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Efficacy of a leukotriene receptor antagonist
for pediatric cedar pollen allergy complicated by asthma
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Abstract. Leukotriene receptor antagonists (LTRAs) are
identified as a monotherapy for asthma and allergic rhinitis;
however, their use in children for treatment of these diseases
has not been examined. Accordingly, the present study
investigated the efficacy of pranlukast dry syrup for children
with both pollinosis and asthma. The subjects were children
receiving treatment for asthma who were also diagnosed with
cedar pollen allergy. Patients were divided into a group that
received continuous treatment with pranlukast (group A; n=20)
and a group that commenced add-on treatment for pollinosis
following the onset of symptoms (group B; n=20). Patients
in group B were randomly allocated to subgroup Bl (add-on
treatment with pranlukast dry syrup) or subgroup B2 (add-on
treatment with a second-generation antihistamine). In both
groups, nasal and ocular symptoms were evaluated every day
and recorded in a diary. Exacerbation of nasal obstruction was
demonstrated in group B; however, not in group A. There was
a significant difference in symptoms observed between the
two groups during the late peak pollen period (P<0.05). The
incidence of nasal obstruction (defined as a nasal obstruction
score =3 or use of a nasal steroid spray) was significantly lower
in group A compared with group B (P<0.05). The maximum
scores for sneezing and nasal obstruction during the late peak
of the pollen season were lowest in group A, followed by
subgroup B1 and subgroup B2. The present study demonstrated
that long-term administration of LTRA for the management of
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asthma may improve nasal symptoms of pollinosis during the
pollen season in children with pollinosis and asthma.

Introduction

The number of pediatric patients with asthma continues to
increase each year in Japan (1). Control of asthma in children
has improved with the widespread use of inhaled steroids and
leukotriene receptor antagonists (LTRAs) to suppress inflam-
mation; however, the response to these medications is not
always satisfactory.

Allergic rhinitis (AR) is associated with the occurrence
and exacerbation of asthma (2). Although the frequency varies
among reports, AR is observed in 70-80% of children with
asthma and the two diseases are closely related (3,4). The
incidence of cedar pollen allergy (a seasonal type of AR)
has also been increasing, and its prevalence in 5-9-year-old
children was demonstrated to be 13.7%, according to a survey
performed in 2008 (5). As both diseases affect the airways and
exacerbation of nasal symptoms influences asthma symptoms,
these two diseases are increasingly viewed from the perspec-
tive of the ‘one airway, one disease’ paradigm (6). Pranlukast
dry syrup is an LTRA that is used as a monotherapy for bron-
chial asthma or AR (7-10); however, its use in children with
both diseases has not been examined.

Therefore, the present study was performed to investigate
the efficacy of pranlukast dry syrup in children with asthma
and nasal symptoms (sneezing, nasal discharge, and nasal
congestion) or ocular symptoms (lacrimation, eye-rubbing,
and ocular hyperemia) of pollinosis. The study season was
divided into 4 periods, namely i) start of the season to early
peak period, ii) late peak period, iii) final part of the season,
and iv) after the season. The effects of LTRA were assessed
by comparing a group of children treated with pranlukast dry
syrup as a long-term drug for the management of bronchial
asthma, who did not receive any other medication during
the pollen season, with another group of children in whom
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bronchial asthma had been controlled with a medication other
than pranlukast dry syrup, and who were treated with this
LTRA when pollinosis symptoms occurred.

Materials and methods

Ethics statement. The present study was approved by the
Ethics Committee of Dokkyo Medical University Hospital
(Mibu, Japan; 26096). Written informed consent was obtained
from the parents of the patients enrolled in the study.

Patients. The subjects of the study were children with asthma
under long-term treatment at the Pediatric Department of
Dokkyo Medical University Hospital and related institutions
between May 2008 and March 2012 (demographics presented
in Table I). Patients were required to meet the following criteria:
i) Aged from 2-14 years; ii) diagnosed with cedar pollen
allergy within 2 years prior to enrolment based on detection of
eosinophils in nasal discharge or Radio-Allergo-Sorbent Test
data; iii) written consent to participate in the present study
was provided by the parents; iv) outpatients; and v) the child's
asthma was under reasonable control. Asthma symptoms were
assessed according to the Japanese Guideline for Childhood
Asthma 2012 (1).

The exclusion criteria were as follows: i) Severe asthma,
defined as a history of an asthma attack requiring tracheal intu-
bation for ventilation, respiratory arrest, carbon dioxide excess,
hypoxic spasm, an asthma attack accompanied by syncope or
treatment with oral/parenteral steroids within 4 weeks prior to
initiation of the study; ii) respiratory disease other than asthma
judged by a physician based on evaluation of the response to the
test drugs; iii) hypersensitivity or suspected hypersensitivity to
ingredients of the inhaled steroid or LTRA used in the present
study; iv) participation in another clinical study; and v) ineli-
gibility for other reasons as judged by the attending physician.

Study groups. The patients were divided into two groups,
which either received continuous treatment with pranlukast
(group A) or initiated treatment for pollinosis after the onset of
symptoms (group B). Patients in group A received pranlukast
dry syrup (Ono Pharmaceutical, Co., Ltd., Osaka, Japan) for
long-term management of their asthma without addition of
further drugs during the pollinosis season. Patients in group
B had asthma that was stably controlled by medication other
than pranlukast dry syrup and they commenced treatment with
pranlukast dry syrup or a second-generation antihistamine
(olopatadine hydrochloride (Kyowa Hakko Kirin Co., Ltd.,
Tokyo, Japan) or loratadine tablets (Bayer Yakuhin, Osaka,
Japan) when symptoms of pollinosis developed. The patients
in group B were randomly allocated by the envelope method
to subgroups receiving add-on treatment with pranlukast dry
syrup (subgroup B1) or add-on treatment with a second-gener-
ation antihistamine (subgroup B2).

Study treatment. Pranlukast dry syrup was administered
orally at a daily dose of 7 mg/kg (3.5 mg/kg twice daily, after
breakfast and dinner). Olopatadine hydrochloride was admin-
istered orally at a daily dose of 10 mg (5 mg twice daily, in the
morning and before bedtime). Loratadine was administered
orally at a daily dose of 10 mg (once a day after a meal).
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Table I. Background characteristics of patients receiving
continuous treatment with pranlukast dry syrup (group A) and
those receiving add-on treatment at the onset of pollinosis

(group B).

Characteristics GroupA  Group B  P-value
Patients (male/female) 20 (11/9) 20 (15/5)
Age (years) 53+029 8.7+0.56 <001
Complications
Asthma® 3/6/11/0 8/3/8/1 NS
Perennial allergic rhinitis 3 6 NS
Allergic conjunctivitis 2 5 NS
Atopic dermatitis 5 9 NS
Others 1 1 NS

“Intermittent to persistent/mild to persistent/moderate to persis-
tent/severe. Data were analyzed using paired t-tests and chi-square
tests and are presented as the mean + standard error of the mean
where appropriate. NS, not significant.

The following criteria were evaluated in both groups: i) Patient
background factors, including age, gender, complications and
severity of asthma, and ii) nasal symptoms, including sneezing,
runny nose and nasal obstruction, and ocular symptoms, including
tears, eye rubbing and hyperemia. Nasal and ocular symptoms
were classified into five categories (4, very severe; 3, severe; 2,
moderate; 1, mild; 0, no symptoms) and recorded in a diary every
day. The patients or their parents recorded the assessments in
the diaries themselves. Assessment was performed three times
a day (morning, afternoon, and evening) and the mean value of
the three measurements was recorded. Comparison between
the groups was performed by using the highest values for each
period. The primary endpoint of the present study was to deter-
mine the effectiveness of treatment for nasal symptoms, such as
sneezing, runny nose, and nasal congestion, based on maximum
scores obtained in the peak pollen season.

Treatments for asthma and perennial nasal allergy were
not restricted and the drugs used were recorded in the diary.
The airborne cedar pollen level in Utsunomiya (Tochigi,
Japan) was 3,320 pollen grains/cm? in 2012, which was mark-
edly higher than the normal yearly average (Fig. 1; Ministry of
Environment; http://kafun.taiki.go.jp/).

Statistical analysis. Statistical analysis was performed using
SAS version 9.2 (SAS Institute, Cary, NC, USA). Unpaired
t-tests were used for numerical comparisons, while the
chi-square test was used for other comparisons, including
complications such as asthma, perennial allergic rhinitis,
allergic conjuctivitis, and atopic dermatitis. The log-rank test
was carried out to compare Kaplan-Meier curves. Data were
presented as the mean + standard error of the mean. P<0.05
was considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 46 patients were enrolled
in the present study; however, 6 did not visit the hospital for
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Figure 1. Airborne cedar cypress pollen levels in Utsunomiya (Tochigi, Japan) in 2012 (Based on data from the Ministry of the Environment; http://kafun.

taiki.go.jp).

review, leaving 40 patients for analysis. Group A (continuous
treatment with pranlukast dry syrup) and group B (add-on
treatment for pollinosis) contained 20 patients each. The
mean age of group B was significantly higher than group A
(P<0.01). There were no significant differences in the sex ratio
or complications, including the severity of asthma, between
the two groups (Table I). No adverse events were caused by the
drugs administered during the study period.

Nasal symptoms. Changes to nasal symptoms in groups A
and B are demonstrated in Fig. 2. Exacerbation of sneezing
and runny nose symptoms were observed from the start of the
pollen season (February 5th) until after its peak (March 8th) in
both groups. Nasal obstruction was also exacerbated in group
B; however, this was not observed in group A. There was a
significant difference in nasal obstruction between the two
groups during the late peak of the pollen season, with group
B demonstrating increased nasal obstruction compared with
group A (P<0.05; Fig. 2).

Ocular symptoms. Changes in ocular symptoms in groups A
and B are presented in Fig. 3. Tears did not become signifi-
cantly more severe in either group throughout the study period.
Rubbing of eyes and hyperemia worsened from the start of the
pollen season until after its peak in group B; however, this was
not observed in group A (Fig. 3).

Nasal obstruction. Changes in the incidence of nasal obstruc-
tion (defined as a nasal obstruction score of >3 or use of a nasal
steroid spray) were compared by. As a result, the incidence of
nasal obstruction was significantly lower in group A compared
with group B (P<0.05; Fig. 4).

As there was a significant difference in nasal obstruction
between groups A and B during the late peak of the pollen

season, this period was examined more closely by dividing
group B into patients receiving add-on treatment with pran-
lukast dry syrup (subgroup B1) and those receiving an add-on
second-generation antihistamine treatment (subgroup B2).

Stratified analyses. Stratified analyses of the maximum scores
for three symptoms were performed. During the late peak
period, scores for sneezing and nasal obstruction were lowest
in group A, followed by subgroup Bl and subgroup B2, with
significant differences observed between the three groups
for sneezing and nasal obstruction (P=0.009 and P=0.005,
respectively; Fig. 5).

Discussion

The prevalence of pediatric asthma in Japan was reported to be
4-18% in 2012 and has been increasing each year (1). Despite
this, widespread acceptance of the asthma management
guidelines and the accompanying increased use of LTRAs
and inhaled steroids has reduced hospitalization of children
with asthma and improved control of the condition. However,
children with asthma complicated by allergic diseases remain
difficult to treat. A survey performed in 2008 demonstrated
that the incidence of AR in children was ~twice as high as it
had been 10 years earlier (5). AR is associated with the onset
and exacerbation of asthma, suggesting that improvement of
nasal symptoms is important to improve control of asthma
symptoms.

LTRAs are used as basal or add-on drugs for long-term
management of asthma in children (1). In addition, LTRAs
are recommended as first-line treatment for AR with nasal
obstruction as the primary complaint (5). Early initiation of
LTRA treatment prior to the pollen season is reported to be
effective (11). Pranlukast dry syrup is an LTR A that suppresses
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Figure 2. Maximum scores from patient diaries for changes in nasal symptoms demonstrated in groups A and B before, during and after the pollen season. Data
were analyzed using paired t-tests and are presented as the mean = standard error of the mean. "P<0.05 vs. group A for the period between March 22 and April 16.
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Figure 3. Maximum scores from patient diaries for changes in ocular symptoms demonstrated in groups A and B before, during and after the pollen season.
Data were analyzed using paired t-tests and are presented as the mean =+ standard error of the mean.

inflammation of the airway and nasal mucosa by selectively  drug for children with asthma complicated by cedar pollen
blocking the action of leukotriene produced by mast cells and  allergy was investigated. In children receiving long-term
eosinophils (12,13). In the present study, the efficacy of this  treatment with pranlukast dry syrup for asthma, exacerbation



EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 3233-3238, 2017

1.0
1
En Continuous pranlukast treatment (group A)
° 0.8 + S
® | .
o ]
£ 061 "
_5 [ Add-on treatment for pollinosis (group B)
i3 t-== +
2 0.4 4
i
=]
o
0.2 1
0.0 1 T T T T
0 50 100 150

Time (days)

Figure 4. Exacerbation or improvement of nasal obstruction in groups
A and B. Kaplan-Meier curves were constructed for nasal obstruction based
on a nasal obstruction score =3 or the use of steroids. Data were assessed
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Figure 5. Stratified analysis of the maximum scores for three nasal symptoms
during the late peak pollen season. Patients with add-on treatment for polli-
nosis (group B) were divided into those receiving add-on pranlukast therapy
(group B1) and those receiving add-on H1 receptor agonist therapy (group B2).
Nasal symptom scores in the late peak period were compared between the two
subgroups. Data are presented as the mean + standard error of the mean.

of nasal symptoms during the pollen season was reduced and
nasal obstruction was significantly decreased in the late peak
period compared with children who received add-on therapy
with pranlukast dry syrup at the onset of pollinosis symptoms.
This difference persisted throughout the pollinosis season.

Release of a small amount of pollen prior to the main
pollen season stimulates the nasal mucosa and induces hyper-
sensitivity in patients with pollinosis, a process referred to as
priming (14). A previous study performed a pollen challenge
test in children with rhinitis and the results demonstrated that
the level of eosinophil cationic protein in the nasal discharge
was significantly lower in those treated with pranlukast dry
syrup than in those receiving placebo (9). In the present study,
continuous administration of pranlukast dry syrup may have
suppressed nasal symptoms in the peak pollen season by regu-
lating the priming process through inhibition of eosinophilic
inflammation. In patients who received add-on pranlukast
after the onset of pollinosis symptoms, inflammation of the
nasal mucosa may have been controlled early, resulting in
reduced nasal obstruction compared with those who received
a second-generation antihistamine.
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During the pollen season, nasal symptoms impair the
quality of life (QOL) of children with cedar pollen allergy.
Among these symptoms, nasal obstruction is the most difficult
to treat and has a strong impact on QOL (15). Furthermore,
exacerbation of nasal symptoms is closely related to aggravation
of asthma (16,17). Therefore, alleviation of nasal obstruction
by continuous administration of pranlukast dry syrup may
improve QOL and asthma control. Initiation of treatment with
pranlukast dry syrup after the start of the pollen season may
also be useful. Efficacy of pranlukast dry syrup for pollinosis
in children has previously been reported on the basis of pollen
challenge testing and in patients on long-term administration
(up to 20 weeks) of pranlukast dry syrup) (8,18); however, the
clinical benefits have not previously been described.

Regarding limitations of the present study, children
assessed symptoms themselves or their guardians performed
assessment if the children were unable to. There are no reports
on the validity of guardians assessing the nasal symptoms of
their pre-school children, although this is common in clinical
research involving children with rhinitis. However, assessment
of objective findings may have provided clearer results and this
issue should be considered in future investigations.

A previous comparative study of patients with similar
characteristics and symptoms demonstrated that LTRA
therapy markedly improved nasal congestion compared with
antihistamines, and LTRAs also demonstrated effectiveness
against sneezing and runny nose symptoms (10). However,
the present study examined the extent to which aggravation
of symptoms could be avoided during the peak pollen season
in patients receiving continuous treatment, which means that
obtaining a clear-cut result may have been unlikely.

In conclusion, the present study demonstrated that
long-term LTRA administration for management of asthma
may improve nasal symptoms of pollinosis during the pollen
season in children with both conditions. However, this was
only a pilot study, thus the efficacy of LTRA therapy for chil-
dren with asthma and AR requires further study in a larger
number of patients.
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