Pranlukast dry syrup inhibits symptoms of Japanese cedar
pollinosis in children using OHIO Chamber
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ABSTRACT

Pranlukast (PLK) is a leukotriene receptor antagonist (LTRA) that has been approved for treatment of asthma in patients of
all ages and allergic rhinitis (AR) in adults but not for AR in children in Japan. This randomized, double-blind, placebo-
controlled, crossover study used an artificial exposure chamber (OHIO Chamber) to investigate the efficacy and safety of PLK
in children from 10 to 15 years old with seasonal AR (SAR) due to Japanese cedar (JC) pollen. Eighty-four subjects were
enrolled and randomized to the treatment arm and 74 were included in the per protocol set. Subjects received either PLK dry
syrup (DS) or placebo for 1 week. They were challenged with |C pollen in the OHIO Chamber for 3 hours. Total nasal symptom
scores (TNSSs) were recorded every 30 minutes during the exposure. PLK DS treatment suppressed the TNSS changes from
baseline significantly when compared with placebo. The difference in the least square means in TNSS between the PLK
DS—treated group and placebo group was —0.37 (95% CI, =0.54, —0.20) with a value of p < 0.0001, showing that PLK DS
significantly suppressed the nasal symptoms. Regarding specific nasal symptoms, PLK DS significantly suppressed sneezing,
nasal discharge, and nasal obstruction. The effect of PLK DS on nasal obstruction was most prominent, with significant
improvement relative to placebo beginning 60 minutes after the start of exposure. No serious adverse events were reported

during the study. In this study, PLK DS is effective and safe for treatment in children with SAR.
(Allergy Asthma Proc 33:102-109, 2012; doi: 10.2500/aap.2012.33.3517)

llergic rhinitis (AR) is a chronic and prevalent
disease, affecting not only adults but also school-

age children in developed countries:’- Airborne anti-
gens, such as dust-mite allergens and Japanese cedar
(JC) pollen, are significant contributors to AR in Japan.
The recent increase in the prevalence rate of JC polli-
nosis has been significant, with approximately 26% of
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the Japanese population affected.” The main symptoms
are sneezing, nasal discharge, and nasal obstruction,
which are not life-threatening but can be difficult to
tolerate when more severe. These symptoms decrease
patients’” quality of life> and reduce work and school
performance in adults and children, respectively.*”
Nasal obstruction, which can cause sleep disturbance,
is the most bothersome symptom both in adults and in
children.®~'

Cysteinyl leukotrienes (CysLTs) C,, D,, and E, are met-
abolic products of arachidonic acid generated from not
only mast cells but also eosinophils and basophils during
allergic reactions, and they bind the CysLT; and CysLT,
receptors.'"'? They cause bronchoconstriction, increase
vascular permeability, and stimulate mucous glands,
which induces tissue edema and hypersecretion.'* In the
human nasal mucosa, CysLT; receptors are expressed in
the vascular endothelium and interstitial cells in the in-
ferior turbinate as well as in leukocytes such as eosino-
phils, mast cells, macrophages, and neutrophils."® Thus,
CysLTs are major mediators in the pathogenesis of AR
and contribute to its symptoms of sneezing, nasal dis-
charge, and nasal obstruction."* Treatment with CysLTs
receptor antagonists (LTRAs) is considered to be effective
in the management of AR."

Pranlukast (PLK) was the first CysLT,; antagonist to
be approved in Japan for the treatment of asthma in
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adults and children and AR in adults.'®'” To our
knowledge, no randomized, placebo-controlled studies
have been published that assess the efficacy and safety
of PLK or any other CysLT, antagonists in the treat-
ment of AR in children, although a pediatric formula
has been developed for pediatric use in asthma.'®

The aim of this study was to investigate the efficacy
and safety of PLK dry syrup (DS) in the treatment of
seasonal AR (SAR) due to JC pollen in school-age
children whose symptoms were induced in an artificial
pollen exposure chamber (OHIO Chamber).

METHODS

Study Populations

Children who had JC pollinosis and were between
the ages of 10 and 15 years were recruited in this study.
The inclusion criteria were as follows: height of =130
cm and weight of =25 and <65 kg; allergic symptoms,
particularly nasal obstruction, during the pollen season
for at least 2 years with a positive multiple antigen
simultaneous test (class, =2) or positive skin test for JC
pollen antigen; absence of abnormal findings on phys-
ical or blood examinations; and the ability to record
symptoms in a diary.

The exclusion criteria were as follows: acute rhinitis,
chronic rhinitis, congestive rhinitis, atrophic rhinitis,
rhinosinusitis with purulent nasal discharge, nasal dis-
ease (nasal polyps and/or deviated nasal septum), na-
sal deformity, or adenoid hypertrophy that would in-
terfere with evaluating the efficacy of the drug; allergic
symptoms due to other allergens during the study
period; severe allergic diseases including asthma,
atopic dermatitis, and drug allergy; and surgery, in-
cluding laser surgery, for the purpose of treating AR.
Subjects who were considered ineligible by the physi-
cian in charge were excluded as well.

The following medications were prohibited through-
out the study periods: antihistamines, LTRAs, oral or
local steroids, biological preparations, anticholinergics,
B2-stimulants, decongestants for nasal use, and herbal
medicine for allergies.

This study was conducted in conformity with Good
Clinical Practice guidelines and the Declaration of Hel-
sinki of 1995 (as revised in Seoul in 2008). The study
protocol was reviewed and approved by an indepen-
dent Institutional Review Board of the Shinanozaka
Clinic (Tokyo, Japan). Informed consent was obtained
from the parent or the legal guardian of all subjects and
informed assent was obtained from all the subjects
before participation in the study.

Study Design and Protocol

This was a single-center, randomized, placebo-con-
trolled, crossover comparative study conducted in the
nonpollen season, from December 2010 to February 6,
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2011. The study was completed before JC pollen started
to disperse (February 15).

The study periods, shown in Fig. 1, consisted of
observation (single-blind) and treatment periods (dou-
ble blind), in which the subjects were exposed to a
fixed concentration (8000 grains/m?) of JC pollen for 3
hours in a temperature- and humidity-controlled pol-
len exposure chamber (OHIO Chamber) as described
elsewhere.'”?

Each subject was instructed to grade and record the
severity of their nasal obstruction in the OHIO Cham-
ber every 30 minutes according to the severity criteria
shown in Table 1. Every 30 minutes, subjects reported
the number of times they sneezed and blew their noses.
These results were evaluated using severity scoring
criteria,” ranging from 0 to 4 as shown in Table 2. The
total nasal symptoms score (TNSS) was the sum of the
three recorded nasal scores:

During the observation period, which took place 1-4
weeks before first administration of the study drug,
informed assent and consent were obtained from all
subjects and their parents. Subjects were examined to
confirm that they met the inclusion criteria and did not
fulfill any of the exclusion criteria. The screening ex-
posure in the OHIO Chamber was performed after
subjects took placebo for 1 week in a single-blind fash-
ion, to ensure they would respond adequately to the
pollen stimulation and not respond to placebo treat-
ment. Subjects were enrolled in the study only if one
nasal symptom score was at least 1 point worse on one
occasion during exposure compared with each score
recorded before entering the chamber.

Eligible subjects were enrolled in the double-blind
treatment period and randomized to receive PLK DS or
identical placebo twice daily for 1 week (period 1)
followed by a washout period of 7 days, and then
crossed over to the other treatment period (period 2)
for 7 days. The actual drug contained PLK DS and
refined sucrose in a sachet. The external appearance of
placebo was indistinguishable from that of the actual
drug. The dosage of the study drug was determined
based on each subject’s weight according to the opti-
mal dose of PLK DS used for pediatric asthma (about 7
mg/kg per day).*' Subjects were exposed to pollen
in the OHIO Chamber at a concentration of 8000
grains/m?® for 3 hours on the last day of each treatment
period (periods 1 and 2). The use of rescue drugs was
not allowed during the treatment periods.

Efficacy

The TNSS was the sum of the subjects” self-rated
scores of the three nasal symptoms (sneezing, nasal
discharge, and nasal obstruction).

The primary efficacy endpoint was the sum of the
mean score of each of the nasal symptom scores during
exposure.
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Observation period Treatment period

Ist period 2nd period
<+ —> < —>
Pranlukast DS Washout Placebo
. .. for 7 days for 7 days for 7 days
Visit | Visit 2
Screening period Randomization
Days -35 to -7 Day 0
‘ Visit 3 Visit 4 Visit 5 Follow-
‘ ‘ Day 7 Day 14 Day 21 up Visit
Pollen Placebo Washout Pranlukast DS
exposure for 7 days for 7 days for 7 days
Pollen Pollen

exposure exposure

Figure 1. Study schedule. The study periods consisted of observation and treatment periods. The screening exposure in the OHIO Chamber was
performed after subjects received placebo treatment for 1 week, to determine whether they would respond adequately to the pollen stimulation and
not respond to placebo treatment. One inclusion criterion was thatat least one nasal symptom score was at least 1 point worse during exposure than
before subjects entered the chamber. Eligible subjects were enrolled in the treatment period and randomized to receive pranlukast dry syrup (PLK
DS) or placebo for 1 week (period 1) followed by a washout period of 7 days, and then crossed over to the other treatment period (period 2) for 7
days. Subjects were exposed to pollen in the OHIO Chamber for 3 hours on the last day of each treatment period (periods 1 and 2).

Table 1 Severity of nasal obstruction

Severity ++++ +++ (score 3) ++ (score 2) + (score 1) — (score 0)
(score 4)
Completely  Severe nasal blockage Severe nasal blockage Nasal blockage without No symptoms
obstructed causing prolonged causing occasional oral breathing

oral breathing oral breathing

Altered partially from the Japanese guidelines for allergic rhinitis* and the severity of nasal obstruction was judged during each
30-min period during exposure.

Table 2 Severity of sneezing and nasal discharge

Severity ++++ (score 4) +++ (score 3) ++ (score 2) + (score 1) — (score 0)

Sneezing =21 Times 20-11 Times 10-6 Times 5-1 Times Below +

Nasal =21 Times 20-11 Times 10-6 Times 5-1 Times Below +
discharge

Sneezing: The number of times the subject sneezed during each 30-min period during exposure.
Nasal discharge: The number of times the subject blew his/her nose during each 30-min during exposure.

The secondary efficacy endpoints were the mean scores of
each nasal symptom score during exposure and the TNSS

Statistical Analysis
Efficacy analyses were conducted using the per pro-

and each nasal symptom score at each measurement point.

Safety

Safety was evaluated throughout the period of the
study. All subjects were asked about their health status
and any adverse reactions during the study period.
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tocol set population, which included all randomized
subjects who received study drugs and completed the
entire study protocol.

Analysis of the primary efficacy endpoint, the ability
of PLK DS to suppress the symptoms induced in the
OHIO Chamber, was performed using an analysis of
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Table 3 Subject characteristics

Parameter Category No. (%) of Patients
All 84
Gender, n (%) Male 38 (45.2)

Female 46 (54.8)
Age (yr) mean * SD 125 x 1.6
Range 10-15
Height (cm) mean = SD 154.20 = 9.52
Range 131.3-175.8
Weight (kg) mean * SD 4418 + 8.41
Range 27.2-64.3
Severity*, n (%)  Mild —
Moderate 11 (13.1)
Severe 44 (52.4)
Most severe 29 (34.5)

*Severity was diagnosed based on the Japanese guidelines for
allergic rhinitis.”

covariance model with treatment group, period, and
sequence as factors and TNSS before entering into the
OHIO Chamber as covariates in the model. Analysis of
the secondary efficacy endpoint was also performed
using an analysis of covariance model with treatment
group, period, and sequence as factors'and TNSS or
each nasal symptom score before entering into the
OHIO Chamber as covariates in the model. The 95% CI
and the difference in the least square means were
calculated.

Safety analyses included all randomized subjects
who received at least one dose of study medication
during a treatment period in double-blind fashion and
was performed using the McNemar test.

The two-tailed significant level was 5% for the anal-
ysis of efficacy and safety.

RESULTS

A total of 215 children were recruited. Eighty-four
subjects were enrolled and 74 completed the study.
Four subjects discontinued the study because of acute
upper respiratory disease, two for personal reasons,
three for protocol deviation, and one based on the
decision of a doctor in charge. The characteristics of
subjects are shown in Table 3.

The time course of changes in TNSS during exposure
is shown in Fig. 2. Beginning 30 minutes after the start
of exposure (except for 60 and 150 minutes), at each
measurement point the mean of the TNSS in the PLK
DS group, adjusted by the TNSS before entering into
the OHIO Chamber, was significantly lower than
scores in the placebo group.

The mean TNSS score over the exposure time was
1.17 and 1.55 for the PLK DS-treated group and the
placebo group, respectively (Table 4). The difference in
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the least square means for TNSS between the PLK
DS-treated group and placebo group was —0.37 (95%
CI, —0.54, —0.20), with a value of p < 0.0001, showing
that PLK DS significantly suppressed the nasal symp-
toms induced by pollen exposure.

The time courses of the changes in each symptom
during exposure are shown in Figs. 3, 4, and 5. PLK DS
significantly suppressed sneezing, nasal discharge, and
nasal obstruction. The effect of PLK DS on nasal ob-
struction was most prominent; this symptom showed a
significantly lower score when compared with placebo
beginning 60 minutes after the start of exposure.

The scores for sneezing and nasal discharge in the
PLK DS-treated group were lower than those in the
placebo group, with significant differences at measure-
ment time points of 120 and 180 (sneezing) and 90
minutes (nasal discharge).

The differences in the least square means for the PLK
DS and placebo groups were —0.06 (95% CI, —0.12 to
—0.00) with a value of p = 0.0339 for sneezing, —0.08
(95% CI, —0.14 to ~002) with a value of p = 0.0133 for
nasal discharge, and —0.25 (95% CI, —0.36 to —0.14) with
a value of p < 0.0001 for nasal obstruction (Table 4).

Safety

No serious side effects were found in this study and
the safety profile was similar in both groups. Eight
subjects reported side effects, four (4.8%) in the PLK DS
group and four (4.9%) in the placebo group (Table 5).
There was no significant difference between side effect
prevalence in the two groups (p = 1.0000).

All side effects were mild and resolved without treatment.

DISCUSSION

The effectiveness and safety of PLK in capsule formu-
lation has been demonstrated in randomized, double-
blind trials in adult patients with asthma and AR.'*'7%>%3
Although the efficacy of its DS formulation has been
evaluated in pediatric patients aged >1 year with
asthma,?! there have been no published randomized clin-
ical studies on the treatment of pediatric AR. To our
knowledge, this is the first randomized, double-blind,
placebo-controlled, crossover study to demonstrate the
efficacy of PLK DS on SAR and also the first trial using an
allergen exposure chamber including school-age children
in the world. This study showed that 1 week of PLK DS
therapy was significantly superior to placebo in reducing
the TNSS and suppressed not only sneezing and nasal
discharge, but also nasal obstruction during pollen expo-
sure. The safety profile was similar between PLK DS and
placebo.

Although the number of SAR patients <10 years old is
increasing in Japan,” we restricted the subjects’ age range
to between 10 and =15 years in this allergen exposure
study because of ethical considerations. Children and
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placebo group, beginning 30 minutes
after the start of exposure (except 60
and 150 minutes; *p < 0.05).

Table 4 Summary statistics and difference of least square means for the nasal symptom score

Parameter PLK DS Placebo
n =174 n = 74)
Total nasal symptom score Mean * SD 1.17 = 0.95 1.55 = 0.98
LS mean difference from placebo and 95% CI —0.37 (—0.54, —0.20)
ANCOVA p < 0.0001
Sneezing score Mean = SD 0.18 £ 0.26 0.24 £ 0.29
LS mean difference from placebo and 95% CI —0.06 (—0.12, —0.00)
ANCOVA p = 0.0339
Nasal discharge score Mean + SD 0.30 = 0.34 0.39 = 0.37
LS mean difference from placebo and 95% CI —0.08 (—0.14, —0.02)
ANCOVA p = 0.0133
Nasal obstruction score Mean = SD 0.69 = 0.58 0.92 = 0.64
LS mean difference from placebo and 95% CI —0.25 (—0.36, —0.14)
ANCOVA? p < 0.0001

ANCOVA = analysis of conariance; LS = least square; PLK DS = pranlukast dry syrup.

adults differ in terms of drug metabolism because of
developmental differences in relevant organs. Pharmaco-
kinetic profiles of PLK, however, are similar in children
and adults™ and also similar among children with differ-
ent diseases.”” The PLK DS dosage of about 7 mg/kg per
day twice daily used in this study is valid because it is
converted from the adult dose as a reference and is also
used for the treatment of pediatric asthma in Japan.'®
PLK DS is therefore a potentially effective treatment not
only for children with SAR aged between 10 and =15
years, but also for those <10 years old.

A multicenter, double-blind, comparative study with
epinastine for perennial AR showed that PLK was signif-
icantly more effective than epinastine in relieving total
nasal symptoms, especially in reducing nasal obstruc-
tion.” One small study of treatment for adults with SAR
showed the superiority of PLK in the reduction of nasal
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symptom scores and significant suppression of nasal ob-
struction when compared with a second-generation anti-
histamine.?® Therefore, PLK was at least as effective as
some second-generation antihistamines for adults with
AR in terms of total nasal symptoms and nasal obstruc-
tion.

The result of our study was consistent with that of
the allergen challenge study conducted by Keskin et
al.”” who showed the superiority of montelukast,
another LTRA, in significant suppression of nasal
obstruction in children with grass pollen-induced
AR. Additionally, our study indicated that PLK DS
was effective for not only nasal obstruction but also
sneezing and nasal discharge in children with SAR,
as also shown in studies of adults with SAR.?*7°!

The efficacy of LTRAs in children with AR seems to be
equivalent to that in adults with AR. Application of LTD,

January-February 2012, Vol. 33, No. 1
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directly to the nasal mucosa in adult patients with AR
significantly increased nasal secretion.”* CysLTs might
therefore have the ability to stimulate mucous glands,
resulting in hyper-rhinorrhea during allergen exposure.
Although CysLTs do not directly stimulate the sensory
nerves that induce sneezing, a reduction in sneezing has
been shown in clinical trials of adult patients with AR.
The mechanism underlying this suppression of sneezing
has not been identified.

Although several pediatric studies demonstrated the
efficacy of PLK DS in the treatment of asthma,** there is
no literature on pediatric patients with JC pollinosis in
Japan. One reason is because it is difficult to conduct a
double-blind, placebo-controlled study of pediatric SAR
patients in pollen season may be the challenge of obtain-
ing precise self-ratings of subjects’ nasal symptoms, es-
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30 60 90 120 150 180

TIME (min)

pecially nasal obstruction, and compliance in keeping an
allergy diary every day. Data on severity of sneezing and
nasal discharge could substitute for that on the frequency
of sneezing and nose blowing, but nasal obstruction is a
subjective symptom that may be difficult for children to
recognize and self-rate in daily life. We therefore decided
to conduct this study using the OHIO Chamber, in which
subjects were exposed to constant concentrations of JC
pollen in a stable environment. A precise evaluation of
subjects’ nasal symptoms was obtained by chamber staff
observing from outside the chamber throughout the ex-
posure.

AR is known to have a large negative impact on school
performance and daily life, such as impaired learning or
sleep disturbance.>**?* Obstructive sleep apnea syn-
drome (OSAS) is a sleep disorder that affects approxi-
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Figure 5. Time course of the nasal
obstruction score. The mean of the
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jects entered the OHIO Chamber, is
significantly lower in the pranlukast
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ter the start of exposure (*p < 0.05).

Table 5 Summary of safety

PLK DS (n = 83)

Placebo (n = 82) McNemar Test

Patients with adverse events regardless 12 (14.5%) 10 (12.2%) p = 1.0000* NS
of relationship to study drug
Patients with side effects 4 (4.8%) 4 (4.9%) p = 1.0000* NS

There was no significant difference between PLK DS and placebo administration in terms of adverse events regardless of

relationship to study drug and side effects.
*p = 0.05.
NS = not significant, PLK DS = pranlukast dry syrup.

mately 2% of all children.” Although AR is a risk factor
for pediatric OSAS, increased upper airway resistance
due to nasopharyngeal lymphoid (adenoid) hypertrophy
is its-most common cause.’*” Interestingly, a recent
study demonstrated that LT and their receptors were
increased in adenotonsillar tissue in children with OSAS,
and that LTRA treatment induced significant reductions
in adenoid size and sleep disturbances.® Kaditis et al.
examined the expression pattern of CysLT; receptor,
CysLT, receptor, and T lymphocytes, and proposed that
the expression of CysLT, and CysLT, receptor in tonsillar
tissue during childhood might be the result of allergic
sensitization and could promote sleep disturbances by
causing pharyngeal lymphoid tissue enlargement.”
Therefore, an antagonist action with PLK on the CysLT;
receptor in adenoid tissue results in a reduction in ade-
noid size.

The report of 4-week PLK administration in 12 patients
with perennial AR demonstrated a marked suppression
of eosinophil infiltration in the PLK-treated patients.*’
This pharmacological action might also have contributed
to the improvement of nasal symptoms a few hours after
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the onset of pollen exposure in our study, since 1-week
administration of PLK DS might suppress the eosinophil
infiltration in autocrine fashion.

In conclusion, this is the first study to demonstrate the
efficacy of PLK DS for the treatment of children with SAR
exacerbated by exposure to JC pollen in an OHIO Chamber.
Treatment with PLK DS twice daily for 1 week resulted in
significant relief of the nasal symptoms of SAR induced by
exposure to JC pollen in an OHIO Chamber. Additional
studies in the natural condition are needed, but our results
support the use of PLK DS in treating SAR in children in
clinical settings as in adults. No serious adverse events were
observed, and adverse effect profiles were similar between
PLK DS- and placebo-treated groups in this study.
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