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Table 1. Assignment of '"H-Nuclear Magnetic Resonance Spectra

Compound Chemical Group Chemical Shift (ppm) Splitting Pattern Number of Protons
GABA CH2 (C2) 2.31 Triplet 2
CH2 (C3) 1.91 Quintet 2
CH2 (C4) 3.01 Triplet 2
Inosiplex
Inosine CH (C5) 3.84-4.90 Multiplet 2
CH (Cz’, C3’, C4") 4.06-4.71 Multiplet (3)
CHI(C1) 6.03 Doublet 1
CH (C2) 8.11 Singlet 1
CH (C8) 8.28 Singlet 1
PAcBA CH3 (C9) 2.15 Singlet 9
CH (C3, C5) 7.39-7.49 Muitiplet 6
CH (C2, Cs) 7.79-7.89 Multiplet 6
DiP CH3 (C3) 1.23 Doublet 9
CH3 (C4, C5) 2.89 Singlet 18
CH2 (C1) 3.04-3.14 Quartet (6)
CH (C2) 4.06-4.71 Multiplet 3

DIP = 2-hydroxypropyldimethylammonium; GABA = y-aminobutyric acid; PAcBA = p-acetamidobenzoate.

Standard: 3-{trimethylsilyl)-1-{propansulfonic} acid as 0.00 ppm.

taking 4.8 g of inosiplex, thus being sufficient to contribute to the in vivo
magnetic resonance spectroscopic spectra.

The data above confirm that the previously unidentified resonance of
the brain should have come from 2-hydroxypropyldimethylammonium,
although magnetic resonance spectroscopy after the cessation of inosi-
plex could not be performed because we could not obtain informed con-
sent from the patient and her family. The obtained spectra from the brain
of the patient should be a combination of the 2-hydroxypropyldimeth-
ylammonium spectra and the spectra of the brain itself. In addition, we pre-
viously described the reduction of N-acetylaspartate on both the frontal and
occipital lobes of the patient; possible contamination of the resonance of
CHS3 (C9) in the = p-acetamidobenzoate signal could have led us to under-
estimate the reduction.! Magnetic resonance spectroscopic study can pro-
vide useful information and can be used for monitoring disease progression,
but one should be aware of the possibility of contamination from drug res-
onances when evaluating magnetic resonance spectroscopy from a patient
with subacute sclerosing panencephalitis undergoing treatment.
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CrLINICAL AND LABORATORY OBSERVATIONS

Autologous Peripheral Blood Stem Cell Transplantation in
a Patient With Relapsed Pleuropulmonary Blastoma

Hideo Kaneko, Koji Isogai, Masashi Kondo, Kaori Hosoi, Tsutomu Asano, Michinori Funato, and
Naomi Kondo

Summary: Pleuropulmonary blastoma (PPB) is a rare and
aggressive primary intrathoracic neoplasma of children. The
prognosis is extremely poor with frequent metastasis to the
brain and bone. We present a 4-year-old girl with a tumor mass
in the right hemithorax initially diagnosed as pneumoniae.
Tumor resection was performed and the histologic report
indicated the diagnosis of PPB. The patient received chemother-
apy comprising vincristine, actinomycin D, doxorubicin, cispla-
tin, and cyclophosphamide. Irradiation was performed with
total 45 Gy at the right lower pulmonary lobe. She relapsed 29
months later at the pleura between the right middle and lower
pulmonary lobe. Tumor resection and total 45 Gy of irradiation
were performed again. High-dose chemotherapy comprising
cisplatin, adriamycin, and cyclophosphamide was performed
followed by autologous peripheral blood stem cell transplanta-
tion (PBSCT). The patient achieved complete hematologic
recovery. Thirty-one months after PBSCT, no signs of relapse
have been observed. Although it might be that the patient could
have been cured with second surgery alone or by the surgery and
subsequent chemotherapy, high-dose chemotherapy and PBSCT
should be considered for the treatment of relapsed PPB.

Key Words: pleuropulmonary blastoma, relapse, high-dose
chemotherapy, PBSCT

(J Pediatr Hematol Oncol 2006;28:383-385)

leuropulmonary blastoma (PPB), a rare dysembryo-
genic neoplasma of the thoracopulmonary mesench-
yma, is characterized by primitive blastema and
malignant mesenchymal stroma, often showing multi-
directional differentiation.'™
Three types have been described: cystic (I), mixed
(I, and solid (ITT). Histologically, it is characterized by a
primitive, variably mixed blastematous, and sarcomatous
appearance. It has been documented that many PPB
patients had preexisting or concurrent congenital pul-
monary cystic lesions (cystic adenomatoid malformation
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or isolated pulmonary cysts). The exclusively cystic (type
I) PPB appears at an early age, even in newborns;
bilateral forms have been recently described.* Some
authors have suggested that solid areas may subsequently
arise from a previous cystic lesion,” thus indicating tumor
transition and progression to a solid form. As a general
opinion, pulmonary cysts can represent a predisposing
condition for later PPB.

This tumor has been treated with a multimodality
approach including surgery, chemotherapy, and in some
cases radiotherapy.”® Prognosis remains poor. The
overall survival rate at 5 years was 45%.° In this report,
we describe a 4-year-old girl with relapsed PPB treated
with high-dose chemotherapy and autologous peripheral
blood stem cell transplantation (PBSCT).

CASE REPORT

A 4-year-old Japanese girl initially diagnosed as having
pneumonia was referred to our hospital. A chest radiograph
showed a large mass in the right lung deviating the mediastinum.
Computed tomography (CT) and magnetic resonance imaging
(MRI) (Fig. 1) confirmed a tumor mass in the right hemithorax.

She showed dyspnea due to the tumor. Resection of the
tumor mass was urgently performed. A histopathologic review
indicated type III PPB. A work-up for metastsis included a bone
marrow aspirate and biopsy, bone scan and computed
tomography of brain, showing no metastaic signs. Initially, we
used Intergroup Rhabdomyosarcoma Studies (IRS)-II1, regimen
36'" as the protocol for the patient. The dose of CDDP,
ADR, CY, VCR, and ACTD in the original chemotherapy in
this patient was 525mg/mz, 160mg/mz, 2400 mg/m>, 13.5mg/
m?, and 0.45 mg/kg, respectively. After the chemotherapy, total
dose of 45 Gy (1.8 Gy per fraction per day) was irradiated for
total 25 days (5 times a week). Irradition was performed on the
region of the lower pulmonary lobe and the diaphragm. These
treatments caused tumor reduction and (CT) showed no tumor
mass at the time of discharge.

When a periodic chest x-ray examination was carried out,
a coin lesion in the right hemithorax was observed 29 months
after discharge. CT and MRI showed a round mass in the pleura
between right middle and lower pulmonary lobe (Fig. 2). The
recurrence of the PPB developed in the right hemithorax other
than the initial irradiation field. Second tumor resection was
performed and a histopathologic examination indicated PPB.
The histologic appearances of recurrent PPB were identical to
those of the initial PPB.

Considering the poor prognosis we scheduled irradiation,
high-dose chemotherapy, and PBSCT for this relapsed PPB.
Before the high-dose chemotherapy, the previously used dose in
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Chest X-P

FIGURE 1. Chest x-ray and MRI of the
thorax showing a tumor mass in the
right hemithorax.

this patient was as follows CDDP, 400 mg/m?; ADR, 270 mg/

m% and CY, 7800 mg/m*. Total 45 Gy of 1rlad1at10n was also
performed in the other region of previous irradiation. There was
no overlap in the irradiation fields between initial and relapse
treatments. The patient received high-dose chemotherapy and
PBSCT as shown in Figure 3.

There were no major complications during the procedure,
and the patient reached 500 neutrophils/pl. on day 10 after cell
infusion and 20,000 platelets/uL. on day 63. Imaging revealed no
evidence of disease and the patient achieved complete hemato-
logic recovery. Twelve months after PBSCT, she developed right
optic neuritis and loss of strength in the lower limbs, which was
caused by multiple sclerosis. The multiple sclerosis was treated
by steroid. We consider these symptoms as caused by multiple
sclerosis, because the view of cerebral MRI showed multiple
white lesions in the CNS separated by time and location.
However, we can not rule out the relation between right optic
neuritis and loss of strength in the lower limbs and the previous

Chest X-P

FIGURE 2. Chest x-ray and MRI of the
thorax showing a coin lesion in the right
hemithorax at the time of relapse.
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MRIof the thorax

treatments. Thirty-one months after PBSCT, no signs of relapse
have been observed.

DISCUSSION

PPB is an uncommon primary malignant tumor of
the lung. Surgery is the most important part of the
treatment. Despite the use of chemotherapy with or
without radiotherapy, the prognosis 1s poor.

In 1988, Manivel and associates'? distinguished PPB
as a separate diagnostic entity from pulmonary blastoma
on the basis of age at presentation and its histologic,
biologic, and clinical characteristics. PPB is confined to
childhood whereas pulmonary blastoma occurs mostly in
adults.

Although several of the previously reported cases
have received multiagent chemotherapy, typically

MRT of the thorax

© 2006 Lippincott Williams & Wilkins
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PPB With PBSCT

Progress of high-dose chemotherapy and PBSCT for relapsed PPB
wms 2 3 4 b 6 1 § 9
K
PBSCT
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resection
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2003. 120. Admission

128, Tumor resection (fofal resection)
2.13. Imadiation start {except previously imadiated region)
2.17. Chemotherapy start
8.16. Auto-FBSCT
Pre-medication
Thigtepa §00mg/m?, L-PAM 160mg/m?
Scheduk of PBSCT
8/14 -4day Thiptepa 200mg/m? x 2/day
15 -3day Thiotepa 200mg/m®x 2/day
16 -2day L-PAM 160mg/m?
18-0day PBSCT
FIGURE 3. Progress of high-dose chemotherapy and PBSCT
for relapsed PPB.

modeled after sarcoma treatment (eg, vincristine, actino-
mycin, and cyclophosphamide), the role of radiotherapy
is more difficult to assess. Often, patients with great
tumor bulk or with residual disease received radiotherapy
with doses ranging from 4 to 55 Gy.>'? In a meta-analysis
of 50 patients, reported by Priest and colleagues,’
16 children received radiation therapy, the majority of
whom had purely solid tumors. Survival rates did not
significantly differ among those treated with or without
radiotherapy, although these data must be interpreted
with caution.

Complete surgical excision is crucial; lobectomy or
even pneumonectomy should be considered to achieve
surgical radicality with free margins to prevent local
recurrence.” Chemotherapy with agents such as vincris-
tine, actinomycin D, doxorubicin, ifosfamide, etoposide,
epirubicin, and cisplatin has been used in many patients.
These drugs are also included in protocols for childhood
soft tissue sarcomas. The use of intracavity cisplatin was
reported in 2 cases.

de Castro et al’” administrated high-dose che-
motherapy using melphalan, etoposide, and carboplatin,
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followed by autologous hematopoietic stem cell trans-
plantation in a S-year-old girl patient. She relapsed 4
months later and died about 9 months after the
completion of high-dose therapy. They concluded that
the role of high-dose chemotherapy and autologous
hematopoietic stem cell transplantation was likely to be
limited in PPB.

In our case, high-dose chemotherapy and PBSCT
was performed when PPB had relapsed. Local recurrence
developed in 1 of 7 type I PPBs (14%) and in 18 of 43 type
II and type III PPBs (46%).” In relapsed cases prognosis
is poor. A single case dose not prove the value of stem cell
transplantation for treatment of PPB. Although the
patient could have been cured with second surgery alone
or by the surgery and subsequent chemotherapy, in
relapsed PPB, high-dose ‘chemotherapy and PBSCT
should be considered.
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Pharmacokinetics of Beclomethasone
Dipropionate in an Hydrofluoroalkane-
134a Propellant System in Japanese
Children with Bronchial Asthma

Takahide Teramoto!, Toshivuki Fukao!. Yoshiko Tomita2, Yoshiaki Terauchi?, Kaori Hosoil,
Eiko Matsui!, Minako Aoki!, Naomi Kondo?! and Haruki Mikawa3

ABSTRACT

Background: Hydrofluoroalkane-134a (HFA) has been shown to be a safe replacement for chlorofiuorocar-
bons (CFCs) as a pharmaceutical propellant, with the advantage that it has no ozone-depleting potential. This
is the first report of the pharmacokinetics of beclomethasone dipropionate (BDP) delivered from a pressurized
solution formulation using an HFA propellant system (HFA-BDP) in Japanese children with bronchial asthma.
Methods: Plasma concentrations of beclomethasone 17-monopropionate (17-BMP),a major metabolite of
BDP, following an inhaled dose of HFA-BDP (200 ug as four inhalations from 50 pg-‘actuation) in five Japanese
children with bronchial asthma were quantified and analyzed by a non-compartmental analysis to obtain phar-
macokinetic parameters. _

Results: The area under the concentration-time curve from time zero to the last quantifiable time (AUCo.) was
1659 =+ 850 pg - h'mL (arithmetic mean = standard deviation (SD)), the maximum concentration observed
(Cmax) was 825 = 453 pg’'mL and the apparent elimination hati-life (t1-2) was 2.1 + 0.7 hours. The time to reach
Cmax (Tmax) was 0.5 hours in all patients. No special relationship was observed between these parameters and
age or body weight. These parameters were compared with the previously reported parameters of American
children with bronchial asthma. The Japanese.’American ratio of the geometric means of each parameter was
1.36 for AUCo-, 1.04 for Cmax and 1.4 for t1 2. The median of Tmax was 0.5 hours in American patients as well as
Japanese patients.

Conclusions: The pharmacokinetics of HFA-BDP in Japanese children with bronchial asthma are reported for
the first time and a similarity to those in American children is suggested.

KEY WORDS
beclomethasone dipropionate, children with bronchial asthma, hydrofluoroatkane-134a, Japanese, pharma-
cokinetics

INTRODUCTION

Hydrofluoroalkane-134a (HFA) has been shown to be
a safe replacement for chlorofluorocarbons (CFCs) as
a pharmaceutical propellant, with the advantage that
it has no ozone-depleting potential.l Metered dose in-
halers (MDIs) of beclomethasone dipropionate
(BDP), using CFCs as propellant system in a press-

and-breathe (P& B) inhalation device (CFC-BDP),
have been used for many years in patients with bron-
chial asthma, but the Montreal Protocol represents
international agreement to cease CFCs production
and use. HFA is a suitable replacement propellant for
CFCs in MDls, as it does not deplete stratospheric
ozone. The BDP solution product using HFA as pro-
pellant system (HFA-BDP) has a smaller particle size
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Plasma concentration of 17-BMP (pg/mL)

Time(h)

Fig. 1 Individual (C) and mean (@) plasma concentration-
time profiles of beclomethasone 17-monopropionate (17-
BMP) in Japanese children with bronchial asthma following
administration of 200 pg of beclomethasone dipropionate
(BDP). Each error bar representis the standard deviation.

distribution (by mass) than the CFC-BDP suspension
product, which results in improved intrapulmonary
deposition and airway availability of HFA-BDP when
compared with CFC-BDP.2 The HFA-BDP has an
equivalent effect to the twice dose of CFC-BDP? and
has been approved and used in adult patients in nu-
merous countries. As CFC-BDP has also been essen-
tial in the ftreatment of children with bronchial
asthma, the indications and usage of HFA-BDP for
children need to be established urgently. Although
the pharmacokinetics of HFA-BDP in American chil-
dren with bronchial asthma have already been re-
ported,45 they have not yet been reported in Japanese
children. The objective of this clinical trial was to clar-
ify the pharmacokinetics of HFA-BDP in Japanese
children with bronchial asthma.

METHODS

Five Japanese patients with stable mild asthma, be-
tween the ages of 6 years and 15 vears (3 men and 2
women), were enrolled in this open-label study. Writ-
ten informed consent was obtained from all patients
and their parents or legal guardians in accordance
with the Declaration of Helsinki. The independent
medical ethics review committee of Gifu University
approved the protocol. Each patient received 200 pug
BDP per period, as four inhalations of 50 ug "actua-
tion P & B. Time zero for each dose was defined as
the time when the inhaler was first actuated. Blood
samples were collected before administration, and at
0.5, 1,2, 4, 6,9, 12 and 24 hours after administration.
Immediately after collection, the tube was inverted
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and the blood was cooled on ice and centrifuged at
2000 rpm for 10 minutes at 7C, and the isolated
plasma was pippeted into two tubes (0.5 mL per
tube). In each tube, 15 uL of acetic acid was added
and mixed. Mixed samples were frozen immediately
in a dry ice“methanol bath and stored frozen at under
-70TC until analysis. As almost all the BDP-derived
material in plasma is reported to be the active me-
tabolite , beclomethasone 17-monopropionate (17-
BMP), 4 the plasma 17-BMP concentration was deter-
mined using an LC MS MS method with a lower
limit of quantitation of 75 pg ‘'mL developed by Harri-
son et al.b with a few modifications. The pharmacoki-
netic parameters, area under concentration-time
curve from time zero to the last quantifiable time
(AUCo4), maximum concentration observed (Cmax),
time to reach Cmax (Tmax) and apparent elimination
half-life (t1 2) were calculated by a non-compart-
mental analysis of each plasma concentration-time
profile using WinNonlin ver.4.0 (Pharsight Corpora-
tion). The effects of age (6 to 14 years) and body
weight (22.8 to 85.0 kg) on AUCot, Cmax and t1 2 were
analyzed by linear regression analysis of log-
transformed parameters against age or body weight.

The parameters of Japanese children obtained in
this study were compared with the previously re-
ported parameters of American children with bron-
chial asthma provided by 3M Pharmaceuticals
(USA) .6 For log-transformed parameters of AUCoq,
Cmax and t1 2, means and their 90% confidence inter-
vals were calculated for the differences between Japa-
nese and American parameters and back-transformed
to geometric means and their 0% confidence inter-
vals for the ratios of Japanese parameters to Ameri-
can parameters. The log-transformed means of pa-
rameters were also compared by Student’s f-lest, con-
sidering p values of less than 0.05 to indicate statisti-
cally significant differences.

RESULTS AND DISCUSSION

PHARMACOKINETICS OF HFA-BDP IN JAPA-
NESE CHILDREN WITH BRONCHIAL ASTHMA

The individual plasma concentration profiles of 17-
BMP in Japanese children with bronchial asthma and
their mean profile are shown in Figure 1. Pharma-
cokinetic parameters are shown in Table 1. The arith-
metic mean + standard deviation (SD) of AUCot was
1659 + 850 pg « h'mL, Cmax was 825 = 453 pg- mL and
t1.2 was 2.1 = 0.7 hours. Tmax was 0.5 hours in all pa-
tients. The coefficient of variability of AUCo+ and Ceax
(51.2% and 54.9%, respectively) was larger than that of
ti.2 (31.4%), which indicated a higher variability of the
rate and extent of absorption than the elimination
rate, possibly because of variability in the patients’ in-
halation techniques. No significant effect of age (6 to
14 vears) or body weight (22.8 to 85.0 kg) on pharma-
cokinetic parameters was observed (Table 2, p =
0.145). This result suggests that no dose adjustment

Allergology International Vol 55, No3, 2006 www.jsaweb.jp/
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Table 1 Pharmacokinetic parameters of beclomethasone 17-monopropionate (17-BMP) in Japanese children with bronchial
asthma foliowing administration of 200 g beclomethasone dipropionate (BDP)
. Age B weight AUCo-t max Tmax tiz
Subject Sex voms e (e hmb (g (h) (h)
1 Male 6 25.4 3062 1565 0.5 1.7
2 Female 9 36.3 1462 703 0.5 2.1
3 Female 14 85.0 1524 828 0.5 2.8
4 Male 9 22.8 1507 699 0.5 1.2
5 Male 11 27.4 741 331 05 2.6
Mean 10 39.4 1659 825 0.5 2.1
SD NC NC 850 453 NC 0.7
CV (%) NC NC 51.2 549 NC 31.4
Geometric mean NC NC 1501 732 NC 2.0

AUCo+, area under concentration-time curve; Crax, maximum concentration observed; Tmax, time reach 1o Cra; iz, apparent elimina-

tion half-life.
SD. standard deviation; CV, coefficient of variability.
NC, not calculated.

Table 2 Effects of age and body weight on pharmacokinetic
parameters of beclomethasone 17-monopropionate (17-BMP)
in Japanese children with bronchial asthma

_ AUCo. Cinax tize
Age 0.216 0.288 0.145
Body weight 0.833 0.951 0.203

Each value represents the p-value from regression analysis
of each parameter against age or body weight of 5 patients in
this study.

AUCoe, area under concentration-time curve; Cmax, maximum
concentration observed: tuz, apparent elimination haff-life.

based on age or body weight in the range of this
study is needed, though much more data are re-
quired to derive a conclusion.

COMPARISON OF HFA-BDP PHARMACOKINET-
ICS BETWEEN JAPANESE AND AMERICAN
CHILDREN WITH BRONCHIAL ASTHMA

The plasma concentration profiles of 17-BMP in Japa-
nese and American children with bronchial asthma
following a 200 ug BDP dose using the HFA-
propellant system are shown in Figure 2. Pharma-
cokinetic parameters and their ratios (Japanese .
American) are shown in Table 3. The differences of
log-transformed mean 17-BMP parameters (AUCqq,
Cmax and t1 2) between Japanese and Americans were
not significant (p = 0.13). The median of Tmax in
American children was the same as that in Japanese
children. The estimated Japanese - American AUCo
ratio was 1.36 with a 90% confidence interval of 0.870
to 2.13. The estimated Japanese American Cmax ratio
was 1.04 with a 90% confidence interval of 0.671 to

Allergology international Vol 55, No3, 2006 www.jsaweb.jp/
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Fig. 2 Japanese ( @ ) and American ( O ) plasma
concentration-time profiles of beclomethasone 17-mono-
propionate (17-BMP) following administration of 200 ug be-
clomethasone dipropionate (BDP). Each point represents
the mean % standard deviation of 5 Japanese or 18 Ameri-
can children with bronchial asthma.

1.62. The estimated Japanese American 11 2 ratio was
1.4 with a 90% confidence interval of 0.96 to 1.9. All
confidence intervals contained 1, suggesting the pos-
sibility of the equivalence of the parameters between
Japanese and Americans. The wide confidence inter-
vals obtained may be due to variability in patients’ in-
halation techniques, and an insufficient limit of quan-
titation, which may affect the last quantifiable time-
point and the apparent elimination half-life.

In conclusion, the pharmacokinetics of HFA-BDP
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Table 3 Comparison of plasma pharmacokinetics of beclomethasone 17-monopropionate (17-BMP) between Japanese and
American children with bronchial asthma following administration of 200 ng beclomethasone dipropionate (BDP)

AUCo4 Cimax Trmax t2
Country (pg * H/mL) (pg/mL) (h) (h)
Geometric mean 1501 732 0.5 {median) 2.0
Japanese 90% confidence (1013-2224) (497-1079) (0.5-0.5) (1.5-2.6)
interval {min-max)
Geometric mean 1102 703 0.5 (median) 1.5
American 90% confidence (891-1365) (570-867) (0.08-1.0) (1.2-1.8)
interval (min-max)
Japanese/ Geometric mean 1.36 1.04 1.0 (median ratio) 1.4
American 90% confidence (0.870-2.13) (0.671-1.62) (0.96-1.9)
ratio interval

AUCo., area under concentration-time curve: Cmax, maximum concentration observed; Tmex, time reach to Cmax; hie, apparent elimination

half-life.

in Japanese children with bronchial asthma were in-
vestigated and the following parameters (arithmetic
mean + SD or median for Tmax) were obtained; AUCot
(1659 = 850 pg + h-mL), Cmax (825 £ 453 pg mL), t1 2
(2.1 + 0.7 hours) and Tmax (0.5 hours). These parame-
ters were similar to those of American children with
bronchial asthma.

In this study, the pharmacokinetic properties of
HFA-BDP did not show much difference between the
two countries. Therefore, propellant systems using
CFCs should be replaced by systems using HFA as
soon as possible in countries where such products
have already been launched, from the standpoint of
protection of the ozone layer. In addition, the intro-
duction of BFA products, e.g. HFA-BDP, is strongly
recommended in countries where such products are
not clinically available.
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A Randomized Open-Label
Comparative Study of Montelukast
versus Theophylline Added to Inhaled
Corticosteroid in Asthmatic Children

Naomi Kondo?, Toshio Katsunuma?, Yasuhei Odajima3 and Akihiro Morikawa4

ABSTRACT

Background: Inhaled corticosteroids (ICSs) are widely used in combination with other classes of drugs for
treatment of childhood asthma. The efficacy and the safety of montelukast added to low-dose ICS therapy were
compared with those of sustained-release theophylline added to low-dose ICS therapy in asthmatic children in
the present study.

Methods: Following the 2-week run-in period, 6-to 14-year old patients receiving treatment with ICSs were
randomized to treatment for 4 weeks with either montelukast 5 mg once daily or sustained release theophylline
5-8 mg/kg (dry syrup) or 100-200 mg (tablet) twice daily. Patients also received a fixed dose of ICS throughout
the run-in and treatment periods. The primary efficacy endpoint was the change from baseline in peak expira-
tory flow (PEF) at Week 2.

Results: A significant increase in morning PEF was observed in the add-on montelukast group as compared
with the add-on theophylline group at Week 2 (change from baseline of 22.8 L/min vs. 8.7 L/min; p = 0.041 for
between-group difference) and at Week 4 (31.0 L/min vs. 9.8 L/min; p = 0.012). A significant increase in eve-
ning PEF was observed in the add-on montelukast group as compared with the add-on theophylline group at
Week 4 (24.7 L/min vs. 8.7 L/min; p = 0.027). There were no significant differences between the treatment
groups in incidences of clinical and laboratory adverse experiences.

Conclusions: The results indicate that montelukast added to low-dose ICS is an effective and safe option for

the treatment of asthma in children.

KEY WORDS

childhood asthma, inhaled corticosteroid, montelukast, peak expiratory flow, sustained-release theophylline

INTRODUCTION

Bronchial asthma is a chronic inflammatory disease
characterized by airway hyper-responsiveness and
episodic respiratory symptoms, such as breathless-
ness, wheezing, chest tightness and coughing.12 Nu-
merous cell types, including eosinophils, T cells,
mast cells, basophils, and neutrophils, play a role in
triggering airway inflammation .3 Cysteinyl leukot-
rienes (CysLTs) and other mediators released by
such inflammatory cells have been shown to play a

critical role as determinants of pathological condi-
tions in bronchial asthma.46 Montelukast is a selec-
tive CysLT: receptor antagonist that reduces asth-
matic inflammation and airway resistance and pre-
vents bronchoconstriction.?-1¢

Inhaled corticosteroids (ICSs) are used as medica-
tion for early intervention and long-term management
of childhood asthma. ICSs are effective because they
directly reach the airway and intensively inhibit air-
way inflammation.13-13 However, when the amount of
drug deposited in the respiratory tract increases with
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use of higher dose, risks of adverse drug reactions
also increase.1L14 Therefore, some reports have rec-
ommended combination of ICS with other classes of
drugs than ICS monotherapy with increased
doses. 1517 Such combined therapy for long-term
asthma management has been shown to be more ef-
fective in controlling mild to severe persistent asthma
in children. Candidates for concomitant drugs in-
clude CysLTi receptor antagonists, long-acting in-
haled Bz-agonists, and sustained-release theophylline.
However, there have been few comparative studies
done on these types of drugs when combined with
low-dose ICS in children with asthma. In this study,
the efficacy and safety of oral administration of mon-
telukast was compared to those of sustained-release
theophylline in asthmatic children in the treatment
with ICS.

METHODS

PATIENTS
Eighty-four children, male: 51 (60.7%), female: 33
(39.3%), aged 6—14 years, with unstable asthma symp-
toms despite low dose ICS therapy were enrolled in
the study. Patients had mild to severe persistent
asthma according to the Japanese Pediatric Guide-
lines!! and mild to moderate persistent asthma as de-
fined by the GINA guidelines.!8 Before the 2-week
run-in period, patients were confirmed to have airway
reversibility and reproducible peak expiratory flow
(PEF) measurement. During the 2-week run-in pe-
riod, patients were confirmed to have symptoms (re-
current coughing, or mild or moderate asthma at-
tacks). The following patients were excluded from
the study: patients on continuous therapy with oral or
injectable corticosteroids; patients who had used oral
antiallergic drugs within the 2 weeks prior to the run-
in period; patients who used a long-acting corticoster-
oid within the 1 year prior to the run-in period; and
patients with complications that could affect the
evaluation of efficacy, such as bronchiectasis. Pa-
tients with a history of serious adverse drug reaction
to theophylline or other xanthine derivatives and pa-
tients who had previously used montelukast were
also excluded from the study.

Parents or guardians gave written consent prior fo
the start of the study. The study was approved by the
institutional review board of each participating site.

STUDY DESIGN

This study was done as a multi-center, randomized,
open-label study conducted between June 2003 and
August 2004. Twenty-four sites around Japan partici-
pated, involving a total of 61 affiliated specialists in pe-
diatric asthma treatment. Following a 2-week run-in
period, patients were randomized to treatment for 4
weeks with either montelukast 5 mg chewable tablet
administered once daily at bedtime or sustained re-
lease theophylline 5-8 mg/kg (dry syrup) or 100—200
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Treatment period

Montelukast 5 mg/day

| Run-in period
| BDPorFP

2 weeks Theophyliine

10-16 mg/kg/day or
200-400 mg/day

4 weeks

Fig. 1 Study design. BDP = beclomethasone dipropionate;
FP = fluticasone propionate.

mg (tablet) twice daily (Fig. 1). Patients also received
a fixed dose of inhaled corticosteroid in the run-in
and treatment periods ( CFC-beclomethasone
dipropionate 100-400 ng/day, or fluticasone propion-
ate 100-200 ng/day). The central random allocation
of the study drug was performed using the minimiza-
tion method involving study centers and body weight
as factors. Laboratory tests (hematology, blood chem-
istry, urinalysis) were performed at the beginning
and the completion of treatment. Pulmonary function

_ tests (FEV1 and FVC) were performed at the time of

laboratory tests whenever possible.

EVALUATION OF EFFICACY AND SAFETY

The primary efficacy endpoint was the change from
baseline in PEF at Week 2. PEF was measured daily
with a Mini-Wright PEF meter (Clement Clark Inter-
national; Harlow, UK) three times upon awakening
and three times at bedtime, and the maximum value
at each time was recorded. Patients kept a daily
asthma diary from the beginning of the run-in period
to the completion of treatment, and daily recorded
asthma-related symptoms (asthma attacks, coughing,
daily activities, nighttime sleep), morning and eve-
ning PEF values, treatment compliance with study
medication, and use of other concomitant drugs such
as inhaled PBe-agonist.

Clinical and laboratory adverse experiences were
recorded during the study. Patients also assessed tol-
erability at the completion of the 4-week treatment
period (or at discontinuation).

STATISTICAL ANALYSIS

The per-protocol set (PPS) was defined as the pri-
mary efficacy analysis population. The analyses were
also performed in the full analysis set (FAS) to exam-
ine the stability of the study results. Summary statis-
tics of the observed values and the changes from
baseline (defined as the mean over the 2-week run-in
period) as well as their 95% confidence intervals were
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Table 1 Patient Demographics and Other Baseline Characteristics (Per-Protocol Set)

Treatment groups Montelukast Theophylline
. 39 36
Number of subjects N (%) N (%)

Gender

Male 21 (53.8) 23 (63.9)

Female 18 (46.2) 13 (36.1)
Age

6-9yrs 21 (563.8) 26 (72.2)

10—-14 yrs 18 (46.2) 10 (27.8)

Mean £ SD 9424 8.8+ 22
Body weight

< 30 kg 22 (56.4) 22 (61.1)

> 30 kg 17 (43.6) 14 (38.9)

Mean £ SD 34.0 = 14.3 28.7 + 7.8
Asthma severity

Mild persistent 24 (61.5) 18 (50.0)

Moderate persistent 12 (30.8) 16 (44.4)

Severe persistent 3(7.7) 2 (5.8)
Duration of asthma

Mean = SD - 53+ 34 5.6 + 3.7
Dose of inhaled corticosteroid T

< 200 pg/day - 11 (28.2) 10 (27.8)

> 200 to 300 ug/day 13 (33.3) 18 (50.0)

> 300 ug/day 15 (38.5) 8 (22.2)

Mean £ SD 261.6 & 102.3 235.9 = 86.5
Eosinophils

< 6% 12 (30.8) 17 (47.2)

> 6% 27 {69.2) 19 (52.8)

T Equivalent to dose of beclomethasone dipropionate

400 r B Montelukast
O Theophylline

=

£

~d

= =0.041

o 300 [ P35

£0

& H o

8 < 200

£8

S E

E=7p]

@~ 100

()]

o

]

'C =

S o0 , . — ==
morming evening morming evening

Week 2 Week 4

Fig. 2 Comparison of the changes from baseline in morn-
ing and evening PEF between montelukast and theophylline.
*#* p < 0.001 and * p < 0.05 compared with baseline.

computed at each time point and for each treatment
group. Statistical analyses were performed for PEF at
Week 2 (defined as the mean over treatment between

Allergology International Vol 55, No3, 2006 www.jsaweb.jp/

Week 1 and 2) and Week 4 (defined as mean over
treatment between Week 3 and 4). If there were no
data for analysis at Week 4, then the value at Week 2
was extrapolated, using the Last Observation Carried
Forward method. Comparisons of the change from
baseline between treatment groups were performed
using an analysis-of-covariance model involving treat-
ment as a factor and baseline value as a covariate.
Within-group comparisons of the values at each time
point with baseline were also performed using Stu-
dent’s ttest for the least squares mean (hereinafter
LSmean) of change.

For those patients included in the analysis of
safety, the numbers and percentages of patients re-
porting adverse experiences were summarized by
treatment groups.

RESULTS

Of 84 randomized patients, 79 patients completed the
study, while 5 patients withdrew. The reasons for
withdrawal were: occurrence of adverse experience
in 3 patients, use of prohibited concomitant drug in 1
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Table 2 Summary statistics for PEF (morning, evening), numbers of mild asthma attacks and Inhaled B2-agonist use

ltem Group N Baseline Week 2 Week 4 Week 4 (LOCF)
Morning PEF M 39 264.7 + 12.1 287.4 = 11.7 295.6 £ 12.0 2956 + 12.0
(L/min} T 36 2613+ 116 270.2 = 121 273.1 £12.0 269.3 + 11.9
Evening PEF M 39 2782 + 123 289.2 +=11.9 302.5 = 12.0 302.5 + 12.0
(L/min) T 36 2704 + 115 2825+ 11.6 278.4 +12.0 279.2 = 11.4
Mild Asthma Attacks M 39 0.89 = 0.17 0.28 £ 0.12 0.27 = 0.11 0.27 = 0.11
(times/week) T 36 1.02 = 0.25 0.56 =+ 0.32 0.58 £ 0.24 0.56 + 0.22
Inhaled B2-Agonist Use M 26 5.93 + 1.42 437 +1.29 415+ 1.16 415 + 1.16
(times/week) T 20 5.68 = 1.76 473 =194 3.50 & 1.61 4.58 = 1.91
M: Montelukast, T: Theophyliine, Mean *= SE

— Baseline Week 2 Week 4 —_ Baseline Week 2 Week 4
4 3 : 1 X ™ L L §
o} 0.0 © 0.0 *
g s
E —-0.17 %
gm—O,Z‘ gm —05r
o ? —o03f o @
e H <4
T —04r * B - —10F
g3 8 8

]
508 &

%)
o L —1.5r
= —0.6 dfeok g -
L2} [}
< —0.7 1 Q
= —— Montelukast 2 ok
e =08 _o-Theophylline | b ’ —¢— Montelukast
© —09 -~ © ~0— Theophyline

—25~

Fig. 3 Comparison of the changes from baseline in mild
asthma attacks between montelukast and theophylline.
#%% 5 < 0.001, ** p < 0,01, and * p < 0.05 compared with
baseline.

patient, and deviation of study visit schedule in 1 pa-
tient. Seventy-five patients with data on PEF at Week
2 (primary endpoint) were eligible for efficacy analy-
sis. Nine patients were excluded from the efficacy
analysis set, and the reasons for exclusion were: use
of prohibited concomitant drug in 3 patients, violation
of study procedure in 3 patients, change in living en-
vironment in 1 patient, insufficient study period and
insufficient frequency of PEF measurements in 1 pa-
tient, and noncompliance with drug administration
and insufficient frequency of PEF measurements in 1
patient.

Eighty-three patients were eligible for analysis of
safety; 1 patient in the theophylline group was ex-
cluded because of delayed performance of the pa-
tient’s laboratory tests.

The dose of inhaled corticosteroid (mean + SD, on
the beclomethasone dipropionate equivalence basis)
in the 75 eligible patients for efficacy analysis was
261.6 = 102.3 pg/day in the montelukast group and
235.9 + 86.5 ug/day in the theophylline group; there
was no significant difference between the two groups.
There were also no significant differences between
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Fig. 4 Comparison of the changes from baseline in in-
haled Bz-agonist use between montelukast and theophylline.
## n < 0.01 and * p < 0.05 compared with baseline.

the two treatment groups with respect to other base-
line characteristics (including sex, age, body weight,
and severity grade of asthma) (Table 1).

PEF IMPROVEMENT

The LSmean change from the baseline in morning
PEF at Week 2 was 22.8 L/min in the montelukast
group (p < 0.001: within group comparison from base-
line), and 8.7 L/min in the theophylline group (» =
0.078: within group comparison from baseline), dem-
onstrating a significant improvement in the montelu-
kast group compared with the theophylline group (@
= 0.041: between group comparison). At Week 4, the
change from baseline in morning PEF was 31.0 L/
min in the montelukast group (p < 0.001), and 9.8 L/
min in the theophylline group (» = 0.107), demon-
strating a significant improvement in the montelukast
group compared with the theophylline group (@ =
0.012) (Fig. 2, Table 2).

The LSmean change in evening PEF at Week 2
from baseline was 21.3 L/min in the montelukast
group (» < 0.001) and 11.7 L/min in the theophylline
group (p = 0.013). The difference between the groups

Allergology International Vol 55, No3, 2006 www.jsaweb.jp/
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in the change from baseline was not significant (p =
0.137). At Week 4, the change from baseline in eve-
ning PEF was 24.7 L/ min in the montelukast
group (» < 0.001) and 8.7 L/min in the theophylline
group (p = 0.096), indicating a significant improve-
ment in the montelukast group compared with the
theophylline group (» = 0.027) (Fig. 2, Table 2).

MILD ASTHMA ATTACKS

A mild asthma attack was defined as an episode of
mild wheezing occasionally associated with mild in-
tercostal or tracheosternal retractions. The LSmean
change from the baseline in the number of mild
asthma attacks (including wheezing) at Week 2 was
-0.64 times/week in the montelukast group ( =
0.004 for difference from baseline) and -0.42 times/
week in the theophylline group (p = 0.061 for differ-
ence from baseline). The change at Week 4 was ~0.68
times/week in the montelukast group (» < 0.001) and
-0.41 times/week in the theophylline group ( =
0.024). No significant differences between the groups
were observed in the changes at Week 2 and Week 4
(Fig. 3, Table 2).

INHALED P2-AGONIST USE

The LSmean change from baseline in the number of
inhaled B2-agonist use at Week 2 was -1.55 times/
week in the montelukast group (p = 0.046) and -0.98
times/week in the theophylline group (» = 0.261).
The change at Week 4 was -1.69 times/week in the
montelukast group (p = 0.005) and -1.41 times/week
in the theophylline group (» = 0.044). No significant
differences between the groups were observed in the
changes at Week 2 and Week 4(Fig. 4, Table 2).

PERIPHERAL BLOOD EOSINOPHILS

Eosinophil levels were not significantly affected by
either treatment with add-on montelukast or theo-
phylline and no significant difference was observed
between the two treatments (data not shown).

SUBGROUP ANALYSIS BY BODY WEIGHT IN
THE MONTELUKAST GROUP

Study subjects on montelukast were stratified into
subgroups by body weight (<30 kg and =30 kg), and
differences in PEF and in safety were assessed. The
changes from baseline values in morning and eve-
ning PEF were similar between the subgroups at
Week 2 and Week 4; there were also no significant
differences between the two subgroups in safety as-
sessments (data not shown).

SAFETY ASSESSMENT

There were no clinically meaningful differences be-
tween the treatment groups in the incidence of clini-
cal or laboratory adverse experiences. Two drug-
related clinical adverse experiences were seen but
they were mild and transient: 1 patient (2.4%) in the
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montelukast group developed headache and 1 patient
(2.4%) in the theophylline group had queasiness. Two
serious clinical adverse events, status asthmaticus
and asthma aggravation, were reported in 1 patient in
‘each treatment group: however, these were not
judged to be drug-related. Two patients (4.8%) in the
montelukast group developed drug-related laboratory
adverse experiences: 1 patient had increased total
protein (baseline: 6.8 g/dL, Week 4: 8.7 g/dL, normal
range value: 6.3—7.9 g/dL); 1 patient had increased
total bilirubin (baseline: 0.9 mg/dL, Week 4: 1.7 mg/
dL, normal range value: 0.1-1.0 mg/dL) and positive
urobilinogen urine (baseline: +, Week 4: +, normal
range value: x). Drug-related serious laboratory ad-
verse experiences were not reported. No drug-related
adverse experiences were clinically significant.

DISCUSSION

Theophylline is a widely used medication for the
treatment of asthma, mostly because of its ease of
use, low cost and good anti-inflammatory effects;19
thus, it was selected for a positive control, as an add-
on agent to ICS in this study. In this study, the mean
theophylline dosage was 9.8 mg/kg/day (4.7-15.7
mg/kg/day). Sugimoto et al. reported that the mean
serum theophylline concentration was 8.8~13.1 ng/
ml when 7-to 10-year old asthmatic children were
given theophylline at a dose of 16 mg/kg/day in the
steady state.20 In addition, Nakashima et al. reported
that the mean serum theophylline concentration was
5.5-7.3 ug/ml when healthy adult male subjects were
administered 400 mg/day (approximately 6.1 mg/
kg/day) in the steady state.2! The ranges of serum
theophylline concentration in the present study were
assumed to be between the values of the above two
studies.20.21 In this study, the investigators deter-
mined whether or not to perform serum concentra-
tion measurement for patients mainly consisting of
those whose asthma symptoms were not improved.
As a result, the serum theophylline concentration was
measured in three patients: 1.3 and 3.1 ug/ml (this
patient was measured twice at a dose of 8.2 mg/kg/
day), under the detection limit of 2.0 pg/ ml
(10.4 mg/kg/day), and 6.5 ng/ml (12.0 mg/kg/day),
respectively. When used as complementary therapy
in patients not optimally controlled by low-to-high
dose ICS, montelukast has shown to improve the con-
trol of asthma and reduce exacerbations, and to be a
good alternative to increasing a dose of ICS or given
an additional long-acting Bz-agonist.?2.23 -

This study shows that montelukast plus ICS dem-
onstrated significant improvement in morning and
evening PEF at week 2 and 4 compared to the base-
line results with ICS alone. Theophylline plus ICS
demonstrated significant improvement in evening
PEF at Week 2, compared to the baseline value. Chil-
dren administered concomitant montelukast and ICS
demonstrated a significantly greater improvement in

291



Kondo N et al.

morning PEF at Week 2 and morning and evening
PEF at Week 4 in comparison with concomitant treat-
ment of theophylline and ICS. The improvement in
PEF observed with add-on montelukast in the early
stage within 2 weeks of the therapy is consistent with
the results of a study in adult patients with bronchial
asthma, who reported significant improvement in
morning PEF from its baseline after 1-3 days of ther-
apy with add-on montelukast.22

To investigate the influence of severity and dura-
tion of disease, subgroup analyses by severity (mild
vs. moderate and severe) and duration of disease (<5
years vs. =5 years) were performed. In all the sub-
groups, montelukast showed significant improvement
from baseline at Week 2 in the morning PEF,
whereas theophylline did not (data not shown).
These findings indicate that the addition of montelu-
kast to the therapy resulted in improvement in PEF
as early as Week 2, independent of the severity and
duration of disease.

Diurnal variation in PEF is an useful indicator for
evaluation of asthma, which is possibly related to air-
way hyper-responsiveness. 2?4 The exploratory data
analysis demonstrated that the mean diurnal variation
in PEF decreased in the montelukast group from the
baseline value of 9.3 £ 5.2% to 7.2 + 4.2% at Week 2 (p
=0.005), to 6.1 + 3.6% at Week 4 (» < 0.001), however
it was unchanged in the theophylline group (baseline:
8.8 + 7.3%, Week 2: 9.0 + 9.0, p = 0.794, Week 4: 7.3
5.0, p = 0.077). The result suggested that the addition
of montelukast to ICS provided more improvement
for diurnal variation in PEY¥ than theophylline.

A reduction in mild asthma attacks and in Pe-
agonist use is indicative of improvement in asthma
control. Add-on montelukast further reduced the fre-
quency of mild asthma attacks (compared to baseline
values) throughout the study, while add-on theophyl-
line was more effective only at Week 4. Also, inhaled
Be-agonist use during Week 2 or Week 4 (compared
to baseline use) was significantly reduced with add-
on montelukast, but not with add-on theophylline.
These results suggest that montelukast added to ICS
can decrease asthmarelated symptoms more than
theophyliline added to ICS in asthmatic children.
Therefore, it is concluded that montelukast is more
effective than theophylline as add-on therapy to low
dose ICS in improving pulmonary measures and
asthma-related symptoms in asthmatic children.

Peripheral blood eosinophil levels serve as an indi-
cator of airway inflammation.25 Montelukast is known
to decrease peripheral blood eosinophil levels. 26
However, eosinophil levels did not show any signifi-
cant change from the baseline value in both treat-
ment groups in this study. It is thought that the num-
ber of patients might not be sufficient to demonstrate
significant change.

Montelukast showed additional improvement in
PEF to ICS alone because it is believed to have differ-
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ent mechanisms of action from those of ICS in sup-
pressing airway inflammation. It is known that de-
spite treatment with corticosteroids, airway inflamma-
tion persists in asthmatic patients.?? While ICSs affect
many inflammatory pathways in asthma, they have lit-
tle impact on CysLTs.28 The results from several
large-scale clinical studies provide support for this
view of a dual pathway of airway inflammation.?223.2

Montelukast is indicated with one dose of 5 mg for
6-t0 l4-year old pafients, in whom body weight
ranged widely. Therefore, in this study the influence
of body weight was investigated. The efficacy and
safety results from stratifying patients into subgroups
(<30 kg and =30 kg) confirmed the appropriateness
of the use of one dose for pediatric patients in that
age range. The recent study, which was a multicen-
ter, randomized, double-blind trial for 6-to 14-year old
patients with mild asthma, revealed that the efficacy
and safety did not differ greatly regardless of body
weight when 5 mg montelukast was administrated.30

During four weeks of treatment in children with
asthma on ICS therapy, both montelukast and theo-
phylline showed a favorable safety profile. In addition,
the MOSAIC study,3! which was a 12-month, multi-
center, randomized, double-blind trial for 6-to 14-year
old patients with mild asthma, showed that montelu-
kast was generally well tolerated for the treatment pe-
riod (12-months), clinical and laboratory drug-related
adverse experience represented 4.4% and 0.5% in the
montelukast group, respectively.

In summary, this study suggests that when com-
bined with ICS therapy, montelukast is an effective
and safe option for long-term management of child-
hood asthma. Furthermore, taking into account the
mode of administration, dose management and con-
venience of handling, montelukast may be consid-
ered superior to sustained-release theophylline as
add-on therapy to ICS in asthmatic children.
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Introduction

Allergic diseases are caused by complex interactions of
genetic and  environmental factors. Since  various
questionnaires and medical interviews on the onset of allergic
diseases suggest familial accumulation, it is believed that
genetic factors are involved in the development of allergic
diseases. Furthermore, the highly various pathology of
allergic diseases suggests that multiple genes are involved in
the allergy. In this paper, among various allergy-associated
genes, genes associated with responses to drugs are discussed,
including our own experience, in order to outline tailor-made
medicine and gene polymorphisms in bronchial asthma.

Pharmacogenetics and tailor-made medicine

There are wvarious choices of drugs for long-term
management of stable bronchial asthma such as inhaled
steroid, f, adrenargic receptor agonist (especially long-acting
type), and theophylline. Although the efficacy has been
proven for all these drugs, the effective rate is 70-90% even
for inhaled steroid. For improved future treatment, it is
important to determine the best treatment combination for
each patient through tailor-made medicine. The investigation
of genetic factors that determine the individual differences in
response to drugs is called pharmacogenetics.

In this paper, the pharmacogenetics of bronchial asthma
mainly regarding the f, adrenargic receptor agonist, anti-
allergy drugs (leukotriene receptor antagonist and Th2
cytokine suppressor) are discussed.

=

B ag%enargic receptor agonist

aeting inh@}éd formula) for asthma attacks or as a
controller (long4écting inhaled formula, oral formula, plaster
le state. There are several
reports on the association between the bronchodilating effect of
the £, adrenarglc receptor agonlst nd polymorphisms of the £, &
“adrenargic receptor is a &
1 roteln coupled receptor that regulates the action of
holamine and its gene (ADRB2), which’does not have an
intron, resides in 5q31-32. T ssociation between the acute
bronchodilating effect of the a&renargic receptor agenist
and Argl6Gly polymorphism has been investigated and’it has
been reported that the bronchodilating effect of a single
administration of f; adrenargic receptor agonist is Weakef in
patients with Glyl6 allele? ce Argl6Gly polymorphlsm
does not directly affec mdmg with the f, adrenargic
receptor agonist or coupling with the G—protem the cause of
difference in drug responses 3 to be the dow
regulation by intrinsic catecholamme Or théspreviously use
B; adrenargic receptor agonist. However, these studies ar
retrospective and the haplotypes have not been fully
considered. In 2000, associations between haplotypes
(determined by multiple polymorphisms) and phenot}:g‘es
were reported”. Based on 13 polymorphisms in the promoter
and coding regions, 12 haplotypes were categorized, and ighe
association between the haplotypes and the mRNA and
protein levels of the receptor was demonstrated, furthermore,
it was shown that the drug response differed depending of the
haplotypes. It was suggested that the combination of multiple

polymorphisms (not an individual polymorphism), namely
haplotypes might determine the individual disease
susceptibility or drug susceptibility.
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Fig. 1 Polymorphisms in the 5-lipoxygenase gene and the leukotriene C4 synthase gene

A) 5-URFLHFF—EBEFETOAT—Z—EEOY 7AY 751 MIBE  5-URF 7S~z FO5 EafaiciE
GEEF Sp-1E_TF— 7 TH 5 GGGCGG BRFINSEER THIRL THY, JOEEIERBCEERF Egr-10GE6TF—
7 (GCGGGGGCR) DB LBIKICH > TV, BYEBELEFIMIERAZINS 21 7 15V L2ERKT 521 THHEET 3.
B) Q1 hMY I CABRBRBETFLTOE~2—3H O3 MY I CAERBEOHRRBRBUNI4ABEERODT
FIUFY M LICERTASESHFEET S, ZOSEICLUHALLCEERF HATF2OEATF - IV EL 3V T OHEHR
FHOACOMIIY CARBRERTOGES2ECHBEL TV 3 EEA SN TS,

A) 5lipoxygenase gene and microsatellite polymorphisms in the promoter region: in the 5 upstream region of the 5-lipoxygenase
gene, there are 5 repeating Sp-1 (transcription factor) binding motifs (GGGCGG) that are also Egr-1 (transcription factor) binding
motifs (GCGGGGGCG)‘ There is one insertion.mmutation or one or two deletion mutations of the repetitive sequence.

B) Leukotriene C4 synthase gene and promoter polymorphisms: there is an adenine-cytosine substitution at the 444 base
upstream from the translation initiation site of leukotriene C4 synthase. This mutation creates the H4TF2 (transcription factor)

binding motif and this regulatory factor may positivgly regulate the transcription of the leukotriene C4 synthase gene.

BBHBIENDPoTVD, YAFAZATAL TN LY (CysLTs
LTC4, LTD4, LTE4) i3M B RERATCB VW CRE LT
HoULHKE, IFEEEREE, EAL, R W RS BORRRICE
ETAEELEMERERET S FORAEMIL CysLTIR
kCysLT2R D2 AR ESNTHY, CysLTs 2L BREN
W, MEBBMETERR MESBTEMERG
CysLTIR #AL TRHENS.

U4 TN B R AR BT S BE 060 ~ T0%
1 CEMTHEEEZLRT WA, O ah) VBB EH O KIS
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Leukotriene receplor antagonist

The leukotriene receptor antagonist alone has both
bronchodilating and anti-inflammatory effects and may be
able to improve airway remodeling. In the asthmatic airway,
cysteinyl leukotrienes (LTC4, LTD4, and LTE4) have various
biological actions that are directly associated with the
pathology of asthma such as constriction of bronchial smooth
muscle, recruitment /activation of eosinophils, and mucous
secretion. Two types of receptors, namely CysLTIR and
CysLT2R have been identified and airway constriction,

increased blood vessel permeability, and increased mucous

secretion are mediated by CysLTIR.

The leukotriene receptor antagonisté-is¥hought to be
effective in 60 to 70% of bronchial asthma patients. As
candidate genes that determine the response to leukotriene
related drugs, polymorphisms of 5-lipoxygenase gene and
leukotriene C4 synthase gene have been reported by several
groups.

1) 5-lipoxygenase gene polymorphisms

In the promoter region of the 5-lipoxygenase gene, there
are 5 repeating Sp-1 (transcription factor) binding motifs
(GGGCGG) that are also Egr-1 (transcription factor) binding
motifs (GCGGGGGCG) (Fig. 1A). There are microsatellite
polymorphisms with different numbers of repetitions. Deletion
of the GGGCGG sequence results in decreased promoter
activity due to decreased Egr-1 binding, and insertion of the
sequence results in increased promoter activity?™®. In 1998,
Drazen et al. reported that among mild asthma patients who
received 5-lipoxygenase inhibitor (currently not used in
Japan), 52% of the 104 patients with at least one wild type
allele responded to the drug and none of the 10 patients with
no wild type alleles fulfilled the criteria of “responder””

2) Leukotriene C4 synthase gene polymorphisms

The leukotriene C4 synthase gene resides in the long-arm
of chromosome 5 and has an adenine-cytosine substitution
polymorphism at 444 base upstream from the translation
initiation site (A-444C). This substitution creates the binding
motif for a transcription factor, H4TF2. Therefore, this
mutation may positively regulate the transcription of
leukotriene C4 synthase gene (Fig.1B). The frequency of
this gene polymorphism allele is relatively high through the
races (27% in Caucasian and 20% in Japanese). It has been
reported that the leukotriene receptor antagonist improves
respiratory functions better in patients with the mutated

alale compared to wild type® ™.

istered a leukotrlene receptor antagonist for 4
, 0_bronchial asthma patients (age between 6 and 15)
and investigated the symptom score and urine LTE4. The
symptom owed a significant decrease after 2 weeks of
administr: However, 3 out of 10 patients (30%) showed no
improvement, which corresponded closely with previous
Studies. In the comparison between the group of patients that
showed imprg¥ements (responders) and the group of patients
that-did % ow improvements (non-responders), the urine
LTE4 level "was higher in responders compared to non-
responders. Furthermore, the urine LTE4 level decreased
after 4 weeks of administration of the oral leukotriene receptor
antage@st (Fig. 2). It was suggested that the leukotriene
receptor, antagonist worked better in patients with increased
roduction. Out of these 10 patients, 3 had leukotriene
C4 synt ase geneA-444C allele and they all were responders.

Th2 cyiokine suppresso

It has been reported in the type-1 allergic reaction
xperimental model that Th2 cytokine suppressor suppresses
IgE -antibody production, histamine release from mast ceﬂs,
and degranulation from the 5

We administered a Th2 tytokine inhibitor in chﬂdhood
bronchial asthma patients for 8 weeks and 1nvest1gated the
cytokine production from peripheral blood monontclear cells
before and after the administration. Although the interleukin
(IL)-4 level did not sho ignificant change after 8 weeks
of Th2 cytokine inhibitor” administration, IEN-y and IL-12
showed increases after administ in the responder group
(Fig. 3). The Pearson correlation coefficient_ was investigated
for parameters, including the serum IgE number of !
eosinophils, and IL-5, and only IFN-y showed a significant™
difference. In the investigation of gene polymorphisms and
drug responses, the above-mentioned leukotriene C4 synthase
gene A-444C polymorphism and IL-13 gene leQ
polymorphism showed significant differences between
responders and non-responders. Patients with wild- type
alleles in leukotriene C4 synthase gene A-444C polymorphism
and/or wild-type alleles in IL-13 gene R110Q polymorphism
tended to be responders. This may be related to the reports
that suggest that CysLTIR expression is modified by IFN-y
and IL-13W'2_ Since in vitro experiments showed that IFN-y
and IL-13 dose-dependently increased CysLT1R expression in
airway smooth muscle cells, it is speculated that IFN-y
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<A 7aYFIAERPTETEL, GGGCGG B DREERT
12 Egr-10# K FIoEh 7 ae—s —iE ML, AL
BT A7, 19984 Drazen Hig, 5-URF VS F—+¥
FEESE (200693, BARTIHFEAIN TRV 253
NBRERBEREZEOL, BEMBEFEIREDDHD
10461CI252%75 responder ThHo7zDIZxtL, BEBETFL
7272\ 1060 TIE, responder DIEHEITH T F LI FIIA
BNl b ELLT.

2) O/akJIY CAERBREETEE

oA ah)ry CAE R BETISEFEBARRICAEL,
T Iy CAE BB RO RBG I 0444EE RO T
FEUBVI BB T AL BIDFAET S (A-444C). 0%
BN E W HATF20M&EF — 703 LS. 22
T, IO Ihufar) Ty CAERBERETFOEED
FEIHEESN AT HLEEZLNTVA(EI1B). Z0i@
EFEBOTIVEER, Hf AFET27% HAENT20%E A
FEICHR R LB IS O b A, EREINIEF AR
LT ah) 2y BRI I D R RO E L nE
DEEDHLYO,

HEHE LT, 6RO DLISHORE X B EE10L T gIZTA
M) TS ARENEY GARE S L, EREROZE LI
R LTEAHEIE B OBELIZ oW THE L7, SR S Hiadk 5
2B LR B ET 280 LaL, IGEFIOME T3
(B0%) IHIER DL EDFRO LN T RO EL—BL T
RO ER DB % responder BEEL, Bl ol B
non-responder # & ¥ 5% &, responder # T & non-
responder BIZH AT, H5H QRS LTE4HEE &A% 7o
7o E512, U4 IMN LY FREETRENIRGE SO LTE4HE
S I B G HICHRTED LT (R2). CysLT EAZTT
T HHMCBEERETMEGER IOl ab) n o2 H K
RS H T R RIEING, BETSHLOH
HETE, HELzo108Fufab) oy CAERERERT
A~444C ZRINBHIZERDLN, 384D responder HTH 7.

Th24 o b il
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IUEHEIH B IUE EES SO R T A2 e
ENTVE.

INREE T BEE RN RIZ Th2A A V3488
M5 L, HEMBOREIMSERPODTFA AV EER
EFWEL7z Th2Y A A EfsEAME SR Ty —n
A% (interleukin : IL) -4 4 B IH BLREIZALN Do
72735, IFN=-y, IL-12i% responder BT, BELEEI R 5ITLY
IS AEE A SN (KI). Zof, M gE, HFEERE
IL-5%& 7745 2—%—% T Pearson OFR B4R E0E A 7205,
R ISR O MICE B AL RDIZDDIL IFN- yOE{LBD
HTHolz. BEFERBEER FUSHEITDOWTOME T, Bl
Honafah) oy CAEMEBRRETF A-444C ZIIE 1L-13%
f£F R110Q % B! %% responder #, non-responder # TH
HEPRDL UL TN T CAE B RBEF A-44C %
B BLO IL-13#EF R110Q 2 RO AR IZERAMICLL
T Th2Y A M4 L HIFIEE D responder 258 WEVIFERTH-
7=, ZoZ&iE, CysLTIR OFEBAIFN-y, IL-1312LoTE
LT HEDMELBHHEL TV AT REEHEVY. OFD, in
vitro OEBRCEEEHMRIZ IFN-y, IL-13%3IN¥ 4&
BeR, BEAREEICCysLTIROFEBRMNEE T 5720,
responder BTIE, Th2¥4 M4 VEHISEE 5710 IFN- v
ABHEL, CysLTIR OFHEAMETLTHY, Th2HAMiA
PSSR ARG TH A Rtk AR 25,

BETFEHEY T —F A NiaHR

BAEF TS, REIWBEFLETHTLF—OHRE G
BETFELCERMME IGE L7y — (Fee RD f#EEF,
IL~4bt 7% — (IL-4R) e B{EF, IL-4EIEF, IL-13E1=
FhEDBEFVEGIHITONTE EFLRTLIVF—
FISFHRDIL, FHFIROFLTHS IFN-y, IL-1212E
#HT, VT NMEERDEEFITOVWTRELTEL.

ZOLIBEEEEDT, HROME DL, EELETLIV
FEBEFENIRIIDET IR BT TV V)
BALTEEOTUVF—ERPHETHETORBIIBITS
BIRTFREEOMECEMTLLEADINTLS. STV
NE—USO) LR EAF R R RE §HEMELTHLA 77
I-~_7FF-T LY Ty -8B HHEZMREAL(2) IgE
B ETHEDRRFIZEIT S B BRI B 2 ERAL(3) A 71
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