In a meta-analysis of 5 double-blind placebo-
controlled multicentre trials comparing zafirlukast (4 to 80mg twice daily) with
placebo, zafirlukast also significantly reduced the incidence of asthma exacerba-
tions.

Comparative data on the efficacy of zafirlukast and other antiasthma medica-
tions are limited. Zafirlukast 20mg twice daily has been compared with sodium
cromoglycate aerosol (1.6mg 4 times daily) or dry powder inhalation (40mg
daily) in patients with mild to moderate asthma in 2 double-blind randomised
studies. Neither study demonstrated a significant difference between the 2 treat-
ments in terms of pulmonary function or symptom control and 1 study showed
no overall significant benefit with the active drugs compared to placebo in pa-
tients with mild asthma. In a comparison with inhaled beclomethasone dipropion-
ate therapy (0.2 to 0.25mg twice daily for 6 weeks), improvements in morning
PEF, FEM and daytime symptom score were significantly less with zafirlukast
20mg twice daily. However, initial results suggest that patient preference and
compliance may be greater with oral zafirlukast 20mg twice daily than with
twice-daily inhaled corticosteroid therapy.

Because of confounding results from 2 studies, no clear conclusions can be
drawn regarding the potential steroid-sparing effect of zafirlukast 20mg twice
daily. In another investigation, concomitant treatment with high-dose zafirlukast
therapy (80mg twice daily), which is outside recommended treatment guidelines,
was associated with a significant improvement in pulmonary function and symp-
tom control in patients with moderate to severe asthma who were symptomatic
despite receiving high-dose inhaled corticosteroid therapy.

Treatment with zafirlukast 20mg twice daily plus as-required short-acting inhaled
B2-adrenoceptor agonist therapy was more effective clinically and associated with
a marked reduction in the use of healthcare resources (number of healthcare
contacts, absenteeism from school or work, use of inlffalkadirenoceptor ago-

nist therapy and non-asthma medication) compared with placebo plus as-required
B2-adrenoceptor agonist therapy. Furthermore, considerable cost savings have
also been demonstrated for patients treated with zafirlukast compared with pla-
cebo as a result of a reduction in the incidence of asthma exacerbations leading
to study withdrawal. However, well designed pharmacoeconomic studies that
compare zafirlukast with other antiasthma drugs are necessary before the poten-
tial benefit of zafirlukast can be fully evaluated in economic terms.

According to data from 7761 patients recruited to controlled clinical trials, the
profile and incidence of adverse events were similar among patients treated with
short term £20 weeks) zafirlukast therapy (n = 5188; typically 20mg twice daily)

or placebo (n = 2573). The most frequent adverse events associated with zafirlu-
kast therapy were pharyngitis (16%), headache (12%) and worsening of asthma
(8%). Other adverse events including infection, rhinitis, flu syndrome, nausea
and cough developed in 3 to 4% of patients. Longer term zafirlukast therapy (21
weeks to >2 years; n = 1120) was associated with a similar profile but a higher
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incidence of adverse events (pharyngitis 46%, worsening of asthma 28%, head-
ache 16%, infection 16%, flu syndrome 10% and rhinitis 8%) than over the short
term. The incidence of serious adverse events during long term therapy was low,
the most frequent being worsening of asthma (1.5%) and infection (0.8%).

Infrequent asymptomatic elevations in serum liver enzymes have been re-
ported with high dosages of zafirlukast (80mg twice daily). These elevations
returned to normal after cessation of therapy. However, because of these findings,
the administration of zafirlukast dosages exceeding 40mg twice daily is not rec-
ommended.

Postmarketing surveillance studies have revealed a very small number of cases
of Churg-Strauss syndrome (n = 6) in patients who were being withdrawn from
oral corticosteroid therapy while receiving treatment with zafirlukast.

Dosage and In the prophylaxis and treatment of asthma, the recommended oral dosage regi-

Administration men for zafirlukast is 20mg twice daily. Dosage guidelines are currently unavail-
able for the use of zafirlukast in children aged <12 years. Zafirlukast should be
administered at regular intervals and should not be taken with food.

Because zafirlukast is excreted in breast milk, the drug should not be admin-
istered to women who are breast feeding. Furthermore, zafirlukast should not be
used during pregnancy. Dosage reductions for zafirlukast do not appear to be
necessary in the elderly or in patients with renal impairment. However, dosage
modification may be necessary in patients with hepatic impairment, although
specific dosage recommendations have yet to be devised for this patient group.
If a patient experiences symptoms of liver dysfunction, medical attention should
be sought immediately. Because of a small nhumber of reports of Churg-Strauss
syndrome in zafirlukast-treated patients in association with a reduction in oral
corticosteroid dosage, individuals who require tapering of their oral corticoste-
roid dosage while receiving treatment with zafirlukast should be monitored
closely.

Zafirlukast (fig. 1) is a leukotriene receptor an- may be divided into 2 classes: the non-peptide
tagonist approved for the treatment of asthma. Théeukotrienes [leukotrienes A (LTA;) and B
important contributory role of the leukotrienes in (LTB4)] and the cysteinyl or sulphidopeptide
the pathogenesis of asthma has provided the ratideukotrienes [leukotrienessGLTCy), Dy (LTD4)
nale for the development of agents that interfereand E (LTE,4)]. The cysteinyl leukotrienes were
with the activity of these mediators. This has re-formerly collectively known as the slow-reacting
sulted in the first new class of antiasthma drugs t&ubstance of anaphylaxis.
be introduced for many years. The pharmacology [ eukotrienes are lipoxygenase products formed
of zafirlukast and the preliminary clinical findings during the oxidative metabolism of arachidonic
of studies evaluating its efficacy and tolerability g¢jg (fig. 2)12-8] Activation of phospholipaseAn
in the treatment of asthma are the focus of this reresponse to various stimuli results in the release of

VIEW. arachidonic acid from membrane phospholipids.
The resulting free arachidonic acid is then con-

1. Leukotrienes and Their Role verted by cyclo-oxygenase to form prostaglandins

in Asthma and thromboxane. Alternatively, it is converted by

5-lipoxygenase and the 5-lipoxygenase-activating
Leukotrienes are inflammatory mediators andprotein (FLAP) to produce LTAwhich is a com-
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=0

Fig. 1. Chemical structure of zafirlukast.

mon precursor of the leukotrienes Lf8nd LTG,  CysLT,, may be located in human pulmonary vas-
(fig. 2). LTC4 undergoes further metabolism py  cular tissud?!
glutamyl-transpeptidase and a dipeptidase to form
LTD, and LTE.1 2. Pharmacodynamic Properties

In recent years, extensive data fromvitro and of Zafirlukast
in vivo investigations have unequivocally impli-
cated the cysteinyl leukotrienes in the pathogenesis
of asthma. These biochemical mediators induce Zzafirlukast is a selective and competitive inhib-
several pathophysiological effects relevant toitor of LTD4 and LTE,. In vitro, zafirlukast an-

2.1 In Vitro and In Vivo Studies in Animals

asthma including: tagonised the contractile activity of LECLTD4

» smooth muscle contraction leading to broncho-and LTE, in guinea-pig tracheal and pulmonary
constrictiont0-131 strips and in human bronchial ring&2%However,

« anincrease in vascular permeabilityvivo;[14 zafirlukast failed to antagonise the contractile re-

« an increase in mucus productionvitro;[5! sponse of guinea-pig tracheal strips to aerosolised

« inflammatory cell infiltration into the lungn ~ LTCa when the metabolism of LTQo LTD, and
Vivo.[16.17] LTE,4 was inhibited??l Zafirlukast competitively

Leukotrienes may also contribute to bronchialNhibited the binding of LTRand LTE, to guinea-
hyper-responsiveneé$:20] and increased levels Pig 1ung parenchymal membrai#l. At concentra-
of leukotrienes have been measured in thdiOns 1000- to 10 000-fold greater than the appar-

bronchoalveolar lavage fluid and urine of patientsem Kg (concentration of drug required to occupy

. . 50% of receptors at equilibrium) for cysteinyl
with spontaneous episodes of asthma or after antj- : . :

1.24 . eukotriene antagonists, zafirlukast demonstrated
gen challeng&24 The role of the cysteinyl

leukotri in th th is of asth h virtually no affinity for a variety of other receptors,
eukotrienes in the pathogenesis of asthma ha cluding as-, d-, Br- and B,-adrenoceptors and

been JSE??;IV reviewed in detail by several ausy, ,qearinic receptors, located on isolated tis&le.
thors(®- o ] _ _ Dose-related antagonism of the pulmonary ef-
Considerable heterogeneity exists among thqects of LTG and LTD, was observed in guinea-
leukotriene receptors identified in various animalpigs pretreated with zafirluka@®] Administration
specied?’] In human airways smooth muscle, cur- of zafirlukast antagonised LTPnduced dyspnoea
rent evidence suggests the presence of a GysLTin conscious guinea-pigs and inhibited the effects
receptor which is activated by all 3 cysteinyl of LTC4 on airway conductance and dynamic lung
leukotrienes (LTG, LTD4 and LTE) and the pos- compliance in the lungs of anaesthetised guinea-
sible existence of a subgroup of this receptor whictpigs. Zafirlukast 0.046 and 0jtmol/kg and 5.1
is activated by LTEalone. An additional receptor, pmol/L, respectively, produced 50% inhibition of

O Adis International Limited. All rights reserved. Drugs 1998 Jan; 55 (1)



Zafirlukast: A Review 127

LTD4-induced dyspnoea after intravenous, oral 2.2 Effects in Human Bronchial
and aerosol administration. Intravenous zafirlukast Challenge Studies
1.0 umol/kg also inhibited and reversed ovalbu-

min-induced bronchoconstriction in sensitised ~Considerable data are now available to suggest
guinea-pigd?! that zafirlukast is able to protect against broncho-

| constriction induced by a range of challenges in-
cluding LTDy, platelet activating factor, allergen,
exercise, cold air and sulphur dioxide (table 1). Al-
though the cysteinyl leukotrienes appear to be im-
portant in the pathogenesis of aspirin-sensitive
asthmd?24l no studies to date have investigated the
usefulness of zafirlukast in this setting.

Prior administration of zafirlukast by aeroso
(0.01 to 100umol/L) or the intraperitoneal route
(0.03 to 3umol/kg) produced a concentration-
dependent inhibition of the eosinophil chemotactic
response to LTRIn guinea-pigs$t’! Similarly, aer-
osolised zafirlukast 3imol/L completely inhib-
ited LTC4- and LTE-induced eosinophil migration
in guinea-pig lung. Intravenous zafirlukast 0.03t0  2.2.1 Leukotriene D4 Challenge
0.1 umol/kg dose-dependently inhibited LED The bronchoconstrictor response to aerosolised
induced oedema in guinea-pig trachea. LTD4 was reduced for up to 24 hours in both pa-

Phospholipid bilayer

(a glutathione-s-transferase)

LTCa synthetase
Phospholipase A, l

CHCONHCH,COOH

5-Lipoxygenase + FLAP \ Leukotriene C, NHCOCH,CH,CHCOOH
OOH

C\/—</VCOOH v—GIutamyl-transpeptidasel NH,
- -~
— NI P H OH
5-HPETE COOH
e
5-Lipoxygenase + FLAP J S-(|:H2

CsHyy H
— (|:HCONHCH2(ZOOH
(@] NH
—~
COOH
Leukotriene D,
CsHyy
Dipeptidase
Leukotriene A4 bep l
H OH

H OH H. OH
COOH |
NN — ) NH,
Leukotriene E 4
o _-CsHun

Leukotriene B4

Fig. 2. Formation of leukotrienes via the arachidonic acid metabolic pathway. Abbreviations: FLAP = 5-lipoxygenase-activating protein;
5-HPETE = 5-hydroperoxy-eicosatetraenoic acid; LTC, = leukotriene C4 (from Chanarin & Johnston. ! with permission).
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Table I. Overview of double-blind crossover challenge studies comparing the protective effect of a single dose of zafirlukast (ZAF) and placebo
(PL) against induced bronchoconstriction in patients with asthma (A) or healthy volunteers (HV)

Reference No. of Zafirlukast dosage Time of Assessment Results
subjects (mg) administration criteria
(type) prior to
challenge (h)
Leukotriene D 4
Smith et al.l3% 30 (A) ZAF 5,10,20,400r 12 PD2oFEV1 ZAF 10, 40 or 100 > PL
100 PO
Smith et al.;3%a 6 (A) ZAF 40 or 24 PD2oFEV: ZAF 40 > PL
80 PO ZAF 80 > PL
Smith et al.l32 18 (HV) ZAF 40 PO 2,12, 24 SGawss ZAF > PL at 2, 12 and 24h
Smith et al.lB¥a 6 (AP ZAF 20 PO 2 PD2oFEV1 ZAF > PL
Allergen
Dahlén et al.34 10 (A) ZAF 20 PO 2 PDoFEV; ZAF > PL
Findlay et al.l?% 12 (A) ZAF 40 PO 2 PD2oFEV; ZAF > PL
O'Shaughnessy et all®8l 10 (A) ZAF 1.6 INH 0.5 Maximum fall in FEV;  ZAF® > PL
Taylor et al.l"] 8 (A) ZAF 40 PO 2 FEV:AUC ZAF9 > PL
Exercise
Finnerty et al.l3¢] 8 (A) ZAF 20 PO 2 Maximum fall in FEVy, ZAF > PL
FEV1AUC
Makker et al.l®% 9 (A) ZAF 0.4 INH 0.5 Maximum fall in FEVy, ZAF > PL
FEV1AUC
Ostrom et al.[“012 39(A)® ZAF 5, 10, 20, 4 Max fall in FEV, ZAF 5, 20, 40 > PL
40 PO FEV1AUC ZAF 10=PL
Cold air
Boulet et al.[411a 10 (A) ZAF 80 PO 0.5,4,24 PD2oFEV1RHE, ZAF =PL at 0.5 and 4h
PD2oFEV1Ve ZAF > PL at 24h
Glass et al.l*22 18 (A) ZAF 0.8 INH 0.5, 6,24 PDi01520FEViIRHE,  ZAF > PL at 0.5h
PD10,15,20FEV1Ve ZAF > PL at 6 and 24h
Israel et al.[431a 24 (A) ZAF 20 or 2,8 PD10,1520FEV1Ve ZAF 20, 40 =PL at 2h
40 PO ZAF 20, 40 > PL at 8h
Richter et al.*412 19 (A) ZAF 20 or 3 PD2oFEV1Ve ZAF 20 >PL
80 PO ZAF 80 > PL
Sulphur dioxide
Lazarus et al 451 12 (A) ZAF 20 PO 2,10 PCsSRaw ZAF > PL at 2h
ZAF = PL at 10h
Platelet activating factor
Kidney et al.l6] 8 (HV) ZAF 40 PO 2 Maximum fall in SGaw, ZAF > PL

SGawAUC

Abstract.

Patients were receiving treatment with inhaled corticosteroid therapy (median dose 800pug/day).

ZAF significantly reduced the early phase response but did not have a significant effect on the late phase responsevs PL.
ZAF significantly reduced both the early and late phase responses vs PL.

T QO O T 9

Patients were aged 6-14y.

Abbreviations and symbols: FEV1 = forced expiratory volume in 1 second; FEVIAUC = area under the curve of the percentage change in
FEV1 from baseline against time; INH = inhaled; PCgSRaw = 8 unit increase in specific airway resistance with a sulphur dioxide concentration
<4 ppm; PD,FEV1 = concentration of challenge agent required to produce an x% decrease in FEV1; PD4FEV1RHE = respiratory heat exchange
that reduced FEV1 by x%; PDFEV1Ve = minute ventilation reducing FEV1 by x%; PO = oral; SGaw = specific airways conductance; SGawss
= concentration of challenge agent required to decrease SGaw by 35%; SGawAUC = area under the curve of the time course of SGaw from
baseline; > significantly greater efficacy vs placebo p < 0.05; > trend towards greater efficacy vs placebo; = similar efficacy vs placebo.
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tients with asthma and healthy volunteers treatedeukotriene-dependent (reviewed by Holgate et
with single oral doses of zafirlukast 40 or 80mgal.[49:50),
(table 1)[31.32] The protective effect of zafirlukast against the
In healthy volunteers, the extent of the broncho-early phase response to allergen challenge has been
protective effect of zafirlukast was dependent upordemonstrated in several studi#s37.50.51 Com-
the time of administration of the dr{ig! Admin-  pared with placebo, oral administration of zafirlu-
istration of zafirlukast 40mg to healthy volunteerskast 20mg to 10 patients with asthma 2 hours prior
2 hours prior to bronchial challenge resulted in ato allergen challenge produced a significant 2.5-
117-fold increase in the concentration of LTf8-  fold increase in the concentration of allergen re-
quired to reduce specific airway conductance byquired to reduce the forced expiratory volume in 1
35%); this compared with an increase of 9- and 5second (FEY) by 20% (p = 0.01). Zafirlukast also
fold when zafirlukast was administered 12 and 24shortened the mean recovery time after immediate
hours, respectively, prior to bronchial challenge. Inpronchoconstriction (defined as the time required
patients with mild asthma, zafirlukast (5, 10, 20,for FEV, to return from its maximal decrease to
40 or 100mg) provided dose-dependent protectioRyithin 90% of its prechallenge value) from 60 to
again;t LTD-induced bro_nchoconstriction when 40 minutes compared with placebo (p < 0.84).
administered 12 hours prior to Lk@erosol chal-  g,ccessful inhibition of the allergen-induced early

lengel®? A positive correlation between zafirlu- rognonse has also been reported following admin-
kast plasma concentration and the protective eﬁeqtstration of zafirlukast by inhalatioRg 51!

of the drug against LTRinduced bronchocon-

icti 32] . .
striction has also been reportées: o not inhaled zafirlukaf! may attenuate the late
In another study, single-dose administration ofyp 556 response to allergen challenge. Oral admin-

ZiﬁrIUK?St 20mg (2 hours prior to challeﬂge) Si%-jstration of zafirlukast 40mg to 8 atopic patients 2
nificantly attenuated LTpinduced bronchocon- hours prior to allergen challenge significantly at-

striction in patients with asthma who were receiv-;, . ~+o4 both early and late allergen-induced
ing treatment with inhaled corticosteroid therapybronchoconstrictioﬁﬁﬂ Zafirlukast produced a

i [33]
(median dose 80fg/day): significant reduction in the mean area under the
percentage change in FEVersus time curve for
Inhalation of allergen by susceptible individu- the Periods 0 to 2 hours and 2 to 6 hours after ad-

als invokes an early bronchoconstrictive respons@ninistration of the last dose of allergen. _
induced by the release of preformed mediators, !N @nother study, pretreatment of patients with
such as histamine, from IgE-triggered mast cells2/lergic asthma with both zafirlukast 80mg twice
Many patients also experience a late phasé;ially and the antihistamine loratadine 10mg twice
bronchoconstrictive response associated with tisdaily for 1 week produced significantly greater in-
sue oedema, infiltration and recruitment of inflam- hibition of the late phase response (defined by the
matory leucocytes and an increase in airway hyperarea under the FEWersus time curve expressed
responsiveness. The 2 types of response generalfg a percentage of the response during controlled
develop within 10 to 15 minutes and 3 to 6 hoursPronchoprovocation testing) than either drug
after allergen challenge, respectively, and the lat@lonel®? The late phase response was reduced by
phase response may last for up to 24 h#ar§! 55 and 40% following pretreatment with loratadine
Studies with leukotriene receptor antagonists an@r zafirlukast, respectively, compared with a re-
leukotriene synthesis inhibitors show that ap-duction of 74% following pretreatment with both
proximately 60 to 80% of the early phase and apdrugs (p < 0.05).

proximately 50 to 60% of the late phase broncho- The extent of the protection conferred by
constrictive response to allergen challenge isafirlukast against bronchial hyper-responsiveness

Preliminary data suggest that &#af?.5% put

2.2.2 Allergen Challenge
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requires further investigation. In one study, which ~ Oral administration of zafirlukast 20mg 2 hours
reported a beneficial effect with zafirlukd®t,the  prior to exercise challenge significantly reduced
investigators chose a time point (6 hours) that waghe mean maximum percentage fall in REdém-
too soon after allergen challenge to reliably assesgared with placebo (21.6s 36%; p < 0.01) in 8
changes in bronchial hyper-responsiven#sdn patients with asthma, with the principal protective
another investigation, zafirlukast 20mg twice daily €ffect occurring after the first 5 to 30 minutes of
for 12 weeks did produce a significant (2.5-fold) €xercise?l A significant attenuation of EIA was
reduction in baseline bronchial hyper-responsive-2/S0 reported 4 hours after single-dose oral admin-
ness to methacholine in patients with asthmdstration of zafirlukast 5, 20 and 40mg to 39 chil-
[FEV;-percentage predicted (FEVPP)> 55%] at  dren (aged 6 to 14 yeardjl Attenuation of EIA did
week 21531 However, although bronchial hyper-re- not reach statistical significance with zafirlukast

sponsiveness was still attenuated at week 10, tht0mg (p = 0.056).

difference was no longer statistically significant. In In an e_valuatlon of short term zaﬂrlu_kast ther-
a 2-week crossover comparison with inhaled fluti-2PY, relatively more patients treated with zafirlu-

: : . : kast 20 or 80mg twice daily for 2 weeks recovered
casone propmqate (109 tWIC? d{;u_ly), zafirlukast to =295% of baseline FEV<30 minutes after exer-
20mg twice daily provided significantly less pro-

tection against histamine-induced bronchial hyper-Clse compared with patients treated with sodium

. . . . . cromoglycate (cromolyn sodium) 10mg 4 times
responsiveness in patients with mild to moderatedain or placebo (73 to 87%s33 to 57%)59
asthmd>4 '

Examination of bronchial lavage fluid from Protection against cold air-induced broncho-

: ) constriction has been reported after single-dose ad-
zafirlukast-treated patients suggested that the dru%inistration of zafirlukast 20, 40 or 80mg (table
may alter the inflammatory response to allergenl)_[41,43,44] '
challengd®5:58] 48 hours after segmental antigen
bronchoprovocation, basophil, mast cell, lympho-
cyte and histamine levels were significantly re-
duced in the bronchoalveolar lavage fluid of pa-  published pharmacokinetic data on the oral for-
tients treated with zafirlukast 20 or 160mg twice mulation of zafirlukast are limited; this section,
daily for 7 days compared with placebo. A signifi- therefore, mainly comprises data from unpublished
cant reduction in the number of eosinophils wasstudied8?.611
also reported in patients treated with the higher

dosage of zafirlukast (160mg twice daily). 3.1 Absorption and Distribution

3. Pharmacokinetic Properties

2.2.3 Exercise and Cold Air Challenge _ The pharmacokinetic profile of zafirlukast is
_ Exercise-induced asthma (EIA) is defined as an ot qescribed using a 2-compartment model. Max-
intermittent narrowing of the airways during or imum plasma zafirlukast concentrationsm(
immediately after exercise. Frequent symptomsyot specified] were achieved 3 hours after single-
include wheezing, chest tightness, coughing angose administration of zafirlukast 20 or 40mg to
dyspnoed>” >8] Several studies, mostly reported heajthy volunteers (aged 18 to 40 years). Accumu-
as abstracts (table 1), have shown oral zafirlukasfation of zafirlukast was minimal during twice
to be an effective inhibitor of EIA and cold air- daily treatment (60 to 160 mg/day) for 10 days and
induced bronchoconstriction (considered to closesystemic exposure was proportional to the dosage
ly mimic the airway effects of exercise) in patients of zafirlukast over the range 20 to 80mg twice
with asthma. Protection against EIA and cold airdaily. The absolute bioavailability of zafirlukast is
challenge has also been reported with inhaled forunknown; however, coadministration of zafirlu-
mulations of zafirlukasg®42 kast with food high in protein or fat reduced the
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mean bioavailability of the drug by approximately creased by 2-fold in elderly individudf3! How-
409%[60.61] ever, there was no accumulation of the drug in el-
Zafirlukast is extensively plasma-protein bound;derly patients treated with 20mg twice daily for 10
at plasma concentrations ranging from 0.25 to 1@ays®
mg/L, the drug was >99% bound to plasma pro-
teins, predominantly to albumiff! 3.3 Relationship Between Plasma
Concentration and Clinical Effect

3.2 Metabolism and Elimination There was a slight positive correlation between

Zafirlukast undergoes extensive hepatic meta_the plasma trough concentration of zafirlukast and

bolism in humans. The major biotransformation FEV1 in patients (,n = 27_6) with moderate to severe
pathway is hydroxylation by the cytochrome |:,450as'Fhma treated with zafirlukast 5, 10 or 20mg twice
CYP2C9 isoenzym&2) Notably,in vitro compar- ~ daily for 4 weeks (r=0.18; p = 0.0§] The trough
ison of LTD, antagonist activity showed zafirluk- plasma sample was collected 11 to 14 hours after
ast metabolites in the plasma to #80-fold less treatment and FEMwas measured >3 hours after

potent than the parent drifg! In vitro, zafirlukast ~ P-adrenoceptor agonist therapy. Conversely,
inhibited the cytochrome P450 isoenzymeshlgher.zafl_rlukast concentratlorjs correlated with a
CYP2C9 and CYP3A at concentrations approach/eduction in nocturnal awakenings (r = -0.23; p =
ing those which are clinically relevalf#] 0.002) an_d asthma symptoms upon aw.akem_ng in

In patients with asthma and healthy volunteers,the morning (r = -0.17; p = 0.02) in this patient
the mean terminal elimination half-life of zafirluk- 9"°UP:
ast is approximately 10 hours. The drug is mainly
eliminated in the faeces with urinary excretion ac-
counting for <10% of an orally administered A summary of potential drug-drug interactions
dosel®?] Zafirlukast is also excreted in breast milk; involving zafirlukast is provided in table 1. The
after administration of 40mg twice daily to healthy effects of zafirlukast on the pharmacokinetic prop-
female volunteers, the mean steady-state concerrties of warfarin were investigated in 16 healthy
tration of zafirlukast in breast milk was $@/L  volunteers in a crossover stuy%¢! Coadminis-
compared with 25%g/L in plasmd®®! tration of zafirlukast (80mg twice daily for 10

Preliminary data suggest that the clearance oflays) and warfarin (25mg on day 5) resulted in a
zafirlukast is reduced in patients with hepatic im-significant decrease in the clearancé&afarfarin
pairment; short term studies revealed a marked inand a clinically significant increase in prothrombin
crease (50 to 60%) in theygx and area under the time. No clinically significant changes in the frac-
plasma concentration-time curve (AUC) for tion of unboundR- or Swarfarin in the plasma
zafirlukast in patients with stable alcoholic cirrho- were reported. Inhibition of the cytochrome P450
sis compared with healthy volunteers. However, tocCYP2C9 isoenzyme system by zafirlukast is the
date, the pharmacokinetics of zafirlukast have noproposed mechanism for this interaction. In an
been evaluated in patients with hepatitis or in longanecdotal report, an elderly patient concomitantly
term studies of patients with cirrhoid. receiving warfarin 2mg daily for 9 months and

A single-dose pharmacokinetic study in elderly zafirlukast 20mg twice daily (duration not speci-
patients with asthma (aged >66 years) and healthffed) experienced excessive anticoagulation and
volunteers (aged 19 to 35 years) demonstrated agastrointestinal bleedin? Close monitoring of
increase in the normalised AUC ang,&eand a prothrombin time and adjustment of the anticoag-
decrease in the plasma clearance of zafirlukastilant dosage are therefore recommended in pa-
with increasing age. Compared with youngertients receiving concomitant treatment with warfa-
adults, the Gax and AUC of zafirlukast were in- rin and zafirlukast®l

3.4 Pharmacokinetic Drug Interactions
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Table Il. Summary of drug interaction studies evaluating the concomitant administration of zafirlukast (ZAF) and warfarin (WAR), terfenadine
(TER), theophylline (THE), erythromycin (ERY), aspirin (ASP) or oral contraceptives (OC)

Drugs (dosage) No. of subjects  Effect
(type)
ZAF 80mg bid x 10 days + WAR 25mg SD? 16 (HV) Significant 1 in WAR AUC (+62%) and area under PT vs time curve

(+8%) and a clinically significant 1 in PTmax (+15%).5% Significant |
(—38%) in S-WAR CLI®%]

ZAF 160mg bid + TER 60mg bid® 8-16 (HV) Significant | in ZAF Cmax (-61%) and ZAF AUC (—48%) on day 8. ZAF
did not significantly alter TERC AUC, Cmax or ECG parameters!®7:68]

ZAF 40mg bid® + THE® 6mg/kg SD 13 (A) Mean ZAF plasma concentration | by =30%. No effect on THE
plasma concentration!®°]

ZAF 40mg SD + ERY 500mg tid x 5 days® 11 (A) Mean ZAF plasma concentration | by =409

ZAF 20mg bid + ASP 650mg gid NR Mean ZAF plasma concentration 1 by =45%(6°

ZAF 40mg bid x 3wk + OC x 3wk 39 (HV) No significant effect on EE plasma concentration or OC efficacy®”

a WAR was administered on the 5th day of ZAF therapy.

b ZAF administered on days 1-16 and TER administered on days 8-16 or vice versa.

¢ Administered to steady-state.

d Oral liquid preparation.

Abbreviations and symbols: A = patients with asthma; AUC = area under the plasma concentration-time curve; bid = twice daily;
Cmax = maximum plasma concentration; CL = clearance; ECG = electrocardiographic; EE = ethinyl estradiol; HV = healthy volunteers;
NR = not reported; od = once daily; PT = prothrombin time; PTmax = maximum prothrombin time; qgid = 4 times daily; SD = single dose;
TERC = terfenadine carboxylate; tid = 3 times daily; 1 indicates an increase; | indicates a decrease.

Terfenadine is a substrate for the cytochromephylline or erythromycin to patients with asthma.
P450 isoenzyme CYP3A. In healthy volunteers,In contrast, the concomitant administration of as-
zafirlukast did not significantly alter the AUC of pirin increased plasma zafirlukast concentrations
terfenadine carboxylate, the active metabolite ofoy approximately 45%. Limited data showed no
terfenadine. Furthermore, changes in electrocarsignificant reduction in contraceptive efficacy in
diographic parameters, sometimes associated withealthy female volunteers who received concomi-
increased plasma concentrations of terfenadfhe, tant oral zafirlukast (40mg twice daily) and oral
were not reported in this study; however, the,C contraceptive therapy over a 3-week pe#8u.
and AUC for zafirlukast were significantly re-
duced(67.68] 4. Therapeutic Potential

No formal studies have been conducted to inves- e clinical efficacy of oral zafirlukast has been

tigate drug-drug interactions between zafirlukasteyajyated in patients (aged2 years) with pre-
and other agents metabolised by the cytochromgominantly mild to moderate asthma recruited to
P450 CYP2C9 (for example, tolbutamide, pheny-jarge comparative double-blind trials. The majority
toin and carbamazepine) or P450 CYP3A (for ex-of studies evaluated the efficacy of zafirlukast both
ample, dihydropyridine calcium-channel antago-gpjectively by measuring pulmonary function
nists, cyclosporin, cisapride and astemizole)[FEV, and morning and evening peak expiratory
isoenzyme systems. However, as zafirlukast haflow (PEF)] and subjectively by assessing symp-
been shown to be an inhibitor of these enzyme sysoms (using asthma symptom scores based on a
temsin vitro (section 3.2), appropriate clinical 4-point scale) and recording the use of supplemen-
monitoring should be undertaken if zafirlukast istary bronchodilator therapy (usually the short-
coadministered with these drugs. acting inhaledp,-adrenoceptor agonist salbuta-
Other drug interaction studies reported a 30 tamol).
40% reduction in plasma zafirlukast concentra- A range of oral zafirlukast dosages were evalu-
tions when the drug was coadministered with theoated, with 20mg twice daily being the most fre-
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quently used. Most studies used placebo as thicreased every 2 weeks from 5 to 20 to 40mg
comparator agent. A small number of studies comiwice daily) or placebo, higher dosages of zafirlu-

pared the efficacy of zafirlukast and other anti-kast were associated with a small incremental ben-
asthma medications including sodium cromogly-efit.[81]

catd’t.72 and inhaled corticosteroid®! Recent

investigations have also included an assessment 4.2 Comparative Studies

of the potential steroid-sparing effect of zafirlu-

kast[74-78l 4.2.1 zafirlukast versus Placebo
With the exception of 2 studié¥,”9 all inves- The onset of action of zafirlukast 20mg twice
tigations described in this section were reported agaily was assessed during the first 2 weeks of a
abstracts only at the time of this review. 13-week double-blind placebo-controlled trfl.
Preliminary results from this study revealed sig-
4.1 Dose-Finding Studies nificant improvements (p < 0.05) in daytime symp-

tom scores, asthma symptoms upon awakening in

The results of 3 randomised double-blind pla-the morning and morning PEF, and a significant
cebo-controlled trials showed a dose-related im+eduction in the use of short-acting inhalgd
provement in pulmonary function and symptom adrenoceptor agonist use, after 3 days of treatment
control with zafirlukasté4:80.811 with zafirlukast (n = 467) compared with placebo

In a 6-week study in 266 patients with moderate(n = 217). Evening PEF and the frequency of noc-
to severe asthma (FEAPP 40 to 75%), treatment turnal awakenings did not differ significantly be-
with zafirlukast 20mg twice daily produced a tween the 2 treatment groups.
greater improvement in symptom control (noctur- In a second study involving 198 patients with
nal awakenings, asthma symptoms upon awakerasthma (FEY-PP 50 to 75%), PEF was improved
ing in the morning, daytime asthma score and us@ hours after single-dose administration of zafir-
of rescue medication) than zafirlukast 10 or 5mglukast 20mg (+37.9 L/min; not significaws pla-
twice daily (table IlI); the percentage improvementcebo) or 160mg (+45.3 L/min; p < 0.85 pla-
from baseline ranged from 27 to 46%, 8 to 19% andebo)®8! This improvement in PEF was sustained
9 to 29%, respectivel§*! Zafirlukast 20mg twice during 2 weeks of treatment with zafirlukast 20mg
daily also produced a significantly greater im-or 160mg twice daily and was statistically signifi-
provement in symptom control, FE¥ind evening cant versus placebo (+25.5 and +32%6+5.6
PEF at the 6-week study end-point than placebo (jb/min at week 2; p < 0.05).
< 0.05). However, only zafirlukast 5mg twice daily ~ The results of studies comparing the efficacy of
produced a significant improvement in morning zafirlukast 20mg twice daily and placebo over 6 to
PEF compared with placebo (fig. 3). 13 weeks are summarised in tablel1918%] These

A significant increase in morning PEF (p < trials generally showed a significantly greater im-
0.05) and a significant decrease in the use of rescygrovement in morning and evening PEF, REV
medication (p < 0.05) was reported with increasingsymptom control and nocturnal awakenings and a
doses of zafirlukast (4, 10, 20, 40 or 80mg twicesignificant reduction in the need for as-required
daily for 13 weeks) in patients with mostly mild to short-acting inhale@,-adrenoceptor agonist ther-
moderate asthma (FE\PP>55%; n = 28580 Al- apy, with zafirlukast 20mg twice daily compared
though not significant, higher doses of zafirlukastwith placebo. In 1 study, which recruited patients
were also correlated with a greater reduction inwith comorbid allergic rhinitis and asthma, symp-
morning asthma symptoms. Similarly, in a 6-weektoms of nasal congestion were also significantly
dose escalation study in which 124 patients withimproved during zafirlukast thera¥:87] Initial
mild to moderate asthma were randomised to redata suggest that patients with more severe asthma
ceive increasing doses of zafirlukast (doses werenay benefit more from zafirlukast therapy than pa-
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Table Ill. Summary of randomised, double-blind, parallel group comparative studies evaluating the efficacy of oral zafirlukast (ZAF) in patients with asthma

Reference Asthma type No. of  Treatment [mg] Relative efficacy
(mean FEV1-PP) pts (duration [wk]) PEF FEV1 rescue symptoms nocturnal overall
medication awakenings (at study end-point)
Comparisons with placebo (PL)
Howland et al.®?®  Mild/moderate 54 ZAF 40 bid” am: ZAF** > pL° ZAF* > PL® ZAF* > PL° ZAF*>PL°  ZAF=PL
(NR) 52 PL pm: ZAF** > PL°
(6)
Fish et al.l" Mild/moderate 762 ZAF 20 bid am: ZAF** > PL ZAF* > PL ZAF** > PL ZAF** > PL ZAF* > PL
(78.6) PL pm: ZAF = PL
(13)
Nathan et al.®%; Moderate 231 ZAF 20 bid am: ZAF** > pL ZAF* > PL ZAF* > PL ZAF* > PL
Nayak et al.® (66.4) 223 PL
(13)
Spector et al.[% Moderate/severe 66 ZAF 5 bid am: ZAF5* > PL ZAF5 = PL ZAF5 > PL ZAF5 = PL ZAF5* > PL
(range 40-75) 67 ZAF 10 bid ZAF10=PL ZAF10=PL ZAF10 = PL ZAF10 > PL ZAF10 = PL
67 ZAF 20 bid ZAF20 = PL ZAF20** > PL ZAF20*>PL  ZAF20* > PL ZAF20** > PL
66 PL pm: ZAF5 2 PL
(6) ZAF10=PL
ZAF20* > PL
Comparisons with inhaled sodium cromoglycate (cromolyn sodium; SC)
Holgate et al."? Mild 88 ZAF 20 bid am: ZAF* > PL® ZAF* > PL® ZAF* > PL® ZAF = PL
(82) 90 SC 40 od SC=PL
80 PL
(13)
Nathan et al.[’3? Mild/moderate 287 ZAF 20 bid ZAF* > pLY
(NR) SC 1.6 qid" SC* > PLY
PL ZAF = SCf
(13)
Comparison with inhaled beclomethasone dipropionate (BDP)
Laitinen et al.l”*12 Mild/moderate 162 ZAF 20 bid am: BDP* > ZAF20 BDP**>ZAF20  BDP >ZAF20 BDP* >ZAF20 BDP >ZAF20
(79.6) 159 ZAF 80 bid BDP > ZAF80 BDP = ZAF80 BDP =ZAF80 BDP*>ZAF80 BDP >ZAF80
160 BDP 0.2-0.25 bid pm: BDP = ZAF20 ZAF80* > ZAF20
(6) BDP = ZAF80
a Abstract.
b Efficacy results for an additional 56 patients randomised to treatment with ZAF 2mg bid were not reported.
¢ Reported after 2wk of treatment.
d Dry powder inhalation.
e Reported for a number of individual treatment weeks (not specified) during the study treatment period.
f  Aerosol inhalation.
g Efficacy assessed according to the percentage of patients who met =1 of the following criteria: 50% decrease in daytime symptoms, first morning symptoms or nocturnal awakenings

without a 50% increase in short-acting Bz-adrenoceptor agonist use, or a 50% decrease in Bz-adrenoceptor agonist use without a 50% increase in daytime symptoms.

Abbreviations and symbols: bid = twice daily; FEV1 = forced expiratory volume in 1 second; FEV1-PP = FEV1 percentage predicted; NR = not reported; od = once daily; am PEF = morning PEF;
indicates tendency towards greater efficacy; = indicates similar efficacy;

pm PEF = evening PEF; PEF = peak expiratory flow; gid = 4 times daily; > indicates significantly greater efficacy;

*p < 0.05, **p < 0.01 vs comparator.
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tients with less severe dised&271 FEV; was im- W Zafirlukast Smg bid
roved by 15.9% in patients with more severe air-g - | 0 Zafirukast 10mg bid

proved by 15.5% 1n patl Wi € sev £ [0 zafirlukast 20mg bid

flow obstruction (FEY-PP at baseline <65%) ot *

compared with 1.7% in patients with less severeg . |

disease (FE¥PP >80%) after treatment with E

zafirlukast 20mg twice daily for 13 weeks. The £)

S

corresponding percentage improvements in morn-
ing PEF were 9.1 and 5.6%!

In the largest comparative study in 762 patients
with mild to moderate asthma (mean RERP
78.6%), treatment with zafirlukast 20mg twice
daily for 13 weeks improved morning PEF by 14
L/min (p < 0.0lvsplacebo) and increased FEMY
0.08L (p < 0.05/splacebo)’® FEV;-PP at the end
of treatment was 82.5 and 79.9%, respectively, ,._
among zafirlukast- and placebo-treated patients (&2 i
< 0.01).

Using the Asthma Quality of Life Question-
naire, Nathan et &3] reported favourable quality-
of-life (QOL) benefits in patients treated with
zafirlukast 20mg twice daily for 13 weeks. Signif-
icant improvements in the symptom and emotiona
function domains and in overall QOL score were
reported with zafirlukast (n = 231) compared with
placebo (n=223) [g 0.01]. The investigators also
reported that these beneficial effects were associ=
ated with clinically relevant improvements in QOL
(defined by=0.5 unit change from baseline).

Comparison of zafirlukast 40mg twice daily and _ _ . .

L L . Fig. 3. Efficacy of zafirlukast in the treatment of moderate to
placebo revealed no S|gn|f|cant difference in pu"severe persistent asthma [forced expiratory volume in 1 second
monary function or symptom control at a 6-week(FEV:) 40 to 75% of predicted value]. Improvement in peak

_nAinie2 : : : expiratory flow (PEF) and FEV; at study end-point (6 weeks)

Stfjdy end po_lnifi } The mvestlgators_attrlbuted compared with placebo(n=66)flor patients treated with zafirluk-
this lack of difference to a confounding placeboast 5 (n = 66), 10 (n = 67) or 20mg (n = 67) twice daily (bid)!
effect. Morning and evening PEF, nocturnal awak-Symbols: *p < 0.05 **p < 0.01 vs placebo.
enings, asthma symptoms upon awakening in the
morning and use of rescue medication were signif-_. ! .
icantly (p < 0.05) improved with zafirlukast com- rr_uld to moderate asthnié?! The ”“”.‘ber of phy5|-

) . cian-reported asthma exacerbations leading to
pared with placebo after 2 weeks of treatment in . S :
this study (table I11) study withdrawal was significantly lower with

) o . )
The effect of zafirlukast on the incidence zafirlukast than placebo [356.5% of patients; p

: . = 0.008; (odds ratio 0.51; 95% confidence interval
of asthma exacerbations was evaluated in a r€5.34 t0 0 84)]

cent meta-analysis of 5 double-blind placebo-

controlled trials comparing treatment with zafir-  4.2.2 zafirlukast versus Sodium Cromoglycate

lukast (4 to 80mg twice daily) [n = 1129] or  Limited data, provided by two 13-week studies,
placebo (n = 547) for 13 weeks in patients withare available on the comparative efficacy of

10

Increase vs placebo at
(6]
!

o

Morning PEF Evening PEF

0.20

0.15

ncrease vs placebo at study end-point

0.10—

0.05

0
FEV,
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zafirlukast and sodium cromoglycate (table duced a significantly (g 0.01) greater increase in
). 172 FEV; and morning PEF from baseline than zafir-
One study recruited 287 patients with mild to lukast 20mg twice daily and a significantly (p <
moderate asthma (total daytime asthma sce8es 0.05) greater reduction in daytime asthma symp-
over 7 consecutive day€¥] Response to treatment tom score from baseline than zafirlukast either 20
was defined as a 50% reduction in daytime symp-or 80mg twice daily. Beclomethasone dipropionate
toms, asthma symptoms upon awakening or nocwas also associated with a trend towards a greater
turnal awakenings without a 50% increase in shortimprovement in evening PEF, nocturnal awaken-
acting inhaledB,-adrenoceptor agonist use, or aings, mornings with asthma symptoms and need for
50% decrease iBp-adrenoceptor agonist use with- Bz-adrenoceptor agonist therapy. 30% and 41% of
out a 50% increase in daytime symptoms. Usingpatients treated with zafirlukast 20 and 80mg twice
these criteria, response to treatment was signifidaily, respectively, experienced>40% improve-
cantly greater in favour of zafirlukast 20mg twice ment in morning PEF from baseline compared with
daily and sodium cromoglycate aerosol inhalation47% of patients treated with beclomethasone
(1.6mg 4 times daily) than with placebo (64 to 68%dipropionate.
vs46% of patients; p < 0.05). However, no signif-
icant difference was demonstrated between the 2 4.3 Effect on Corticosteroid Dosage
active treatment groups. In a subgroup analysis of
64 patients stratified for asthma severity (timing of ~ The results of 2 multicentre double-blind stud-
stratification not specified), zafirlukast produced aies investigating the potential steroid-sparing ef-
greater increase in FE\+0.35L; statistical signif- fect of oral zafirlukast 20mg twice daily do not
icance not provided) compared with sodium permita clear conclusion to be drawn regarding the
cromoglycate (+0.17L) or placebo (+0.04L) in ability of zafirlukast to facilitate a reduction in cor-
patients with more severe asthma (RERP < ticosteroid dosage in patients with asthiafd®!
65%)[89] One study compared treatment with zafirlukast (n
Asecond study involving 258 patients with mild = 242) and placebo (n = 117) for 20 weeks in pa-
to moderate asthma reported no overall significantients with mild stable asthma who were receiving
difference in the efficacy of zafirlukast 20mg twice inhaled corticosteroid therapy 400 to Ti§0
daily, sodium cromoglycate dry powder for inhala- daily!’®! The second study compared treatment
tion (40mg daily) or placebB! The mild nature With zafirlukast (n = 175) and placebo (n = 87) for
of the asthma (mean FE\PP 82% and asthma 12 weeks in patients with moderate stable asthma
symptom score 0.68 to 0.80 on a scale of 0 to 3 avho had been receiving inhaled corticosteroid
study entry) in patients recruited to this study, maytherapy 800 to 20QQy daily!"!
have precluded a clear demonstration of the rela- During both investigations, the required dosage

tive benefits of these 2 agents. of inhaled corticosteroid therapy was reduced to a
similar extent (60 to 85%) without loss of symptom
4.2.3 zafirlukast versus Inhaled Corticosteroids control in both zafirlukast- and placebo-treated pa-

To date, only 1 study has compared the efficacytients. However, the attainment of such large reduc-
of zafirlukast and inhaled corticosteroid therapy intions in the inhaled corticosteroid dosage without
the treatment of asthma (table I}l In this study, loss of symptom control suggests that these pa-
patients with mild to moderate asthma (meantients were not receiving the lowest effective dose
FEV1-PP 79.6%) were randomised to treatmentof inhaled corticosteroids at study entry, thus con-
with zafirlukast 20mg twice daily (n = 162), founding the results.
zafirlukast 80mg twice daily (n = 159) or inhaled  One study reported a steroid-sparing effect in
beclomethasone dipropionate 200 to 2$@wice  patients with moderate asthma (FERP 60 to
daily for 6 weeks (n = 160). Beclomethasone pro-80%) treated with zafirlukast 20mg daily for 12
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weeksl’”l However, the study report provided only imately twice that with inhaled corticosteroid ther-
limited efficacy data and only 9 patients were re-apy (as a dry powder administered twice daily).
cruited.

Concomitant high-dose zafirlukast therapy 5. pharmacoeconomic Considerations
(80mg twice daily) for 6 weeks significantly im-
proved asthma control in 368 patients with moder- With the increase in use of anti-inflammatory
ate or severe persistent asthma (KW 50 to  Medications as recommended by current treatment
75%) who were symptomatic despite treatmenguideline€29% and the introduction of new drug
with high-dose inhaled corticosteroid therapy treatments, drug costs for the management of as-
(beclomethasone dipropiona4 200 pg/day or thma have continued to rise. This has led to height-
equivalent)76.78 Zafirlukast produced a signifi- €ned interest in pharmacoeconomic research to
cantly greater improvement in morning PEF rela-evaluate whether this potential increase in cost is
tive to baseline than placebo (181.5 L/min; p  offset by cost savings in other areas and a reduction
< 0.001). Improvements in secondary efficacy pain asthma morbidity.
rameters (evening PEF, FEVdaytime asthma Data for the first pharmacoeconomic study on
score, use of short-acting inhalggadrenoceptor  zafirlukast® originated from a 13-week muilti-
agonist medication and mornings with asthmacentre double-blind trial comparing the efficacy of
symptoms) were also significantly greater with zafirlukast 20mg twice daily with placebo in 762
zafirlukast. Moreover, zafirlukast recipients expe- patients with mild to moderate asthma receiving
rienced fewer asthma exacerbations which reas-required short-actin@,-adrenoceptor agonist
quired additional treatment (& 15% of patients) therapyl’®! All patients were aged12 years, had
and required fewer days off work due to respiratoryan FEV-PP>=55% and were symptomatic (defined
illness (250vs310 days lost among zafirlukast and as a cumulative 7-day asthma symptom se@je

placebo recipients, respectively). Clinical effectiveness and resource consumption
for zafirlukast therapy were assessed in a 13-week
4.4 Patient Preference and Compliance subgroup analysis of 146 patients enrolled in this

trial. Clinical effectiveness was measured using

An assessment of patient preference for treatpatient assessment of the number of days per
ment with oral zafirlukast (20mg twice daily) or month without asthma symptoms, limitation of ac-
inhaled beclomethasone dipropionate therapy (0.2vity, B,-adrenoceptor agonist use, sleep distur-
to 0.25mg twice daily) for 4 weeks revealed a 2 tobance and episodes of asthma. Resource consump-
1 preference in favour of zafirlukast in a nonblindtion was evaluated according to the use of
crossover study (n = 158! This was despite a healthcare services and resources (frequency and
higher incidence of adverse events with zafirlukasttype of unscheduled healthcare contacts, ufe-of
than with beclomethasone therapy in this studyadrenoceptor agonist agents and non-asthma med-
(further details not provided). In addition, more pa-ication) and absenteeism from school or work.
tients found zafirlukast easier to use (820%). In addition to greater clinical efficacy (table

Assessment of patient compliance with zafir-1V), zafirlukast had a significant effect on the use
lukast, using an electronic tracking cap device, reof healthcare resources compared with placebo.
vealed an overall compliance rate of 81%, withPatients treated with zafirlukast experienced a 55%
74% of patients achieving at least 80% compli-reduction in both the number of healthcare contacts
ancel®1.91 Adherence to the daily regimen (num- and absenteeism from school or work, and a non-
ber of days on which two 20mg zafirlukast tabletssignificant 17 and 19% reduction in the use of in-
were takere8 hours apart) was 64%. A retrospec- haled ,-adrenoceptor agonists and non-asthma
tive comparison showed the rate of compliancemedication, respectively, (table IV). However, the
with twice-daily zafirlukast therapy to be approx- significantly lower mean FEWPP at baseline
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Table IV. Clinical efficacy and resource consumption for patients treated with zafirlukast 20mg twice daily (n = 103) or placebo (n = 43) in a
subgroup analysis of a 13wk randomised? double-blind study!®*

Zafirlukast Placebo Comparison with placebo
mean increase estimated rate
(%)°° reduction (%)%

Time spent in specific health states (mean no. days/month)

Without symptoms 7.0 3.7 89*

Without inhaled B.-adrenoceptor agonist use 11.3 6.0 89**

Without limitations NR NR 7

Nights without sleep disturbance NR NR 3

Episode-free days® 10.1 51 98**

Resource consumption (rate per 100 patients/month)

Healthcare contacts 185 40.7 55**
Absenteeism from school or work 15.6 35.0 55*

Use of inhaled f2-agonists 47.5 57.1 17

Use of non-asthma medications 70.4 87.4 19

a Patients were randomised in a 2: 1 ratio to zafirlukast and placebo, respectively.

b Corrected for baseline differences in percentage predicted forced expiratory volume in 1 second and measures of clinical effectiveness.
¢ Defined as (value for zafirlukast group minus value for placebo group) divided by value for placebo group.

d Defined as (value for placebo group minus value for zafirlukast group) divided by value for placebo group.

e Defined as the number of days without an asthma attack, B2-adrenoceptor agonist use, sleep disturbance due to asthma or adverse

events.
Abbreviation and symbols: NR = not reported; *p < 0.05, **p < 0.01 vs placebo.

among the zafirlukast-recipients (74£83.7% in  culations based on the number of asthma exacerba-
the placebo group; p = 0.002) may have been retions per 1000 patients per year showed that the
sponsible for the greater treatment effects seen inosts incurred by placebo-treated patients were al-
this group, as patients with more severe asthma amost twice those calculated for the zafirlukast
likely to benefit more from treatment. The useful- treatment group (£48 000s £26 000; 1995
ness of these results in determining the effect otosts)®! Well designed pharmacoeconomic stud-
zafirlukast on disease outcome and costs are fuies which compare zafirlukast with other anti-
ther limited, as several major expenses associategsthma drugs are required to fully quantitate the
with asthma, including death and hospitalisation effect of zafirlukast on disease outcome in eco-
were not incurred during the study because of théomic terms.

small number of patients recruited and the short

study duration. Furthermore, this study did notin- g Tolerability

clude an analysis of the potentially high costs in-

curred as a result of treatment failure. This section is primarily based on data from

The cost impact of treatment failure in this 5188 patients treated with zafirlukast (generally
setting has been assessed using data from a met2emg twice daily) in controlled clinical trials of up
analysis of 5 clinical trials. This meta-analysisto 20 weeks duratio§ 1120 of these patients
demonstrated a significant reduction in the inci-went on to receive zafirlukast 20mg twice daily in
dence of asthma exacerbations leading to treatmeibdnger term trials (duration21 weeks) and 172 of
withdrawal in patients treated with zafirlukast these received the drug for >2 years. 380 and 316
compared with placebo for 13 weeks (8s%.6%; patients, respectively, received zafirlukast 40mg
p = 0.008)88! Although direct and indirect costs and 80mg twice daily in studies of >6 months du-
incurred by the patients were not considered, calration.
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The most frequent adverse events associatedable V. Tolerability profile of zafirlukast presented as the incidence

: . of adverse events (%). Data were taken from a large database
with short term zafirlukast therapﬁzo weeks) comprising a total of 5188 patients treated with zafirlukast in

were pharyngitis (16%), headache (12%) and ag-ontrolled clinical studies®2

gravation reaction (a COSTART term used to de-agverse event Short term Long term
fine worsening of any pre-existing condition, e.g. therapy® therapy®
asthma) [8%]6! Other adverse events including zafirlukast  placebo .
. . L (n=5188) (n=2573) (n=1120)
infection, rhinitis, flu syndrome, nausea and coughF,haIryngitis o o 0
developed in 3 to 4% of patients. Notably, the in- eagache 12 1 16
cidence and profile of adverse events did not differaggravation reactiond 8 10 28
significantly between zafirlukast- and placebo- Infection 4 4 16
treated patients (table V). Treatment withdrawal Rhinitis 3 4 8
due to exacerbation of asthma was necessary in 1.3 syndrome 3 3 10
and 2.4% of zafirlukast- and placebo-treated pa-xﬁ:ia z ; 2
tients, respectively; withdrawals for all other non- ., NR NR 6
serious adverse events were necessary in 2.6 anglonchitis NR NR 6
3.2% of patients. Accidental injury NR NR 5

A similar profile of adverse events was reported Back pain NR NR 5
during long term zafirlukast therapy (21 weeks to Pamoea NR NR 4
>2 years; n = 1120§4 Over this longer period, gbdfm'n?' e Ei EE z
pharyngitis (46%), aggravation reaction (28%), R::hroen e NR NR 3

headache (16%)1 infection (16%), flu Syndrome a Data were measured from graphs and rounded to the nearest
(10%) and rhinitis (8%) were the most frequent 1%. Only adverse events which developed in 23% of

adverse events. Other adverse events occurred witp patients were recorded.

.. Patients were treated with zafirlukast (generally 20mg twice
0
an incidence 0£6% (table V). daily) for <20wk.

Serious adverse events, the most frequent Ot patients were treated with zafirlukast 20mg twice daily for
which were aggravation reaction, accidental injury ~ 2iwkto>2y.
and asthma (defined as increased bronchocond A COSTART term for the worsening of any pre-existing
.. i : condition e.g. asthma.
striction), were reported in 1.3% of patients treated ;... iztion: NR = not reported.
with short term zafirlukast therapy compared with
1.0% of placebo recipients. Aggravation reaction
(1.5%) and infection (0.8%) were the most fre- st the general population, with the exception of
quent serious adverse events during long terMcection(61 The risk of infection was increased in
zaflrlul_<ast therapy. elderly patients treated with zafirlukast; however,
During both short and long term treatment, o . .
except for 1 case of appendicitis, these infections

h|gher doses of zafirlukast (4.0 or Sng t\.Nlcedid not necessitate the cessation of zafirlukast ther-
daily) were not generally associated with a higher

incidence of adverse events. However, infrequenf"py' L :
asymptomatic elevations in serum liver enzymes No deaths, hospitalisations or serious advgrse
have been associated with zafirlukast 80mg twicéVENts were reported among 276 evaluable patients
daily[611 Although the levels returned to normal with mild to moderate asthma randomised to treat-
after cessation of therapy, the administration offent with zafirlukast (5, 10, or 20mg twice daily)
zafirlukast at doses exceeding 40mg twice daily ign = 206] or placebo (n = 70) for 6 weeks in a
not recommended. multicentre double-blind tridf4 The majority of

The incidence of adverse events among elderlyadverse events were mild or transient and occurred
patients treated with zafirlukast was similar to thatwith a similar frequency in both the zafirlukast and
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placebo treatment groups (8863% of patients). No dosage guidelines are currently available for
The most frequent adverse events associated witthe use of zafirlukast in paediatric patients (aged
zafirlukast therapy were pharyngitis (1623% in <12 years).

the placebo treatment group), headache (44 Zafirlukast is excreted in breast milk and there-
11%), rhinitis (6vs 1%) and gastritis (s 6%).  fore should not be used by women who are breast-
There was some variation between the incidence deeding. Furthermore, zafirlukast should not be
adverse events associated with the 3 zafirlukas¢Sed during pregnancy, as comprehensive well
dosage regimens; the incidence of pharyngitis wa§ontrolled trials have not been conducted in this
greatest with zafirlukast 20mg twice daily (29  Patientgroup. B _

13 to 15%), whereas headache was reported more There are no specific dosage recommendgtlons
frequently with the lower zafirlukast dosages/&7 for the elderly. Although'the clearance of zafirlu-
16 to 18%). During the study, 1 patient treated withkaSt was reduced in patients aged >66 years (sec-

. . . . tion 3.2), no increase in the overall incidence of
zafirlukast 10mg twice daily was withdrawn be- : .
adverse events or patient withdrawals due to ad-

cause of fever and weakness and 2 patients Wh\9erse events was reported in clinical trials involv-

received placebo were vyithdrawn from treatment]-ng elderly patients treated with zafirlukast 20mg
because of an exacerbation of asthma or abnormag}i-e daily (duration not specified®!

serum biochemistry results. _ Further investigations are required to determine
Other randomised double-blind studies evaluatyye pharmacokinetics and tolerability of zafirlukast
ing treatment with zafirlukast for 6 or 13 weeks iy patients with hepatic impairment; a reduction in
reported the drug to be well toleratéd’3.798283  ha clearance of zafirlukast has been reported in
Postmarketing surveillance studies have repatients with stable alcoholic cirrhosis (section
cently highlighted a small number of cases 0f3.2), suggesting the need for specific dosage guide-
Churg-Strauss syndrome, a rare and potentially falines for this patient group. Elevated liver enzyme
tal eosinophilic vasculitis, among patients treatedevels may develop on rare occasions in patients
with zafirlukasti®® This syndrome has been diag- treated with zafirlukast. Medical attention should
nosed in 6 patients with severe asthma in whonbe soughtimmediately and liver function tests per-
oral corticosteroid therapy was being withdrawn orformed if a patient experiences symptoms of liver

discontinued during treatment with zafirlukast. ~ dysfunction such as right upper quadrant abdomi-
nal pain, nausea, fatigue, pruritus or jaundiée.

As Churg-Strauss syndrome has been reported
in 6 patients who were being tapered or withdrawn

Zafirlukast is indicated for the treatment and from oral corticosteroid therapy while receiving
prophylaxis of persistent asthma. For adults ar,d_reatment with zafirlukast (se_e section 6), such pa-
children agee12 years, the recommended dosagdi€nts should be closely monitoré6 S
schedule for zafirlukast is one 20mg tablet admin- N0 dosage adjustments are necessary in patients
istered twice daily at regular interv#g. Because with renal impairment.
of potential reductions in the bioavailability of
zafirlukast, the drug should not be administere
with food (see section 3.1). Treatment with zafir-

lukast should be continued during symptom-free  Asthma is a chronic inflammatory disease of the
periods and, although not recommended for thesirways characterised by recurrent episodes of
management of acute asthma symptoms, zafirluwheezing, chest tightness, dyspnoea, coughing and
kast can be continued during episodes of acut@octurnal awakenings. These symptoms are usu-
asthma. ally associated with widespread but variable airflow

7. Dosage and Administration

d 8. Potential Place of Zafirlukast in the
Management of Asthma
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limitation and an increase in bronchial hyper-acting inhaled3,-adrenoceptor agonist therapy in
responsiveness to a variety of physical, physiologipatients with mild to moderate asthma.
cal, chemical and biological stimdif! Although not included in current UK asthma
The goals of effective asthma managemenguidelines, zafirlukast has been incorporated in the
should include the attainment of minimal or no recently updated US guidelin€8. These guide-
symptoms, a decrease in the number of acute asines suggest that zafirlukast may be considered as
thma attacks, a reduction in requirements for shortan alternative treatment option to low dose inhaled
acting inhaledBz-adrenoceptor agonist therapy, corticosteroid therapy, sodium cromoglycate or
near normal lung function and a greater ability tonedocromil sodium for the treatment of mild per-
participate in normal physical activities. In addi- sistent asthma in patients aget? yeard?3] De-
tion to the pharmacological management of asspite these recommendations, further clinical stud-
thma, a comprehensive treatment approach shoulis are still required to identify patients who would
also include patient educati®fl and avoidance of most benefit from zafirlukast and to more clearly
known allergens such as house dust mites, animalefine the role of this drug among existing anti-
dander and tobacco smoke?! asthma medications in current treatment guide-
The recently updated U¥! and US guide- lines. In particular, studies are required to evaluate
lineg?s! for the management and treatment of perthe efficacy of zafirlukast in patients with severe
sistent asthma recommend a stepwise approach fasthma and in children aged <12 years, and to de-
the pharmacological treatment of this disease. Théermine the role of zafirlukast in the attenuation of
selection of treatment is based on the severity othe underlying inflammatory response in asthma.
the asthma being treated, with the number of medAlthough zafirlukast has been reported to inhibit
ications and the dose and/or frequency of their adeellular infiltration into the airways after allergen
ministration increasing with the severity of the dis-challenge, the extent of the protection conferred by
easd?2.93] Of particular note in these updated zafirlukast against bronchial hyper-responsiveness
guidelines is the increase in emphasis on the earlis currently unclear.
use of anti-inflammatory medications to gain ini-  High dosages of zafirlukast (80mg twice daily),
tial control of the disease, even in patients withwhich are outside recommended treatment guide-
persistent but mild asthma. Currently, cortico-lines, appear to allow tapering of corticosteroid
steroids remain the most effective and frequentlydosage; however, confounding data from 2 studies
used anti-inflammatory agents availaBf,the  preclude any clear conclusions regarding the po-
anti-inflammatory response to sodium cromo-tential steroid-sparing effect of zafirlukast at rec-
glycate and nedocromil sodium being less predictommended dosages (20mg twice daily). Further-
able. more, patients who require tapering of their oral
Following the discovery of their importance in corticosteroid dosage during treatment with
the aetiology of asthma, the leukotrienes have bezafirlukast should be closely monitored as Churg-
come a significant target for the development ofStrauss syndrome has been reported in 6 zafirlu-
new agents for the treatment of this disease. Twdast-treated patients in association with discontin-
approaches to the blockade of leukotriene synthedation of oral corticosteroid prophylaxis.
sis have been used in the drug development pro- Although inhaled antiasthma medications facil-
cess, namely the development of 5-lipoxygenasdéate the use of lower dosages compared with oral
inhibitors and leukotriene receptor antagonists. medications, thereby reducing systemic adverse
In preliminary clinical efficacy studies, the oral effects, their use is often complicated by reduced
leukotriene receptor antagonist zafirlukast pro-compliance due to poor inhaler technidié.102]
duced a modest improvement in lung function andTherefore, an important advantage of zafirlukast is
symptom control and reduced the need for shortits availability as an oral formulation, whichauld

O Adis International Limited. All rights reserved. Drugs 1998 Jan; 55 (1)



142

Adkins & Brogden

promote improved patient compliance and more 13.

predictable drug bioavailability compared with

currently available inhaled medications. However, 14.

patients receiving concomitant treatment with

other oral medications such as warfarin will require 15.

careful monitoring because of the potential for
drug interactions with zafirlukast. Although zafir-

lukast is administered orally, available data suggestle'

that it is generally well tolerated. Rare cases of el-

evated liver enzymes have been reported with high17'

dosages of the drug (80mg twice daily).

Thus, preliminary data suggest that zafirlukast ;g
is a potentially useful alternative therapeutic op-
tion for the prophylaxis and treatment of persistent
mild to moderate asthma in patients agel®
years. As an oral medication, zafirlukast may be

particularly useful in patients with poor com- 2o0.

pliance due to incorrect inhaler technique. It is ex-

pected that ongoing and future comparative studie1.

with established antiasthma medications will en-

able zafirlukast to be definitively positioned within 22.

revised national and international asthma manage-
ment guidelines.
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