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ABSTRACT

Objective: In anticipation of the development of guidelines for antigen-specific subcutaneous
immunotherapy (SCIT), we present recommendations that can serve as guiding principles based on a
review of the scientific literature.
Methods: Clinical questions (CQs) concerning SCIT were prepared. Literature searches for publications
between January 1990 and February 2011 were performed in PubMed, the Cochrane Library, and Japana
Centra Revuo Medicina Web version 4. Qualified studies were analyzed and the results were evaluated,
consolidated, and codified.
Results: We present answers for 13 CQs on the indications, methods, effectiveness and mechanisms of
SCIT, with evidence-based recommendations.
Conclusion: The guiding principles are intended to be applied to children (<15 years old) and adults (>16
years old) with allergic rhinitis (AR). These principles can be used by otorhinolaryngologists for diagnosis
of AR, evaluation of severity and rhinoscopic findings, performance of antigen challenge tests, and
management of systemic anaphylactic reactions associated with SCIT.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

antigen-specific subcutaneous immunotherapy (SCIT) for treat-
ment of AR have been prepared [1,2]. Antigen extracts entered the

The incidence of allergic rhinitis (AR) is increasing in Japan.
Spontaneous resolution of AR is relatively infrequent, except in
elderly individuals, and its symptoms have marked adverse effects
on quality of life (QOL). Evidence-based guidelines for use of
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Japanese market in 1963, and subsequently SCIT for AR was
initiated. The present guiding principles were prepared based on
research by the Japanese Rhinologic Society (JRS) [3] to provide
accurate knowledge of immunotherapy for AR and contribute to
development of this therapy.

The JRS is an independent academic organization that receives
no sponsorship or funding from specific organizations or
businesses. The JRS has not obtained funds for preparation of
the present guidelines from any businesses, including those
representing the pharmaceutical industry.
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2. Criteria for determining recommendation grades

Clinical questions (CQs) were prepared concerning the meth-
ods, effects, side effects, and mechanisms of SCIT. A comprehensive
literature search was performed for studies published between
January 1990 and February 2011. The databases used were
PubMed, the Cochrane Library, and Japana Centra Revuo Medicina
Web version 4. The search was executed primarily between
October 2010 and July 2011, and used the primary index words
“allergic rhinitis”, “pollinosis”, and “SCIT”. Subsequently, two
members were assigned to the task of collecting scientific evidence
concerning each CQ from the selected papers. After a consensus
was reached by the preparation committee, the results were
evaluated, consolidated, and codified.

Levels of evidence I-IV were determined as follows: Ia, meta-
analysis (with homogeneity) of randomized controlled trials; Ib, at
least 1 randomized controlled trial; Ila, at least 1 well-designed,
controlled study, but without randomization; IIb, at least 1 well-
designed, quasi-experimental study; III, at least 1 well-designed,
non-experimental descriptive study (e.g., comparative studies,
correlation studies, case studies); IV, expert committee reports,
opinions, and/or the experiences of respected authorities. The
recommendation levels of the Medical Information Distribution
Service (MINDS) were adopted as follows: A, strong scientific
evidence, and implementation of the treatment is strongly
recommended; B, scientific evidence, and implementation of the
treatment is recommended; C1: no scientific evidence, but
implementation of the treatment is recommended; C2: no
scientific evidence, and implementation of the treatment is not
recommended; D: evidence suggesting ineffectiveness or harm,
and implementation of the treatment is not recommended.

These recommendation levels are not absolute and diagnostic
or therapeutic decisions should be made based on the patient’s
condition and wishes, and the available resources of each medical
facility. However, the guiding principles presented here can be
applied tentatively in clinical settings. After evaluation of the
results of this process and reviews by external experts, the
principles will be developed into guidelines for diagnosis and
treatment. The principles and handling of conflicts of interest will
be reevaluated on the basis of the results of the preparation of
guidelines by the JRS.

3. Indication and methods of SCIT

AR is defined as a type I allergic disorder of the nasal mucosa
with 3 major manifestations: repetitive sneezing, watery rhinor-
rhea, and nasal obstruction [4]. The specific antigen should be
determined prior to SCIT.

3.1. CQO1: What administration methods are used for SCIT and what
are their advantages and disadvantages?

Administration methods used for SCIT for AR include the 50%
incremental method, 100-200% incremental method, cluster
method, and rush method. All can be performed until a
maintenance dose is reached.

(1) The 50% incremental method is the commonly used method, in
which the antigen concentration is increased 10 times from the
threshold of the intradermal reaction using 7 injections (0.05,
0.07, 0.1, 0.15, 0.2, 0.3, and 0.5 mL) at a rate of 2 injections/
week. This method has a high level of safety, but it requires
frequent hospital visits over a long period until the mainte-
nance dose is reached.

(2) The 100-200% incremental method is a rapid method in which
the antigen concentration is increased 10 times from the
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threshold of the intradermal reaction using 3 injections (0.1,
0.3, and 0.5 mL) at a rate of 1 injection/week. The therapeutic
effect of the 100-200% incremental method is comparable to
that of the conventional 50% incremental method. No adverse
reactions were noted while using the 100-200% incremental
method with house-dust antigen extract [5] (Level IIb).

(3) In the cluster method, 3 injections are performed in one day at
1 h intervals and a maintenance dose is reached by repeating
the treatment once weekly for approximately 5 weeks. The
maintenance dose can be reached in a short period with a high
level of safety. Moderate adverse reactions have been observed
with the cluster method, but their frequency was lower than
that with a placebo and the safety of the method was high [6]
(Level Ib).

(4) In the rush method, the maintenance dose is reached in 3
days by repeating 5-6 injections every 2 h in one day. The
rush method performed in hospitalization (3 days and 2
nights) is likely to produce effects in a short period and to be
effective [7] (Level IIb). The nasal symptoms score was
significantly better using the rush method compared to the
rapid method. Systemic adverse reactions were observed in
40% of the patients, but none of these reactions were severe
[8] (Level IIb).

3.2. CQO2: How should the maintenance dose and administration
period for SCIT be determined?

The effect of SCIT is insufficient at low doses, but systemic
adverse events increase at high doses. For many antigens,
administration as a single injection of 5-20 g as the major
antigen is recommended. If a long-term effect is required, it is
generally necessary to continue the therapy for 3 years [9] (Level
[a). Three-year SCIT (32 subjects, maintenance dose 20 g, timothy
antigen) was effective for 3 years after discontinuation of
treatment [10] (Level Ib). SCIT administered over 3 years (20
subjects, maintenance dose 12 g, ragweed antigen Amb al)
suppressed antigen-evoked responses in the nasal mucosa [11]
(Level Ib). One-year SCIT (35 subjects) reduced the total nasal
symptom score (TSS) and medication score (MS) [6] (Level Ib).
Three-year SCIT in 147 children aged 6-14 years old was effective
for 7 years after the end of the therapy [12] (Level Ib). In 28 patients
with a cat allergy, in whom the effects of the cat antigen Fel d 1
were compared using maintenance doses of 0.6, 3, and 15 g, nasal
symptoms were alleviated in a dose-dependent manner [13] (Level
Ib). The TSS was significantly lower in 5-year SCIT (239 subjects,
maintenance dose 3.6 g, mite antigen Der p1) than in 3-year SCIT
[14] (Level Ila). In patients with mite-induced asthma, the
recurrence rate 3 years after discontinuation of treatment was
lower in those who underwent SCIT for >3 years (19 patients) than
in those treated for <3 years (21 patients) [15] (Level III).
Recommendation level is A.

3.3. CQO3: What are the types and frequencies of the side effects of
SCIT and how are they managed?

SCIT has a risk of systemic adverse reactions and anaphylaxis,
with prompt treatment required after 0.13% of treatments (19/
14,085 subcutaneous inoculations) [9,10] (Level I[a). Systemic
adverse reactions have also been observed after 0.025% of
inoculations [16] (Level Ia). Severe anaphylactic reactions due to
SCIT for SAR occurred in 5.4 of 1,000,000 injections (0.0005%) and
were most frequently observed during the pollen season (46%). In
most cases, the cause of anaphylaxis was an error in the dose (25%)
and epinephrine was administered within 20 min as a life-saving
treatment [17] (Level III). The incidence of local adverse reactions
to SCIT using a standardized mite or weed allergen was 10.5% and
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that of systemic reactions was 4.8% (0.37% of all injections).
Adverse systemic reactions occurred significantly more frequently
in patients with asthma, in those sensitized to mites, and when the
dose of antigen extract was increased [18] (Level III). Recommen-
dation level is B.

3.4. CQO4: What kinds of patients are not indicated for SCIT?

Adverse reactions are more likely to occur in patients with AR
complicated by asthma than in those with AR alone [19] (Level III).
Malignant diseases, autoimmune disorders, patients under treat-
ment with [B-blockers, patients who are pregnant at the start of
SCIT, asthmatic patients with FEV1 <70%, and patients with acute
infections such as a cold are contraindicated for SCIT for AR. SCIT
should also not be performed in patients aged <5 years old [20]
(Level IV). Pregnancy is not a specific contraindication for SCIT, but
the dose or concentration of drugs used for SCIT must not be
increased during pregnancy to avoid the possibility of anaphylaxis.
Initiation of new SCIT is not recommended in patients who are
pregnant [21] (Level IV). SCIT is contraindicated for patients with
severe cardiovascular diseases; those using 3-blockers; those with
severe asthma, irreversible chronic airway obstructions, hyper-
sensitivity pneumonitis, allergic bronchopulmonary aspergillosis,
and immunodeficiencies; those with psychiatric disorders, and
those who cannot follow instructions concerning the therapy.
Beginning SCIT during pregnancy is also a contraindication and a
very young patient is a relative contraindication. Patients with
mild AR that can be sufficiently managed by occasional medication
and those who cannot understand explanations of SCIT are
considered to be inappropriate for SCIT. In addition, patients with
nasal polyps are not expected to respond markedly to SCIT [22]
(Level IV). Recommendation level is C2.

4. Effectiveness of SCIT
4.1. CQO5: Can AR in children (including QOL) be improved by SCIT?

We searched the literature for randomized studies of SCIT
against AR in children published since 1990 and found 2 small-
scale studies: 1 on perennial AR (PAR), and the other on SAR.
Symptoms were alleviated by SCIT relative to administration of a
placebo [23,24] (Level Ib). SCIT for 1 year significantly lowered the
TSS and MS in children with PAR [23] (Level Ib). Many of the
adverse reactions were mild, but systemic adverse reactions must
be managed appropriately [23,25] (Level Ia). SCIT significantly
reduced symptoms and drug scores in children with AR or asthma
due to a fungal allergy [26] (Level Ib). SCIT administered over 3
years significantly controlled the symptoms of SAR in children for 7
years following completion of the therapy [12] (Level Ila). The
efficacy of antihistamines and topical nasal steroids was higher in
children with PAR for 2 years after the start of treatment, but was
surpassed by the efficacy of SCIT after 3 or more years [27] (Level
[Ib). Recommendation level is B.

4.2. CQO6: Can AR in adults (including QOL) be improved by SCIT?

SCIT is likely to be effective with use of a sufficient amount of
standardized allergen [9,28,29] (Level 1a). For many allergens, the
optimal dose of the primary allergen is 5-20 g per administra-
tion [28,29] (Level Ia). The efficacy of SCIT as a treatment for AR is
also enhanced in combination with other drug therapies [29]
(Level Ia). Using the Cochrane Collaboration, 1111 papers were
evaluated, and 15 of 51 papers fulfilling the criteria of scientific
assessment were used in a meta-analysis, in which SCIT
was found to be effective based on the TSS. Using the MS, SCIT
was also found to be effective in a meta-analysis of 13 papers.
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However, the degree of efficacy varied and was not easily
evaluated [25] (Level la). There is a risk of an anaphylactic
reaction as a systemic side effect; although rare, appropriate
management is required should this reaction occur [28,29] (Level
[a). In a domestic evaluation of SAR, SCIT was more effective than
drug therapy alone for improving symptoms and QOL scores [30]
(Level III). Recommendation level is B.

4.3. CQO7: Is addition of SCIT effective in patients not responding to
regular drug therapy?

Drug therapy is the most widely used method for treatment of
AR, but some patients do not respond to this therapy. Therefore,
studies have been performed to examine whether symptoms can
be alleviated and whether the quantity of drugs administered can
be reduced by additional SCIT in such patients. In a randomized,
double-blind, placebo controlled study (RCT) of SCIT in 40 patients
with severe SAR that was poorly controlled by antihistamines,
topical nasal steroids, and disodium cromoglycate in the previous
year, improvements in TSS, MS, and VAS scores were observed in
the active group [31] (Level Ib). In an RCT of SCIT in 36 patients
with severe PAR that was not sufficiently controlled by standard
antiallergic medicine, improvements in TSS and MS were observed
in the SCIT group [32] (Level Ib). Recommendation level is C1.

4.4. CQO8: Does SCIT suppress the occurrence of asthma in
nonasthmatic children?

The results of a 3-year open study comparing the incidence of
asthma between SCIT and control drug therapy in 205 children
with SAR showed that SCIT significantly suppressed the occurrence
of asthma [33] (Level Ila). A 2-year follow-up of the patients in this
study (183 patients) indicated that the occurrence of asthma was
significantly lower in the SCIT group than in the control group [24]
(Level Ila). Follow-up at 7 years after completion of SCIT (147
patients) showed that the occurrence of asthma was still
significantly lower in the SCIT group, and that asthma and airway
hypersensitivity were significantly alleviated [12] (Level Ila).
Recommendation level is C1.

4.5. CQO9: Can sensitization to novel allergens be suppressed by SCIT
in patients (children/adults)?

In children sensitized to house dust-mite antigen alone
(including those with AR), the percentage of those sensitized to
new antigens was significantly lower after SCIT for 2 years (22
patients) [34] and 3 years (75 patients) [35], compared to age-
matched controls (Level Ila). In 147 children with AR and asthma,
the percentage of those sensitized to new antigens was signifi-
cantly lower in the SCIT group than in the control group [36] (Level
[Ia). In a retrospective study in 8396 patients with an airway
allergy (asthma, AR) sensitized to house dust antigen alone, the
percentages of those sensitized to new antigens at 4 years and 7
years were significantly lower in the SCIT group compared to the
control group (23.8% vs. 68.0% at 4 years, and 27.0% vs. 76.8% at 7
years) [37] (Level III). Recommendation level is C1.

4.6. CQ10: How long are the effects of SCIT sustained in children?

The total symptom score was significantly lower in 13 children
with SAR who underwent SCIT for 3 years than in 10 age-matched
controls after 6 [38] and 12 [39] years (Level I1a). Improvements in
the condition of 25 children with PAR and 12 with SAR who
underwent SCIT for >2 years were sustained over a long period of
>17 years, compared to children who received drug therapy
[40,41] (Level III). Recommendation level is C1.
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4.7. CQ11: How long are the effects of SCIT sustained in adults?

The duration of the SCIT effect after discontinuation of
therapy depends on the duration of treatment and responses to a
skin test [42] (Level III). The effect of the therapy in 32 patients
who underwent SCIT for SAR due to grass pollen persisted for 3 to
4 years regardless of whether SCIT was continued for more than 3
years [10] (Level Ib). In 108 patients who underwent SCIT for 3 to
4 years, symptoms exacerbated in 2.7%, 16.7%, 30.6% and 32.8% of
the patients at 1, 2, 3 and 4 years after therapy discontinuation,
respectively [43] (Level III). The therapeutic effect in 36 patients
who underwent SCIT for tree pollinosis for 3 years was
maintained in 86% of those with rhinitis and 68% of those with
asthma at 6 years after discontinuation of treatment [44] (Level
III). In patients with AR/conjunctiva, reactivation at 2 years after
discontinuation of SCIT occurred in 36% of 87 patients treated for
4 years and in 18% of 61 patients treated for 6 years [45] (Level
III). Recommendation level is C1.

4.8. CQ12: Can the systemic adverse effects of SCIT be prevented by
pretreatment with antiallergic drugs?

In a double-blind trial, systemic adverse reactions occurred in 7
(33%) of 21 patients who received loratadine prior to subcutaneous
injection and in 19 (79%) of 24 patients who received a placebo.
Thus, the incidence of severe adverse reactions was reduced by
premedication with an antihistamine [46] (Level Ib). Another study
showed a reduced incidence of severe adverse reactions after
administration of an antihistamine before subcutaneous injection
[47] (Level IV). Recommendation level is C1.

5. Mechanisms of SCIT

5.1. CQ13: What are the mechanisms underlying the effects of SCIT for
AR?

Regulatory Foxp3® CD4" and Foxp3™ CD25" T cells are
significantly increased in the nasal mucosa in patients treated
with SCIT [48]. Antigen-specific serum IgG in patients receiving
SCIT inhibits binding of antigen IgE to B cells [49] and SCIT
suppresses IL-4 production by CD4* T cells [50]. Expression of IL-5
mRNA in peripheral blood mononuclear cells (PBMCs) stimulated
with Cry j 1 was significantly lower in patients with a marked
response to SCIT compared to an untreated group and patients
who did not respond to SCIT [51]. Expression of the co-inhibitory
molecule BTLA in PBMCs stimulated with Cry j 1 was significantly
higher in the SCIT group than in the control group. The increase in
the serum cedar-specific IgE antibody level during the pollen
dispersion season was suppressed by SCIT [52]. [gG antibodies
(particularly 1gG4) are increased by SCIT and have been reported
to act as a blocking antibody and to correct the tilt to Th2
dominance by suppressing Th2 cytokines and Th2 cells. Recently,
SCIT has also been reported to induce regulatory T cells and
control allergic reactions via production of regulatory cytokines
such as IL-10 and TGF-f3.

6. Conclusion

Administration of SCIT for AR involves use of the 50%
incremental, 100-200% incremental, cluster, and rush methods
until a maintenance concentration is reached, but there has been
no direct comparison of the effectiveness of these methods. A
major antigen dose of 5-20 pg is recommended to minimize
adverse reactions. The incidence of systemic adverse reactions
including anaphylaxis is about 1 in 1000-4000 inoculations, and
prompt and appropriate treatment is required for such reactions.

The risk of systemic adverse reactions might be reduced by oral
premedication with an antihistamine. SCIT administered to
children with AR significantly improved the total symptom score
and significantly reduced the medication score. The effect of SCIT
for children with AR is also likely to continue over a long period
after discontinuation of the therapy. Sensitization to new allergens
can be prevented by SCIT. SCIT for adults with AR is recommended
because it alleviates nasal symptoms and reduces the quantity of
required drugs. In patients not responding to drug therapy, SCIT
can also alleviate symptoms and reduce the use of other drugs. SCIT
for AR significantly suppresses the occurrence of asthma and its
effect is likely to persist after completion of SCIT. We recommend
that SCIT is continued for 3 years or longer. The effect of SCIT is
sustained over a long period, even after its discontinuation, and the
duration of the effect of SCIT after discontinuation is related to the
duration of the treatment.
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Abstract

Background: The efficacy of prophylactic treatment before
the start of pollen dispersal for prevention of aggravation of
symptoms is unclear. The aim of the present study was to
examine the efficacy of prophylactic treatment with an anti-
histamine for seasonal allergic rhinitis (SAR) using an envi-
ronmental challenge chamber (ECC). Methods: The study
was performed in a randomized double-blind manner with
a 3-way crossover design. The subjects were 50 patients with
SAR caused by Japanese cedar pollen who were randomized
for treatmentwith levocetirizine hydrochloride 5 mg (Xyzal®)
or placebo as follows: administration of placebo for 8 days
(treatment A), single administration of levocetirizine on day
8 after placebo for 7 days (treatment B) or administration of
levocetirizine for 8 days (treatment C). Efficacy in each treat-
ment arm was evaluated based on cedar pollen exposure for
3 honday 9 in an ECC, following 1-hour exposure on day 8.
The primary endpoint was the total nasal symptom score for
12 h on day 9. Other nasal and ocular symptoms were sec-
ondary endpoints. Results: The evaluation was performed in

45 subjects. The total nasal symptom score on day 9 was sig-
nificantly lower with treatment B compared with treatment
A. Treatment C did not show superior efficacy compared
with treatment B. Conclusions: Our results suggest that ear-
ly intervention with levocetirizine soon after onset of symp-
toms may attenuate these symptoms as effectively as pro-
phylactic treatment before pollen dispersal. These results
are important from the perspective of patient convenience
and reduction of medical costs.

Copyright © 2013 S. Karger AG, Basel

Introduction

Allergic rhinitis (AR) has a high prevalence in many
countries and represents a global health problem [1]}. In
Japan, Japanese cedar (Cryptomeria japonica) pollen is
the major allergen, and it is estimated that over 26% of the
population are now affected by seasonal AR (SAR) in-
duced by cedar pollen [2-4]. Some studies have recom-
mended prophylactic treatment that begins prior to the
pollen season to avoid aggravation of symptoms of SAR
[5-9]. This treatment may increase the antiallergic effects
of drugs when pollen dispersal starts and prevent priming
of allergic inflammation in the nasal mucosa before the
peak of pollen dispersal. Outside the pollen dispersal sea-
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son, patients with SAR who do not have rhinitis caused
by other allergens tend to have normal nasal mucosa with
few or no symptoms. Repeated exposure to pollen induc-
es allergic inflammation and increases the hypersensitiv-
ity of the nasal mucosa [10], and early intervention may
have a significant effect on the severity of symptoms when
pollen dispersal is at its peak.

Histamine H1 receptor antagonists (antihistamines),
leukotriene receptor antagonists, chemical mediator re-
ceptor antagonists and nasal steroids have been used for
prophylactic treatment of SAR [5-9]. Antihistamines act
as inverse agonists for histamine H1 receptors in vitro
[11, 12] through stabilization of the inactive conforma-
tion of the receptor to shift the equilibrium towards the
inactive state, which may downregulate constitutive re-
ceptor activity, even in the absence of histamine. This the-
ory of inverse agonism may be one reason why prophy-
lactic treatment with a histamine H1 receptor antagonist
suppresses symptoms at the peak of pollen dispersal.
However, there is no clear clinical evidence for the ben-
efits of this treatment. In part, this is because the efficacy
is difficult to evaluate due to large annual variations
caused by climate changes, including the time of pollen
dispersal and the amount of pollen. In addition, in evalu-
ations performed in the pollen dispersal season, the
amount of pollen to which each subject is exposed also
varies due to differences in area of residence and lifestyle.

An environmental challenge chamber (ECC) can be
used to expose all subjects to the same amount of pollen
in a stable atmosphere and thus may be useful for evalu-
ation of the efficacy of treatment for AR. The US Food
and Drug Administration have accepted that perfor-
mance of an ECC study can address the adequate prophy-
laxis period for a seasonal allergen [13]. Using this ap-
proach, the aim of this randomized double-blind study
was to examine the efficacy of prophylactic treatment
for SAR with levocetirizine hydrochloride (Xyzal®), a
second-generation histamine H1 receptor antagonist.

Materials and Methods

Study Protocol

The study was performed in a randomized double-blind man-
ner with a 3-way crossover design. Capsules of levocetirizine hy-
drochloride 5 mg and placebo that could not be distinguished in
terms of shape, size and color were used to allow double-blind ad-
ministration. The recruitment of subjects and all examinations
were performed at Chiba University. A controller (Dr. Ken Toyo-
da of the Clinical Research Support Center Co.) who was not di-
rectly involved in the study was responsible for group allocation
and preparation of test drugs. A treatment allocation number was
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given to each subject. To prevent leakage of information, this num-
ber was closely managed by the controller and a member of the
ethical committee (who was also not directly involved in the study)
until accessed with a key after completion of the study.

The study was performed from September to November 2011,
a period outside the pollen dispersal season (February to May).
Three examinations were performed, with washout periods of
2 weeks. The subjects took the test drugs once daily at 9 p.m. for
7 days (day 1-day 7). The time at which drugs were taken followed
the package insert for levocetirizine. On day 8, a priming pollen
exposure for 1 h was performed from 9 to 10 a.m., and then the
subjects took the last test drug at 9 p.m. On day 9, exposure for 3 h
was performed from 9 a.m. to 12 p.m. The subjects were random-
ized for treatment as follows: placebo from day 1 to day 8 (treat-
ment A), levocetirizine on day 8 after having taken placebo from
day 1 to day 7 (treatment B) or levocetirizine from day 1 to day 8
(treatment C). Using a rescue drug was prohibited during the
study period, and only 1 levocetirizine tablet was permitted to be
taken as a rescue drug after 9 p.m. on day 9, if necessary. Test drugs
were delivered to each subject just before each examination to
avoid an error of allocation to an incorrect group. Subjects with an
upper respiratory tract infection with pyrexia, cough or throat pain
were not allowed to enter the ECC.

This study was conducted at Chiba University Hospital in com-
pliance with the Ethical Guidelines for Clinical Studies and Good
Clinical Practice and the Declaration of Helsinki (2008 revision).
The Ethics Committee of Chiba University approved the protocol,
Each subject received a detailed explanation of the study and of the
possible side effects, and written informed consent was obtained
from each subject prior to their participation in the study. The
clinical registration number for this study is UMIN000006318.

Subjects

The subjects were patients with SAR caused by Japanese cedar
pollen. All subjects had a history of rhinitis for at least 2 consecu-
tive cedar pollen seasons and met the following inclusion criteria:
a positive allergen-specific skin test (wheal diameter more than
twice the control) to standardized cedar pollen extract (Torii Phar-
maceutical Co., Tokyo, Japan) and a serum cedar pollen-specific
IgE score 22 in a CAP-radioallergosorbent test (SRL Inc., Tokyo,
Japan; scores classified as follows: 6, 2100 UA/ml; 5, 50.0-99.9 UA/
ml; 4, 17.5-49.9 UA/ml; 3, 3.50-17.4 UA/m]; 2, 0.70-3.49 UA/ml;
1, 0.35-0.69 UA/ml; 0, <0.34 UA/ml). Subjects with moderate or
severe symptoms induced by the screening cedar pollen exposure
(8,000 grains/m®) for 3 h in the ECC were selected. Exclusion cri-
teria were nasal diseases including AR induced by other allergens
and asthma that required treatment, use of antiallergic drugs with-
in 2 weeks of screening exposure, severe renal insufficiency, wom-
en who were pregnant or planned to become pregnant during the
study period and breastfeeding women.

The sample size was examined statistically for detectable differ-
ences using the Monte Carlo method. A statistical power of 87%
was required to detect differences in the primary endpoint (total
nasal symptom score) of 1.5 between treatments B and C and
3.0between treatments A and C, assuming an intraindividual stan-
dard deviation of 2.54, which was estimated in preliminary repeat-
ed observations. With a power of 80%, the sample size was suffi-
cient to detect smaller differences in the primary endpoint of 1.33
between treatments B and C and 2.67 between treatments A and
C. These detectable differences were judged to be small compared
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to the expected differences based on our experience. A minimum
of 45 subjects with available data was required. Based on a 10%
dropout rate, the sample size was set to 50.

Environmental Challenge Chamber

The examination was performed in the ECC at Chiba Univer-
sity, which can accommodate 50 subjects [14]. The concentration
of pollen was set to 8,000 grains/m?, and the exposure period was
3 h. The pollen concentration in the air was monitored by auto-
matic pollen counters (Shinyei Co., Japan) [15]. Pollen levels were
measured every 5 min. Symptoms were observed in all patients and
reached their peaks within 3 h at this pollen concentration in a pre-
vious study [14]. Each subject recorded symptoms using a mobile
communication device (Willcom Co., Japan) while in the ECC.

Assessment of Efficacy

Number of Sneezes and Nose Blows (Secondary Endpoint)

The subjects recorded the number of sneezes and nose blows
during cedar pollen exposure using a mobile communication de-
vice on day 8 and day 9. On day 9, subjects recorded the number
of sneezes and nose blows using an allergy diary until 9 p.m. after
leaving the chamber. The numbers for 3 h in the ECC and for 9 h
after leaving the chamber were counted on day 9, and the total for
12 h was calculated.

Amount of Rhinorrhea (Secondary Endpoint)

The average weight of a tissue before use was determined based
on measurement of the weight of 10 tissues. The tissues used in the
ECC were all of the same type. All tissues used by each subject in
the ECC were collected at the end of the 3-hour cedar exposure on
day 9. The number of used tissues was counted and the total weight
was measured to permit calculation of the weight of nasal dis-
charge from each subject.

Subjective Assessment of the Severity of Nasal Symptoms

(Secondary Endpoint)

Subjective assessments of the severity of nasal symptoms
(sneezing, rhinorrhea and nasal congestion) were recorded in the
ECC every 30 min during cedar pollen exposure on day 8 and day
9.On day 9, the subjects also recorded the severity of symptoms in
an allergy diary at 3, 6 and 9 p.m. after leaving the chamber. The
severity of symptoms was evaluated on a 4-point scale (0-3), as
follows: 0, none; 1, mild; 2, moderate, and 3, severe.

Symptom Scores for 12 h on Day 9

Nasal symptom scores for 12 h on day 9 were evaluated based
on the Clinical Guidelines for the Management of Allergic Rhinitis
in Japan [2]. For nasal symptoms, the severity of sneezing (number
of sneezes for 12 h), nose blowing (number of times the nose is
blown for 12 h) and nasal congestion were evaluated on 4-point
scales (0-3). For episodes of sneezing and nose blowing for 12 h,
the scores were as follows: 0, none; 1, 1-5 episodes; 2, 6-10 epi-
sodes, and 3, 11-20 episodes. For nasal congestion, the scores were
as follows: 0, none; 1, mild; 2, moderate, and 3, severe. Eye symp-
toms and the degree of interference with daily life were also evalu-
ated using 4-point scales (0-3). For eye itching, the scores were as
follows: 0, none; 1, itching but no need to scratch; 2, scratching
occasionally, and 3, scratching frequently. For eye watering, the
scores were as follows: 0, none; 1, watering, but no need to wipe; 2,
wiping occasionally, and 3, wiping frequently. Finally, for degree
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of interference with daily life: 0, none; 1, mild; 2, moderate, and 3,
severe. The total nasal symptom score was defined as the sum of
the scores for sneezing, nose blowing and nasal congestion (0-9).
The total ocular symptoms score was defined as the sum of the
scores for eye itching and eye watering (0-6). The total nasal-ocu-
lar symptoms score was defined as the sum of the total nasal and
total ocular scores (0-15). The total nasal symptoms score for 12h
(9 a.m.-9 p.m.) on day 9 was defined as the primary endpoint.
Other nasal and ocular symptoms were secondary endpoints.

Adverse Events
Adverse events that occurred were recorded by the subjects in
an allergy diary.

Statistical Analysis

Data analysis was performed by a biostatistician (Dr. Shoji
Tokunaga of Kyushu University) who was not involved in carrying
out the clinical trial. A linear multilevel model was used for com-
parison among the 3 treatments, with each score and the treatment
methods used as the continuous variable and dummy variables,
respectively. The model was used based on the measurements be-
ing made repeatedly for each subject. The repeated nature of the
measurements violates the assumption of mutual independence of
the residuals in standard linear regression modeling. The multi-
level model, also known as a mixed model or random effects mod-
¢l, assumes that the measurements within each subject are mutu-
ally correlated, but that measurements among subjects are inde-
pendently distributed. Means of differences between treatments
and their confidence intervals in each subject were estimated using
this model (Stata v.11.2, Stata Corp., College Station, Tex., USA).
Data analysis was performed with two-tailed tests at a significance
level of 5%. Data for subjects who missed a treatment were treated
as missing values and were not used for comparison of nasal or
ocular symptoms. For evaluation of adverse effects, a multilevel
logistic model was used with two-tailed tests at a significance level
of 5%.

Results

Backgrounds of Subjects

Seventy patients were initially screened, of whom 11
were excluded because of screening failures; the serum
cedar pollen-specific IgE score was <2 in 2 patients, and
moderate or severe symptoms (defined as a total nasal
symptom score 24 for 12 h) were not induced by the
screening exposure in 9 patients. Of the 59 subjects who
fulfilled the inclusion criteria, 50 with more severe symp-
toms were selected and randomized into the 3 treatment
arms. These subjects included 32 females (64%) and had
amean (+SD) age of 37.8 + 9.5 years. The mean cedar pol-
len radioallergosorbent test score was 3.8 % 1.0. The dis-
tribution of classes on the test was as follows: class 2, 2
subjects; class 3, 19 subjects; class 4, 18 subjects; class 5,7
subjects, and class 6, 4 subjects. One subject missed 1
treatment due to an upper respiratory tract infection.
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Fig. 1. Subjective assessment of the severity of nasal symptoms. a
Total nasal symptoms. b Sneezing. ¢ Rhinorrhea. d Nasal conges-
tion. All nasal symptoms were significantly lower with treatments
B and C than with treatment A on day 9. Superior efficacy was not
observed with treatment C compared with treatment B, and at

Three subjects missed 1 treatment and 1 subject missed 2
treatments for personal reasons. Data for these 5 patients
were not used in the statistical analysis for comparison of
nasal or ocular symptoms.

Subjective Assessment of the Severity of Nasal

Symptoms

In the 1-hour pollen exposure from 9 to 10 a.m. on
day 8, patients in the 3 treatment arms were asymptom-
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some time points on day 9, treatment C was less effective than
treatment B. Values represent means + 95% confidence intervals.
3p <0.05,° p < 0.01: treatment C'vs. treatment A; ¢ p < 0.05, 4 p <
0.01: treatment B vs, treatment A; ¢ p < 0.05, f p < 0.01: treatment
B vs. treatment C.

atic at 0 min, and the scores then increased. The scores for
total nasal symptoms with treatment C (prophylactic
treatment) were significantly lower than those for treat-
ment A (placebo only) at 60 min and treatment B (early
intervention) from 30 to 60 min (fig. 1a). During the
3-hour pollen exposure from 9 a.m. to 12 p.m. on day 9,
the scores gradually increased in all 3 treatment arms.
However, the scores were significantly lower with treat-
ments B and C than with treatment A from 30 to 180 min.
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There was no significant difference between treatments B
and C in the ECC. The nasal symptoms persisted after
leaving the chamber on day 9, but the scores gradually
decreased in the group given treatment A, and the differ-
ences compared to the other two groups became small.
However, the scores with treatments B and C were still
significantly lower than those with treatment A from 3 to
9 p.m. and from 3 to 6 p.m., respectively. There was no
significant difference between treatments B and C after
leaving the chamber.

The scores for sneezing, rhinorrhea and nasal conges-
tion are shown in figure 1b, ¢ and d, respectively. The
changes in these symptoms were almost the same as those
found in total nasal symptoms, although treatment C was
less effective than treatment B at some time points for
rhinorrhea and nasal congestion on day 9.

Number of Sneezes/Nose Blows and Amount of

Rhinorrhea on Day 9

The number of sneezes/nose blows and the amount of
rhinorrhea during cedar pollen exposure in the ECC were
significantly lower with treatments B and C than with
treatment A (fig. 2). There was no significant difference
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between treatments B and C. Similar results were ob-
tained after leaving the chamber and for 12 h (9 am.-
9 p.m.) on day 9. Sneezing and nose blowing clearly per-
sisted after leaving the chamber.

Symptom Scores for 12 h on Day 9

Almost all symptoms except nasal congestion and eye
itching showed significantly lower scores with treatments
B and C compared with treatment A (fig. 3). Total nasal
symptom scores, the primary endpoint, were also signifi-
cantly lower with treatments B and C than with treatment
A. For nasal congestion and eye itching, the scores with
treatment B were significantly lower than with treatment
A.When compared with treatment C, treatment B showed
a significantly lower score for sneezing. However, there
was no significant difference between treatments Band C
for other symptoms.

Adverse Events

In patients in treatment arms A, B and C, sleepiness
occurred in 13, 13 and 17%, respectively; thirst in 6, 11
and 15%, and fatigue in 4, 9 and 13%. Other adverse
events including upper respiratory tract infection were
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