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Abstract
Background: The efficacy and safety of 300 index of reactivity (IR) tablets of house 
dust mite (HDM) allergen extracts in Japanese pediatric (5‐16 years old) patients with 
allergic rhinitis (AR) were assessed in a double‐blind, randomized, placebo‐controlled 
study (JAPIC CTI‐152981).
Methods: Patients were randomized 1:1 to HDM sublingual tablets or placebo once 
daily for 52 weeks. The primary end‐point was average adjusted symptom score 
(AASS; average of daily Rhinitis Total Symptom Scores, comprising sneezing, rhinor‐
rhea, nasal congestion, and nasal pruritus, adjusted for rescue medication use), ana‐
lyzed during Weeks 48‐52 (mixed‐effects model for repeated measures).
Results: Of 438 patients randomized, 403 (92%; 193 active, 210 placebo) completed 
the study. AASS (least‐squares [LS] mean [SE]) during Weeks 48‐52 was significantly 
(P = 0.0005) lower in the active group compared with placebo (6.32 [0.20] vs 7.27 
[0.19]; relative LS mean difference, −13%). Immunological responses (IgE and IgG4 
antibodies specific to antigens of two HDM species) were significantly greater in the 
active group compared with placebo (P < 0.0001). Almost all patients experienced 
mild or moderate adverse events (AEs). The most common treatment‐related AEs 
were oral pruritus, mouth edema, throat irritation, and ear pruritus. One patient ex‐
perienced serious pseudocroup (subglottic laryngitis) that recovered. There were no 
deaths or anaphylaxis requiring the use of injectable adrenaline.
Conclusions: The HDM tablet significantly improved symptoms of HDM‐induced 
perennial AR and was associated with a significant immunological response. The 
safety profile in pediatric patients was consistent with that in adults, with no new 
safety concerns.
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1  | INTRODUC TION

Allergic rhinitis (AR) is a type I allergic disease characterized by re‐
petitive sneezing, watery rhinorrhea, pruritus, and nasal blockage. 
One common causative antigen is the house dust mite (HDM), for 
example, Dermatophagoides pteronyssinus and Dermatophagoides 
farinae species.1 Allergenic reactions in HDM allergy are related to 
the adaptive immune response, which depends on immunoglobulin E 
(IgE),1 and allergen immunotherapy involves administration of a spe‐
cific allergen to provide protection against allergic symptoms and 
inflammatory reactions in patients with IgE‐mediated allergy.1

A sublingual tablet containing standardized allergen extracts 
from D. pteronyssinus and D. farinae in a total allergenic activity ratio 
(expressed as index of reactivity [IR]) of 1:1 has been developed.2,3 
Research has shown that the 300IR HDM tablet is effective and well 
tolerated in adult and adolescent patients aged 12 years and older 
with AR. In two double‐blind, placebo‐controlled studies in adults 
and adolescents with HDM‐associated AR, 300IR HDM tablets sig‐
nificantly reduced mean average adjusted symptom scores (AASS) 
compared with placebo.2,3 Although local allergic reactions occurred 
more frequently with active treatment than with placebo, the favor‐
able safety profile of 300IR HDM tablets was confirmed.2,3 In addi‐
tion, the effectiveness of one year of treatment with 300IR HDM 
tablets was maintained for a subsequent year after ceasing treat‐
ment.2 In Japan, HDM tablets were approved in March 2015 for “al‐
lergen immunotherapy for AR due to house dust mites” in adults and 
adolescents ≥12 years of age (Actair® Sublingual Tablets 100 Units 
[IR] and 300 Units [IR] for HDM, Stallergenes Greer). In addition, 
HDM sublingual immunotherapy was added to the 2017 Japanese1 
and the 2015 US4 AR guidelines, leading to its recognition as a treat‐
ment option for AR.

According to a survey in 2002, the prevalence of AR in el‐
ementary students across 11 prefectures in western Japan was 
20.5%.5 Because of the common underlying cellular processes, 
AR in children is a risk factor for subsequent development of 
allergic airways diseases, including asthma.6 Allergen immuno‐
therapy provides protection against allergic symptoms that is not 
limited to AR7 and may prevent additional allergies and asthma 
from developing.6 Therefore, it is important to start allergen im‐
munotherapy for AR in young children.6 However, the efficacy, 
safety, and immunological response of HDM tablets in pediatric 
patients have not yet been demonstrated.

The aim of this double‐blind, randomized, placebo‐controlled 
study was to assess the efficacy, safety, and immunological response 
of standardized HDM allergen extract tablets in pediatric (≥5 and 
≤16 years old) patients with perennial AR.

2  | METHODS

This multicenter, double‐blind, randomized, placebo‐controlled 
study was conducted at 51 medical institutions throughout Japan 
between October 2015 and December 2016. The protocol, informed 

assent form, and informed consent form/written information were 
approved by the ethics committee of Shionogi & Co., Ltd. and the 
institutional review board of each study site, and the study was 
conducted in compliance with the Declaration of Helsinki and the 
International Conference on Harmonisation Good Clinical Practice 
(ICH‐GCP) guidelines. Written informed consent or assent was ob‐
tained from legal representatives of patients (consent), patients aged 
≥7 and ≤11 years, if possible (assent), patients aged ≥12 years (con‐
sent or assent), and patients aged 16 years (consent). The study is 
registered at National Institute of Public Health Clinical Trials Search 
(https://rctportal.niph.go.jp/en/, JAPIC CTI‐152981).

2.1 | Study design and treatment protocol

The study comprised a screening period (up to 24 weeks before 
enrollment), a 2‐week pretreatment observation period, a 52‐week 
treatment period, and a 1‐week post‐treatment observation period.

After the pretreatment observation period, patients were ran‐
domized (web‐based system) 1:1 to receive placebo or HDM tablets 
(active) once daily by a statistical minimization method using the al‐
location factors of the average Rhinitis Total Symptom Score (RTSS), 
age, and IgE score. The dose of the HDM tablet was increased from 
100IR (Day 1) to 200IR (Day 2) to the maintenance dose of 300IR 
(Day 3 to Week 52). All drugs were manufactured by Stallergenes 
Greer (Antony, France).

2.2 | Study population

The main inclusion criteria were as follows: male and female outpa‐
tients ≥5 and ≤16 years, AR symptoms for ≥2 years, a score of ≥3 
on the quantitative analysis of IgE antibody specific to D. pteron‐
yssinus and/or D. farinae antigens (ImmunoCAP® test, analyzed at 
BML, Inc, Kawagoe, Japan), positive nasal provocation test using al‐
lergen disk for house dust, and RTSS (0‐4 for sneezing, rhinorrhea, 
and nasal congestion, and 0‐3 for nasal pruritus; total 0‐15 points; 
criteria for each symptom of RTSS are described in Supporting in‐
formation) ≥6 points/d for 7 days before randomization.3 The nasal 
provocation test was defined as positive if two or more signs of 
nasal mucosal swelling, watery rhinorrhea, and nasal symptoms, in‐
cluding nasal pruritus and/or sneezing, were increased in compari‐
son with using a blank disk, as per the 2017 Japan AR guideline.1 
Patients were excluded from the study if suspected of symptomatic 
AR due to allergens other than HDM with specified ImmunoCAP® 
score for each allergen, had mild persistent or more severe asthma 
(because the safety profile of HDM tablets has not yet been con‐
firmed in patients with asthma), or required inhaled corticosteroid 
treatment.

2.3 | End‐points

The primary efficacy end‐point was the AASS, defined as the av‐
erage of daily RTSSs adjusted for the use of rescue medications 
(scale 0‐15),3,8 during Weeks 48‐52 of treatment. Symptoms were 

https://rctportal.niph.go.jp/en/
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self‐assessed by patients or guardians and recorded daily in the 
patient diary. Use of rescue medication was also recorded.

Additional efficacy end‐points were as follows: average RTSS 
of Weeks 8‐10, Weeks 16‐18, Weeks 24‐26, Weeks 32‐34, Weeks 
40‐42, and Weeks 48‐52 (ARTSS); Average Rescue Medication 
Score (ARMS),3 the average of the Rescue Medication Score 
(RMS, 0‐4) based on patient diary records3; Average Combined 
Score (ACS), the average of daily combined scores (calculated as 
[RTSS/4 + RMS]/2; range: 0‐2.875); Individual Symptom Scores 
(ISSs) of the four nasal and two ocular symptoms (itchy and wa‐
tery eyes); overall assessments by patients or their guardians; 
and general improvement as assessed by investigators.1,3,7,8 
Definitions of the efficacy scores are shown in the footnotes to 
Table 2. Investigators evaluated general improvement as marked 
worsening, slight to moderate worsening, no change, slight to 
moderate improvement, or marked improvement compared with 
baseline. Adherence was assessed by the investigator based on 
study drug tablets retrieved from patients or guardians.

At baseline and at Week 52 or discontinuation, mite antigen‐spe‐
cific IgE/IgG4 antibodies were analyzed at BML Inc, Kawagoe, Japan. 
Safety was assessed by the reporting of adverse events (AEs) and se‐
rious AEs (SAEs), coded using the Medical Dictionary for Regulatory 
Activities, version 18.0.

2.4 | Statistical analysis

A target sample size of 400 patients was set to provide 168 patients 
per group (15% withdrawal rate) and 90% power to detect a differ‐
ence in means of −0.96 between groups, assuming a common SD of 
2.7, using a Student’s t test. The safety analysis population included 
all patients who received at least one dose of study treatment and 
were GCP‐compliant. The efficacy analysis population (full analysis 
set) included all patients in the safety analysis population who were 
assessed for efficacy. Baseline was defined as the pretreatment ob‐
servation period.

The primary efficacy analysis used a mixed‐effects model for 
repeated measures (MMRM) approach that included all available 
AASS data at 6 scheduled timepoints (Weeks 8‐10, Weeks 16‐18, 
Weeks 24‐26, Weeks 32‐34, Weeks 40‐42, and Weeks 48‐52) as 
response variables; timepoint, treatment group, and treatment‐by‐
timepoint interaction as fixed effects; and age, baseline AASS, and 
IgE scores ≥3 for spring pollen as covariates. Missing data were not 
imputed. Between‐group differences were assessed using the least‐
squares (LS) means (standard error [SE]) estimated from the MMRM 
approach. Other scores were analyzed as per the primary variable. 
Improvement rate of the overall assessment was compared between 
treatment groups using Fisher’s exact test.

F I G U R E  1   Patient disposition. HDM tablet, house dust mite allergen extract tablet; IR, index of reactivity; N/n, number of patients

Excluded (n = 2)
• Unassessed (n = 2)

Randomized
N = 438

Discontinued (n = 26)
• Lost to follow-up (n = 2)
• Patient’s request (n = 6)
• Adverse event (n = 18)

300IR HDM tablet
(Safety analysis set)

n = 219

Placebo
(Safety analysis set)

n = 219

Completed
n = 193

Completed
n = 210

Discontinued (n = 9)
• Patient’s request (n = 7)
• Adverse event (n = 2)

300IR HDM tablet
(Full analysis set)

n = 205

Placebo
(Full analysis set)

n = 217

Excluded (n = 14)
• Unassessed (n =14 )

Assessed for eligibility
N = 484

Excluded (n = 46)
• Did not meet any of the inclusion criteria (n = 6)
• Met any of the exclusion criteria (n = 7)
• Others (n = 33)
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3  | RESULTS

3.1 | Patient disposition and baseline characteristics

Of the 438 randomized patients, 422 (96%; 205 active, 217 placebo) 
were included in the full analysis set, and 403 (92%; 193 active, 210 
placebo) completed the study (Figure 1). Only 8% of patients discon‐
tinued, mainly because of an AE.

The demographics and baseline characteristics for the history 
and severity of allergic airway disease were similar between the 
active and placebo groups (Table 1). All patients were sensitized to 
D. pteronyssinus and D. farinae allergens based on IgE tests and had 
positive nasal provocation tests. Most patients in both groups had a 
treatment compliance rate of ≥80% (Table S1).

3.2 | Efficacy

The primary end‐point, the AASS (LS mean) during the last 4 weeks 
of treatment (Weeks 48‐52), was significantly lower in the active 
group compared with placebo (P = 0.0005; Figure 2A). The LS mean 
difference (SE) in AASS between the active and placebo groups was 
−0.95 (0.27) [relative LS mean difference: −13.1%]. The improvement 
was observed at the first assessment (Weeks 8‐10) and was main‐
tained throughout the 52‐week study. The AASS at Weeks 48‐52 
was significantly lower in the active group compared with placebo in 
patients aged 5‐11 years and 12‐16 years (Table S2).

The ARTSS and ACS (LS means) were significantly lower in the 
active group compared with placebo during the last 4 weeks (Weeks 
48‐52). There was no significant difference in ARMS (LS mean) be‐
tween the active and placebo groups. All nasal ISSs were consistently 
lower in the active group than in the placebo group, with significant 
differences (Table 2).

The percentage of patients assessed by patients/guardians at 
Week 52 as “Improved” (sum of “Slight to moderate improvement” 
and “Marked improvement”) was significantly higher in the active 
group (78.8%) compared with placebo (58.3%, P < 0.0001), as was 
the percentage of patients with general improvement assessed by 
investigators (67.5% vs 57.4%, P = 0.0348; Figure 2B).

3.3 | Immunological responses

The Week 52: baseline ratios of antigen‐specific IgE and IgG4 were 
significantly greater in the active group than with placebo (Figure 3; 
P < 0.0001 for all). D. pteronyssinus‐ and D. farinae‐specific IgE anti‐
body levels at Week 52 were higher compared to baseline (1.937‐ 
and 1.860‐fold, respectively) in the active group, but were relatively 
unchanged in the placebo group (1.149‐ and 1.104‐fold, respec‐
tively). Similarly, IgG4 antibodies to D. pteronyssinus and D. farinae at 
Week 52 were higher compared to baseline (2.741‐ and 3.362‐fold, 
respectively) in the active group, but remained unchanged (1.086‐ 
and 0.987‐fold, respectively) in the placebo group.

TA B L E  1   Demographics and baseline characteristics (full 
analysis set)

HDM tablet 
N = 205

Placebo 
N = 217

Age, years

Mean ± SD 10.3 ± 2.7 10.4 ± 2.7

≥5 to ≤11 130 (63.4) 138 (63.6)

≥12 to ≤16 75 (36.6) 79 (36.4)

Gender

Male 123 (60.0) 136 (62.7)

Female 82 (40.0) 81 (37.3)

Duration of perennial allergic rhinitis

˂5 y 69 (33.7) 62 (28.6)

≥5 to ˂10 y 116 (56.6) 137 (63.1)

≥10 y 20 (9.8) 18 (8.3)

Medical history of 
asthma

26 (12.7) 33 (15.2)

Dermatophagoides pteronyssinus IgE 
(ImmunoCAP® score)

0 0 0

1 0 0

2 1 (0.5) 2 (0.9)

3 32 (15.6) 24 (11.1)

4 64 (31.2) 61 (28.1)

5 59 (28.8) 66 (30.4)

6 49 (23.9) 64 (29.5)

Dermatophagoides farinae IgE 
(ImmunoCAP® score)

0 0 0

1 0 0

2 0 1 (0.5)

3 28 (13.7) 14 (6.5)

4 60 (29.3) 70 (32.3)

5 59 (28.8) 62 (28.6)

6 58 (28.3) 70 (32.3)

Sensitization with other than house dust mitesa

Yes 166 (81.0) 173 (79.7)

No 39 (19.0) 44 (20.3)

Average rhinitis total symptom score

Mean ± SD 9.69 ± 2.15 9.66 ± 2.19

˂8 51 (24.9) 52 (24.0)

≥8 to ˂10 68 (33.2) 73 (33.6)

≥10 86 (42.0) 92 (42.4)

HDM tablet, house dust mite allergen extract tablet; IgE, immunoglobu‐
lin E; N, number of patients; SD, standard deviation.
Data are presented as n (%), unless otherwise stated.
aYes: at least one IgE ImmunoCAP® score is ≥2 (other than D. pteronyssi‐
nus and D. farinae, the main allergens were Japanese cedar, cat dander, 
Japanese cypress, cocksfoot, dog dander, and white birch). 
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3.4 | Safety and tolerability

Almost all patients reported at least one AE during the study (Table 3). 
The most common AEs (≥20% of patients) were nasopharyngitis, influ‐
enza, pharyngitis (both groups), and oral pruritus (active group only). 
Treatment‐related AEs were reported more frequently in the active 
group than in the placebo group (67.1% vs 18.3% of patients). The most 
common treatment‐related AEs (≥10% of patients in the active group) 
were oral pruritus, mouth edema, throat irritation ear pruritus, and 
mouth swelling.

Most AEs were mild (active: 156 [71.2%], placebo: 162 [74.0%]) 
or moderate (active: 52 [23.7%], placebo: 44 [20.1%]) in severity. AEs 
typically occurred between Days 1 and 14, and were more frequent 
in the active group (72.6%) than in the placebo group (27.4%) during 
this period.

Eight SAEs were reported by seven patients. In the placebo 
group, there were two SAEs of upper respiratory tract infection and 
rheumatic fever (one patient each). In the active group, there were 
six SAEs in five patients (two patients with gastroenteritis, one pa‐
tient with pseudocroup [subglottic laryngitis], one patient with both 

F I G U R E  2   A, Time course of the Average Adjusted Symptom Score (AASS) for the 52‐week treatment period. The least‐squares 
means and standard errors with the mixed‐effects model for repeated measures are shown for the time points at Week 8‐10 and later; 
baseline data are arithmetic mean Average Rhinitis Total Symptom Scores unadjusted for covariates. ***P value < 0.001, **P value < 0.01, 
*P value < 0.05 compared with placebo. HDM tablet, house dust mite allergen extract tablet. B, Overall assessment of treatment efficacy by 
patients or guardians and general improvement as assessed by investigators at Week 52. *P value < 0.05, ****P value < 0.0001, percentage of 
“improved” compared with placebo. HDM tablet, house dust mite allergen extract tablet.
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streptococcal infection and viral infection that were resolved, and one 
patient with fracture that was resolving). Pseudocroup occurred on 
Day 22, 11 hours after study drug administration; the patient received 
oral betamethasone, inhaled adrenaline, and inhaled dexamethasone, 

and recovered on Day 23. The AE was severe, associated with cough 
and dyspnea, considered to be drug‐related by the physician, and led 
to drug discontinuation. The other patients continued the study with 
(gastroenteritis [one patient], streptococcal infection, viral infection) or 
without (gastroenteritis [one patient], fracture) drug interruption. There 
were no deaths and no anaphylaxis events that required intramuscular 
adrenaline injection.

4  | DISCUSSION

This definitive, large‐scale study has demonstrated the efficacy and 
safety of sublingual tablets containing standardized allergen extracts 
of HDM in pediatric patients with perennial AR. In this 52‐week, dou‐
ble‐blind, randomized, placebo‐controlled study, sublingual immuno‐
therapy with HDM allergen extracts was associated with significant 
and sustained improvement in the symptoms of HDM‐induced AR The 
immunological responses of HDM‐specific IgE and IgG4 observed in 
previous studies were confirmed.3 The safety profile of the HDM tab‐
lets in this pediatric population was consistent with that of adults,2,3 
with no new safety concerns. These results indicate that HDM tablets 
are effective and well tolerated in pediatric patients with perennial AR, 
as in adults and adolescents.2,3

In this study, sublingual immunotherapy with HDM tablets was as‐
sociated with significant and sustained (up to 1 year) improvement in 
symptoms of HDM‐induced AR, compared with placebo. AASS was sta‐
tistically significantly lower in the active group compared with placebo. 
Improvements in AASS were observed in the first evaluation period 
(Weeks 8‐10) and maintained thereafter, suggesting that the onset of 
action of HDM tablets occurs within the first 10 weeks of treatment. 
In addition, the significant improvement in AASS was observed in 

TA B L E  2   Symptom and medication scores at Weeks 48‐52 (full 
analysis set)

Score
HDM tablet 
N = 205

Placebo 
N = 217

Average rhinitis total 
symptom score

6.25 ± 0.19 7.16 ± 0.19

LS mean difference ± SE −0.91 ± 0.27 —

P value 0.0007

Relative LS mean 
difference

−12.7% —

Average rescue medication 
score

0.066 ± 0.015 0.072 ± 0.015

LS mean difference ± SE −0.006 ± 0.021 —

P value 0.7746

Average combined score 0.81 ± 0.03 0.93 ± 0.03

LS mean difference ± SE −0.12 ± 0.04 —

P value 0.0010

Average individual symptom 
scores

Sneezing 1.46 ± 0.05 1.71 ± 0.05

LS mean difference ± SE −0.25 ± 0.08

P value 0.0014

Rhinorrhea 1.99 ± 0.06 2.21 ± 0.06

LS mean difference ± SE −0.22 ± 0.09

P value 0.0103

Nasal congestion 1.48 ± 0.06 1.74 ± 0.05

LS mean difference ± SE −0.26 ± 0.08

P value 0.0007

Nasal pruritus 1.32 ± 0.05 1.50 ± 0.05

LS mean difference ± SE −0.18 ± 0.07

P value 0.0060

Itchy eyes 0.85 ± 0.05 0.95 ± 0.05

LS mean difference ± SE −0.10 ± 0.07

P value 0.1887

Watery eyes 0.45 ± 0.04 0.50 ± 0.04

LS mean difference ± SE −0.05 ± 0.05

P value 0.3513

Data are presented as the LS mean ± SE.
Relative LS mean difference: ([Active – Placebo]/Placebo) × 100 (%).
Average Rescue Medication Score: the average of daily Rescue Medication 
Scores scaled as 0 (no rescue medication), 1 (oral and/or eye drop antihista‐
mine), or 2 (nasal corticosteroid or both corticosteroid and antihistamine).
Average combined score: the average of the daily Combined Scores, 
where the daily combined score = (RTSS/4 + RMS)/2.
Individual Symptom Score: 0‐4 for sneezing, rhinorrhea, nasal conges‐
tion, itchy eyes, and watery eyes, and 0‐3 for nasal pruritus.
HDM tablet, house dust mite allergen extract tablet; LS mean, least‐
squares mean; N, number of patients; SE, standard error.

F I G U R E  3   House dust mite‐specific serum immunoglobulins. 
Geometric means of the Week 52/baseline ratio are shown. 
****P value < 0.0001 compared with placebo. IgE, immunoglobulin 
E; IgG4, immunoglobulin G4.
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both younger (aged 5‐11 years) and older (aged 12‐16 years) patients. 
Similarly, ARTSS, ACS, and all nasal ISSs were also significantly lower 
with the HDM tablets compared with placebo, consistent with previ‐
ous studies.2,3 Although there was a tendency for ocular symptoms and 
ARMS to be improved with active treatment, there were no statisti‐
cally significant between‐group differences, most likely because ocular 
symptoms were mild at both baseline (data not shown) and at Weeks 
48‐52, and because very few patients in either group were treated 
with rescue medication. The relatively low level of ocular involvement 
at baseline is unsurprising given that nasal symptoms are predominant 
in HDM AR (as opposed to allergy to outdoor allergens, where ocular 
symptoms are more common).9 Finally, more patients/guardians and 
investigators considered the overall assessment as having improved 
with HDM tablets compared with placebo at Week 52, as in adults and 
adolescents.3

The immunological response of HDM‐specific IgE and IgG4 to 
HDM tablets previously observed in adults and adolescents3 was 
confirmed in pediatric patients. In Japanese adults and adolescents 
with AR who received HDM tablets, the levels of D. pteronyssi‐
nus‐ and D. farinae‐specific antibodies at Week 52 were increased 
1.8‐ and 1.9‐fold (IgE) and 2.6‐ and 3.7‐fold (IgG4) compared with 
baseline.3 A European study also reported increased IgG4 (although 
not IgE) in adults treated with HDM tablets at a 300IR dose.2 
However, the relatively immature immune system in children, espe‐
cially young children, should be considered when comparing immune 
responses to those of adults.

The safety profile of HDM tablets in Japanese pediatric patients 
was consistent with that of adults and adolescents.2,3 Although no 
new safety concerns were observed, the incidence rates of AEs in 
both treatment groups (96.8% in the active group and 94.5% in the 
placebo group) were higher than previously reported in adults and 
adolescents.2,3 This may be related to the long study duration and a 
higher incidence of infectious disease in pediatric patients compared 
with adults. Although almost all patients reported an AE during the 
study, most were mild to moderate and typically occurred during the 
first 2 weeks of treatment. Further, the incidence of treatment‐re‐
lated AEs in our pediatric population is similar to that reported in 
Japanese adult and adolescent populations.3 Importantly, and sim‐
ilar to previous studies, there were no events of anaphylaxis that 
required adrenaline injection.2,3 However, as expected with any sub‐
lingual immunotherapy,10,11 severe allergic reactions affecting upper 
and lower airways, skin, conjunctiva, and multiple organ systems 
individually or in combination may be expected. Therefore, patients 
and their guardians should be instructed on how to recognize the 
early signs and symptoms of these reactions.

The strengths of this study include its randomized, placebo‐
controlled design, duration (52 weeks), large number of efficacy 
and safety outcomes, and adjustment for baseline values in the 
statistical analysis. However, the study did not evaluate whether 
the treatment effects last beyond 52 weeks of treatment, did not 
use objective measures such as peak nasal inspiratory flow or the 
nasal provocation test (which was used only at baseline), and did not 
measure the levels of HDM allergens in households. Nevertheless, 

TA B L E  3   Incidence of adverse events (safety analysis set)

Adverse events
HDM tablet 
N = 219

Placebo 
N = 219

Patients with any AEs 212 (96.8) 207 (94.5)

Serious AEs 5 (2.3) 2 (0.9)

AEs leading to discontinuation 18 (8.2) 2 (0.9)

Patients with any treatment‐related 
AEs

147 (67.1) 40 (18.3)

Serious treatment‐related AEs 1 (0.5) 0

Treatment‐related AEs leading to 
discontinuation

16 (7.3) 0

AEs with incidence ≥5% in the active groupa

Infections and infestations 172 (78.5) 189 (86.3)

Nasopharyngitis 93 (42.5) 116 (53.0)

Influenza 57 (26.0) 68 (31.1)

Pharyngitis 51 (23.3) 54 (24.7)

Acute sinusitis 30 (13.7) 30 (13.7)

Gastroenteritis 23 (10.5) 15 (6.8)

Bronchitis 13 (5.9) 20 (9.1)

Upper respiratory tract infection 11 (5.0) 16 (7.3)

Immune system disorders 11 (5.0) 13 (5.9)

Seasonal allergy 11 (5.0) 12 (5.5)

Nervous system disorders 15 (6.8) 13 (5.9)

Ear and labyrinth disorders 32 (14.6) 4 (1.8)

Ear pruritus 27 (12.3) 1 (0.5)

Respiratory, thoracic, and 
mediastinal disorders

96 (43.8) 31 (14.2)

Throat irritation 33 (15.1) 4 (1.8)

Oropharyngeal discomfort 19 (8.7) 3 (1.4)

Epistaxis 15 (6.8) 9 (4.1)

Cough 13 (5.9) 4 (1.8)

Oropharyngeal pain 12 (5.5) 2 (0.9)

Gastrointestinal disorders 138 (63.0) 56 (25.6)

Oral pruritus 47 (21.5) 4 (1.8)

Mouth edema 36 (16.4) 0

Mouth swelling 22 (10.0) 1 (0.5)

Abdominal pain 19 (8.7) 5 (2.3)

Stomatitis 15 (6.8) 20 (9.1)

Vomiting 12 (5.5) 3 (1.4)

Skin and subcutaneous tissue 
disorders

36 (16.4) 45 (20.5)

Eczema 11 (5.0) 17 (7.8)

General disorders and administra‐
tion site conditions

20 (9.1) 10 (4.6)

Injury, poisoning, and procedural 
complications

38 (17.4) 33 (15.1)

AE, adverse event; HDM tablet, house dust mite allergen extract tablet; 
N, number of patients.
Data are presented as n (%) of patients.
aListed by System Organ Class and Preferred Term, Medical Dictionary 
for Regulatory Activities (MedDRA), version 18.0. 
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this immunotherapy should be an important part of AR therapy be‐
cause nasal congestion, which is difficult to treat, was significantly 
improved.

In conclusion, sublingual immunotherapy with HDM tablets at 
a dose of 300IR was associated with significant and sustained im‐
provement in symptoms of HDM‐induced AR and had an acceptable 
safety and tolerability profile that was consistent with adults and 
adolescents. These results suggest that HDM tablets administered 
at 300IR once daily are an effective and well‐tolerated option for 
pediatric patients with perennial AR
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SUPPORTING INFORMATION

SUPPLEMENTARY TABLES

SUPPLEMENTARY TABLE 1 Treatment compliance (full analysis set)
HDM tablet
N = 205

Placebo
N = 217

Patients with compliance, n (%)
<80% 3 (1.5%) 1 (0.5%)
≥80% 202 (98.5%) 216 (99.5%)

Mean compliance, % (SD) 96.18 (4.43) 96.38 (4.02)
HDM tablet, house dust mite allergen extract tablet; N, number of patients; SD, standard
deviation.
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SUPPLEMENTARY TABLE 2 Average Adjusted Symptom Score by age groups at Weeks 48-52 (full analysis set)

Score
Age 5-11 years Age 12-16 years
HDM tablet
N = 130

Placebo
N = 138

HDM tablet
N = 75

Placebo
N = 79

Average Adjusted Symptom Score, LS mean
± SE 6.35 ± 0.25 7.24 ± 0.24 6.32 ± 0.32 7.31 ± 0.31

LS mean difference ± SE -0.89 ± 0.35 - -1.00 ± 0.44 -
P value .0110 - .0265 -
Relative LS mean difference -12.4% - -13.6% -

Relative LS mean difference: [(Active - Placebo)/Placebo] × 100 (%).
HDM tablet, house dust mite allergen extract tablet; LS mean, least-squares mean; N, number of patients; SE, standard error.
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SUPPLEMENTARY INFORMATION

Inclusion criteria

Patients who fulfilled all of the following inclusion criteria were included in the study:

At screening

1. Male or female patients aged ≥5 and ≤16 years at the time of agreement to informed

consent form at screening.

2. Informed consent at screening

 Patients aged ≤15 years

Patients whose legal representative agreed to voluntarily participate in the screening

by providing a signed and dated written informed consent prior to screening. If the

patient was ≥7 and ≤11 years, written informed assent was to be obtained from the

patient if possible. If the patient was ≥12 years, written informed assent or consent

also was to be obtained from the patient.

 Patients aged 16 years

Patients who agreed to voluntarily participate in the screening by providing a signed

and dated written informed consent prior to screening. Written consent also was to

be obtained from their legal representative.

3. Patients who were able to visit the study center on an outpatient basis.

4. Patients who fulfilled all of the following conditions:

 Patients with a history of perennial allergic rhinitis symptoms for 2 years or more.

 Patients with a score of 3 or higher on the quantitative analysis of IgE antibody

specific to D. pteronyssinus and/or D. farinae antigens (ImmunoCAP®) performed at

screening.

 Patients with positive for nasal provocation test by using allergen disc for house dust

(Positive results obtained within 2 years prior to screening could replace the test).

5. Male or female patients who were able to meet the following requirements for birth control:



Pediatric rhinitis and dust mite tablet Page 4 of 11
Supporting information

 Male patients with or without azoospermia agreed to use appropriate birth control

methods (eg, condoms) during the period from agreement to informed consent at

screening to 3 months after the last administration

 Female patients agreed to use barrier methods (eg, condoms, diaphragms, cervical

caps) or other effective birth control methods (eg, contraceptive implants, injectable

contraceptives, combination oral contraceptives, intrauterine devices, vasectomized

partners) during the period from agreement to informed consent at screening to 3

months after the last administration (except patients confirmed to be infertile by

surgical procedures [eg, hysterectomy, bilateral oophorectomy] in writing).

At enrollment: At the initiation of the pretreatment observation period

6. Informed consent at enrollment

 Patients aged ≤15 years

Patients whose legal representative agreed to voluntarily participate in the study by

providing a signed and dated written informed consent prior to the initiation of the

pretreatment observation period. If the patient was ≥7 and ≤11 years of age, written

informed assent was to be obtained from the patient if possible. If the patient was ≥12

years of age, written informed assent or consent also was to be obtained from the

patient.

 Patients aged ≥16 years

Patients who agreed to voluntarily participate in the study by providing a signed and

dated written informed consent prior to the initiation of the pretreatment observation

period. Written consent also was to be obtained from their legal representative.

7. Patients whose Rhinitis Total Symptom Score (RTSS; sneezing, rhinorrhea, nasal

congestion, and nasal pruritus; ranging from 0 to 15 points) was expected to be ≥6

points/day for the period before enrollment in the medical interview at the enrollment.
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At randomization: At the initiation of the treatment period (Visit 3)

8. Patients whose Average RTSS (ARTSS; sneezing, rhinorrhea, nasal congestion, and

nasal pruritus; ranging from 0 to 15 points) was ≥6 points/day for 7 days just before the

randomization in the pretreatment observation period.

Criteria for RTSS (sneezing, rhinorrhea, nasal congestion, and nasal pruritus)
Type Evaluator Score

4 points 3 points 2 points 1 point 0 points

Sneezing

Patient 21 times/day
or more

11-20
times/day

6-10
times/day 1-5 times/day 0 times/day

Guardian
etc.

Very frequent
sneezing

Frequent
sneezing

Occasional
sneezing

Sneezing on
rare

occasions
None

Rhinorrhea

Patient 21 times/day
or more

11-20
times/day

6-10
times/day 1-5 times/day 0 times/day

Guardian
etc.

Very frequent
sniffing or

blowing the
nose

Frequent
sniffing or

blowing the
nose

Occasional
sniffing or

blowing the
nose

Sniffing or
blowing the

nose on rare
occasions

None

Nasal
congestion

Common
to patient

and
guardian

etc.

Complete
congestion,

all day
(unable to
breathe

through the
nose at all)

Very severe
nasal

congestion
with frequent

oral
breathing
(almost

unable to
breathe

through the
nose)

Severe nasal
congestion

with oral
breathing

several times
a day

(occasional
oral

breathing)

No oral
breathing,
but nasal

congestion
(no breathing
through the

mouth)

Less than
1 point
(none)

Nasal
pruritus

Patient

Itchiness in
the nose,

which causes
frequent

rubbing and
blowing of
the nose

Itchiness in
the nose,

which causes
occasional

rubbing and
desire to
blow the

nose
(between 3
points and 1

point)

Itchiness in
the nose, but
not bothering

None

Guardian
etc.

Frequent
rubbing of

the nose and
trying to

move the
nose by

moving the
mouth

Itchiness in
the nose,

which causes
occasional
rubbing of
the nose

(between 3
points and 1

point)

Itchiness in
the nose, but

infrequent
rubbing of
the nose

None
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Exclusion criteria

Patients who met any of the following criteria were excluded from the study:

At screening

1. Patients who had or were suspected to have allergic rhinitis symptoms for causative

antigens of seasonal allergic rhinitis which were released in the autumn season

(ragweed, mugwort, and/or Japanese hop), or those with a ImmunoCAP® score of 3 or

higher at screening.

2. Patients who had seasonal allergic rhinitis symptoms requiring the continuous use of

medications for causative antigens, which were released in the spring season

(Japanese cedar, Japanese cypress, white birch, and orchard grass), during the pollen

dispersion period or those with a ImmunoCAP® score of 5 or higher at screening.

3. Patients whose ImmunoCAP® score was 5 or higher for any of causative antigens of

perennial allergic rhinitis other than house dust mites (Aspergillus, Candida albicans,

Cladosporium, Alternaria, cockroach, cat dander, and/or dog dander) at screening.

4. Patients whose ImmunoCAP® score for cat dander or dog dander allergens was 2 or

higher and who were exposed to these antigens in daily life (eg, having these pets at

home).

5. Patients with allergic rhinitis, conjunctivitis, asthma, or other symptoms due to antigens

other than house dust mites that could confound accurate symptom assessment during

the primary evaluation period.

6. Patients who had a complication(s) of any nasal disease (including nasal polyp, nasal

septal deviation, and hypertrophic rhinitis) affecting an appropriate evaluation of the

efficacy.

7. Patients with drug-induced rhinitis and/or non-allergic rhinitis (including vasomotor rhinitis

and eosinophilic rhinitis).

8. Patients with asthma requiring treatment with inhaled corticosteroids or those with

symptoms severer than "mild-persistent"† of asthma.
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Severity class of pediatric bronchial asthma†

Severity Severity and frequency of symptoms
Intermittent
(inclusion allowed)

 Seasonal coughing and mild wheezing several times a year
 Sometimes being associated with dyspnea, which is improved with as-needed

use of β2-stimulants in a short time and does not persist
Mild-persistent  Coughing and mild wheezing once monthly or more and less than once weekly

 Sometimes being associated with dyspnea, which persists for a short time and
rarely affects daily life

Moderate-persistent  Coughing and mild wheezing once weekly or more, but not everyday
 Sometimes having moderate to severe attacks, which affect daily life

Severe-persistent  Coughing and mild wheezing persisting everyday
 Having moderate to severe attacks once or twice weekly, which affect daily life

and sleep
Most severe-persistent  Symptoms persisting even if treatment for severe-persistent asthma is provided

 Frequent after-hours hospital visits due to moderate to severe attacks during
night-time hours, repeated hospitalization, and restricted daily life

† Japanese Society of Pediatric Allergy and Clinical Immunology. Japanese pediatric guideline for treatment and
management of asthma 2012.

9. Patients who required treatment with antihistamines for other purposes than alleviating

symptoms of allergic rhinitis (except temporal use for diseases including common colds).

10. Patients who were considered to have difficulty in keeping the patient diary appropriately.

11. Patients who planned to start using anti-mite bedding, equipment etc. during the study.

12. Patients who were expected to have marked changes (eg, moving) in the circumstance of

life during the study.

13. Patients with a lesion in the mouth that could confound the safety of patients receiving the

study drug.

14. Patients with galactose intolerance, lactase deficiency, or glucose-galactose

malabsorption.

15. Patients under treatment with β-blockers (oral).

16. Patients under treatment with tricyclic/tetracyclic antidepressants, serotonin-noradrenaline

reuptake inhibitors, monoamine receptor blockers, monoamine oxidase inhibitors,

butyrophenones, phenothiazines, iminodibenzyl antipsychotics, or α-blockers.

17. Patients under treatment with medications that influence their immunity, such as

sustainable systemic corticosteroids (eg, oral formulation, injection),

immunosuppressants, and anticancer agents.
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18. Patients who had liver disorder, renal disorder, cardiac disease, hematologic disease etc.

as a complication, and have problems in the systemic condition.

19. Pregnant women, women who may be pregnant, or lactating women.

20. Patients with a history of serious hypersensitivity attributed to a drug or of adverse drug

reactions.

21. Patients with a history of shock or anaphylaxis.

22. Patients who had received S-524101 previously.

23. Patients who were currently participating in another clinical study.

24. Patients who were considered inappropriate for the study by the

investigator/subinvestigator.

At enrollment: At the initiation of the pretreatment observation period

Above-mentioned criteria 1, 2, and 4 to 24 were confirmed again.

25. Patients who had infectious disease associated with ocular or nasal symptoms (eg, upper

respiratory inflammation, acute sinusitis, infectious rhinitis, infectious ocular disease)

affecting an appropriate evaluation of the efficacy.

26. Patients who had not had a long enough washout/withdrawal period for the following

drugs or therapies at the time of enrollment:

Withdrawal period Drug/therapy
4 weeks Corticosteroids (oral formulation, injection, and suppository)
12 weeks Anti-IgE medication, immune suppressor
5 years Biological products (including histamine-added human immunoglobulins) that are

expected to be effective for allergic rhinitis
Surgical therapy, including laser surgery, coagulation therapy and excision for treatment
of nasal symptoms

10 years Allergen immunotherapies, nonspecific modulation therapies

27. Patients who had received other study drugs within 90 days before enrollment.

At randomization: At the initiation of the treatment period

Above-mentioned criteria 1, 2, and 4-24 were confirmed again.
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28. Patients who had infectious disease associated with ocular or nasal symptoms (eg, upper

respiratory inflammation, acute sinusitis, infectious rhinitis, infectious ocular disease)

affecting an appropriate evaluation of the efficacy within 2 weeks before randomization.

29. Patients who used any prohibited concomitant drugs or therapies (other than rescue

medications) during the pretreatment observation period.

30. Patients who had any blanks for the nasal symptom scores in the patient diary for 7 days

just before randomization in the pretreatment observation period.

Randomization and unblinding

After the investigations confirmed the eligibility of patients, accessed the registration center (a

third party organization) website, and entered the necessary data, the registration center

informed the investigator of the completion of randomization through the registration center

website, randomized patients by the statistical minimization method using the 3 allocation

factors, and notified the investigator of the drug number assigned to each patient. The

investigator or the person responsible for study drug handling prescribed the study drug to the

assigned patient.

Allocation factors

1) ARTSS (ranging from 0 to 15 points/day) during the last 7 days before randomization in

the pretreatment observation period: <8 points/day, ≥8 and <10 points/day, or ≥10

points/day.

2) Age ≥5 and ≤11 or ≥12 and ≤16 years.

3) IgE score for spring pollens (Japanese cedar, Japanese cypress, white birch, and orchard

grass): ≥3 for any of the spring pollens or ≤2 for all pollens.

After the assignment of study drugs, the study drug assignment table was sealed and stored

to maintain the blinding of all persons related to the study, except for the responsible person.
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The person responsible for study drug assignment opened the study drug assignment table

after all case report forms data were locked. The investigator was to request unblinding only in

emergency cases or in the case of any adverse event that could not be appropriately treated

unless he/she knew the allocation of the patient.

Study investigators

Hiroyuki Sano in Medical Corporation Sano Ear, Nose and Throat Clinic; Satohiko Nemoto in

Medical Corporation Nemoto Ear, Nose and Throat Clinic; Takehiko Kokubun in Medical

Corporation Teine Ear, Nose and Throat Clinic; Toshiro Murakata in Murakata Ear, Nose and

Throat Clinic; Masato Hata in Kitahiroshima Ear, Nose and Throat Clinic; Tetsuo Takeda in

Medical Corporation Koyakai, Takeda Ear, Nose and Throat Clinic; Kanji Baba in Medical

Corporation Takasaka Ear, Nose and Throat Clinic; Kazuya Kawata in Kawata Clinic; Yutaka

Fujimaki in Fujimaki Ear, Nose and Throat Clinic; Yasuko Murakawa in Medical Corporation

Shadan Kouseikai, Clinic Kashiwanoha; Nobuyuki Komatsu in Komatsu Ear, Nose and Throat

Clinic; Masaki Kato in Medical Corporation Matuyamakai, Shin-Matsudo Kato Ear, Nose and

Throat Clinic; Rinya Sugita in Medical Corporation Junpukai, Sugita Ear, Nose and Throat

Clinic; Shinichi Okura in Okura Ear, Nose and Throat Clinic; Ichiro Ogiwara in Medical

Corporation Sanyokai, Ogiwara Ear, Nose and Throat Clinic; Toshikazu Nagakura in Yoga

Allergy Clinic; Kazuko Okuda in Medical Corporation Koukeikai, Koganei Ear, Nose and

Throat Clinic; Hidehisa Nakazato in Ear, Nose and Throat Oyama Nakamaru Clinic Medical

Corporation Association Kouseikai; Keiko Sugasawa in Kamata Nishiguchi Clinic; Mahoko

Nakazato in Medical Corporation Kouseikai Azusawa Otorhinology Clinic; Hitoshi Nagakura in

Medical Corporation Shadan Jiseikai, Nagakura, Ear, Nose and Throat Allergy Clinic; Hideto

Kitagoh in Kitagoh Ear, Nose and Throat Clinic; Hitoshi Miho in Miho Ear, Nose and Throat

Clinic; Seiji Sawaki in Kikuna Ear, Nose and Throat Clinic; Takuma Yoshikawa in Medical

Corporation Blume Yoshikawa Ear, Nose and Throat Clinic; Manabu Mogitate in Medical

Corporation Mogitate Mogitate Ear, Nose and Throat Clinic; Koichi Ito in Kitayamata Ear,
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Nose and Throat Clinic; Masahiro Katsuno in Center Kita Himawari Ear, Nose and Throat

Clinic; Akimitsu Kawai in Medical Corporation Wakokai, Kawai Clinic; Yasuhiro Manabe in

Medical Corporation Shinseikai, Shinseikai Toyama Hospital; Takahiro Yamagishi in

Yamagishi Ear, Nose and Throat Clinic; Kenji Yasuda in Medical Corporation Kenshinkai,

Yasuda Ear, Nose and Throat Clinic; Isao Horikawa in Horikawa Clinic; Shoji Saito in Medical

Corporation Fujihirokai, Saito Ear, Nose and Throat Clinic; Hiroshi Yajima in Yajima ENT

Clinic; Junichi Ito in Ito ENT Clinic; Tadahiko Matsunaga in Matsunaga Otorhinolaryngology

Clinic; Masato Morimoto in Morimoto ENT Clinic; Kazuki Hayakawa in Hayakawa Ear, Nose

and Throat Clinic; Kenichi Shimada in Medical Corporation Kensenkai, Shimada Ear, Nose

and Throat Clinic; Hiroshi Kikumori in Medical Corporation Kanyukai, Kikumori Ear, Nose and

Throat Clinic; Akiko Tamaki in Medical Corporation Tamaki Ear, Nose and Throat Clinic;

Fumiyuki Okuda in Medical Corporation Bunmeikai, Okuda Ear, Nose and Throat Clinic;

Nobuo Sou in Sou Ear, Nose and Throat Clinic; Haruhisa Honda in Medical Corporation

Honda Ear, Nose and Throat Clinic; Keiji Moriya in Moriya Ear, Nose and Throat Clinic;

Masami Aso in Aso Ear, Nose and Throat Clinic; Yuji Sato in Medical Corporation Sato Ear,

Nose and Throat Clinic; Hiroki Murakami in Medical Corporation Murakamikai, Murakami Ear,

Nose and Throat Clinic; Hideyuki Sasho in Medical Corporation Yujikai, Funai Ear, Nose and

Throat Clinic; Shigehiro Ueyama in Medical Corporation Yujikai, Funai Ear, Nose and Throat

Clinic.
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