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Abstract
Background-The cysteinyl leukotrienes
(LTC4, LTD4, and LTE4) have been
shown to mediate airway obstruction
evoked by several factors which trigger
asthmatic reactions-for example, allergen and exercise. Accordingly, drugs
which block the action or formation of
these leukotrienes are being evaluated as
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a new treatment of asthma. Elevated
production of leukotrienes has been
reported in asthmatic subjects who are
intolerant to aspirin and related nonsteroidal anti-inflammatory drugs. In
this study the influence of the specific
leukotriene receptor antagonist MK-0679
was tested on basal airway function in
asthmatic patients with documented
aspirin intolerance.
Methods-The eight subjects in the study
had a mean baseline FEV, of 78%
predicted (range 58-99%) and six
required treatment with inhaled glucocorticosteroids (400-1200,ug budesonide/
beclomethasone daily). On two separate
days the subjects received either 825 mg
MK-0679 or placebo, orally in a double
blind, randomised, crossover design.
Results-The leukotriene antagonist
MK-0679 caused bronchodilation which
lasted for at least nine hours. The average peak improvement in FEV, was 18%
above the predrug baseline, but the
bronchodilator response varied between
34% and 5% and was found to correlate
strongly with the severity of asthma and
aspirin sensitivity.
Conclusions-The findings indicate that
ongoing leukotriene production may be
one cause of persistent airway obstruction in aspirin sensitive asthmatic subjects and that they may benefit from
treatment with a leukotriene receptor
antagonist.
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Aspirin sensitive asthma is a distinct disease
entity which afflicts between 5% and 20% of
adult asthmatic subjects and involves serious

intolerance to aspirin as well as other nonsteroidal anti-inflammatory drugs.' Often
these asthmatic patients suffer from nasal
symptoms (polyposis, loss of smell) and display a severe type of non-allergic asthma
which runs a chronic course despite avoidance of non-steroidal anti-inflammatory
drugs.2 The patients are frequently dependent
on relatively high doses of inhaled steroids
and sometimes continuous treatment with
oral steroids is required to control their
asthma. New therapeutic strategies in these
patients are therefore needed and one possibility is anti-leukotriene drugs.
The leukotrienes are a group of arachidonic acid products which were discovered in
1979.3 4 The three closely related cysteinylcontaining leukotrienes, LTC4, LTD4, and
LTE4, constitute the proposed mediator of
asthma and inflammation, slow reacting substance of anaphylaxis (SRS-A). Thus, LTC4,
LTD4 and LTE4 are potent constrictors of
human airways,56 and mediators of allergen
induced bronchial contractions in vitro.7
Furthermore, challenge studies in asthmatic
subjects have shown that specific antileukotriene drugs attenuate airway obstruction induced by several triggers of asthma,

including allergen,8-'I exercise,'2'3

and cold,
dry air.'4 Recently MK-0679, a specific leukotriene receptor antagonist,'5 was found to
block aspirin induced airway obstruction in
aspirin sensitive asthmatics.'6 It has also been
convincingly shown that these patients release
leukotrienes when provoked by acetylsalicylic
acid.'7-'9 Of special interest are the findings
that aspirin sensitive asthmatics have a higher
basal production of leukotrienes than other
asthmatics,'7 18 and that they are hyperresponsive to inhalation of LTE4,20 together providing additional indications that leukotrienes
may be important mediators in this type of
asthma.
The effect of the potent and specific
leukotriene antagonist, MK-0679, on basal
pulmonary function was therefore assessed in
a group of well characterised aspirin sensitive
asthmatic subjects. Recent observations in
aspirin tolerant asthmatic patients21 22 indicate
that leukotriene antagonists may cause acute
bronchodilation.

Since

aspirin

sensitive
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Effect of the leukotriene receptor antagonist
MK-0679 on baseline pulmonary function in
aspirin sensitive asthmatic subjects
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Table 1 Characteristics of subjects in study
History (in years)
Sex, age
(years)

Aspirin
intolerance

1
2
3
4
5
6
7
8
Mean
Range

M, 29
M, 60
F, 43
M, 53
F, 35
M, 24
M, 47
F, 31
40
24-60

4
14
9
9
26
4
9
4
10
4-26

Asthma

Nasal
symptoms

FEV,
(% predicted)

4
16
9
9
26
8
9
4
11
4-26

5
12
20
9
11
8
10
5
10
5-20

63
64
95
99
70
79
58
99
78
58-99

PD20

aspirin
(pmol)

Daily medication

3
50
126
92
70
3
82
307
42*
3-307

IB(T:2-0 mg), OT(600 mg), IS(Bud:1200,ug)
IB(T:0-5 mg pm), OT(400 mg), IS(Bud:800,ug)
IB(T: < 0-5 mg)
IB(S:0-6 mg), IS(Bec:400 jug)
IB(T: 1 -0 mg), IS(Bud:800,ug)
IB(S:4-0 mg), OT(900 mg), IS(Bud:1200,ug)
IB(T:1-5 mg)
IB(T:0-5 mg pm), IS(Bud:800,ug)
IB:n = 2;
IB + IS:n = 3;
IB + IS + OT:n = 3

*Geometric mean. IB inhaled fi stimulant (T-terbutaline, S-salbutamol); IS-inhaled steroid (Bud-budesonide, Bec-beclomethasone); OT-oral
theophylline.

asthmatics are intolerant to many anti-inflammatory drugs, another study objective was to
test the acute safety and tolerability of a
leukotriene antagonist such as MK-0679 in
this group of patients before initiating longer
clinical trials.
Methods
PATIENTS

Eight non-smoking asthmatics (table 1) were
selected for the study on the basis of aspirin
intolerance documented by previous oral or
bronchial challenge, or an unequivocal history. The study was approved by the local
ethics committee and the patients gave
informed consent. For inclusion in the study,
treatment with systemic corticosteroids,
inhaled cromolyn, oral bronchodilators or
long acting antihistamines was not allowed;
use of inhaled bronchodilators, oral theophylline or inhaled corticosteroids (daily dose
of budesonide < 1200 ,ug) was acceptable.
Reversibility of airway obstruction was
required as shown by an increase of at least
15% in forced expiratory volume in one second (FEVI) after inhalation of nebulised
salbutamol 1 ml of a 2-5 mg/ml solution
through a Spira Electro II dosimeter16
(Respiratory Care Center, Finland and Aspira
Medical, Sweden). In order to establish current aspirin sensitivity all patients underwent
a prestudy challenge involving inhalation of
rising doses of lysine aspirin to determine the
PD2, FEVI-that is, the provocative dose of
acetylsalicylic acid (jmol) producing a 20%
fall in FEV1.16

of three efforts at each time point. Baseline
(predrug) FEV, was defined as the mean of
two recordings 15 minutes apart. Further
recordings were obtained every 10 minutes
during the period of tablet intake and thereafter at one, two, three, four, six, eight and 12
hours after treatment. Throughout the study
patients were allowed to continue their regular asthma therapy except for withholding
oral theophylline for 24 hours, inhaled
steroids for 12 hours, and inhaled, agonists
for eight hours before a visit to the clinic.
However, subject no 6 was permitted to use fi
agonist in the mornings because of severe
asthma; the dose (0-8 mg salbutamol) and the
timing (three hours before MK-0679 or
placebo) of the inhaled f agonist was identical on the separate treatment days. Asthma
treatment was withheld during the test day,
but the protocol allowed for rescue treatment
if considered necessary on clinical grounds.
After the 12 hour pulmonary function
measurement, patients went home for the
night but returned to the clinic the next
morning for general follow up including

physical examination, spirometry

measure-

ments, and blood sampling for routine
haematology and blood chemistry. The
placebo and active drug treatment days followed an identical protocol, but were at least
three days apart.
ASSAYS

The plasma concentration of MK-0679 was
measured by high performance liquid chromatography as previously described.23
STATISTICS

STUDY DESIGN

The study was carried out in a double blind,
placebo controlled two period crossover
design. The subjects entered the clinic at
around 7 30 am. Doses of 75, 250 and 500
mg (cumulative dose 825 mg) MK-0679 or
placebo tablets were given at 30 minute intervals. The tablets were taken on an empty
stomach and blood samples for MK-0679
assay were drawn before dosing and 60 minutes after the last tablet. Pulmonary function
was followed as FEV1 on a spirometer
(Vitalograph MDI Compact) using the best

The analysis of variance model of Grizzle was
used to compare means between treatment
groups. The ANOVA model contained terms
for sequence, patient within sequence, period,
and treatment. The normality assumption of
the ANOVA was tested and verified with the
Shapiro-Wilk statistic. Hartley's maximum
F test on the variance of the residuals was
used to verify the homogeneity of variance
assumption. Spearman's rank order test was
used to correlate drug responses with subject
characteristics. Results are generally reported
as means (SD) and considered to be
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Figure 1 Basal
pulmonary function
(FEVd followed in eight
aspirin sensitive asthmatic
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(NS-non-significant, p >

0 05).

Time (hours)

significantly different if two tailed tests give
< 0 05. A digitising table and an IBM personal computer were used to measure areas
under the curve (AUC) of FEV, v time,
employing as software SigmaScan (Jandel
Scientific, Sausalito, California, USA) for
planimetry and Basic Balance (Elsevier,
Amsterdam, The Netherlands) for statistics.
p

Results
All patients completed the study without subjective or objective signs of drug related side
effects. There were no differences in mean
baseline FEV1 values between the two study
days (3 0(0 3) 1 [82-8 (15)% predicted] and
2 8(0 3) 1 [78A4 (17)% predicted] for the
placebo and MK-0679 treated days, respectively). Placebo or drug were given as three
doses 30 minutes apart, reaching a total
cumulative dose of 825 mg for MK-0679.
The mean plasma level of MK-0679 at one
hour after dosing was 55(13) pg/ml, which is
more than ten times higher than the concentration documented to cause a 25-fold displacement of the dose-response relation for
inhaled LTD4 in asthmatic patients.24
After MK-0679 administration there was
an improvement in FEV1 (fig 1). The effect
occurred by 30 minutes after intake of active

Table 2 Relations between subject characteristics and drug response. The subjects are grouped in rank order of severity
(1-8; 1 = worst) for the variables below and, by additions, a rank order score for asthma severity and total disease
severity is obtained

Subject
no.
1
2
3
4
5
6
7
8

AS
p

Variables
1
FEV,
(%
predicted)

II
Asthma
medication

2
3
6
7
4
5
1
7
0-57
0-15

3
8
6
4
1
7
5
0-71
004

Sum of rank orders

III*

PD20
aspirin

('zmol)

2

1
3
7
6
4
1
5
8
0-81
001

I+ IIt
Asthma
severity
score

4
6
14
13
8
6
8
12
0-81
0-02

I + II + III

Total

rank order
score

5
9
21
19
12
7
13
20
0-84
001

Drug response
Overall
rank order
according
to I+II+III

Rank
order of
response

AUC*
MK-0679
-placebo

1

1

48-3

3
8
6
4
2
5
7

2
7
5
8
3
4
6

393
-2-8
12-5
-4-8
37-8
18-6
0-2

*Raw data in table 1; fused as abscissa in fig 2C; jused as ordinate in figs 2A-C; §Spearman's correlation coefficient v
drug response (AUC-increase, rightmost column), two-tailed significance of correlation indicated by p value.
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patients for 12 hours after
ingestion ofplacebo or
MK-0679. Data are
expressed as mean (SD) %
change of baseline FEV,
(mean offirst two
recordings upon arrival at
dinic) during each study
day. The difference
between placebo and MK0679 is significant (p
< 0 05) at all time points
except when indicated

drug and was significantly different from
placebo at all time points thereafter up to five
hours after drug administration. The maximum response occurred between one and five
hours after the drug and the mean increase
above the morning pretreatment values varied
between 11% and 15% at all time points
(fig 1).
The mean maximal improvement in FEV1
was 18 (9 8)% calculated from the peak effect
in each individual. For comparison, inhalation of a nebulised solution of salbutamol
(2500 pg) produced a 22-8 (12-2)% improvement of FEV1 in this group of subjects.
The maximal improvement in FEV1 after
MK-0679, however, varied between 5% and
34%. The extent of each subject's response to
MK-0679 was therefore compared with three
variables (FEV1 % predicted, medications
required for control of asthma, and aspirin
sensitivity) related to the clinical status (table
1). For each variable the rank order between
the subjects was also determined (table 2).
The area between the curve for % change in
FEV1 v time and the zero reference line
(AUC) was calculated for each treatment day
(with decreases from the zero line expressed
as negative areas, fig 1), and this overall measure of the response was used to analyse relations between subject characteristics and drug
response. Firstly, for the group as a whole
there was a significant improvement in mean
AUC after MK-0679 compared with placebo
(18-2(6) units and -0 49(7) units, p <0 05).
The change in AUC after drug (AUCMKO679
- AUCpjacebo) showed a weak tendency to correlate inversely with baseline FEVI % predicted (fig 2A). There was a good correlation
between the bronchodilator response to the
drug and the individual's sensitivity to
aspirin, expressed as prestudy PD20 for aspirin
(fig 2B). Moreover, when the response to
MK-0679 was related to the sum of each subject's rank order score for FEV, % predicted
and asthma medication there was an excellent
correlation with the improvement in airway
function produced by MK-0679 (table 2 and
fig 2G).
A similar strong correlation (r = 0-84,
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Figure 2 Relation between drug effect on airway function (expressed as difference in AUC, MK-0679 minus placebo) and subject characteristics with
respect to different variables. (A) Baseline FEy, % predicted (table 1). (B) Sensitivity to aspirin expressed as log transformed prestudy PD,0 for aspirin
(table 1). (C) An arbitrary index of asthma severity (the sum of the rank order of baseline FEV, % predicted and asthma medication for each subject, see
table 2). Numbers within squares identify the subject behind each data point (see tables 1 and 2). Spearman's correlation coefficient indicated infigure,
levels of significance shown in table 2.

p < 0-01) was found between the sum of the
rank order score for all three variables and the
drug response (table 2).
Only two subjects required rescue treatment during the study days. Subject no. 1
(tables 1 and 2) was given an inhalation of
0-5 mg terbutaline at 10 hours during the
drug treatment day. Subject no. 6 (tables 1
and 2) was given three inhalations of terbutaline, oral theophylline 600 mg, and inhaled
budesonide 1200 ,g during the placebo day
but needed no rescue after MK-0679.
Discussion
Oral administration of cumulative doses of
the specific leukotriene receptor antagonist,
MK-0679, caused significant improvement in
basal lung function in this group of aspirin
sensitive asthmatic subjects. The group mean
maximal improvement was 18%, which suggests that about 80% of the reserve for dilation was reached, as estimated by the
bronchodilation achieved by inhalation of
nebulised salbutamol. The bronchodilation
persisted for at least nine hours after completion of dosing and the drug was well tolerated
by the participants.
Concerning the mechanism behind the
bronchodilation produced by MK-0679, it is
well documented that this drug, as well as
other members of the present generation of
leukotriene antagonists, is a very specific
receptor antagonist without smooth muscle
relaxant properties.'5 25 Initial studies with
leukotriene antagonists in healthy human
volunteers failed to show evidence of
bronchodilation.2627 Likewise, in allergen
provocation tests of mildly atopic asthmatic
subjects the prechallenge baseline pulmonary
function was unaffected by leukotriene antagonist administration.9 In vitro the baseline
tension of isolated bronchi from non-asthmatics is not reduced in response to these
drugs.28 In contrast, Hui and Barnes2'
observed that the leukotriene antagonist ICI-
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204219 caused a mean 8% improvement of
lung function in a group of 10 asthmatic
patients with a mean FEV1 of 69% predicted.
Gaddy et a122 reported a 22% improvement in
baseline FEV, with the leukotriene antagonist
MK-571 in a group of 12 asthmatic patients
with a mean FEV1 of 63% predicted.
Furthermore, the inhibitor of leukotriene
biosynthesis, Zileuton, has also been found to
induce significant bronchodilation in asthmatic subjects with reduced pulmonary
function.29
Taken together, the available data indicate
that anti-leukotriene drugs cause bronchodilation in asthmatic subjects. It follows that
ongoing leukotriene production in the airways
may be a prerequisite for a bronchodilator
response to these drugs. It is possible that the
production of leukotrienes is proportional to
the degree of airway inflammation'9 30 31 which
generates the hypothesis that the bronchodilator response would be related to variables
linked to asthma severity. Gaddy et al
reported a correlation with baseline FEV ,22
but by using FEV1 % predicted as a single
variable of lung function it was not possible
to obtain evidence of a strong relation in this
study (fig 2A). When the rank order score for
FEVy % predicted and asthma drug requirement was added for each subject, however,
this arbitrary index of asthma disease severity
showed a strong correlation with the beneficial effect of MK-0679 on airway function
(fig 2C). Studies in larger groups of subjects
are warranted to further examine which factors predict the proficiency of anti-leukotriene
drugs as bronchodilators, but there seemed to
be a striking association between the rank
order of disease severity and the response to
the leukotriene antagonist in this study.
It cannot be concluded from our observations whether the general severity of asthma
or the degree of aspirin sensitivity was most
important in determining the bronchodilator
response to MK-0679. However, the data
support the possibility that aspirin sensitive
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a particularly severe variety of asthma. Recent
observations suggest that anti-leukotriene
drugs may block a final common path for
many different factors which trigger asthmatic reactions-for example allergen,8-0
exercise,12 13 dry cold air,'4 inhalation of
platelet activating factor36-as well as aspirin
in aspirin sensitive asthmatics.'6 While there
are indications that leukotriene antagonism
may also reduce bronchial hyperresponsiveness,9 further studies must be carried out
before it can be established that this class of
drugs has anti-inflammatory properties.
Nevertheless, it appears very likely that antileukotriene drugs will emerge as a rational
new strategy for the treatment of asthma.
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asthmatic patients benefit especially from
anti-leukotriene drugs. Firstly, the bronchodilation response to MK-0679 correlated well
with one index of aspirin sensitivity, the PD,,
for acetysalicyclic acid in the group (fig 2B).
Secondly, the magnitude of the improvement
in FEV, in this group of aspirin sensitive subjects was larger (18% v 8%) than that
reported by Hui and Barnes in a group of
aspirin tolerant asthmatics with lower baseline pulmonary function (mean FEV, 68%
predicted compared with 78% in this study).
In fact, it approached the degree of bronchodilation (22%) produced by MK-571 in
the study of Gaddy et al where the asthmatic
patients had significantly worse lung function
(mean FEV, 63% predicted) than in our
study.22
The tested leukotriene antagonist was
effective in subjects also treated with inhaled
corticosteroids, which raises the possibility
that leukotriene antagonists may provide
added benefit when administered concomitantly with inhaled steroids to patients with
aspirin sensitivity. This hypothesis deserves
further study in aspirin sensitive and other
steroid dependent asthmatics. In addition,
the efficacy of the leukotriene antagonist in
the steroid treated patients is of theoretical
interest. It is commonly believed that corticosteroids abrogate formation of all arachidonic acid metabolites, the presumed
mechanism being inhibition of the phospholipase step which is required for liberation of
arachidonic acid from the cell membrane
before its further cellular transformations.
However, there is increasing evidence from in
vitro studies-for example, of isolated human
neutrophils-that corticosteroids generally do
not inhibit leukotriene production.'2 In support of this observation, systemic treatment
with glucocorticoids failed to alter urinary
excretion of LTE4 (considered to be a useful
index of systemic production of cysteinyl
leukotrienes) either at baseline32 33 or after
allergen inhalation challenge in asthmatic
patients.'4 It is possible, therefore, that
leukotriene antagonists may add to the existing treatment strategies by blunting components of the airway inflammation that are
unaffected by steroids.
There are indications that leukotrienes may
also mediate obstruction of the upper airways.'5 Since nasal symptoms including loss
of smell are particularly prominent in the syndrome of "aspirin asthma" (the clinical triad
of asthma, nasal polyposis and aspirin sensitivity2), it may be more than anecdotal to
mention that the most aspirin sensitive
patient in this study spontaneously reported
the return of his ability to smell (lost for
many years) when treated with MK-0679.
This observation has initiated ongoing studies
to evaluate whether or not anti-leukotriene
drugs will alleviate the nasal problems from
which this group of patients suffer.
In conclusion, the findings support the theory that leukotriene antagonism may provide
a new therapeutic alternative in aspirin sensitive asthmatic subjects who often suffer from
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