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allergic rhinitis (AR), allergic bronchial asthma (BA), or both. TO-204 was administered in a dose titra-
tion scheme, and the maintenance dose was determined according to the predefined criteria. The
treatment period was 52 weeks, and patients who were willing to continue the treatment received TO-
) 204 beyond 52 weeks. This clinical trial is registered at the Japan Pharmaceutical Information Center
itl?lyevrv;ergsi.mmunotherapy (apic CTI-121300).

Results: Between July 2012 and May 2015, 44 patients (28 with AR and 16 with allergic BA) were enrolled

Allergic bronchial asthma . ! . . . )
Allergic rhinitis into the study. All patients were included in the analysis. The duration of treatment ranged from 23 to

Clinical trial 142 weeks and the median maintenance dose was 200 Japanese allergy units (JAU). Adverse events
House dust mite occurred in 22 patients (50%). The most common adverse event was local reactions related to the in-

jection sites. Four patients experienced anaphylactic reactions when they were treated with the dose of
Abbreviations: 500 JAU. Two patients experienced anaphylactic shock with the doses of 1000 JAU at onset. These 6
AE, Adverse event; ADR, Adverse drug patients could continue the study with dose reduction.

reaction; AlT, Allergen immunotherapy;
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AR, Allergic rhinitis; BA, Bronchial asthma;
D. farinae, Dermatophagoides farinae;

D. pteronyssinus, Dermatophagoides
pteronyssinus; IgE, Immunoglobulin E;

IgG, Immunoglobulin G;

IgG4, Immunoglobulin G4;

IM, Intramuscular injection; IV, Intravenous
infusion; HDM, House dust mite;

JAU, Japanese allergy unit; JSA, Japanese
Society of Allergology; SCIT, Subcutaneous
immunotherapy; SD, Standard deviation;
QOL, Quality of life; WAO, World Allergy
Organization

doses of 500 or 1000 JAU.

Conclusions: Safety profile of TO-204 was acceptable in Japanese patients with HDM-induced AR or
allergic BA. Higher doses should be administered carefully, because the risk of anaphylaxis increased at

Copyright © 2017, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Allergic disease is one of the most common chronic diseases.
The basic treatment for this disease is to avoid the allergen expo-
sure, and pharmacotherapy including antihistamines and topical
corticosteroids are used if necessary. However, it is difficult to
completely avoid exposure to allergens in daily life. Furthermore,
the pharmacotherapy can alleviate various allergic symptoms, but
they often relapse if it is discontinued.

Allergen immunotherapy (AIT) is a treatment that modify Th2-
skewed immune responses in patients with allergic diseases
through the administration of “culprit” allergens, and this therapy
may overcome the problems mentioned above. The mechanisms of
AIT that have been reported are the following: production of
immunoglobulin G (IgG) antibodies that act as blocking antibodies
to allergens; inhibition of the production of immunoglobulin E (IgE)
antibodies; activation of T regulatory cells; or decreasing the
number and inhibiting the activation of Th2 cells.! > It is reported
that long-term AIT modifies the immunological conditions of pa-
tients and AIT is expected to be a curative treatment for allergic
bronchial asthma (BA) and allergic rhinitis (AR).!  In addition, AIT
inhibits the onset of allergic BA in patients with AR® and new
sensitization to other allergens.”® These effects may also lead to
the favorable benefits.

House dust mite (HDM) is a globally important allergen to cause
AR and allergic BA. While the use of standardized allergen extracts
is recommended in subcutaneous immunotherapy (SCIT) for pa-
tients with HDM-induced allergy,' unstandardized house dust ex-
tracts have been used in Japan. Although the house dust extract
preparations are effective in patients with HDM-induced al-
lergy,'®!" the potency of mite contained in the preparations is not
high enough compared to other standardized HDM extracts avail-
able in Western countries. Therefore, standardized HDM extracts
have been required in clinical practice in Japan.

TO-204 is a HDM extract preparation standardized for SCIT by
the United States Food and Drug Administration (FDA). The effi-
cacy and safety of HDM extract preparations for SCIT have been
reported in the previous studies conducted in Western
countries.>'>~1> However, these preparations have never been
used in Japan and their safety profiles remain uncertain. Because
SCIT continues over the long term, it is especially important to
evaluate the long-term safety of these preparations. Therefore,
we conducted a clinical trial of TO-204 in Japanese patients with
HDM-induced AR or allergic BA. The primary objective of this
study was to evaluate the long-term safety of TO-204. Especially,
we aimed to determine safety profile at maximal tolerable dose of
TO-204 since efficacy and adverse events of allergen immuno-
therapy are dose-dependent'®~'® and the maximal tolerable dose
for Japanese patients is not known. Efficacy was analyzed in ad-
hoc manner.

Methods
Study design and ethical considerations

This multicenter, open label clinical trial was conducted at 13
sites in Japan between July 2012 and May 2015. The study was
conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice, and the protocol was approved by the institutional
review board of each participating center. All patients or their
guardians gave written informed consent. This clinical trial is
registered at the Japan Pharmaceutical Information Center (Japic
CTI-121900).

Patients

According to the international recommendation,'® patients aged
5—65 years who had AR, allergic BA, or both were eligible for the
study if they met the following criteria: positive skin prick test re-
sults to HDM allergen; and serum specific HDM IgE levels >0.7 (kU/L,
Immuno CAP). For patients with AR, the severity was determined
according to the Practical Guideline for the Management of Allergic
Rhinitis in Japan 2009%° published by the Japanese Society of Aller-
gology (JSA), and patients with mild to very severe AR were included.
For patients aged 5—15 years who had allergic BA, the severity was
determined according to the Japanese Pediatric Guideline for the
Treatment and Management of Asthma 2012°! published by the
Japanese Society of Pediatric Allergy and Clinical Immunology, and
patients with intermittent, mild persistent, or moderate persistent
allergic BA were included. The severity of allergic BA in patients aged
16 years or older was determined according to the Asthma Preven-
tion and Management Guideline 2012°% published by the JSA, and
patients with mild intermittent, mild persistent, or moderate
persistent allergic BA were included. When patients had AR
complicated by allergic BA, patients aged 5—15 years who had
intermittent and mild persistent allergic BA and patients aged 16
years or older who had mild intermittent allergic BA were included
since allergen immunotherapy has potential to prevent asthma
progression”> and to improve long term outcome.>**

Patients were excluded from the study if they had the following:
uncontrolled asthma symptoms, asthma or rhinitis symptoms
induced by allergen other than HDM throughout a year; a history of
serious adverse reactions related to AIT; a history of anaphylactic
shock or angioedema; concurrent drug allergy or a history of drug
allergy; hepatic dysfunction; or renal impairment.

Treatment
TO-204 100,000 JAU/mL (ALK-Abello, Round Rock, TX, USA),

which is a mixture of allergen extracts from Dermatophagoides
farinae (D. farinae) and Dermatophagoides pteronyssinus (D.
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pteronyssinus) in equal amounts, was used as the study drug. TO-
204 contains major allergens Der f 1, Der f 2, Der p 1, and Der p 2
of HDM, and its potency is equivalent to 10,000 AU/mL determined
by the FDA. Because the JSA originally standardized HDM allergen
extract for AIT in Japan in 2014,% the potency of TO-204 is
expressed in Japanese allergy units (JAU) in this paper.

This study consisted of a run-in period, up-dosing phase, and
maintenance phase (Supplementary Fig. 1). In the run-in period,
the threshold concentration in each patient was determined ac-
cording to the intradermal reaction. TO-204 serially diluted by 10-
fold (i.e., 100,000-, 10,000-, 1000-, and 100-fold) were administered
intradermally in ascending order, and the lowest concentration
positive (diameter of erythema is larger than 20 mm or the diam-
eter of wheal is larger than 9 mm) to the intradermal test was
determined to be the threshold concentration (Supplementary
Table 1).

In the up-dosing phase, the initial dose was set as follows: 1/10
of the threshold concentration for patients with allergic BA, the
threshold concentration for patients with AR, and 1/10 of the
threshold concentration for patients with both AR and allergic BA.
The initial dose (volume of 0.2—0.5 mL) was administered subcu-
taneously to upper arm or forearm. In addition, the investigators
selected one of the following dose-titration schemes according to
protocols that they employ in regular clinical practice: adminis-
tering the study drug once or twice a week and increasing the dose
by 50% or 100% for several months (conventional schedule for
immunotherapy); rush protocol administering the drug several
times a day and increasing the dose in an interval of 3—14 days, or
cluster protocol administering the drug several times a day and
increasing the dose in 1 or 2 days weekly (rush schedule for
immunotherapy). The maximum tolerable dose in each patient was
determined by the investigators on the basis of patient's sensitivity
and local reactions against the preceding injection.

In the maintenance phase, the maximum tolerable dose was
subcutaneously administered approximately once a month. After
each injection, the patient's condition was monitored by the
investigator for at least 30 min. When adverse events (AEs)
occurred, the dose was reduced or interrupted. The treatment
period of TO-204 was 52 weeks. For patients who were willing to
continue the treatment, TO-204 was administered beyond 52
weeks. Changes in any medications (including those in dosage and
administration) other than SCIT for AR and allergic BA were not
allowed throughout the study.

Outcomes

The onset of AEs was regularly monitored during the study. For
patients with AR, each nasal symptom (runny nose, blocked nose,
sneezing, and itchy nose) was assessed on a 0—3 point scale from
no symptoms to severe symptoms based on the European Medi-
cines Agency guideline,”® and the total nasal symptom score was
calculated by adding up the scores for individual symptoms. For
patients with allergic BA, the asthma control test?’ (or the child-
hood asthma control test®® for patients aged 11 years or younger)
was performed. Furthermore, quality of life (QOL) was assessed. In
the assessment of QOL for patients with AR, Japanese Rhino-
conjunctivitis QOL questionnaire?® was used. For patients aged 16
years or older with allergic BA, the asthma health questionnaire-
Japan29 was used. For patients aged 15 years or younger with
allergic BA and their guardians, the QOL questionnaire for asth-
matic children and their parents or caregivers ver. SF 2008 (Gifu)>°
was used. For patients with both AR and allergic BA, the investi-
gator selected one of these as the primary disease and evaluated
the efficacy of TO-204 in the primary disease. These efficacy out-
comes were assessed at baseline and Week 12, 26, 38, and 52. If

patients continued the treatment, efficacy outcomes were also
assessed at Week 78 and once after Week 78. In addition, the
plasma concentrations of total IgE, specific IgE, and specific
immunoglobulin G4 (IgG4) for D. farinae and D. pteronyssinus were
measured as exploratory outcomes.

Statistical considerations

A sample size of 30 patients was determined on the basis of
feasibility. AEs that occurred after the initiation of treatment were
classified in accordance with the system organ class and preferred
term as defined in the Medical Dictionary for Regulatory Activities
Terminology/Japanese version 15.0, and the AEs possibly related to
the study drug were categorized as adverse drug reactions (ADRs).
The results of the efficacy outcomes were descriptively evaluated,
and their values before treatment and at Week 12, 26, 38, 52, 78 and
last observation visit were compared using the Wilcoxon signed-
rank test as an exploratory analysis (Supplementary Table 2, 3).
Additionally, the Dunnett test was performed as a post hoc analysis.
All reported P values are two-sided with the significance level of 5%.
All data were analyzed using SAS version 9.3 (SAS Institute, Cary,
NC, USA).

Results
Trial profile

A flowchart of the study patients is shown in Figure 1. A total of
44 patients received the study drug and all patients were included
in the analysis. Of these, 41 patients completed the 52-week
treatment and 39 were willing to continue the treatment more
than 52 weeks. In 34 patients, the last efficacy outcomes were
obtained between Week 95 and 120, and 33 patients completed the
extended treatment. Three patients discontinued the study before
Week 52, including 1 who discontinued the study in the up-dosing
phase. This patient was hospitalized because of AEs (intervertebral
disc protrusion and osteoarthritis), which the investigator consid-
ered to be unrelated to the study drug. Five patients discontinued
the study after Week 52. Of these, 1 patient discontinued the study
because the investigator considered allergic BA was poorly
controlled, which was possibly related to the study drug. Other
reasons for discontinuation included consent withdraws and
others. The duration of treatment ranged from 23 to 142 weeks.

The demographic and baseline characteristics of 44 patients
who received the study drug are shown in Table 1. Patient's ages
ranged from 5 to 53 years, including 18 patients (41%) aged 11 years
or younger. The primary diseases were AR in 28 patients and
allergic BA in 16 patients (note: 16 patients had both diseases). In
the up-dosing phase, the conventional schedule was applied for 21
patients and the rush schedule was applied for 23 patients. Among
the patients for whom the conventional schedule was applied, 6
patients (29%) were aged 11 years or younger and 15 patients (71%)
were aged 12 years or older, including 2 patients aged 50 years or
older (Supplementary Table 4). Among patients for whom the rush
schedule was applied, 12 patients (52%) were aged 11 years or
younger and 11 patients (48%) were aged 12 years or older; the
patients aged 11 years or younger accounted for approximately half
of these patients. The rush schedule was not used in any patients
aged 30 years or older.

The number of patients by maintenance doses is shown in
Table 2. The maintenance dose ranged from 0.2 to 2000 JAU. The
median dose was 500 JAU in patients aged 11 years or younger,
200 JAU in patients aged 12 years or older, and 200 JAU in all pa-
tients. No maintenance dose accounted for a particularly large
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Assessed for eligibility (n=49)

Excluded (n=5)

- Not meeting inclusion criteria (n=4)
- Declined to participate (n=1)

Discontinued treatment (n=3)

- Adverse event (n=1)
- Withdrawn consent (n=1)
- Other (n=1)

Discontinued treatment (n=5)

- Adverse event (n=1)
- Withdrawn consent (n=1)
- Other (n=3)

Treatment Enrolled (n=44)
v
v Completed (n=41) §
Week 52
Continued (n=39)
v
v Completed (n=34) §
Week 78

Continued (n=33)

A4

Last observation

Completed (n=33)

Analysed (n=44): full analysis set

Fig. 1. Flowchart of the study patients. { One Patient discontinued the study in the up-dosing phase. { Two patients were not willing to continue the treatment and completed at
week 52. § One patient was not willing to continue the treatment and completed at week 104.

proportion. In addition, no correlations were found between the
maintenance dose and the initial dose, age, or up-dosing method.

Safety

A total of 594 AEs occurred in 42 patients (95%) during the study
period (Table 3). Serious AEs occurred in 7 patients (16%). Of these,
4 patients had AEs that were possibly related to the study drug.
These AEs comprised urticaria, anaphylactic reaction, anaphylactic
shock, and asthma. Serious AEs leading to treatment discontinua-
tion were intervertebral disc protrusion and osteoarthritis that
occurred in 1 patient.

The most common AE was nasopharyngitis, which occurred in
32 patients (73%). Other common AEs were influenza in 18 patients
(41%) and headache in 16 patients (36%). The following number of
patients had AEs in each treatment interval: 40 patients (91%)
before Week 26, 31 (72%) between Week 27 and 52, 34 (87%) be-
tween Week 53 and 78, and 30 (88%) after 78 week. Most of the AEs
occurred before Week 26. No AEs increased its incidence depending
on the treatment duration.

A total of 151 ADRs occurred in 22 patients (50%). The incidence
of ADRs per injection was 7.6% (151 events out of 1988 injections)

and most ADRs (143 events) were mild. The incidence was 50% in
both patient groups aged 5—11 years and >12 years. The number of
patients with ADRs by treatment phase was 21 patients (48%)
during the up-dosing phase and 11 (26%) during the maintenance
phase with more patients experiencing ADRs during the up-dosing
phase (Supplementary Table 5). The most common ADRs were
those related to the injection site (97 events) (Supplementary
Table 6). Local reactions occurred in 14 patients (32%) and sys-
temic reactions occurred in 17 patients (39%). The systemic re-
actions occurred most frequently in the skin (8 patients) and
respiratory organs (8 patients). The number of patients with sys-
temic reaction at the median maintenance dose was 8 patients at
<200 JAU, and 13 patients at >200 JAU. The number of patients
with ADRs by treatment duration was the following: 21 patients
(48%) before Week 26; 5 (12%) between Week 27 and 52; 7 (18%)
between Week 53 and 78; and 3 (9%) after Week 78.

The numbers of ADRs by treatment duration and dose are
shown in Table 4. For both local and systemic reactions, ADRs
occurred frequently at doses of less than 100 JAU before Week 26. A
total of 5 systemic reactions occurred in 4 patients after Week 26
and no systemic reactions occurred after Week 78. Of these, 3
events were either anaphylactic reaction or anaphylactic shock,

https://doi.org/10.1016/j.alit.2017.11.004
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Table 1
Demographic and baseline characteristics of the study patients.

HDM AR HDM BA Total
(n=28) (n=16) (n = 44)

Sex, n (%)

Male 17 (61) 8 (50) 25 (57)

Female 11 (39) 8 (50) 19 (43)
Age (years), n (%)

5<to<12 12 (43) 6 (38) 18 (41)

12<to< 16 4(14) 2(13) 6 (14)

16 < 12 (43) 8 (50) 20 (45)
Age (years), Descriptive statistics

Mean + SD 20.0 + 147 228 +154 210+ 148

Median (minimum—maximum) 13.5(5-53) 17.5(7-53) 13.5(5-53)
Complicating disease, n (%)

HDM BA 4(14) - -

HDM AR — 12 (75) —
Severity of allergic rhinitis, n (%)

Mild 6(21) - -

Moderate 3(11) - -

Severe 13 (46) — —

Very severe 6(21) — —
Severity of bronchial asthma (16 years <), n (%) n=38

Mild intermittent — 3(38) —

Mild persistent — 1(13) —

Moderate persistent - 4 (50) —
Severity of bronchial asthma n=238

(5 < to < 16 years), n (%)

Intermittent — 5(63) —

Mild persistent — 3(38) —

Moderate persistent — 0(0) —
Schedule for immunotherapy, n (%)

Conventional 13 (46) 8 (50) 21 (48)

Rush 15 (54) 8 (50) 23 (52)

HDM AR, house dust mite induced allergic rhinitis; HDM BA, house dust mite
induced allergic bronchial asthma; SD, standard deviation.

Table 2
Number of the patients by maintenance dose of TO-204.
Maintenance dose Age Total (n = 44)
5—11 years 12 years <
(n=18) (n = 26)
n (%) n (%) n (%)
<100 2(11) 7 (27) 9(20)
100 < to < 200 JAU 2(11) 5(19) 7 (16)
200 < to < 300 JAU 3(17) 4 (15) 7 (16)
300 < to < 500 JAU 0(0) 1(4) 1(2)
500 < to < 1000 JAU 4(22) 5(19) 9(20)
1000 JAU < 7 (39) 4(15) 11 (25)
Median 500 (2—2000) 200 (0.2—1000) 200 (0.2—2000)

(minimum—maximum)

 Including the final dose of 2 patients who discontinued the study in the up-
dosing phase.

which occurred at doses of 500 JAU or higher. The frequencies of
local reactions after Week 26 were less. The incidence of ADRs did
not associate with the treatment duration or dose level.

ADRs which occurred within 30 min after injection accounted
for 58.3% (88/151 events) of the total ADRs, 72% (70/97 events) of
the local reactions, and 33% (18/54 events) of the systemic reactions
(Supplementary Table 7). ADRs which occurred at 2 h or more after
injection were mainly systemic reactions, and the most common
reactions by system organ class was skin disorders (6 events), fol-
lowed by gastrointestinal disorders (4 events).

Anaphylactic reaction possibly related to the study drug
occurred in 4 patients (9%) and anaphylactic shock occurred in 2
patients (5%). The incidences of anaphylactic reaction, anaphylactic
shock, and anaphylaxis as a percentage of the total number of

injections were 0.2% (4 events out of 1988 injections), 0.1% (2
events), and 0.3% (6 events), respectively. No near fatal
anaphylaxis-related event occurred. Anaphylactic reaction and
anaphylactic shock are listed in Table 5. The doses at onset were
500 JAU in 4 patients with anaphylactic reaction and 1000 JAU in 2
patients with anaphylactic shock. These events occurred in 3 pa-
tients within 15 min after injection, in 1 patient between >30 and
60 min, and in 2 patients between >60 and 120 min. The most
immediate onset was observed at 3 min after injection.

The symptoms and signs of anaphylactic reaction and anaphy-
lactic shock were classified by organ system based on the guide-
lines®! of the World Allergy Organization (WAO). As a result, skin,
subcutaneous tissue, and mucosa occurred in 6 patients, respira-
tory in 5 patients, gastrointestinal in 4 patients, cardiovascular
system in 1 patient, central nervous system in 2 patients. Initial
treatments for anaphylaxis were promptly administered in accor-
dance with the guidelines, and medications included epinephrine
(adrenaline) intramuscular injections, intravenous or oral H1-
antihistamines, glucocorticoids, and beta-2 adrenalic agonists
given by nebulizer. All patients recovered within 1 day after the
treatment, and no patients experienced a recurrence of anaphylaxis
after injection. Study treatment was continued at a reduced dose
that was subsequently increased again, and no patients dis-
continued the study because of anaphylaxis.

Efficacy

In patients with AR, the total nasal symptom score decreased by
Week 26, and the score was maintained thereafter. The mean score
at the last observation was lower by approximately 2.0 points than
the baseline value (P = 0.016) (Fig. 2A). The QOL scores at the last
observation decreased from the baseline in all domains of daily life,
outdoor activities, social life, sleep, the body, and spiritual life
(Supplementary Table 3, 8). Nasal symptoms were also relieved
(Supplementary Table 2).

In patients with allergic BA, the scores for the asthma control
tests were maintained in 20 points or higher (well-controlled)
throughout the treatment period in most patients aged > 12 years
and 5—11 years (Fig. 2B, C). The QOL scores remained unchanged
during the treatment period in all domains (data not shown): in
patients aged >12 years, the domains included asthmatic symp-
toms, emotion, daily activity, factors which worsened symptoms,
social activity, and economic; and in patients aged 5—11 years old,
the domains included mental burden, cause of attacks, instability of
asthmatic symptoms, acceptance of asthma, and exercise tolerance.
In the pulmonary function test, the mean value for percentage
predicted forced expiratory volume in 1 s unchanged after the
treatment (Supplementary Table 9).

The plasma concentrations of specific IgE and IgG4 during the
study are shown in Figure 3A, B, respectively. No significant
changes were found in the IgE levels, whereas the IgG4 levels kept
increasing from baseline throughout the treatment period with the
highest level obtained at the last observation (P < 0.001).

Discussion

In this study, most patients completed the 52-week study
treatment, and TO-204 showed acceptable safety. The median
maintenance dose was 200 JAU, which was similar to the typical
maintenance dose seen with the conventional schedule for
immunotherapy (administration protocol with dose increase by
100%) described in the guidance published by the JSA.>? In our
study, each investigator aimed to achieve the highest dose but, to
our surprise, resulting maintenance dose was far lower than the
dose recommended in US at 500—2000 AU,* or 5000—20,000 JAU.?
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Table 3
Summary of safety.

Total (n = 44) Week 1-26 (n = 44) Week 27—52 (n = 43) Week 53—78 (n = 39) Week 79 < (n = 34)
AEs  Patients (%)  AEs Patients (%) AEs Patients (%) AEs Patients (%) AEs Patients (%)
AE 594 42 (95) 261 40 (91) 79 31(72) 118 34 (87) 136 30 (88)
Serious AE 9 7 (16) 2 2 (5) 3 3(7) 3 2(5) 1 1(3)
ADR 151 22(50) 104 21 (48) 14 5(12) 20 7 (18) 13 3(9)
Serious ADR 5 4(9) 1 1(2) 1 1(2) 3 2 (5) 0 0(0)
Significant AEs
Anaphylactic reaction 4 4(9) 3 3(7) 1 1(2) 0 0(0) 0 0(0)
Anaphylactic shock 2 2(5) 0 0(0) 0 0 (0) 2 2(5) 0 0(0)
AEs leading to discontinuation 2 1(2) 1 1(2) 1 1(2) 0 0(0) 0 0(0)

AE, adverse event; ADR, adverse drug reaction; AEs, Number of adverse events; Patients, Number of patients with adverse events or adverse drug reactions; %, Percentage of

patients with adverse events or adverse drug reactions.

Table 4
Number of adverse drug reactions by treatment duration and dose at onset.

Number of patients Week 1-26 (n = 44) Week 27—-52 (n = 43) Week 53—78 (n = 39) Week 79 < (n = 34) Total (n = 44)
Number of injections 1061 313 248 366 1988
ADRs Patients ADRs Patients ADRs Patients ADRs Patients ADRs  Patients
Total 104 21 14 5 20 7 13 3 151 22
Local reaction Total 55 13 13 4 16 5 13 3 97 14
<100 JAU 26 11 4 3 0 0 1 1 31 11
100 < to < 500 JAU 10 4 1 1 10 3 2 2 23 8
500 < to < 1000 JAU 6 3 6 1 5 1 10 1 27 3
1000 < 13 3 2 1 1 1 0 0 16 5
Systemic reaction  Total 49 15 1 1 4 3 0 0 54 17
<100 JAU 25 6 0 0 0 0 0 0 25 6
100 < to < 500 JAU 2 1 0 0 2 2 0 0 4 3
500 < to < 1000 JAU 6 41 1 1 0 0 0 0 7 5
1000 < 16 5 0 0 2 28 0 0 18 7
ADR, adverse drug reaction; ADRs, Number of adverse drug reactions; Patients, Number of patients with adverse drug reactions.
¥ Anaphylactic reaction (n = 3).
¥ Anaphylactic reaction (n = 1).
% Anaphylactic shock (n = 2).
Table 5
Summary of anaphylactic reaction and anaphylactic shock.
Age'/Sex  Adverse drug Method of Onset Medication Outcome
reaction up-dosing Day (Phase) Dose at onset Time from
last injection
13/Male Anaphylactic Rush 16 (up-dosing) 500 JAU (10,000 JAU/mL, 0.05 mL) 75 min Epinephrine (Nebulizer), Glucocorticoid Recovered
reaction (Nebulizer, Oral), Others
14/Male  Anaphylactic Rush 16 (up-dosing) 500 JAU (10,000 JAU/mL, 0.05 mL) 75 min Epinephrine (Nebulizer), Glucocorticoid Recovered
reaction (Nebulizer, IV, Oral), H1-antihistamine
(Oral), Others
25/Male Anaphylactic  Cluster 61 (up-dosing) 500 JAU (10,000 JAU/mL, 0.05 mL) 60 min Epinephrine (IM), Glucocorticoid (IV), = Recovered
reaction Beta-2 adrenergic agonist (Nebulizer)
Others
28/Female Anaphylactic Rush 241 (maintenance) 500 JAU (10,000 JAU/mL, 0.05 mL) 14 min Epinephrine (IM, IV), Glucocorticoid Recovered
reaction (IV), H1-antihistamine (IV), Others
46/Male Anaphylactic  50% 440 (maintenance) 1000 JAU (10,000 JAU/mL, 0.1 mL) 4 min Epinephrine (IM), Glucocorticoid (IV, Recovered
shock Conventional Oral), H1-antihistamine (Oral), Beta-2
adrenergic agonist (Nebulizer)
31/Female Anaphylactic 50% 400 (up-dosing) 1000 JAU (10,000 JAU/mL, 0.1 mL) 3 min Epinephrine (IM), Glucocorticoid (IV, Recovered
shock Conventional Oral), H1-antihistamine (Oral)

Others include Agents affecting digestive organs (Oral, IV), neophyllin (IV), leukotriene receptor antagonist (Oral), hydroxyzine hydrochloride (IV), analgesics, anti-itchings,

astringents and anti-inflammatory agents (ointment, lotion).
IM, intramuscular injection; IV, intravenous infusion.
T Patient's age (years) when she/he gave written informed consent.

It should be emphasized that tolerable allergen dose in subcu-
taneous immunotherapy may be different among various nations
and that this is the first study to identify the safe dose for Japanese
patients.

At the dose of TO-204 in this study, ADRs occurred in similar
proportion of patients irrespective of their ages with 50% of both

patients aged <11 years and >12 years having ADRs. Frequently
reported ADRs were injection site-related events, events affecting
the skin and respiratory organs, and anaphylaxis (anaphylactic re-
action and anaphylactic shock). WAO has recommended a classifi-
cation and grading system for SCIT-induced systemic reactions.>> In
this system, a systemic reaction is defined as an adverse reaction
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Fig. 2. Total nasal symptom score and Asthma control test. (A) Total nasal symptom score (Sum of watery discharge, blocked nose, sneezing, and itchy nose scores) in patients with
HDM AR over the study. Data points (closed circles) are mean and vertical bars are standard deviation in total nasal symptom score. P values mean the results of Dunnett test (vs
baseline). (B) Asthma control test score in patients with HDM BA (>12 years) over the study. Data points (closed circles) are mean and vertical bars are standard deviation in asthma
control test score. All points have no statistical difference (Dunnett test vs baseline). (C) Childhood asthma control test score in patients with HDM BA (5—11 years) over the study.
Data points (closed circles) are mean and vertical bars are standard deviation in childhood asthma control test score. All points have no statistical difference (Dunnett test vs
baseline). HDM AR, house dust mite induced allergic rhinitis; HDM BA, house dust mite induced allergic bronchial asthma.

that occurs in an organ system distant from the injection site. The
organ systems are classified into the skin, subcutaneous tissue and
mucosa, respiratory, gastrointestinal, cardiovascular system, cen-
tral nervous system, and others. In accordance with this system, we
classified ADRs occurring at the injection sites as local reactions and
the other ADRs as systemic reactions. As a result, we found that
both local and systemic reactions occurred frequently during the
up-dosing phase in the early stage of treatment and the incidence
subsequently decreased irrespective of the dose levels. This result
was consistent with the previous results.>>3°

Both local and systemic reactions occurred frequently within
30 min after injection with TO-204. ADRs occurring after more than
30 min were mainly systemic reactions. Several studies have re-
ported that SCIT-induced ADRs mostly occur within 30 min after
injection,>*3> and our results are consistent with these reports.
Furthermore, the AEs occurring within 30 min have been reported
to be generally more severe, and those occurring within a few
minutes may be a sign of severe anaphylaxis.**3>3® In contrast,
other studies have reported that delayed systemic reactions and
anaphylaxis occurred beyond 30 min after injection,® 3% and 3

https://doi.org/10.1016/j.alit.2017.11.004
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Fig. 3. Plasma concentrations of house dust mite specific IgE and IgG4 during the study. (A) HDM-Specific IgE concentrations against D. farinae and D. pteronyssinus. Data were log-
transformed. Data points (opened squares and closed squares) are mean and vertical bars are standard deviation HDM-Specific IgE. All points have no statistical difference (Dunnett
test vs baseline). (B) HDM-Specific IgG4 concentrations against D. farinae and D. pteronyssinus. Data were log-transformed. Data points (opened squares and closed squares) are
mean and vertical bars are standard deviation in HDM-Specific IgG4. P values mean the results of Dunnett test (vs baseline). HDM, house dust mite; IgE, Immunoglobulin E; IgG4,

Immunoglobulin G4.

patients had anaphylaxis after more than 30 min in our study.
Considering these, while we have to observe any signs of anaphy-
laxis in the first 30 min after injection, careful monitoring should be
continued thereafter. Action plan for patients to manage late
anaphylaxis should be implemented.*>?

Anaphylaxis occurred in 6 patients and the incidence per in-
jection was 0.3% (6 events out of 1988 injections). WAO summa-
rized clinical studies for SCIT and reported that the incidence of
systemic reactions per injection in conventional schedules was
approximately 0.2% (range: 0.026%—0.37% in the USA, and 0.01%—
0.3% in Europe).>> Our results were comparable with this report,
although the grading system we employed was different. Of these 6
patients, the dose of 4 patients who had anaphylactic reaction was
500 JAU and the dose of 2 patients with anaphylactic shock was
1000 JAU. Although the safety review for SCIT has concluded that it
is difficult to compare the results between the different studies,*’
we consider that TO-204 can be administered safely at doses of
less than 500 JAU by comparing the incidence of anaphylaxis in our
study with the reports on other serious AEs. However, anaphylaxis
occurred in 3 patients before Week 26, in 1 patient between Week
26 and 52, and in 2 patients after Week 52, which indicates no
relationship between the incidence of anaphylaxis and the treat-
ment duration. Therefore, it is necessary to pay attention to the
onset of anaphylaxis while treating patients with TO-204.

This study was conducted at the selected institutions where
expert physicians with enough knowledge about SCIT-induced
ADRs could treat patients immediately after the onset of anaphy-
laxis. Furthermore, the investigators carefully observed the condi-
tion of patients before injection and monitored their clinical
courses for at least 30 min after injection. In case anaphylaxis oc-
curs after the monitoring period of 30 min, an action plan*>° for
unexpected anaphylaxis for the patients had been implemented
and 3 patients who developed late anaphylaxis were able to seek
appropriate treatment. Because the patients who experienced
anaphylaxis recovered after the treatment recommended by WAO,
they were not withdrawn from the study. Therefore, we consider

that SCIT with TO-204 is a safe and sustainable therapy for a long
term if patients are treated by the physicians who can manage for
anaphylaxis. It is important to treat patients with allergic diseases
at the early disease stage, and the current guidelines for AIT"#!~%3
including that published by the JSA*? recommend SCIT for chil-
dren aged 5 years or older. Because this study included patients
aged 5 years or older, we consider that TO-204 can be administered
to children in this age group as long as they are monitored by the
qualified physicians.

In the efficacy analysis, the total nasal symptom score decreased
and the individual symptoms were well controlled in patients with
AR. In patients with allergic BA, the scores of the asthma control
test and the childhood asthma control test were maintained and
the symptoms of most patients were well controlled throughout
the treatment period. A systematic review of the efficacy of HDM
SCIT and a meta-analysis of randomized controlled trials has shown
the improvements in symptom scores for AR and allergic BA,
medication scores, and QOL.'>#4%> Although this was a single-arm
study without control group, the change in AR symptoms was
similar to those reported in previous studies and BA symptoms
were well controlled.

It has been reported that while the efficacy of SCIT increases in a
dose-dependent manner, the risk of anaphylaxis also increases ac-
cording to the dose.*>~#” Therefore, when using TO-204, we should
consider its benefits and risks to each patient, and individually
determine the dose level according to the indicated potency. Even
these days, when sublingual immunotherapy drugs have been
launched for the treatment of allergic disease,*®*° standardized
allergen extracts for SCIT play an important role in the treatment of
AR and allergic BA. The potency of TO-204 is approximately 100-
fold stronger than that of the unstandardized “house dust extract
preparation (its potency is equivalent to 1000 JAU/mL)” that has
been used in Japan. Therefore, when the house dust extract prep-
aration is to be replaced by TO-204, the dose of TO-204 should be
determined on the basis of this potency rate and should be adjusted
according to the presence/absence of allergic reaction.

https://doi.org/10.1016/j.alit.2017.11.004
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Our study has some limitations. First, because the study subjects
included children, we could not administer placebo to these pa-
tients over a long period. As a result, we adopted a single-arm, open
label design, which led to the limitation in efficacy evaluation.
Second, although AIT is recommended to continue for 3—5 years,"
the treatment period was approximately 3 years at the longest.
However, there was no relationship between the treatment dura-
tion and the incidence of ADRs in the 3-year follow-up. Third,
because there is no established up-dosing protocol for SCIT, the
dose of TO-204 was determined by the investigators without uni-
fied up-dosing criteria.

Despite these limitations, we consider that the safety profile of
TO-204 was well confirmed because the study was conducted for
approximately 3 years in practical clinical setting. Unlike pharma-
cotherapy, AIT is expected to have disease-modifying effects on
allergic diseases, and to change the natural course of allergic dis-
eases. Furthermore, the clinical effect may be maintained for
several years after the treatment discontinuation."*"** Further
studies are necessary to clarify the risks and benefits of TO-204 over
a longer period. It is also needed to explore the patient groups in
whom the efficacy of TO-204 is maximized and to establish the risk
management program in different age groups.

In conclusion, safety profile of TO-204 was acceptable in Japa-
nese patients aged 5 years or older who had HDM-induced AR or
allergic BA at the main dose of 200 JAU for a long period, which was
lower than recommended dose in the US. However, higher dose
should be administered carefully because the risk of anaphylaxis
increased at doses of 500 or 1000 JAU.
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Supplementary Tables

Supplementary Table 1

Summary of intradermal test and treatments administered.

Intradermal testf

Prior to the initiation of treatment, an intradermal test was performed with TO-204 to select the
initial dose. The study drug was diluted immediately before use with 10-fold serial dilution and
the intradermal test was performed in the order of low to higher concentrations. The dose volume
was 0.02 mL and administered intradermally. The test results were determined as being positive
(erythema [red flare], diameter > 20 mm or wheal diameter > 9 mm) or not between 15 and 30
minutes after administration, and the minimum concentration inducing a positive response was set
as the threshold concentration.

Up-dosing phasei

[Dose]
The initial dose was subcutaneously administered at between 0.02 and 0.05 mL. In the case of
the conventional schedule for immunotherapy, the next and subsequent doses were increased
by 50% or 100%. When the dose volume reached 0.5 mL, the concentration of next dose was
10-fold higher as a rough indication. The dose was increased up to the maximum tolerable dose
while paying careful attention to safety.
In either of the administration protocols, taking the degree of sensitization and any local
reaction at the previous injection into consideration, the maximum tolerable dose was
determined by the investigator.

[Number of doses]
In the conventional schedule for immunotherapy, the drug was administered twice a week to
once every 2 weeks as a rough indication. In the rush protocol or cluster protocol, the drug was
administered once to 5 times a day as a rough indication.

Maintenance phasef

[Dose]
The dose volume was between 0.1 and 0.5 mL as a rough indication. The dose during the
maintenance phase (maintenance dose) was the maximum tolerable dose.

[Number of doses]
The drug was administered once a month as a rough indication.

Cautions at the time of
treatment

« If the patient was suffering from a fever or the common cold on the date of treatment, treatment
was postponed.

* During the up-dosing phase and maintenance phase, the investigator or sub-investigator kept the
patient under observation for at least 30 minutes after injection.

* During the up-dosing phase and maintenance phase, when the drug could not be routinely
administered because of the onset of AEs, the condition of the patient, possible allergic
reactions that occurred in connection with previous injections or a prolonged the time interval
from the last injection, dose reduction or treatment interruption was considered.

* When the lot of study drug was changed, the dose was reduced to between 50% and 75% of the
previous dose and then increased again.

+T0O-204 was diluted with a diluent (“Control solution TORII for diagnostic allergen intradermal extract", Torii Pharmaceutical Co.,
Ltd., Tokyo, Japan) for the intradermal test.
1 TO-204 was diluted with a diluent ("Diluent TORII for immunotherapeutic allergen extract ', Torii Pharmaceutical Co., Ltd.,

Tokyo, Japan) for SCIT.



Supplementary Table 2

Nasal findings in HDM AR during the course of the study.

Baseline Week 12 Week 26 Week 38 Week 52 Week 78 Week 95-120
(n=28) (n=28) (n=27) (n=26) (n =26) (n=22) (n=22)
Patients (%) Patients (%) Patients (%) Patients (%) Patients (%) Patients (%) Patients (%)
Swelling of the inferior — 1 (4) 3 (12) 0 (0) 3 (12) 4 (15) 5 (23) 4 (18)
nasal concha mucosa 1+ v @ 13 (46) 17 (63) 16 (62) 6 (62) 10 (@45) 13 (59)
2+ 15 (54) 9 32) 9 (33) 6 (23) 6 23) (32) 5 23)
3+ 3 1) 3 (11) (4) 1 () 0 (0) (0) 0 (0)
P value 0.186 0.112 0.009 0.002 0.021 0.004
Color of the inferior — 1 (4) 3 (11) 2 (7 5 (19) 3 (12) 4 (18) 5 (23)
nasal concha mucosa 1+ 13 (46) 10 (36) 12 4 15 (58) 18 (69) 12 () 12 (55)
24 (18) 8 (29) (33) 4 (15) 3 12) (18) 3 (14)
3+ 32) 7 (25) (15) 2 (8) 2 (8) (9) 2 (9)
P value 0.575 0.225 0.003 0.006 0.007 0.004
Amount of watery — 3 (1) 7 (25) 11 (41) 9 (35) 10 (38) 10 (45) 8 (36)
discharge 1+ 14 (50) 9 (32) 12 (44) 14 (54) 13 (50) 10 (45) 12 (55)
2+ 10 (36) 10 36) 4 (15) 3 (12) 3 12) 2 (9) 2 (9)
3+ 1 (4) 2 (7 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
P value 0.593 0.002 0.001 <0.001 0.003 0.004
Property of nasal — 4 (14) 9 (32) 12 (44) 11 (42) 10 (38) 14 (64) 13 (59)
discharge 1+ 1 (4 1 (4 (7 2 (8 3 (12 0 0 1 (5
24 7 (25) 9 32) (15) 5 (19) 6 (23) 5 (23) 1 (5)
3+ 16 G7) 9 32) (33) 8 31) 7 @7 3 (14) 7 32)
P value 0.059 0.014 0.004 <0.001 <0.001 <0.001

Abbreviation: HDM AR = house dust mite induced allergic rhinitis
Patients = Number of patients, % = Percentage of patients. P values mean the results of Wilcoxon signed-rank test.
Swelling of the inferior nasal concha mucosa: —; None, 1+ ; Center of middle concha is visible, 2+; Between 3+ and 1+, 3+; Middle concha is invisible
Color of the inferior nasal concha mucosa: —; None, 1+; Pink, 2+ ; Redness, 3+; Pallor

Amount of watery discharge: —; None, 1+; Just attached on surface, 2+ ; Between 3+ and 1+,

Property of nasal discharge: —; None, 1+; Purulent, 2+; Viscous, 3+; Watery

3+; Full



Supplementary Table 3

JRQLQ general state in HDM AR during the course of the study.

Baseline Week 26 Week 52 Week 78 Week 95-120
(n = 28) (n=27) (n = 26) (n=22) (n=22)
Patients (%) Patients (%) Patients (%) Patients (%) Patients (%)
Evaluation index  0: Fine 3 (11) 6 (22) 6 (23) 9 (41) 6 27)
1 4 (14) 13 (48) 10 (38) 9 (41) 13 (59)
2 14 (50) 5 (19) 8 (31) 2 (9) 3 (14)
3 6 (21) (11) 1 (4) 2 (9) 0 (0)
4: Crying 1 (4) 0 (0) 1 (4) 0 (0) 0 (0)
P value - <0.001 0.020 <0.001 <0.001

Abbreviations: HDM AR = house dust mite induced allergic rhinitis, JRQLQ =

Japanese Rhinoconjunctivitis Quality of Life Questionnaire
Patients = Number of patients, % = Percentage of patients. P values mean the results of Wilcoxon signed-rank test.



Supplementary Table 4A
Individual threshold concentration, initial dose and maintenance dose data in HDM AR.

Pri Threshold " Up-dosing phase Maintenance phase Whole treatment
rimary . - Initial dose - - .
diseaset Schedule for immunotherapy Age concentration (AU) Duration Number of Maintenance dose duration
(JAU/mL) (Weeks) injection (JAU) (Weeks)
HDM AR  Conventional schedule for immunotherapy
Administration protocol with 9 1 0.002 30 27 2 133
increase by 50% 10 1 0.002 34 32 2 136
32 0.1 0.0002 23 19 0.2% 23
47 0.001 0.000005 64 59 100 120
Administration protocol with 5 —8 0.05 19 17 200 125
increase by 100 to 200% 8 0.000001 0.00000005 24 20 200 130
11 1 0.05 21 17 200 139
22 10 05 15 11 1000 130
40 1 0.05 19 17 200 139
41 1 0.05 20 14 100 124
44 1 0.05 9 8 10 52
44 10 0.5 10 5 10 34
53 0.1 0.005 18 17 300 129
Rush schedule for immunotherapy
Rush protocol 6 0.000001 0.0000001 8 27 1000 75
6 0.1 0.001 5 17 500 142
9 0.000001 0.00000001 8 28 1000 75
10 0.01 0.00005 36 29 500 125
11 1 0.05 23 20 2000 120
11 0.1 0.0005 4 30 100 124
13 0.0001 0.0000001 2 24 1000 77
13 1 0.05 6 15 200 120
14 1 0.05 7 15 200 118
14 0.1 0.0005 4 31 40 121
17 0.001 0.00002 7 22 700 127
17 0.001 0.000005 28 33 500 124
22 0.001 0.00005 13 21 200 125
Cluster protocol 6 0.01 0.001 25 22 1000 132
25 0.001 0.000005 27 36 500 124

Abbreviation: HDM AR = house dust mite induced allergic rhinitis

+ For patients with both AR and allergic BA, the investigator selected one of these as the primary disease.

1 Maintenance dose data of patients who discontinued during the up-dosing phase complemented the final dose.
§ No available.



Supplementary Table 4B
Individual threshold concentration, initial dose and maintenance dose data in HDM BA.

Pri Threshold -, Up-dosing phase Maintenance phase Whole treatment
nimary Schedule for immunothera Age concentration Initial dose i i duration
diseaset py g (JAU) Duration Nurnbe:'r of Maintenance dose
(JAU/mL) (Weeks) injection (JAU) (Weeks)
HDM BA Conventional schedule for immunotherapy
Administration protocol with
incroase by 50%5’ 31 0.1 0.0005 69 67 150% 69
46 0.01 0.00005 49 45 100 78
Administration protocol with
increase by 100F;o 200% 9 ! 0.005 o 14 100 120
22 1 0.001 28 26 1000 135
29 0.00001 0.00000005 81 64 100 104
32 10 0.05 12 7 10 52
45 10 0.05 5 4 0.2 33
53 0.001 0.00001 23 29 500 127
Rush schedule for immunotherapy
Rush protocol 7 100 1 5 14 2000 122
7 0.0001 0.000002 7 21 500 121
10 0.00001 0.0000002 6 24 1000 138
10 0.1 0.001 7 17 500 141
13 0.01 0.0001 7 20 500 141
28 0.01 0.00005 17 31 50 125
Cluster protocol 10 0.01 0.0001 25 24 1000 132
12 0.01 0.0001 25 24 1000 132

Abbreviation: HDM BA = house dust mite induced allergic bronchial asthma
+ For patients with both AR and allergic BA, the investigator selected one of these as the primary disease.
1 Maintenance dose data of patients who discontinued during the up-dosing phase complemented the final dose.



Supplementary Table 5
Rates of adverse drug reaction in different subgroups divided according to age, treatment period, and up-dosing method.

Rates of adverse drug reactions

ADRs Patients (%)

Total (n=44) 151 22 (50)
Age 5-11 years (n=18) 37 9 (50)
12 years < (n=26) 114 13 (50)

Treatment period Up-dosing phase (n=44) 105 21 (48)
Maintenance phase (n=42) 46 11 (26)

Schedule for immunotherapy Conventional (n=21) 42 9 43)
Rush (n=23) 109 13 (57)

Abbreviation: ADR = adverse drug reaction
ADRs = Number of adverse drug reactions, Patients = Number of patients with adverse drug reactions, % = Percentage of patients with adverse drug reactions



Supplementary Table 6
Incidence of adverse drug reactions.

Rates of adverse drug reactions

System organ class Preferred term ":%g (%)t pﬁgér?tfs (%)%
Total 151 (7.6) 22 (50)
Local reaction Total 97 4.9 14 (32)
Injection site erythema 14 0.7) 5 (11)
Injection site induration 28 1.4) 2 (5)
Injection site pain 11 (0.6) 7 (16)
Injection site pruritus 10 (0.5) 6 (14)
Injection site reaction 6 (0.3) 5 (12)
Injection site warmth 5 (0.3) 3 (7
Injection site swelling 22 (1.1) 7 (16)
Injection site discomfort 1 (0.1) 1 (2)
Systemic reaction Total 54 2.7) 17 (39)
Blood and lymphatic system disorders Total 2 (0.1) 1 (2)
Lymphadenopathy 2 (0.1) 1 (2)
Immune system disorders Total 6 (0.3) 6 (14)
Anaphylactic reaction 4 0.2) 4 (9
Anaphylactic shock 2 (0.2) 2 (5)
Nervous system disorders Total 2 (0.1) 2 (5)
Headache 1 (0.1) 1 (2)
Sensory disturbance 1 (0.1) 1 (2)
Eye disorders Total 1 (0.1) 1 (2)
Ocular hyperaemia 1 (0.1) 1 (2)
Ear and labyrinth disorders Total 1 (0.2) 1 (2)
Ear pruritus 1 (0.1) 1 (2)
Vascular disorders Total 2 (0.1) 2 (5)
Flushing 2 (0.1) 2 (5)
Respiratory, thoracic and mediastinal disorders ~ Total 12 (0.6) 8 (18)
Asthma 2 (0.1) 2 (5)
Cough 5 0.3) 5 (11)
Dyspnoea 1 (0.1) 1 (2)
Sneezing 1 (0.1) 1 (2)
Wheezing 1 (0.1) 1 (2)
Oropharyngeal
discgmfrgrtg 2 (0.1 2 (5)
Gastrointestinal disorders Total 4 0.2) 3 (7
Nausea 2 (0.1) 1 (2)
Vomiting 2 (0.1) 2 (5)
Skin and subcutaneous tissue disorders Total 21 (1.1) 8 (18)
Erythema 3 (0.2) 2 (5)
Pruritus 4 (0.2) 2 (5)
Urticaria 13 0.7) 6 (14)
Plantar erythema 1 (0.1) 1 (2)
Gene_rgl disorders and administration site Total 3 ©0.2) 3 (7
conditions §
Malaise 1 (0.1) 1 (2)
Oedema peripheral 1 (0.1) 1 (2)
Pyrexia 1 (0.1) 1 (2)

Abbreviation: ADR = adverse drug reaction

T Percentage of adverse drug reactions for a total of 1988 injections

I Percentage of patients with adverse drug reactions for a total of 44 patients
§ Excluded administration site conditions (administration site condition was included in the local reaction)



Supplementary Table 7
Number of adverse drug reactions by time to onset.

Time to onset

<15 minutes 16-30 minutes 31-45 minutes 46-60 minutes 61-120 minutes 121 minutes < Whole time
(n=14) (n=9) (n=6) (n=2) (n=9) (n=13) (n=22)
ADRs (%) ADRs (%) ADRs (%) ADRs (%) ADRs (%) ADRs (%) Total
Total 39 (25.8) 49 (32.5) 13 (8.6) 3 (2.0) 21 (13.9) 26 (17.2) 151
Local reaction 29 (30) 41 (42) 7 (7 2 (2) 10 (10) 8 (8) 97
Systemic reaction 10 (19) 8 (15) 6 (11) 1 (2) 11 (20) 18 (33) 54

Abbreviation: ADR = adverse drug reaction
ADRs = Number of adverse drug reactions, % = Percentage of adverse drug reactions at each interval



Supplementary Table 8

JRQLQ regional scores in HDM AR during the course of the study.

Baseline Week 26 Week 52 Week 78 Week 95-120

(n=28) (n=27) P value (n=26) P value (n=22) P value (n=22) P value
Daily it 050 (00:40) 0000018 0% 000020 00 oo0001e 0% 0000018 <00
Outdoor activites 4 57'0.4) 0000020 03 0000040 064 0000010 OO 0000008 00
Social it 000 002 000001y 048 0000040 07 000000y 00 0000000 00
Step 1100 (0.040) 0000030 00 0000020 000 000020  <°%  goooon <00
mewy  APIMS SRS om SE0M o SS0R om ST oo
Spiricl if 025 (00:40) 00000s0 O 00001y 00 000001y 0% 0000008 0003

Abbreviations: HDM AR = house dust mite induced allergic rhinitis, JRQLQ = Japan allergic rhinitis standard QOL questionnaire
Data are presented as means + standard deviation and medians (minimum-maximum), P value; Dunnett test, Full analysis set

T Excluded 1 patient who ticked "definitely do not relate to the symptoms in nose and eye" in the baseline of Social life.
1 Excluded 1 patient who ticked "definitely do not relate to the symptoms in nose and eye" in the Week 95-120 of daily life, outdoor activities and social life.
§ Excluded 1 patient who ticked "definitely do not relate to the symptoms in nose and eye" in the Week 95-120 of sleep, the body and spiritual life.



Supplementary Table 9
Percentage predicted forced expiratory volume in one second in HDM BA during the course of the study.

Baseline Week 12 Week 26 Week 38 Week 52 Week 78 Week 95-120

(n=16) (n =16) (n=16) (n=15) (n=15) (n=13) (n=12)
Mean 94.29 96.73 97.61 92.43 94.69 97.08 95.83
Standard deviation 12.44 12.02 15.32 12.39 13.52 15.50 14.64
Median 95.95 95.70 91.95 90.80 94.90 93.90 96.50
(Minimum- Maximum) (72.8-113.9) (72.2-115.0) (71.1-124.3) (70.6-112.2) (73.7-114.3) (72.5-116.0) (72.5-116.4)

Abbreviation: HDM BA = house dust mite induced allergic bronchial asthma
Percentage predicted forced expiratory volume in one second (%)



Supplementary Figure

Supplementary Fig. 1.
Trial design and schedule of assessment.

Run-in Period Treatment period
(Up-dosing phase — Maintenance phase)
< Baseline
Last observation
0 Week 12 Week 26  Week 38  Week 52  Week 78 of efficacy End of
—30 Day outcome § treatment

| | | | | | | | |

| | | | | | | | |
TO'_20_4 . 52 weeks Treatment ongoing
administration
Informed consent X X X
Intradermal test ¥ X
Adverse event
Nasal symptom score X X9 X X X X X X
Asthma control test § X9 X X X X X X
Quality of life X9 X X X X
Immunological test X9 X X X X X X

Abbreviations: HDM AR = house dust mite induced allergic rhinitis, HDM BA = house dust mite induced allergic bronchial asthma

T Patients who met the eligibility criteria received an intradermal test with TO-204 to determine the threshold concentration.

1 Patients with HDM AR were assessed nasal symptom score, patients with HDM BA were assessed asthma control test (12 years <) and childhood asthma control (5-11 years)
§ Last observation of efficacies was assessed once after Week 78.

1 Baseline of efficacy outcomes.
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