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The primary action of leukotrienes includes contraction of human airway
muscle, chemotaxis, and increased vascular permeability, with secondary
effects of inhibiting allergen-induced early and late responses. Although
there is limited available information and research regarding leukotrienes
in atopic dermatitis (AD), there is evidence to support their role in the
pathogenesis of the disease. We conducted a pilot study to test the efficacy
of montelukast, a cysteinyl-leukotriene-1 receptor antagonist, in 15
patients (6—16 years of age) with moderate-to-severe AD, using a
randomized double-blind placebo-controlled crossover study. These
patients had chronic moderate-to-severe AD, despite being on
conventional therapy. They were randomized either to placebo for 4 weeks
and then the study drug for 4 weeks, or vice versa. There was a 2-week run-
in period for all participants before commencement of the study, and a 2-
week washout before crossover. At enrollment and on each follow-up visit,
every patient was assessed by a single observer and objectively scored for
disease extent and severity. A subjective score was given for the impact of
eczema on daily living. There was statistical improvement in patents on
active treatment compared with placebo in the severity of AD (p <0.05).
Our findings suggest that leukotriene receptor antagonist as an adjunct
treatment has an anti-inflammatory effect on moderate-to-severe AD. A
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larger trial is needed to ascertain its efficacy fully.

Atopic dermatitis (AD) is a common chronic
relapsing pruritic skin disorder of childhood. The
pathophysiology is recognized as an interplay of
immunological and autonomic abnormalities
with environmental allergens and genetic factors
(1-4).

Leukotriene receptor antagonists are a rela-
tively new and effective treatment for asthma (5—
8) as cysteinyl-leukotrienes have been found to be
important mediators in its pathogenesis (9,10).
The role of these mediators in AD, however, has
not been fully defined. Leukotrienes are released
from eosinophils, mast cells, and macrophages
(11), interacting functionally in allergic reactions
against a background of an imbalance between T-
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cell clones and resulting in preferential cytokine
production following the T-helper 2 profile (1,2).
Leukotrienes are also present in eczematous skin,
being produced by peripheral leucocytes and
eosinophils. Available information of the experi-
ence in other atopic diseases (12-14) allows us to
make a tentative hypothesis that leukotriene
receptor antagonists will have a role in the
treatment of AD. We tested our hypothesis in
this pilot study, which also provides an assessment
of efficacy and an estimate of the sample size
needed for further evaluation.

Patients and methods
Target population

Fifteen patients (6-16 years of age) with AD, as
defined by the UK working party refinement of
Hanifin & Rajka’s diagnostic criteria for AD (15),



were recruited from the Paediatric Dermatology
out-patient clinic of the Prince of Wales Hospital
(Shatin, Hong Kong). At the time of recruitment,
written consent was obtained. The ethical com-
mittee at the Chinese University of Hong Kong
approved the trial.

Patients included had active disease despite
being on conventional treatment with a moder-
ately potent topical steroid of at least class II (UK
classification, with class I being the weakest),
soap substitutes, and emollients.

The severity of their disease was assessed by
quantifying six signs of AD: erythema; edema/
papulation; oozing/crusting; excoriation; licheni-
fication; and dryness.

Eight areas of the body (the head and neck,
front of the trunk, the back, genitalia, and four
limbs) were graded on a scale of 0-3, as follows:
O=none, 1=mild, 2=moderate, and 3=severe.
The maximum score for any given area was 18
and for any given patient was 144. All patients
were required to have a severity score of at least
40 to qualify for enrollment. Those with a score
of less than 40 were considered to have mild
disease.

An extent of disease score was taken by
estimating the percentage of body surface area
involved, using 9% each for the head and neck,
right upper limb, and left upper limb; 18% each
for the dorsal aspect of the trunk, ventral aspect
of the trunk, right lower limb, and left lower limb;
and 1% for the genitalia.

A questionnaire for subjective assessment of
the impact of the AD on daily living, similar in
content to the Children’s Dermatology Life
Quality Index (16), was also completed on each
visit, with additional questions about the effect
on relationships with family members and impact
on social life. This was translated into the Chinese
language to enable better communication. Points
were given on a scale of 1-4; the maximum score
possible for 13 questions was 52. The higher the
score, the worse the disease.

Exclusion criteria

Exclusion criteria were as follows: patients on sys-
temic steroids, immunosuppressives or Chinese
herbal medicine during the previous 6 weeks;
antibiotic therapy during the previous 6 weeks;
the presence of skin conditions other than AD; or
infections of any kind.

Randomization

Patients were randomized to receive either 5 mg
of montelukast once daily (Merck, Sharp &
Dohme, Northumberland, UK) or a chewable
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ascorbic acid placebo, which was comparable in
size and color to the study drug. Randomization
involved the use of 16 sealed envelopes with either
group A or group B written inside. Only the
pharmacist preparing the study drug and placebo
was aware of the coding.

Run-in period

At enrollment, patients and their carers were
given a talk about proper skin care and correct
application of topical emollient and treatment.
Standardized topical treatment was started
2 weeks before the trial and cream-based pre-
parations were used in view of the hot and humid
weather during the study period. This included
70% light liquid paraffin as soap substitute,
aqueous cream as emollient, and 0.05% Clobet-
asone Butyrate cream twice daily.

Follow-up

The same physician saw all patients at 2-weekly
intervals. After 4 weeks of drug or placebo, there
was a washout period of 2 weeks before they
crossed-over to the second phase.

Statistical analysis

Baseline characteristics between groups were
compared using the Student’s z-test (Table 1).
Scores for both patient groups were compared
using the Mann—Whitney U-test, and the change
of the scores from baseline in drug and placebo
were compared using the Wilcoxon signed-ranks
test. A p-value of <<0.05 was considered as
statistically significant.

Results

A total of 15 patients were recruited, 11 of whom
completed the study (six in group A and five in
group B). Of the four patients who dropped out
of the study, one patient in group A deteriorated
during the placebo phase and attended a
herbalist, one patient in group B received
antibiotics for a sore throat, another improved
in the drug phase but deteriorated after crossover,
and the fourth had severe eczema and dropped
out after 4 days. The demographic data for the
patients are listed in Table 1.

Disease severity score

Despite randomization, the median disease sever-
ity scores were different in groups A and B at the
start of the study (Table 1). Patients in group B
(drug before placebo) had more severe atopic
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Table 1. Characteristics of the patient population

Group A Group B p-Value
Number of patients 6 5
Mean age=SD 9.67+1.63 12.40+1.52 0.019*
Mean age at onset (months) 46 20 0.033*
Gender (M:F) 2:4 2:3 0.819
Other atopic disorders 4 5 0.455
Disease severity score (mean) 52 78 0.018*

*A p-value of <0.05 was considered statistically significant.
F, female; M, male.

eczema. After the drug phase, there was a
significant decrease in the severity score
(median score at the start, 78; at the end, 45;
p<<0.05). The median score increased during the
placebo phase but remained lower than the
starting score (start of study, 78; end of study,
55). The net change in the median severity scores
during the drug and placebo phases were
compared (Table 2) and a statistically significant
difference was identified (p= 0.043).

Group A patients (placebo before drug)
showed some improvement in the disease severity
score during both the placebo phase (median
score at the start, 52; at the end, 35; p=0.075) and
the drug phase (start, 41.50; end, 33; p=0.29).
The degree of improvement in the two phases
were compared using the change of median score
from baseline (Table 2). This did not reach
significant levels.

Extent of disease score

The change in the median extent-of-disease score
was not statistically significant for either group
(Table 2).

Patient index score

The subjective patient score for the effect of AD
on daily living remained similar throughout the
study, both within and between different groups.

All patients tolerated the drug and placebo well
during the period of this study. None of those
who dropped out did so as a result of untoward
side-effects.

Table 2. The net change in clinical score at different phases of the study

Discussion

Leukotriene B4 (LTB4) and the cysteinyl-leuko-
trienes LTC4, LTD4, and LTE4, arise from the
oxidative metabolism of cell membrane arachido-
nic acid and belong to a larger group known as the
eicosanoids. The name leukotriene is derived from
the term ‘leucocyte’ (leucocytes are one of the
major sources of leukotrienes and the conjugated
triene that is their structure; ref. 17). These potent
mediators of inflammation and modulators of T-
lymphocyte activity are found to be elevated in
individuals with AD, where there is up-regulation
of the leukotriene pathway (18) with spontancous
and enhanced generation of LTB4 and LTC4 from
peripheral blood leucocytes (19,20). Monocytes in
these individuals show enhanced chemotaxis (21).
Although both atopic and non-atopic skin epi-
dermal cells are capable of producing LTB4 and
LTC4 (22), these are present in elevated and
biologically active concentrations in the lesional
skin of atopics (23,24), and dermatitides rich in
eosinophils have high concentrations of LTC4 and
LTD4 (25) and increased chemotaxis and chemo-
kinesis (26). The integrated effects of locally
produced prostaglandin E2 and LTB4 in tissue
inflammation results in greater T-suppressor-cell
activity and relatively increased concentrations of
interleukin (IL)-4 and IL-5. This tilts the balance
towards the immediate-type hypersensitivity reac-
tion rather than T-helper-1-dominant macrophage
and T-cell-mediated delayed-type responses. Only
very limited studies have been completed on the
effects of LTD4 antagonists in human allergic skin
diseases, which have been shown to increase skin
threshold responses to intra-dermal histamines

Severity score Extent score Index score
Stage of study
Group A Group B Group A Group B Group A Group B
Drug phase -7.0(-140, 40)  —20.00 (-55.5, -13.5) —12.2 (-338, 3.1) -33(-219,102) 1.0(-10, 3.3) 2.0 (-0.5, 5.0)
Placebo phase —-225(-25.0,30) 5.0 (-145, 2.5) -229 (-356,-18.7) 0.7 (0.2, -21.0) -15(-33,28 -1.00(-4.0, 1.0)
Drug phase vs. placebo phase  p=0.463 *p=0.043 p=0.249 p=0.345 p=0.223 p=0.078

Data represent the change of median score from baseline with inter-quartile range (in parentheses).

*A p-value of <0.05 was considered statistically significant.
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(27). Someinhibitors may also act at more than one
level and antagonists similarly could modify the
expression of more than one class of arachidonic-
derived mediators (25). Therefore, although the
cysteinyl-leukotriene-1 receptor has not been
defined in AD, the available information raises
the possibility that leukotrienes play an important
role in its pathogenesis.

In this randomized, double-blind placebo-con-
trolled crossover study, group A and group B
patients had differences despite randomization
(Table 1). Patients in group B (drug before
placebo) had more severe AD, were older (mean
age of 12.4 years), and had an earlier onset of
disease. It is interesting that this group of patients
with more severe disease, who took the drug in the
first phase before placebo, showed significant
improvement, whereas the group with relatively
less severe eczema, who took placebo first, did not.
This could be because clinical improvement was
most easily detected, within the limited time of this
study, in patients with the most severe disease.

Patients who started with the placebo first, and
who did not show any marked improvement, in
fact had a more prolonged run-in period. If the
duration of drug treatment was longer, the effect of
montelukast becomes more marked.

Group B (drug before placebo) finished the
study with a diminished severity score (median
scoreat thestart, 78;end, 55). Although there wasa
rebound of the score when drug treatment was
stopped, it did not reach pretreatment levels. This
could be explained by a possible carry-over effect
of the drug or the extended effects of altered
inflammatory mediators. Indeed, it would be
interesting to investigate the modulatory effect
that montelukast may have on the T-helper-cell
imbalance.

The extent of eczema in our patients remained
unchanged, probably because the severity of the
dermatitis needs to improve sufficiently before any
significant change in the extent of the disease can be
detected. An improvement in the extent of eczema
may have become evident if the treatment period
had been longer because, unlike atopic asthma,
where the reversal of bronchoconstriction is
immediate, AD is a chronic disease and time is
needed for skin changes to disappear. Therefore,
the extent of the disease may not be a sensitive
marker of improvement for patients with extensive
moderate-to-severe AD.

It is interesting that the subjective index score
did not necessarily equate with clinical improve-
ment or deterioration. The same finding has been
reported previously (28). It has been postulated
that parents’ interpretation of their child’s mor-
bidity is inaccurate, being dependent on expecta-
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tion and tolerance. The attitude of people
surrounding a child’s life may also have an
impact on the subjective score. Despite significant
eczema, one child who has a supportive family and
understanding peers, may be happy. On the other
hand, a less-fortunate child may be the subject of
bullying and social isolation. Despite the same
amount of improvement with treatment, the
subjective scores may differ.

Our understanding and knowledge of leuko-
triene receptors are limited but it is clear that some
leukotriene receptors exist in multiple states of
affinity and specificity that transduce different
cellular functional responses and are distributed in
more than one cellular compartment (25). There-
fore, although montelukast is a selective cysteinyl-
leukotriene receptor antagonist and does not
theoretically antagonize LTB4, blocking the
cysteinyl-leukotriene receptor appears to be suffi-
cient to cause the beneficial effect observed in our
patients.

There are as yet no publications on the effect of
leukotriene antagonists on AD, perhaps because
its pathogenesis is more complex and leukotrienes
are only a piece of the puzzle. However, the results
of this pilot study justify a larger trial to test the
benefits of leukotriene receptor antagonists.
Montelukast, as a rescue measure is an apparently
safe and enticing option in the management of
difficult AD.

A sample size of 55 was calculated based on the
results of this study and we propose a longer
washout period between treatment phases and a
longer treatment phase.

In conclusion, our results showed that monte-
lukast could be useful in decreasing the disease
severity in a group of patients with severe and
extensive atopic eczema. A large-scale study is
required to investigate its efficacy fully.
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