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Background: Cysteinyl &ukotrienes mediate signs and symptoms of asthma. In a double-blind, 
placebo-controlled, ovssover study, a new potent and specific cysteinyl leukotriene (L TD 4) 
receptor antagonist, montelukast (MK-0476), was evaluated for tolerability and clinical eficacy in 
patients with chronic asthma (receiving and not receiving inhaled corticosteroids). 
Methods: Twenty-nine nonsmoking patients with asthma (15 treated concomitantly with 
inhaled corticosteroids) with FEV 1 percent predicted values between 50% to 80% received 
MK-0476, 200 mg, or placebo three times daily for 10l/3 days (31 doses) in a random, 
clvssover manno; after a 2-week, open, baseline period. Comparisons in FEV1 (mean percent 
change from baseline after the first and last dose), mean daily daytime asthma and nocturnal 
awakening scores, and mean daily [3-agonist use were made between treatment periods. 
Results: MonteIukast, compared with placebo, caused improvements in FEV I (mean percentage 
point difference of the percentage change from baseline) 3 and 4 hours after dosing on day 1 
(hour 3, 9.0% 95% confidence interval [CI] 0.53, 18.72; hour four, 10.9% 95% CI - 0.25, 
20.20) and day 11 (hour3, 14.0%; 95% CI0.76, 31.43; hour4, 13.4%; 95% CI1.24, 28.83). 
Reductions were observed in mean daily [3-agonist use (I.0 puf/day [95% CI -1.61, -0.26]), 
mean daytime symptom scores, and nocturnal awakenings over the lOJ/3 day treatment period. 
There were no important differences between the groups receiving and those not receiving inhaled 
corticosteroids. Montelukast was well tolerated with no serious clinical adverse events reported. 
Conclusions: In this study Montelukast, 200 rag, administered three times daily for lO1/s days, 
compared with placebo, was generally well tolerated and resulted in significant improvement 
in chronic asthma, irrespective of the presence of inhaled corticosteroids. (J Allergy Clin 
Immunol 1996;98:528-34.) 
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Approximately  5% of the worldwide populat ion 
have asthma. 1 This prevalent clinical syndrome has 
been  associated with cellular inf lammation of  the 
airways; the cysteinyl leukotr ienes C 4, D4, and g4, 
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Abbreviations used 
ANOVA: Analysis of variance 

CI: Confidence interval 
CysLT]: Cysteinyl leukotriene 1 

LT: Leukotriene 

which are released f rom inf lammatory cells (e.g., 
eosinophils or mast  cells), appear  to mediate  many 
of  the pathophysiologic processes associated with 
asthma including mucus product ion,  decreased 
mucociliary clearance, changes in vascular perme-  
ability, and smooth  muscle contraction.  2-4 

Clinical evidence for the involvement of  leuko- 
trienes in as thma has been  obtained f rom trials 
with potent  cysteinyl leukotr iene 1 (CysLT1) recep- 



J ALLERGY CLIN IMMUNOL Reiss et aL 529 
VOLUME 98, NUMBER 3 

tor  antagonists ,  s-m Monte lukas t ,  a new investiga- 
t ional CysLT~ recep to r  antagonist ,  u is one  of  the 
mos t  po ten t  antagonists;  compet ing  against  triti- 
a ted L T D  4 for  the receptors  in guinea pig lung 
m e m b r a n e s  in the p resence  of  1% h u m a n  plasma,  
monte lukas t  demons t ra t e s  a 50% inhibitory con- 
cent ra t ion  of approximate ly  0.5 nmol/L.  11 

The  object ive of  this first mul t ip le-day adminis-  
t ra t ion of  oral  monte lukas t  was to evaluate  the 
clinical benefi t  and the tolerabil i ty profile of  this 
investigational  agent  in pat ients  with mi ld- to-mod-  
era te  chronic  asthma.  To  identify any mult iple-  
dose tolerabil i ty l imitations to the adminis t ra t ion  
of  monte lukas t ,  a daily dose (200 mg three  t imes 
daily, well above that  requi red  to provide  physio- 
logic b lockade  of  airway L T D  4 receptors  ~2) was 
adminis te red  to the study par t ic ipants  12 for  101/3 
days. Fur ther ,  to de te rmine  the effect of  concom-  
itant inhaled cor t icosteroid therapy  on efficacy and 
tolerabil i ty pa ramete r s ,  pat ients  receiving and not  
receiving concomi tan t  inhaled cor t icosteroid ther-  
apy were  enrol led in this study. 

METHODS 
Patients 

Nonsmoking (at least i year, having smoked no more 
than 5 pack-years) male and female (without childbear- 
ing potential) patients between 18 and 55 years of age 
(within 15% of ideal body weight) with a history of 
recurring symptoms associated with asthma including 
dyspnea, wheezing, or cough requiring treatment for at 
least 1 year were eligible for study participation. Patients 
admitted to the study were required to have reversible 
airway obstruction (defined as an FEV 1 between 50% 
and 80% of predicted normal values and an increase of 
at least t5% in the absolute value of FEV 1 within 30 
minutes after inhalation of 2 puffs [1.80 >g] of albuterol 
on at least two of the three prerandomization visits). The 
study design allowed approximately 50% of enrolled 
patients to receive concurrent inhaled corticosteroid 
therapy; the daily dose of this therapy remained constant 
for at least 1 month before and throughout the study 
period. In the 4 weeks before the prestudy visit, patients 
had no symptoms of an upper respiratory tract infection 
and had not participated in another clinical trial. Pa- 
tients were in good health (free of concomitant illness) 
as assessed by history, physical examination, and labora- 
tory data. A chest radiograph obtained within 12 months 
before the study initiation showed no evidence of infec- 
tious, oncologic, or other active pulmonary disease. 
Patients were excluded from study participation if they 
had received long-acting antihistamines (within 3 
months), inhaled cromolyn (2 weeks), oral or intrave- 
nous corticosteroids (1 month), or oral [3-agonists (2 
weeks). Additionally, patients had to demonstrate the 
ability to perform acceptable, reproducible spirometry 

measurements. Written informed consent, reviewed and 
approved by the respective institutional review boards, 
was obtained from each patient before study initiation. 

Study design 
This multicenter study had a double-blind, random- 

ized, placebo-controlled, two-period crossover design; a 
2-week open, baseline period preceded the blind peri- 
ods. To determine eligibility, patients were evaluated 
approximately 1 week before beginning the baseline 
period. At this visit, a complete physical examination, 
including 12-lead electrocardiogram, chest x-ray (if nec- 
essary), and spirometry were performed. Blood (chem- 
istry and hematology) and urine samples, collected for 
laboratory safety assessment, had to be free of clinically 
important abnormalities before a patient was allowed to 
enter the baseline period. 

During the prerandomization baseline period, pa- 
tients were asked to return to the clinic at weekly 
intervals. During this period, patients were assessed for 
their ability to comply with study procedures, achieve 
spirometry and asthma symptom inclusion criteria 
(based on a daily asthma diary), and establish baseline 
values for comparison with treatment periods. Neither 
montelukast nor placebo was administered during this 
baseline period. 

Patients meeting clinical requirements during this 
prerandomization baseline period entered the double- 
blind, crossover portion of this study. After receiving an 
allocation number from a computer-generated, random- 
ized schedule, patients received 31 doses of either 
montelukast, 200 rag, or placebo (administered three 
times daily for 101/5 days) in each of two separate 
periods. All morning doses were administered in the 
clinic under observation; additionally, the first and last 
doses (on days 1 and 11) of each period were followed by 
serial measurements of spirometry (up to 12 hours after 
the dose was given). 

All doses of study medication were administered with 
water at least 1 hour before or 3 hours after any meal. 
The following medications were withheld before each 
measurement of spirometry: short-to-intermediate-act- 
ing antihistamines (48 hours), inhaled [3-agonists (6 
hours), and inhaled corticosteroids (1 hour). Alcohol 
consumption was forbidden for 24 hours before the 
prestudy visit and throughout both study periods. Use of 
caffeine products was not permitted for 8 hours before 
all spirometry measurements or for 12 hours after the 
first and last doses of each treatment period. An interval 
of at least 48 hours occurred between treatment periods. 

Patients received the first dose of the assigned oral 
study drug in each treatment period at approximately 
8100 AM; spirometry measurements were performed 30 
and 15 minutes before the administration of the first 
observed dose and 3 and 4 hours after dosing. Patients 
were discharged from the clinic with instructions regard- 
ing administration of the study medication and comple- 
tion of the daily asthma diary cards (daytime asthma 
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TABLE I. Patient demographics 

Asthma 
Age Weight Height Pre-albuterol* medicationt 

Patient No. Sex (yr) (Ib) (inches) FEV1 (L) FEV 1 (% predicted) (total daily dose) 

1 M 34 188 75 2,32 50 Triam (12 puffs) 
2 M 28 145 64 1.90 49 Triam (4 puffs) 
3 M 34 185 71 3.42 77 Triam (4 puffs) 
4 M 44 212 72 1.90 52 Triam (3 puffs) 
5 M 31 164 67 2.40 69 Beclo (4 puffs) 
6 M 19 195 74 2.99 58 - -  
7 M 23 170 70 3.46 75 - -  
8 F 41 164 68 2.07 63 - -  
9:) M 27 165 68 3.46 80 - -  

10 M 54 174 69 1.98 53 - -  
11 F 46 150 66 1.94 64 Triam (8 puffs) 
125 M 26 175 69 2.48 56 Beclo (9 puffs) 
13 M 21 188 70 2.82 61 Beclo (9 puffs) 
14 M 28 208 72 3.55 76 Triam (6 puffs) 
15 M 34 150 68 2.57 62 Beclo (6 puffs) 
16 M 46 207 69 2.87 73 Triam (9 puffs) 
17 M 25 204 68 2.35 54 Theo (600 mg) 
18 M 39 164 66 2.70 71 - -  
19 M 18 183 73 3.68 73 - -  
20 F 44 142 65 2.31 78 - -  
21 M 43 200 69 2.78 69 - -  
22 F 38 163 64 2.05 68 - -  
235 F 36 151 62 2.14 73 - -  
24g M 29 185 69 2.45 56 Beclo (2 puffs) 
25 M 36 194 70 2.27 52 Beclo (16 puffs) 
26 M 20 145 67 2.94 67 - -  
27 M 41 231 72 3.05 68 - -  
28 M 18 236 74 3.42 70 - -  
29 F 51 125 58 1.53 71 Beclo (8 puffs) 

Theo (600 rag) 
Median 34 175 69 2.48 68 
Range 18-54 125-236 58-75 1.53-3.68 49-80 

Triam, Inhaled triamcinolone; Beclo, inhaled beclomethasone; Theo, oral theophylline. 
*Obtained at the prestudy visit. 
?Excludes inhaled [3-agonist agents, which were taken by all patients; formulations of inhaled corticosteroids. Approved for use in 

the United States. 
SDenotes patients discontinued during the study: no. 9, during period I - personal issues; no. 12: period II - asthma attack; no. 23: 

period II - rash; no. 24: after period I, before period II - upper respiratory tract infection. 

symptoms, nocturnal awakenings, and as-needed [3-ago- 
nist use). On study day 11 (last dose), baseline and 
postdosing spirometry were performed as they were for 
the first dose, with the exception of an additional set of 
measurements 12 hours after this final dose. If a pa- 
tient's FEV 1 fell by more than 40% or if bothersome 
clinical symptoms developed during observed dosing, 
inhaled albuterol therapy was administered. 

S t u d y  med ica t ion  

Montelukast (50 mg) hard gelatin capsules and iden- 
tical-appearing placebo capsules were supplied by 

Merck Research Laboratories (Rahway, N.J.). Thus 
each study dose consisted of four capsules. 

S p i r o m e t r y  m e a s u r e m e n t s  

The greatest FEV l value from a set of at least three 
acceptable, reproducible maneuvers (according to 
American Thoracic Society criteria) was considered the 
true value. Before initiation of the study, spirometry 
technicians demonstrated the ability to coach patients in 
the performance of spirometry according to American 
Thoracic Society standards; technician standards were 
reviewed consistently throughout the study. 
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Patient diary cards 
All patients received diary cards, previously shown to 

have acceptable measurement properties as an evalua- 
tive instrument, ~3 during the baseline and treatment 
periods. The diary had two parts: daytime and nocturnal. 
Patients completed the daytime part (four daytime 
asthma symptom questions, rated on a scale of 0 to 6; 
Appendix) each evening at bedtime to assess daytime 
asthma symptoms since awakening and the nocturnal 
part (nocturnal awakenings on a 4-point scale, Appen- 
dix) on waking each morning before taking any medica- 
tion. Diary cards were also used to record as-needed 
~-agonist use. 

Tolerabi l i ty  eva luat ion 

Tolerability of study treatment was evaluated by pa- 
tient-reported adverse events and clinical assessment of 
laboratory (obtained after approximately every seventh 
dose) and physical examination data. 

Statist ical  considerat ions 

Analysis. In each treatment period, the mean of the 
FEVt values measured 30 and 15 minutes before the 
first dose was considered the baseline value. The FEV1 
percent change from the predose baseline was measured 
3 and 4 hours after the first dose and 3, 4, and 12 hours 
after the thirty-first dose. Daytime asthma symptom and 
nocturnal awakening scores and as-needed ~-agonist use 
were determined during the 2-week, open, prerandom- 
ization period as the mean daily value. During each 
treatment period, a mean daily score was determined. 

For each variable, the difference between treatment 
periods was determined by a standard analysis of vari- 
ance (ANOVA) model for a two-period crossover study 
including sequence, patient within sequence, period, 
treatment, and steroid by treatment interaction as fac- 
tors. Missing data were not imputed. Special ANOVA 
techniques were not used to handle missing data; pa- 
tients who discontinued treatment during period I (no 
period II data) were excluded from the ANOVA analy- 
ses but were included in the summary statistics. Variance 
for the difference in means (confidence intervals [CIs]) 
was determined from this ANOVA model. Normality 
and homogeneity of variance assumptions were tested 
with the Shapiro-Wilk and Levene's statistics, respec- 
tively. Comparisons between treatments were per- 
formed at a significance level of 0.05; no adjustment 
for multiplicity (end points and individual F E V  1 time 
points) was made because of the exploratory nature of 
the study. 

Powel: With a sample size of 15 for each subgroup 
(with and without inhaled corticosteroids), the study was 
designed to have 80% power to detect (at c~ = 0.05, 
two-tailed test) a mean difference of 0.34 L between 
treatments in FEVa values at an individual specified 
time point (3 and 4 hours on day 1 and 3, 4, and 12 hours 
on day 11). In the combined group with a sample size of 
28, the study had 80% power to detect (at c~ = 0.05, 

TABLE I!. Baseline * FEV 1 values 

No. of 
Variable Patients FEV~ (L)t 

Period 
I 29 2.60 +- 0.71 
II 27 2.75 +_ 0.76 

Treatment 
Montelukast alone 28 2.61 + 0.75 
Placebo alone 28 2.75 _+ 0.72 
Montelukast with inhaled 14 2.55 _+ 0.87 

corticosteroids 
Placebo with inhaled 13 2.72 _+ 0.74 

corticosteroids 
Montelukast without in- 14 2.67 _+ 0.63 

haled corticosteroids 
Placebo without inhaled 15 2.77 -+ 0.74 

corticosteroids 

*Predose one baseline; average of measurements made 30 and 
15 minutes before dosing. 

tMean _+ SD. 

two-tailed test) a mean difference of 0.23 L in FEV1 
values at an individual specified time point. 

R E S U L T S  
Pat ient  profi le 

Twenty-nine asthmatic (23 male and 6 female)  
patients were enrolled in the trial (Table I). Twen- 
ty-eight patients comple ted  the first t rea tment  
period (one pat ient  discontinued for personal  rea- 
sons soon after the start of  the period).  Twenty- 
seven patients entered (one pat ient  discontinued 
between t rea tment  periods because of  an upper  
respiratory tract infection) and 25 comple ted  the 
second t rea tment  period (two patients discontin- 
ued during the second t rea tment  period because of  
a rash and an as thma exacerbation, respectively). 
Thus the A N O V A  analysis included the 27 pa- 
tients who entered per iod II; summary statistics 
included all available data  f rom the original 29 
patients. 

Efficacy end points 

No important  deviations f rom the assumptions 
of  the A N O V A  model  were found. Nei ther  treat- 
ment,  per iod effects, nor  impor tant  quantitative 
differences (observed only at one F E V  1 measure-  
ment,  day 11, hour  12) between t rea tment  groups 
receiving and not  receiving inhaled corticosteroids 
were observed. 

The  mean  baseline F E V  1 values were compara-  
ble for t rea tment  periods (periods I and II),  treat- 
men t  groups (montelukast  and placebo),  and be- 
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FIG. 1. Increase in FEV 1 (mean ._e SEM on days 1 and 11 of each treatment period) as a 
percentage improved from the period-specific, day 1 predosing baseline value, 

TABLE III. Change in pat ient  reported end points 

Baseline* Difference drug-placebo 95% CI for the difference 

[3-Agonist use (puffs/day) 5.38 + 3.05 -1.0 (-1.61, -0.26) 
Daytime symptom score? 2.61 _+ 0.76 -0.35 (-0.64, -0.12) 
Nocturnal symptom 0.73 _+ 0.53 -0.14 (-0.27, 0.00) 

scores 

*Mean _+ SD. 
t0-6 score; composite of four questions. 
$0-3 scale. 

tween patients receiving and not receiving inhaled 
corticosteroids (Table II). 

Compared with placebo, montelukast improved 
FEV 1 on days 1 and 11 of treatments. The mean 
differences from placebo (percentage point differ- 
ences for the percent change from baseline and 
95% CIs) were 9.0% (95% CI 0.53, 18.72), 10.9% 
(95% CI -0.25, 20.20), 14.0% (95% CI 0.76, 
31.43), 13.6% (95% CI 1.24, 28.83), 6.4% (95% CI 
-5.44, 25.20) for day 1, hours 3 and 4, and day 11, 
hours 3, 4, and 12, respectively. (Fig. 1). 

Compared with placebo, decreases in daytime 
asthma symptoms and [3-agonist use were observed 
with montelukast treatment; nocturnal asthma 

scores also favored montelukast treatment (Table 
In).  

Tolerabi l i ty  

A total of 11 patients reported 20 clinical ad- 
verse effects while receiving montelukast, and a 
total of 14 patients reported 23 clinical adverse 
effects while receiving placebo; additionally, the 
profile of adverse events reported was similar 
between treatment periods. During montelukast 
treatment, two patients were discontinued from 
the trial because of adverse events: one patient had 
a mild upper respiratory tract infection between 
treatment periods and one patient had a macule- 
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papular rash while receiving concomitant cipro- 
floxacin therapy. None of the adverse events re- 
ported by the center investigator in patients 
receiving montelukast were serious or considered 
to be causally related to drug treatment. With 
placebo treatment, one patient required hospital- 
ization because of worsening asthma on day 11 and 
was discontinued from the study. 

Among the 28 patients enrolled, two laboratory 
adverse events were reported during montelukast 
treatment. One patient experienced a mild, tran- 
sient rise in total bilirubin before the dose 7 
measurement (pretreatment value, 0.4 mg/dl in- 
creasing to 1.3 mg/dl [upper limits of normal, 1.2 
mg/dl] and returning to 0.5 mg/dl before dose 13). 
The second patient experienced a mild, transient 
rise in serum alanine aminotransferase before the 
twenty-second dose measurement (predose 13 
value, 21 IU/L increasing to 41 IU/L [upper limit of 
normal, 31 IU/L] at the end of treatment and 
returning to 30 IU/L at the completion of the 
study). 

DISCUSSION 

This first multiple-dose trial of montelukast (200 
mg three times daily for 10 1/3 days) in patients with 
chronic asthma demonstrates that this orally ac- 
tive, potent, and selective cysteinyl LT 1 receptor 
antagonist improves objective and subjective mea- 
surements of asthma; compared with placebo, sig- 
nificant improvements in FEV 1 and daytime 
asthma symptoms/activity scores and a decrease in 
as-needed [3-agonist use were observed. The im- 
provement in the nocturnal awakening score, 
which favored montelukast treatment, approached 
statistical significance. 

This study also demonstrated that the clinical 
benefits observed in patients receiving montelukast 
occurred irrespective of the presence of concomi- 
tant inhaled corticosteroids. Previous in vitro work 
suggested that corticosteroids inhibited the pro- 
duction of arachidonic acid and its metabolites, the 
precursors of LTs, from isolated human inflamma- 
tory cells. 14 However, more recent in vivo studies 
suggest that the cysteinyl LTs are released into the 
airways of patients with asthma, despite treatment 
with high doses of oral corticosteroids. 15 Thus it 
may be hypothesized that agents that affect the 
action of LTs may complement corticosteroid ther- 
apy in the treatment of asthma. 

The significant clinical improvements noted in 
this study suggest that montelukast may have a role 
in the treatment of patients with chronic asthma. 
Although clinical crossover designs often have 

confounding factors, in this trial neither treatment 
nor period effects were noted. Clearly, parallel- 
group clinical trials of longer duration are needed 
to fully assess the clinical effects of montelukast in 
patients with asthma. 

How the cysteinyl LTs affect the human airway is 
not completely understood. However, the clinical 
improvements noted in patients receiving multiple- 
dose montelukast provide important evidence for 
the role of these LTs as mediators of asthma 
symptoms. In clinical trials of other LT inhibitors, 
similar improvement in the end points of pulmo- 
nary function and decreases in asthma symptoms 
and as-needed [3-agonist use have been noted) 6, 57 
In a double-blind, randomized, placebo-controlled, 
dose-ranging study, treatment with 20 mg of ICI 
204,219 twice daily for 6 weeks resulted in signifi- 
cant improvements in asthma end points compared 
with placebo. 16 Patients receiving the 20 mg twice 
daily dose reported a significant reduction in night- 
time awakenings, daytime asthma symptoms, and 
albuterol use and improvements in FEVv In a 
randomized, double-blind, placebo-controlled trial 
of zileuton (a 5-1ipoxygenase inhibitor), patients 
receiving the 2.4 gm/day dose experienced signifi- 
cant improvements in airway function and de- 
creases in asthma symptoms and 13-agonist use 
after 4 weeks of therapy? 7 

In this first multiple-dose trial, montelukast, 600 
rag/day, administered over an extended period of 
time (i.e., 101/3 days) was generally well tolerated. 
Adverse events were reported with similar fre- 
quency in the montelukast and placebo treatment 
periods. 

This trial demonstrates that montelukast, a 
CysLT 1 receptor antagonist, at a dose of 600 
mg/day, provides benefit in the treatment of 
chronic asthma. Clinical trials of longer duration 
with a parallel-group design, lower total daily 
doses, and less frequent dosing intervals are 
needed to investigate the long-term, clinical bene- 
fit of montelukast. 

We thank Ms. Susan Ruffalo for editorial assistance, 
Ms. Nancy Noonan for study monitoring and data 
review, and Ms. Judy Evans for typing the manuscript. 
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APPENDIX 
Daytime symptom score 

1. How often did you experience asthma symptoms? 
None of All of 
the time the time 

0 1 2 3 4 5 6 
2. How much did your asthma symptoms bother you? 

Not  at all Severely 
bothered bothered 

0 1 2 3 4 5 6 
3. How much activity could you do today? 

More than Less than 
usual activity usual activity 

0 1 2 3 4 5 6 
4. How often did your asthma affect your activities? 

None of All of 
the t ime the t ime 

0 1 2 3 4 5 6 

Nighttime asthma 
1. Did you wake up with asthma? 

No Yes 
2. How often? (Select the appropriate number) 

1 = once 
2 = more than once 
3 = awake "all night" 


