Original Article

Long-Term Efficacy and Dose-Finding Trial of )

Updates

Japanese Cedar Pollen Sublingual Immunotherapy

Tablet

Minoru Gotoh, MD, PhD?, Syuji Yonekura, MD, PhD®, Toru Imai, MD, PhD®, Shinya Kaneko, MSc®, Eiji Horikawa, BSc*,

Akiyoshi Konno, MD, PhD®, Yoshitaka Okamoto, MD, PhD", and Kimihiro Okubo, MD, PhD?

Japan

Tokyo, Chiba, and Fukushima,
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first year of a 5-year double-blind, placebo-controlled trial.

What is already known about this topic? The long-term efficacy of sublingual immunotherapy (SLIT) tablet in patients
with seasonal allergic rhinitis was proven in several double-blind, placebo-controlled clinical trials using single or multiple

What does this article add to our knowledge? This trial provides the first evidence of SLIT tablet efficacy depending on
the treatment duration, with an optimal dose determined by statistically significant differences among active doses in the

How does this study impact current management guidelines? The optimal dose of SLIT tablet determined by dose
dependency should be considered to gain the maximum continuous improvement in rhinoconjunctivitis symptoms and
frequency of pharmacotherapy during the long-term treatment period.

BACKGROUND: Japanese cedar (JC) pollinosis is a common
allergic rhinitis in Japan. The JC pollen sublingual
immunotherapy (SLIT) tablet was developed using the highest
concentration of JC pollen extract.

OBJECTIVE: This was a randomized, double-blind, placebo-
controlled phase II/III trial to investigate the optimal dose of the
JC pollen SLIT tablet and examine long-term efficacy and safety
for 3 years with the selected dose, and 2-year follow-up.
METHODS: A total of 1042 patients with JC pollinosis (aged 5-
64 years) were equally randomized into 4 groups and received
daily treatment with 2,000, 5,000, or 10,000 Japanese allergy
unit (JAU) or placebo. The primary end point was the total nasal
symptom and medication score (TNSMS) during the peak
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symptom period in the first season. Key secondary end points
were TNSMS for the JC pollen dispersion season and total nasal
and ocular symptom and medication score for the peak symptom
period and JC pollen dispersion season.

RESULTS: For the primary end point, absolute reductions and
relative mean reductions in TNSMS compared with placebo were
1.50 and 21.4%, 2.24 and 32.1%, and 2.18 and 31.2% for 2,000,
5,000, and 10,000 JAU, respectively (P < .001 in all groups). For
all key secondary end points, efficacy was confirmed for all doses
(P < .001 in all groups). The treatment was well tolerated. Long-
term efficacy of 5,000 JAU was shown over the 3 years.
CONCLUSIONS: The optimal dose of the JC pollen SLIT tablet
was 5,000 JAU, with good efficacy and safety over a 3-year
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Abbreviations used
AA group- active-to-active, 5,000 JAU to 5,000 JAU, group
AE- Adverse event
AIT- Allergen immunotherapy
AP group- active-to-placebo, 5,000 JAU to placebo, group
AR- Allergic rhinitis
IMP- Investigational medicinal product
JAU- Japanese allergy unit
JC-Japanese cedar
JRQLQ- Japanese Rhinoconjunctivitis Quality of Life
Questionnaire
PA group- placebo-to-active, placebo to 5,000 JAU, group
PP group- placebo-to-placebo group
SLIT- Sublingual immunotherapy
TNSMS- Total nasal symptom and medication score

treatment period. This sustained effect was dependent on
treatment duration. © 2018 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract
2019;7:1287-97)

Key words: Allergy immunotherapy; Sublingual immunotherapy;
Japanese cedar; Allergy; Allergic rhinitis; Conjunctivitis; Children

INTRODUCTION

Japanese cedar (JC) pollinosis is the most common seasonal
allergic rhinitis (AR) in Japan and is caused by JC pollen. In
Tokyo, JC pollen usually begins to disperse in mid-February and
continues through late April. Because people are exposed to JC
pollen for approximately 10 weeks, their quality of life and work
productivity are greatly impacted. The prevalence of JC polli-
nosis is estimated to exceed 1 in 4 people (30 million)
throughout Japan and is referred to as a “national disease.”

Unlike allergy pharmacotherapy, allergen immunotherapy (AIT)
is recognized as the only treatment option that can alter the natural
course of allergic disease.”"" Japanese guidelines for AR treatment'”
recommend AIT for seasonal and perennial AR of all severities.
Currently, it is possible to use sublingual immunotherapy (SLIT)
extracts for JC pollinosis. However, the extracts cannot be manu-
factured in high concentrations because of technical issues.

The JC pollen SLIT tablet is a rapidly soluble, lyophilized
preparation at a high concentration that is not possible to
manufacture in the form of JC pollen SLIT extracts. A large,
double-blind, placebo-controlled clinical field trial was con-
ducted during a first JC pollen dispersion season to determine
the optimal dose among 3 active doses of the SLIT tablet in
Japanese patients (aged 5-64 years) with JC pollinosis. After
determining the optimal dose, both placebo and optimal-dose
groups continued the trial to investigate long-term efficacy and
safety, up to a third JC pollen dispersion season. Subsequently,
the trial requires additional evaluation for 2 years without the
investigational medicinal product (IMP) treatment to investigate
disease modification effect. Herein, we report the results through
the third JC pollen dispersion season of the trial.

METHODS

Clinical trial design
This randomized, parallel-group, double-blind, placebo-
controlled trial was begun in July 2014 (JapicCTI no. 142579).
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| Dose-finding period | | Long-term treatment period |
PP (n=159)
Placebo (n=259)
PA (n=81)
2,000 JAU (n=260)
AP (n=78)
5,000 JAU (n=264)
AA (n=158)
10,000 JAU (n=259)
First season [ { seas(m} { Third season
Aug 2014 Nov 2015 Apr 2017

Randomized Re-randomized End of administration
FIGURE 1. Trial design. Mean treatment periods before the start
of the JC pollen dispersion season were as follows: First season: 6
months in all groups; Second season: 18 months in PP and AA
groups, 15 months of Placebo + 3 months of Active in the PA
group, 15 months of Active + 3 months of Placebo in the AP
group; Third season: 30 months in PP and AA groups, 15 months
of Placebo + 15 months of Active in the PA group, 15 months of
Active + 15 months of Placebo in the AP group.

This trial included a dose-finding period, a long-term treatment
period, and an observational period. In this study, we report the data
collected up to the long-term administration period (Figure 1). A
total of 1042 participants from 41 sites in Tokyo and surrounding
areas were randomly assigned at a ratio of 1:1:1:1 to the following 4
groups: JC pollen SLIT tablet of 2,000 Japanese allergy unit (JAU),
5,000 JAU, or 10,000 JAU, or the placebo group. Bell Medical
Solutions Inc (Tokyo, Japan) was responsible for the group assign-
ment. Participants assigned to the 5,000 JAU group took a 5,000
JAU JC pollen SLIT tablet every day, after taking a 2,000 JAU tablet
every day for 1 week. Participants assigned to the 10,000 JAU group
took a 10,000 JAU JC pollen SLIT tablet every day after taking
2,000 JAU and 5,000 JAU tablets for 1 week each. During
updosing, patients were provided with weekly packages of IMP to
maintain blinding. After determining the optimal dose on the basis
of results of the dose-finding period, participants assigned to the
optimal dose and placebo groups were transitioned to the long-term
treatment period whereas all participants in the other 2 active groups
had to discontinue the trial. Fifteen months after the first adminis-
tration (which was just 3 months before the second season), the
transitioned participants were randomly reassigned at a ratio of 2:1
to a group that continued to receive the same doses (active-to-active,
5,000 JAU to 5,000 JAU, group [AA group]; placebo-to-placebo
group [PP group]) or a group that was switched to other doses
(active-to-placebo, 5,000 JAU to placebo, group [AP groupl;
placebo-to-active, placebo to 5,000 JAU, group [PA group]). All
participants were required to follow the 2-step updosing regimen
again at the beginning of the long-term treatment period, to
maintain blinding, with weekly IMP packages. The participants in
the AA and PP groups were eventually treated with the same doses
for approximately 30 months at the beginning of the third season,
whereas the participants in the AP and PA groups received active and
placebo treatment for approximately 15 months each.

The institutional review boards at all sites approved this trial,
which was performed in accordance with the Declaration of Helsinki
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| Informed consent |
N=1265 Screening failus N=223
Withdrawal of consent 20
Selection criteria 196
Randomized Others 7
N=1042
I I ] ]
Placebo N=259 2,000 JAU N=260 5,000 JAU N=264 10,000 JAU N=259
Withdrawals N=19 Withdrawals N=22| Withdrawals N=28 Withdrawals N=26
Adverse event 3 Adverse event 8 Adverse event 3 Adverse event 9
Lack of efficacy 0 Lack of efficacy 0 Lack of efficacy 0 Lack of efficacy 0
Consent withdrawn 4 Consent withdrawn 6 Consent withdrawn 12 Consent withdrawn 4
Pregnancy 0 Pregnancy 0 Pregnancy 1 Pregnancy 1
Move 4 Move 1 Move 4 Move 5
Clinic closed 4 Clinic closed 3 Clinic closed 3 Clinic closed 4
Lost to follow-up 2 Lost to follow-up 2 Lost to follow-up 1 Lost to follow-up 2
Other 2 Other. 2 Other 4 Other 1
*FAS Population N=257 *FAS Population N=248 *FAS Population N=255 *FAS Population N=245
Re-randomized N=240 Completed trial N=238 Re-randomized N=236 Completed trial N=233

PP group N=159 PA group N=81

AP group N=78 AA group N=158

Withdrawals Withdrawals{
N=8 N=3

Withdrawals+ Withdrawalst
N=3 N=6

*FAS Population N=155
End of second season N=151

*FAS Population N=79
End of second season N=78

*FAS Population N=76
End of second season N=75

*FAS Population N= 155
End of second season N=152

Withdrawals{ Withdrawals{
N=6 N=3

Withdrawals+ Withdrawalst
N=2 N=7

*FAS Population N=145
End of third season N=145

*FAS Population N=75
End of third season N=75

*FAS Population N=73 *FAS Population N=146

End of third season N=73 End of third season N=145

FIGURE 2. Participant disposition. *The primary analysis set was the full analysis set (FAS), which included participants who entered at
least once information regarding symptom scores and medication use into the electronic diary during the peak symptom period. tTo
maintain blinding, evaluated on all data during long-term treatment period: 10 participants, AEs; 1 participant, lack of efficacy; 13
participants, consent withdrawn; 2 participants, pregnancy; 8 participants, move; 2 participants, lost to follow-up; 2 participants, other

reasons.

and the guidelines for Good Clinical Practice. All patients provided
their written informed consent for participation in the trial. In the
case of minor-aged patients, consent was obtained from a legal
representative.

Participants

Study participants were patients with JC pollinosis who fulfilled
the inclusion criteria as follows: male or female, aged 5 to 64 years,
3.5 UA/mL or more of JC pollen—specific IgE antibody, at least 1 of
3 symptoms (sneezing, runny nose, and blocked nose) persisting for
at least 1 week with 2+ or more severity as evaluated by the Japanese
guideline for AR treatment during the JC pollen dispersion season in
the previous consecutive 2 years. The following participants were
excluded: those with 50 UA/mL or more of specific IgE against any
of the following allergens: Dermatophagoides farinae, Dermatopha-
goides pteronyssinus, cat dander, dog dander, Japanese cypress,
orchard grass, and Japanese alder; those who had perennial AR
requiring treatment; those who had previously undergone JC
pollinosis—specific immunotherapy; and those who had experienced
a bronchial asthma attack within the past 5 years.

Investigational medicinal product

The JC pollen SLIT tablet was manufactured and supplied by
ALK-Abellé (Horsholm, Denmark) using the same technology as
that used for ALK’s fast-dissolving freeze-dried SLIT tablet.'” In this
trial, a placebo or the JC pollen SLIT tablet in doses of 2,000, 5,000,
and 10,000 JAU was used. JAU is a unique titer unit based on
standardized allergen extract, developed by the Japanese Society of
Allergology.'* Participants took 1 tablet daily under the tongue for 1
minute and then swallowed. The first administration was performed
at each site, and participants were monitored by physicians for at
least 30 minutes in the interest of safety. The placebo tablet was
similar to the active intervention medication with regard to
appearance, smell, and taste.

Outcome measures

The JC pollen count was measured in central Tokyo using a
Durham sampler. Three nasal symptoms (sneezing, runny nose,
and blocked nose) were each evaluated on a scale of 0 to 4 points,
and 2 conjunctivitis symptoms (eye itchiness and watery eyes) were
each evaluated on a scale of 0 to 3 points.'z‘15 To treat intolerable
symptoms of rhinitis or conjunctivitis, rescue medications (ie,
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TABLE |. Baseline characteristics and demography in the dose-finding period (A) and the long-term treatment period (B)

A.

Treatment group

Placebo (N = 259) 2,000 JAU (N = 260) 5,000 JAU (N = 264) 10,000 JAU (N = 259) Overall (N = 1042)

Sex, n (%)
Male 110 (42.5) 108 (41.5)
Female 149 (57.5) 152 (58.5)
Age (y), mean = SD 34.6 £ 14.7 348 £ 15.1
Years with JC pollinosis, mean + SD 15.0 £ 9.2 159 + 94
JC pollen—specific IgE (UA/mL), n (%)
>3.5-<17.5 129 (49.8) 104 (40.0)
>17.5-<50 84 (32.4) 92 (35.4)
>50-<100 35 (13.5) 41 (15.8)
>100 11 4.2) 23 (8.8)
Sensitization status, n (%)
Monosensitized 34 (13.1) 37 (14.2)

120 (45.5) 113 (43.6) 451 (43.3)
144 (54.5) 146 (56.4) 591 (56.7)
345 £ 15.0 35.6 £ 15.4 349 £ 15.0
16.1 £ 95 16.1 £ 9.6 15.8 £ 9.4
123 (46.6) 114 (44.0) 470 (45.1)
95 (36.0) 85 (32.8) 356 (34.2)
33 (12.5) 40 (15.4) 149 (14.3)
13 (4.9) 20 (7.7) 67 (6.4)
28 (10.6) 29 (11.2) 128 (12.3)

B.

Treatment group PP group (N = 159)

AP group (N = 78)

PA group (N = 81) AAgroup (N = 158) Total (N = 476)

Sex, n (%)
Male 71 (44.7) 41 (52.6) 30 (37.0) 69 (43.7) 211 (44.3)
Female 88 (55.3) 37 (47.4) 51 (63.0) 89 (56.3) 265 (55.7)
Age (y), mean + SD 350 £ 144 35.6 £ 14.8 33.8 £ 14.8 343 +£15.2 34.7 £ 14.8
Years with JC pollinosis, mean £+ SD 152 +£9.0 164 £ 9.7 148 £9.5 16.6 +£ 9.2 158 +£93
JC pollen—specific IgE (UA/mL), n (%)
>3.5-<17.5 76 (47.8) 43 (55.1) 42 (51.9) 63 (39.9) 224 (47.1)
>17.5-<50 55 (34.6) 26 (33.3) 25 (30.9) 61 (38.6) 167 (35.1)
>50-<100 22 (13.8) 8 (10.3) 11 (13.6) 23 (14.6) 64 (13.4)
>100 6 (3.8) 1(1.3) 3(3.7) 11 (7.0) 21 (4.4)
Sensitization status, n (%)
Monosensitized 20 (12.6) 11 (14.1) 8 (9.9) 13 (8.2) 52 (10.9)

The subjects belonging to the optimal-dose (5000 JAU group) and placebo groups during the dose-finding period were reassigned during the long-term treatment period to the

following 4 groups at a ratio of 2:1:1:2: AA, AP, PA, and PP.

antihistamine tablets and eye drops or nasal vasoconstrictors) were
provided by the trial sponsor. Children who were unable to swal-
low tablets could opt for a dry syrup preparation. Rescue medi-
cation use was permitted only when participants felt their
symptoms to be intolerable; prophylactic administration was pro-
hibited. To standardize the rescue medication use, the above-
mentioned rescue medication can be used in the event of the
following intolerable symptoms: blocked nose that can be treated
with tramazoline hydrochloride and ocular symptoms (itchy or
watery eyes) that can be treated with ketotifen fumarate. Fex-
ofenadine hydrochloride use was permitted if these intolerable
symptoms persisted despite the use of the medications or in the
presence of other intolerable symptoms, such as sneezing and
runny nose. The score for each rescue medication was calculated on
the basis of its use or nonuse (3 points or 0 point, respectively).
Evaluation was performed during each JC pollen dispersion season
and peak symptom period. The JC pollen dispersion season was
defined as starting on the first day of the first 2 consecutive days
after January 1 on which there was a pollen count of over 1 grain/
cm’/d, and ending on the day before the first of 3 consecutive days
on which there was a pollen count of 0 grain/cm®/d. The peak
symptom period was composed of 3 weeks and defined as the week
with the worst symptoms, based on the sum of nasal symptoms and

medication score for all participants, plus the week before and after
that week. However, Japanese cypress pollen dispersion season
generally starts at the beginning of April; thus, to prevent con-
founding owing to allergic symptoms caused by Japanese cypress
pollen, March 31 was defined as the end of the peak symptom
period. The primary end point was the total nasal symptom and
medication score (TNSMS) during the peak symptom period. Key
secondary end points were TNSMS for the JC pollen season and
the total nasal and ocular symptom and medication score for the
peak symptom period and JC pollen dispersion season. Details on
the scoring scale can be viewed in Tables E1, E2, and E3 in this
article’s Online Repository at www.jaci-inpractice.org. Scores for
each symptom and medication were recorded each year from
January 8 to April 30 and were entered in an electronic diary every
day by participants. A well-day was defined as a day when all
symptoms were scored 0 or 1 and there was no rescue medication
use. A severe-symptom day was a day when at least 1 symptom was
evaluated with the highest score.

The participants completed the Japanese Rhinoconjunctivitis
Quality of Life Questionnaire JRQLQ)'*'® twice (in the middle
and end of March) each year. Adverse events (AEs) that occurred
after initiating IMP administration were noted and evaluated as
safety information.
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FIGURE 3. Daily averaged TNSMS in the first (A), second (B), and third (C) seasons. JC pollen counts shown with gray shading.

Statistical analysis

The sample size during the dose-finding period was based on
previously reported results of TNSMS in the first season of JC pollen
SLIT extracts'” and was calculated using the relative difference be-
tween the mean values of the placebo and lowest-dose groups (2,000
JAU group) to be —18%.

Hypothesizing the mean relative difference of TNSMS in the
2,000 JAU group (lowest-dose group), 5,000 JAU group, and
10,000 JAU group to be —18%, —20%, and —22%, respectively, in
the primary outcome measure, a test was performed using the closed
testing procedure from the highest dose. The number of cases
wherein the difference between the placebo and 2,000 JAU (lowest-
dose) groups could be detected at a probability of greater than or
equal to 80% was 200 cases per group. Considering the possible
number of dropouts, 230 cases per group was set as the sample size.
The sample size for the long-term treatment period was the total
number of participants in the groups receiving the optimal dose and
placebo who completed the dose-finding period, without imple-
menting statistical sample size calculation.

In primary analysis, we applied a linear model with treatment
groups as explanatory variables. The primary evaluation set was the full
analysis set (FAS) and included participants whose TNSMS during the
peak symptom period had been measured at least once. A closed
testing procedure, in which tests were performed sequentially from a
high dose, was used to adjust for multiplicity in the primary analysis.
The analysis during the long-term treatment period involved the same
analyses as those performed during the dose-finding period, with each
dose group from the dose-finding period being reassigned to 4 new
groups (PP, PA, AP, and AA groups). The aim of this study was to
conduct an exploratory investigation in the analyses of the second and
subsequent seasons. Accordingly, the results were not adjusted for

multiplicity. Analyses in the second and subsequent seasons were
conducted by a third party to ensure that the trial could be continued
while maintaining its blindness. Details on statistical analyses are
available in the Methods section and Tables E4 and E5 in this article’s
Online Repository at www.jaci-inpractice.org.

RESULTS
Participants and JC pollen counts

The disposition of study participants is shown in Figure 2. No
intergroup differences were observed in the number of discon-
tinuations or reasons for discontinuation. The 5,000 JAU
(optimal dose, N = 236) and placebo (N = 240) groups tran-
sitioned to the long-term treatment period and were randomly
reassigned to the AA (N = 158), AP (N = 78), PA (N = 81), or
PP (N = 159) groups. The trial is currently ongoing under
blinded conditions.

Participant characteristics in the dose-finding and long-term
treatment periods are presented in Table I. No major differ-
ences were observed between groups based on participant
characteristics.

There were no large differences in the JC pollen counts among
the scasons for both peak symptom periods and JC pollen
dispersion seasons. Details on the JC pollen counts and evalua-
tion period are available in the Results section and Table E6 in
this article’s Online Repository at www.jaci-inpractice.org.

Efficacy and safety during the dose-finding period
(first season)

Evaluation in the dose-finding period was performed during
the 2015 JC pollen dispersion season. Daily averaged TNSMS
during the period is presented in Figure 3, A. The mean TNSMS
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TABLE Il. Analytical results for the primary end point (TNSMS) and key secondary end point (TNOSMS) in the peak symptom period and JC pollen dispersion season (FAS)

Absolute difference
from placebo (95% CI)
Relative difference to

Absolute difference from

2,000 JAU (95% CI)
Relative difference to

Absolute difference
from 5,000 JAU (95% CI)
Relative difference

Evaluation period Treatment group N LS mean placebo (95% CI) P value 2,000 JAU (95% CI) P value to 5,000 JAU (95% CI) P value
TNSMS (Linear)
Peak symptom period Placebo 257 6.98 — — — — — —
2,000 JAU 248 5.49 1.50 (0.90 to 2.09) <.001 — — — —
21.4% (13.5% to 28.8%)
5,000 JAU 255 4.74 2.24 (1.65 to 2.83) <.001 0.74 (0.15 to 1.34) .014 — —
32.1% (24.6% to 39.1%) 13.6% (2.9% to 23.2%)
10,000 JAU 245 4.80 2.18 (1.58 to 2.77) <.001 0.68 (0.08 to 1.28) 026 —0.06 (—0.66 to 0.54) .843
31.2% (23.6% to 38.3%) 12.5% (1.6% to 22.3%) —1.3% (—14.8% to 10.7%)
JC pollen dispersion  Placebo 257 4.74 — — — — — —
season
2,000 JAU 248 4.01 0.73 (0.33 to 1.13) <.001 — — — —
15.4% (7.2% to 23.0%)
5,000 JAU 255 3.53 1.21 (0.81 to 1.61) <.001 0.48 (0.07 to 0.88) .021 — —
25.5% (17.7% to 32.7%) 11.9% (1.9% to 21.0%)
10,000 JAU 245 3.57 1.16 (0.76 to 1.57) <.001 0.43 (0.02 to 0.84) .038  —0.04 (—0.45 to 0.36) .830
24.6% (16.7% to 31.9%) 10.8% (0.7% to 20.1%) —1.3% (—13.6% to 9.7%)
TNOSMS (Linear)
Peak symptom period Placebo 257 9.66 — — — — — —
2,000 JAU 248 7.26 2.40 (1.58 to 3.23) <.001 — — — —
24.9% (17.0% to 32.2%)
5,000 JAU 255 6.31 3.35 (2.53 to 4.17) <.001 0.95 (0.12 to 1.77) .025 — —
34.7% (27.2% to 41.6%) 13.0% (1.8% to 23.1%)
10,000 JAU 245 6.32 3.34 (2.51 to 4.17) <.001 0.94 (0.10 to 1.77) .028 —0.01 (—0.84 to 0.82) 984
34.6% (27.1% to 41.6%) 12.9% (1.5% to 23.1%) —0.1% (—14.2% to 12.2%)
JC pollen dispersion  Placebo 257 6.41 — — — — — —
season
2,000 JAU 248 5.24 1.17 (0.62 to 1.72) <.001 — — — —
18.2% (10.0% to 25.8%)
5,000 JAU 255 4.61 1.80 (1.25 to 2.35) <.001 0.63 (0.08 to 1.18) .026 — —
28.1% (20.3% to 35.3%) 12.0% (1.5% to 21.5%)
10,000 JAU 245 4.61 1.80 (1.25 to 2.36) <.001 0.63 (0.07 to 1.19) .027  0.00 (—0.55 to 0.56) 990

28.1% (20.3% to 35.4%)

12.1% (1.5% to 21.7%)

0.1% (—12.7% to 11.5%)

FAS, Full analysis set; LS, least squares; TNOSMS, total nasal and ocular symptom and medication score.
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FIGURE 4. Comparison of least square means of TNSMS during the peak symptom period of the dose-finding period between children

(aged 5-17 years) and adults (aged 18-64 years).

TABLE lll. Summary of safety (dose-finding period)

Placebo (N = 259) 2,000 JAU (N = 260) 5,000 JAU (N = 264) 10,000 JAU (N = 259) Active all (N = 783) Overall (N = 1042)

Classifications

of AEs n % n % n % n % n % n %
SAE 5 1.9 6 2.3 5 1.9 3 1.2 14 1.8 19 1.8
IMP-related — — — — — — — — — — — —
SAE
AE 200 77.2 220 84.6 219 83.0 212 81.9 651 83.1 851 81.7
Mild 198 76.4 217 83.5 218 82.6 211 81.5 646 82.5 844 81.0
Moderate 13 5.0 21 8.1 16 6.1 15 5.8 52 6.6 65 6.2
Severe 1 0.4 — — — — — — — — 1 0.1
IMP-related 50 19.3 129 49.6 123 46.6 142 54.8 394 50.3 444 42.6
AE
Mild 50 19.3 128 49.2 122 46.2 142 54.8 392 50.1 442 424
Moderate — — 3 1.2 1 0.4 3 1.2 7 0.9 7 0.7
Severe — — — — — — — — — — — —
WAO systemic 67 25.9 56 21.5 59 22.3 60 23.2 175 22.3 242 23.2
AEs
Grade 1 57 22.0 49 18.8 53 20.1 54 20.8 156 19.9 213 20.4
Grade 2 9 3.5 2.3 5 1.9 7 2.7 18 2.3 27 2.6
Grade 3 4 1.5 7 2.7 3 1.1 2 0.8 12 1.5 15 14
Grade 4 — — — — — — — — — — — —
Grade 5 — — — — — — — — — — — —
WAO local 46 17.8 120 46.2 127 48.1 142 54.8 389 49.7 435 41.7
AEs
Grade 1 33 12.7 112 43.1 110 41.7 128 49.4 350 44.7 383 36.8
Grade 2 20 7.7 16 6.2 28 10.6 22 8.5 66 8.4 87 8.3
Grade 3 1 0.4 — — 1 0.4 3 1.2 4 0.5 5 0.5

SAE, Serious adverse event; WAO, World Allergy Organization.

of all groups fluctuated in conjunction with the JC pollen situ-
ation. Mean scores of the 3 active groups were lower than those
of the placebo group. The results for analyses of efficacy during
the dose-finding period are presented in Table II. The absolute
and relative differences between the adjusted means of TNSMS
for the peak symptom period (ie, primary end point) and that in
the placebo group were 1.50 and 21.4% in the 2,000 JAU group,
2.24 and 32.1% in the 5,000 JAU group, and 2.18 and 31.2%

in the 10,000 JAU group (all P < .001). The least squares mean
of TNSMS in the 5,000 JAU group was significantly lower than
that in the 2,000 JAU group but was not significantly different
from that in the 10,000 JAU group. These results are supported
by a linear model analysis of a per-protocol set, a covariate-
adjusted analysis of FAS, and a nonparametric analysis.
Details on the sensitivity analyses are presented in the
Results section and Table E7 in this article’s Online Repository



1294 GOTOH ETAL
A 3 7.00 4420 4710 3847+
[6.46 : 7.55] [3.64; 5.20] [3.94; 5.47] (3.29;4.39]
; 36.9% 32.8% 451%
6
2 5
Z
3
s, 4
2
2 3
&
g
g
= 2
1
0
PP
B , _
6.50 420+ 383 3.5
[5.94;7.07] [3.41;5.00] [3.05 ; 4.62] [2.96 ; 4.08]
7 35.3% 41.0% 45.9%

Mean average TNSMS

PP

>

P

FIGURE 5. Least squares mean of TNSMS with 95% CI and
relative difference (%) to the PP group in the peak symptom
period of second (A) and third (B) seasons. **P < .001 vs the
placebo group.

at www.jaci-inpractice.org. Similarly, the total nasal and ocular
symptom and medication score in the same period was signifi-
cantly lower in each active group than in the placebo group (all P
< .001). TNSMS of the 2,000 JAU, 5,000 JAU, and 10,000
JAU groups during the peak symptom period among children
(aged 5-17 years) was lower than that of the placebo group.
Furthermore, TNSMS of the 5,000 JAU and 10,000 JAU groups
was lower than that of the 2,000 JAU group, whereas that of the
5,000 JAU and 10,000 JAU groups was equal (Figure 4). In
addition, TNSMS of the elderly patients with prolonged histories
of JC pollinosis (aged 50-64 years; mean disease duration, 23.1
years) during the peak symptom period in the placebo, 2,000
JAU, 5,000 JAU, and 10,000 JAU groups was 6.67, 4.37, 4.77,
and 4.67, respectively. JRQLQ scores in 3 active groups were
significantly improved compared with the score of the placebo
group (all P < .001). Details on the results of general state ac-
cording to the JRQLQ are presented in the Results section and
Figure E1, A, in this article’s Online Repository at www.jaci-
inpractice.org.

A summary of safety during the dose-finding period is pre-
sented in Table III. No deaths or systemic allergic reactions
requiring administration of epinephrine occurred. Serious AEs
occurred at an equivalent frequency in the 4 groups, but no
serious IMP-related AEs were observed. In addition, in the pla-
cebo, 2,000 JAU, 5,000 JAU and 10,000 JAU groups, there were
2 (0.8%), 7 (2.7%), 1 (0.4%), and 7 (2.7%) cases, respectively,
that required discontinuation during the dose-finding period
because of IMP-related AEs. The incidence of IMP-related AEs
was 49.6%, 46.6%, and 54.8% in the 2,000, 5,000 and 10,000
JAU groups, respectively, revealing no major differences. With
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the exception of 1 event in 1 participant (tendon rupture) in the
placebo group, no severe AEs developed in this trial. Most IMP-
related AEs were mild. Most of the participants recovered
without treatment. The most frequent AEs were local reactions
associated with the administration site, such as mouth edema,
throat irritation, ear pruritus, oral pruritus, and oral discomfort.
Details on common IMP-related AEs are available in the Results
section and Table E8 in this article’s Online Repository at www.
jaci-inpractice.org. The cumulative incidence of IMP-related AEs
from the start of treatment in the active groups was 57.4%
within 2 weeks, 83.4% within 4 weeks, and 93.0% within 8
weeks.

The grading systems for systemic and local AEs in AIT
advocated by the World Allergy Organization'”'® were used as
references to calculate systemic and local AEs. Notably, there was
no difference in terms of the incidence of systemic AEs among all
groups, including the placebo group. Furthermore, there were no
reports of grade 4 and 5 AEs, which correspond to anaphylaxis.
Although the incidence rate of local AEs was higher in the active
groups, there were no significant differences among them. Most
local AEs required no treatment. During the dose-finding period
in the placebo, 2,000 JAU, 5,000 JAU, and 10,000 JAU groups,
the patients of 1 (0.4%), 0 (0%), 1 (0.4%), and 3 (1.2%) cases,
respectively, had to discontinue the study because of the occur-
rence of grade 3 AEs. The incidence rate of IMP-related AEs
among children aged 5 to 17 years in the placebo, 2,000 JAU,
5,000 JAU, and 10,000 JAU groups was 30.6%, 55.4%, 67.3%,
and 63.0%, respectively, and that among elderly patients 50
years or older with prolonged histories of JC pollinosis in the
placebo, 2,000 JAU, 5,000 JAU, and 10,000 JAU groups was
17.1%, 44.1%, 35.3%, and 52.5%, respectively.

The evaluation of efficacy during the dose-finding period
demonstrated the superiority of the 2,000, 5,000 and 10,000
JAU groups over the placebo, revealing that the 5,000 and
10,000 JAU groups were equally effective and both were superior
to the 2,000 JAU group. There was no difference in the safety
profiles of all active groups. Therefore, 5,000 JAU was selected as
the optimal dose.

Efficacy and safety during the long-term treatment
period (second and third seasons)

Evaluations during the long-term treatment period were per-
formed during the 2016 and 2017 JC pollen dispersion seasons.
Daily averaged TNSMS during those periods are presented in
Figure 3, Band C. The mean TNSMS of all groups fluctuated in
conjunction with the JC pollen situation. Mean scores of the AP,
PA, and AA groups were all lower than that of the PP group.
TNSMS during the peak symptom periods in 2016 and 2017 are
presented in Figure 5, A and B. The relative ratio to that of the
PP group for the adjusted mean of TNSMS in the 2016 peak
symptom period was 36.9% in the AP group, 32.8% in the PA
group, and 45.1% in the AA group (all P < .001). For the 2017
peak symptom period, these ratios were 35.3%, 41.0%, and
45.9% in the AP, PA, and AA groups, respectively (all 2 < .001).

Results of the analysis of well-days,"” severe-symptom days,””
and cumulative number of rescue medications used during 2017,
which indicate clinical relevance, are presented in Table IV and
Table E9 (available in this article’s Online Repository at www.
jaci-inpractice.org). These results are similar to those of
TNSMS and showed a significant difference from the PP group
(all P < .05).
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TABLE IV. Symptom relief evaluation during the peak symptom period in the third season (FAS)
Generalized linear
Against PP Against AP Against PA
Treatment Probability Odds ratio Odds ratio
Evaluation group N (%)* Odds ratio (95% CI) P value (95% CI) P value (95% CI) P value
Well-daysT
Peak symptom PP 145 30.0 — — — — — —
period
AP 73 434 1.79 (1.13-2.83) .013 — — — —
PA 75 55.0 2.85 (1.79-4.52) <.001 1.59 (0.95-2.67) 077 — —
AA 146 57.4 3.14 (2.16-4.56) <.001 1.76 (1.13-2.72) .012 1.10 (0.71-1.71) .664
JC pollen PP 145 41.5 — — — — — —
dispersion season
AP 73 53.1 1.60 (1.09-2.35) .017 — — — —
PA 75 62.9 2.39 (1.59-3.61) <.001 1.50 (0.95-2.37) .085 — —
AA 146 66.0 2.74 (2.00-3.75) <.001 1.72 (1.18-2.50) .005 1.15 (0.77-1.71) .508
Severe-symptom daysZ
Peak symptom period PP 145 31.0 — — — — — —
AP 73 14.8 0.39 (0.22-0.68) .001 — — — —
PA 75 10.4 0.26 (0.14-0.49) <.001 0.67 (0.32-1.41) 295 — —
AA 146 7.7 0.19 (0.10-0.33) <.001  0.48 (0.24-0.96) .039 0.71 (0.34-1.50) 375
JC pollen PP 145 21.1 — — — — — —
dispersion season
AP 73 9.5 0.39 (0.23-0.69) .001 — — — —
PA 75 7.2 0.29 (0.16-0.54) <.001 0.74 (0.35-1.54) 419 — —
AA 146 5.9 0.24 (0.14-0.41) <.001 0.60 (0.31-1.18) 137 0.81 (0.39-1.68) 577

FAS, Full analysis set.

*Calculated as total number of well-days or severe-symptom days/(number of participants multiplied by number of days during the peak symptom period).
TAIl symptoms (runny nose, blocked nose, sneezing, itchy eyes, and watery eyes) required to be — or 14 without rescue medications.
{Days with at least 1 symptom evaluated as 4+ for nasal symptoms or 3+ for ocular symptoms.

Details for results of general state evaluation using the JRQLQ
are presented in the Results section and Figure E1, B and C, in
the Online Repository. Statistically significant differences from
the PP group in the second and third seasons were revealed in all
groups that received active treatment. Similar to the results of
TNSMS, the PA group improved more than the AP group in the
third season, although the opposite result was seen in the second
season.

AEs during the long-term treatment period were evaluated for
the entire treatment population, to maintain blinding. Overall,
discontinuation due to IMP-related AEs occurred in 2 (0.4%)
cases. The total incidence of AEs in the treatment groups was
76.9%:; the incidence of IMP-related AEs was 6.9%. As in the
first season, no deaths or epinephrine administration occurred.
Serious AEs were observed in 9 participants (1.9%); in all cases, a
causal relationship with IMP was ruled out by the principal in-
vestigators. Two severe AEs (0.4%) were reported; the events
(injury and malignant neoplasm of the lung) were assessed as not
related to IMP. Of the AEs that developed during the long-term
treatment period, 97.4% were mild. All IMP-related AEs that
occurred during the long-term treatment period were also mild.
The main IMP-related AEs, such as oral pruritus, throat irrita-
tion, and mouth edema, were characteristic of SLIT and were
similar to those occurring during the dose-finding period. The
cumulative incidence of IMP-related AEs after re-randomization
was 57.7% within 2 weeks, 75.0% within 4 weeks, and 80.8%
within 8 weeks.

DISCUSSION

This trial is the first large-scale field study to determine the
optimal dose of SLIT for JC pollinosis using 3 active groups and
a placebo group. To verify the reproducibility of the efficacy and
disease-modifying effect of the JC pollen SLIT tablet, before the
start of the second JC pollen dispersion season, participants in
the placebo and 5000 JAU groups were reassigned.

In the first season, the absolute difference from the placebo
group in the adjusted mean of TNSMS significantly improved in
all active groups. The relative differences in TNSMS between the
3 active groups and the placebo group met the criterion of the
World Allergy Organization, which requires at least 20% dif-
ference from placebo as the minimum clinically relevant effect.”’
In addition, the upper limit of the 95% CI in all active groups
met the criteria of the US Food and Drug Administration,”>>*
with the exception of the greater than or equal to 10% upper
limit of the 95% CI for the 2000 JAU group during the JC
pollen season. All criteria for the total nasal and ocular symptom
and medication score were also met during the same period.

To date, clinical field trials of SLIT using multiple doses of
drugs (Grazax, Oralair, Acarizax, and Miticure)”” ™ have re-
ported significant improvement in the primary end point for all
active drugs against placebo, but none of these trials has
confirmed a dose-response with statistically significant differences
between active groups. In this trial, patients aged 5 to 64 years
with JC pollinosis were included. A comparison of the primary
outcome measures of TNSMS and the incidence rate of IMP-
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related AEs among all subjects, children (5-17 years) and adults
(18-64 years), showed similar outcomes. Accordingly, we could
set an optimal dose with a favorable safety profile across a wide
age range; long-term treatment with this dose promises a clear
disease-modifying effect.

From the second JC pollen season onward, a significant
improvement in TNSMS was observed in the AA group
compared with that in the PP group, and this improvement
lasted into the third season. The relative ratio of the PP group to
the AA group decreased from the first to the second seasons, and
this decrease continued into the third season. The results of our
efficacy evaluation are consistent with those previously re-
ported.”’”* This confirms the efficacy of the SLIT tablet as an
AIT drug. Participants in the PA group, who took IMP for 3
months before the start of the second JC pollen dispersion sea-
son, showed significant improvement from 2016 (the first season
of active treatment for the PA group) onward, compared with
those in the PP group. This finding demonstrated reproducibility
of the results obtained in the first season for the AA group. The
second season for the AP group and the third season for the PA
group both began in the JC pollen season following 15 months
of taking IMP; therefore, the rates of improvement in TNSMS
(AP 36.9% and PA 41.0%) showed good concordance. Repro-
ducibility was also achieved during the long-term treatment
period. The AP group took the drug for 15 months, followed by
3 months of taking placebo until the start of the JC pollen
dispersion season, which indicates the validity of our results, with
slightly lower values than in the PA group.

The AP group also showed significant improvement compared
with the placebo group in the third season, 15 months after
switching to placebo. This, therefore, demonstrated that the ef-
fect of taking the optimal dose for JC pollinosis for 15 months
persists even 15 months later. Scadding et al’® observed no
lasting effect in their examination of efficacy during the season
following completion of 2 years of SLIT for seasonal hay fever.
The contradictory results in our trial are likely caused by different
evaluation methods. Scadding et al evaluated effects using the
nasal allergen challenge, whereas we evaluated effects by natural
exposure in the field, using an electronic diary to gather infor-
mation on symptom scores and medication use in a timely
manner during the JC pollen season. Despite the effect of 5000
JAU lasting a further 15 months after 15 months of taking
placebo in the AP group, the effect was lower than that in the AA
group. This result indicates that SLIT offers continuing efficacy
even after the completion of treatment; however, continuous
long-term treatment has an even stronger effect.

Evaluations of well-days, severe-symptom days, and general
state according to the JRQLQ in the third season were all
significantly improved in the AP, PA, and AA groups compared
with the PP group, both in the peak symptom period and in the
JC dispersion pollen season. This improvement was greatest in
the AA group, followed by the PA and AP groups. This result
was consistent with those of TNSMS evaluation in the third
season. Benefits to the patient, therefore, increased with
increasing length of the treatment period.

IMP-related AEs that developed the entire treatment period
were the same as those for previously reported SLIT formula-
tions; therefore, no new safety information that should be re-
ported was obtained during the 3 years of treatment. In addition,
in the present trial, there was a lower number of discontinuation
cases because of IMP-related AEs compared with that observed
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in other studies.”**” This might be attributable to the differences
between the antigenecity of JC and other allergens.

In conclusion, the optimal dose for the JC pollen SLIT tablet
in Japanese patients aged 5 to 64 years with JC pollinosis was
determined, with a favorable safety profile. The optimal dose
revealed clinically relevant effects without additional safety in-
formation over a 3-year treatment period. Results of the 2-year
observational period are still expected, which will indicate the
disease-modifying effect.
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METHODS
Outcomes measures

Construction of the scores used in the trial is presented in
Table E1, and each symptom was evaluated in compliance with
Japanese guidelines for allergic rhinitis, 2017 (Tables E2 and
E3).

Sample size

The sample size for the dose-finding period was calculated on
the basis of results of a previously reported study on JC pollen
SLIT extracts.”!

The severity of symptoms of JC pollinosis is known to be
influenced by the volume of dispersed pollen. In the clinical trial
for JC pollen SLIT extracts, the mean TNSMS of the placebo
group during the peak symptom period was 8.61 in a year with a
high JC pollen volume and 5.71 in a year with a low JC pollen
volume. The combined SD of TNSMS for the JC pollen SLIT
extracts and placebo groups in each year was 3.82 and 3.37,
respectively. The mean TNSMS during the peak symptom
period in the first season for the JC pollen SLIT extracts group
was 18% lower than that for the placebo group.

Based on these results, estimates were calculated (Table E4)
for the mean and SD of TNSMS for both the JC pollen SLIT
tablet group and the placebo group, based on the JC pollen
volume during the peak symptom period, assuming a mean
TNSMS for the JC pollen SLIT tablet at 2,000, 5,000, and
10,000 JAU during the peak symptom period of —18%, —20%,
and —229%, respectively, lower than that of the placebo group.

The calculated detection powers in each hypothetical scenario
are presented in Table E5 and are based on a simulation
experiment using SAS software (SAS Institute, Cary, NC) and
the 4 above-mentioned hypothetical means.

Given an analysis set of 200 patients, the detection power is
greater or equal to 80% under any scenario. The target sample
size was, therefore, set at 230 per group, with consideration of
dropouts.

Statistical methodology

All statistical tests were performed using SAS Version 9.3,
with the level of significance on both sides set to 5%.

The primary end point during the dose-finding period was
TNSMS during the peak symptom period. Primary analysis was
performed in the full analysis set and involved the use of a linear
model with the treatment groups as explanatory variables.
Restricted maximum likelihood was used for estimating the
linear model. Paired comparisons were performed with the pla-
cebo group based on the least squares mean; a closed testing
procedure, in which tests were performed sequentially from a
high dose, was used to adjust for multiplicity in tests for these
comparisons. Fieller theorem"” was used for calculating the CI
for the rate of decrease in the least squares mean. The total nasal
and ocular symptom and medication score during the peak
symptom period, which was a key secondary end point, was also
subjected to the same analyses as the primary end point.

The following 3 analyses were conducted for primary and key
secondary end points in the sensitivity analyses:

o A linear model analysis in the per-protocol set using treatment
groups as explanatory variables.

J ALLERGY CLIN IMMUNOL PRACT
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o A linear mixed-effects model analysis in the full analysis set
using treatment groups and age (<18 years or >18 years) as
explanatory variables, and the medical institution imple-
menting the trial as the random effect.

e Intergroup paired comparisons using the Wilcoxon rank-sum
test (full analysis set).

JRQLQ scores were analyzed using the Wilcoxon rank-sum
test.

The analysis during the long-term treatment period involved
the same analyses as those during the dose-finding period, with
each dose group from the dose-finding period reassigned into 4
new groups (PP, PA, AP, and AA groups).

RESULTS
JC pollen counts and evaluation period

Peak symptom periods were determined on the basis of pre-
defined criteria, from March 15 to 31 in the dose-finding period,
which was the first season, from March 9 to 29 in the second
season, and from March 11 to 31 in the third season (Table E6).

Sensitivity analyses on the primary and key
secondary end points in the primary evaluation
period during the dose-finding period

The results of sensitivity analyses of TNSMS and total nasal
and ocular symptom and medication score are presented in
Table E7. These results support the results of primary analysis
that the 5,000 JAU and 10,000 JAU groups were superior to the
2,000 JAU group, in addition to the superiority of all active
groups against the placebo group, though there was no difference
between the 5,000 JAU and 10,000 JAU groups.

General state evaluation according to the JRQLQ

All active groups improved against the placebo group in the
dose-finding period. When the proportions of “0” and “1” were
observed during the general status evaluation, the percentages for
the placebo, 2,000 JAU, 5,000 JAU, and 10,000 JAU groups
were found to be 18.1%, 30.7%, 30.9%, and 37.0%, respec-
tively. After re-randomization, participants in all groups that
received active treatment showed clear benefit against the placebo
group throughout the trial up to that point. Furthermore, when
the proportions of “0” and “1” were observed during the general
status evaluation, the percentages for the PP, PA, AP, and AA
groups were found to be 24.8%, 43.7%, 37.9%, and 41.2%,
respectively, in the second year and 29.5%, 50.0%, 42.6%, and
56.4%, respectively, in the third year (Figure E1).

Common IMP-related AEs

Most IMP-related AEs were local events at the application site
such as mouth edema, throat irritation, ear pruritus, oral pruri-
tus, and oral discomfort. There were no large differences in

observed events and incidences among the active groups
(Table ES8).

Cumulative frequency of rescue medication use

Table E9 presents the cumulative frequency of rescue medi-
cation use during each observed season. For all seasons, the
frequency of rescue medication use decreased significantly in the
active treatment groups than in the placebo group.
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FIGURE E1. General state evaluation using the JRQLQ in the dose-finding period (A), the second season (B), and the third season (C)
(FAS). After determining the optimal dose before the second season, participants in the 2,000 JAU and 10,000 JAU groups discontinued
the trial; participants in the 5,000 JAU and placebo groups were re-randomized at a ratio of 2:1 to a group that continued to receive the
same doses (AA, active — active; PP, placebo — placebo) or a group switched to different doses (AP, active — placebo; PA, placebo —
active). FAS, Full analysis set. * P <.01, ** P <.001.

TABLE E1. Construction of scores used in the trial

Symptom TNSMS TNOSMS
Runny nose 0-4 0-4
Sneezing 0-4 0-4
Blocked nose 0-4 0-4
Itchy eyes — 0-3
Watery eyes — 0-3
Oral antihistamine 0 = not used or 3 = used 0 = not used or 3 = used
Nasal spray 0 = not used or 3 = used 0 = not used or 3 = used
Ocular antihistamine - 0 = not used or 3 = used
Total 0-18 0-27

TNOSMS, Total nasal and ocular symptom and medication score.
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TABLE E2. Rhinitis symptom evaluation and score
Score
Symptom 4 3 2 1 0
Runny nose ~ >21 times 11-20 times 6-10 times 1-5 times 0
Sneezing >21 times 11-20 times 6-10 times 1-5 times 0
Blocked nose Completely Very severe nasal blockage causing Severe nasal blockage causing Nasal blockage without No trouble
obstructed all day prolonged oral breathing in a day occasional oral breathing in a day oral breathing
TABLE E3. Conjunctivitis symptom evaluation and score
Score
Symptom 3 2 1 0
Itchy eyes Intolerably itchy Very itchy Slightly itchy No trouble
Watery eyes Cannot do regular tasks Very watery Not very watery No trouble
TABLE E4. Simulation pattern of TNSMS based on the results of JC pollen SLIT extracts trial
JC pollen SLIT tablet
Amount of JC pollen dispersed Statistic 2,000 JAU 5,000 JAU 10,000 JAU Placebo
High Mean 7.06 6.89 6.71 8.61
SD 3.82
Low Mean 4.67 4.56 4.45 5.71
SD 3.37

TABLE E5. Power for statistical analysis

Power (%)
Amount of JC pollen dispersed No. of participants vs 2,000 JAU vs 5,000 JAU vs 10,000 JAU
High 200 97.9 99.4 99.9
Low 200 80.7 89.5 96.0
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TABLE E6. JC pollen counts and evaluation period

Year

JC pollen dispersion season

Peak symptom period

(JC pollen counts)

(JC pollen counts)

2015

2016

2017

February 11 to April 25
(3893 grains/cm?)
February 13 to April 23
(2995 grains/cmz)
February 16 to April 26
(2895 grains/crnz)

March 15 to March 31
(1537 grains/cm?®)
March 9 to March 29
(1569 grains/cm?)
March 11 to March 31
(1359 grains/crnz)

GOTOH ET AL

1297.e4



TABLE E7. Sensitivity analyses of the primary end point (TNSMS) and key secondary end point (TNOSMS) in the primary evaluation period

Absolute difference

from placebo (95% CI)

Relative difference to

Absolute difference from
2,000 JAU (95% CI)
Relative difference to 2,000

Absolute difference from
5,000 JAU (95% CI)
Relative difference to

Analysis set Treatment group N LS mean placebo (95% CI) P value JAU (95% ClI) P value 5,000 JAU (95% CI) P value
TNSMS
FAS Linear mixed effects
Placebo 257 7.08 — — — — — —
2,000 JAU 248 5.60 1.48 (0.89 to 2.06) <.001 — — — —
20.9% (13.1% to 28.2%)
5,000 JAU 255 4.85 2.23 (1.65 to 2.81) <.001 0.75 (0.17 to 1.33) .012 — —
31.5% (24.1% to 38.4%) 13.4% (3.1% to 22.7%)
10,000 JAU 245 4.89 2.19 (1.60 to 2.77) <.001 0.71 (0.12 to 1.30) .019 —0.04 (—0.63 to 0.54) .891
30.9% (23.4% to 38.0%) 12.7% (2.3% to 22.2%) —0.8% (—13.8% to 10.6%)
PPS Linear
Placebo 257 7.01 — — — — — —
2,000 JAU 248 5.50 1.51 (0.91 to 2.10) <.001 — — — —
21.5% (13.6% to 28.9%)
5,000 JAU 255 4.74 2.27 (1.68 to 2.86) <.001 0.76 (0.16 to 1.36) .013 — —
32.3% (24.9% to 39.3%) 13.8% (3.1% to 23.4%)
10,000 JAU 245 4.81 2.20 (1.60 to 2.79) <.001 0.69 (0.09 to 1.29) .025 —0.07 (—0.66 to 0.53) .824
31.4% (23.8% to 38.5%) 12.6% (1.7% to 22.4%) —1.4% (—15.0% to 10.5%)
TNOSMS
FAS Linear mixed effects
Placebo 257 9.77 — — — — — —
2,000 JAU 248 7.38 2.39 (1.57 to 3.20) <.001 — — — —
24.4% (16.7% to 31.7%)
5,000 JAU 255 6.43 3.34 (2.53 to 4.14) <.001 0.95 (0.13 to 1.76) .023 — —
34.1% (26.8% to 41.1%) 12.9% (1.9% to 22.8%)
10,000 JAU 245 6.42 3.35 (2.53 to 4.16) <.001 0.96 (0.13 to 1.78) .023 0.01 (—0.81 to 0.83) 981
34.3% (26.8% to 41.3%) 13.0% (1.9% to 23.0%) 0.2% (—13.4% to 12.1%)
PPS Linear
Placebo 257 9.69 — — — — — —
2,000 JAU 248 7.27 2.42 (1.59 to 3.24) <.001 — — — —
24.9% (17.1% to 32.2%)
5,000 JAU 255 6.31 3.38 (2.56 to 4.20) <.001 0.96 (0.13 to 1.79) .023 — —
34.9% (27.5% to 41.8%) 13.2% (2.0% to 23.3%)
10,000 JAU 245 6.33 3.36 (2.53 to 4.19) <.001 0.94 (0.10 to 1.78) .028 —0.02 (—0.85 to 0.81) 961

34.6% (27.2% to 41.7%)

12.9% (1.5% to 23.2%)

—0.3% (—14.4% to 12.1%)
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Nonparametric analysis

End point Treatment group N Median Hodges-Lehmann estimator (95% CI) P value* Hodges-Lehmann estimator (95% CI) P value* Hodges-Lehmann estimator (95% CI) P value*

TNSMS (FAS) Placebo 257 6.53 — — — — — —
2,000 JAU 248 4.56 1.28 (0.65 to 1.88) <.001 — — — —
5,000 JAU 255 4.29 1.74 (1.18 to 2.35) <.001 0.44 (0.00 to 0.88) .053 — —
10,000 JAU 245 3.88 1.88 (1.29 to 2.53) <.001 0.65 (0.18 to 1.06) .006 0.24 (—0.18 to 0.59) .289

TNOSMS (FAS) Placebo 257 8.76 — — — — — —
2,000 JAU 248 6.12 2.06 (1.23 to 2.92) <.001 — — — —
5,000 JAU 255 5.65 2.65 (1.88 to 3.47) <.001 0.53 (—0.10 to 1.13) .090 — —
10,000 JAU 245 5.00 2.88 (2.12 to 3.76) <.001 0.88 (0.24 to 1.47) .006 0.35 (—0.18 to0 0.92) .189

FAS, Full analysis set; TNOSMS, Total nasal and ocular symptom and medication score; LS, least squares; PPS, per-protocol analysis set.
*Wilcoxon rank-sum test.
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TABLE E8. IMP-related AEs with an incidence of >2% in active groups (dose-finding period)

Placebo (N = 259) 2,000 JAU (N = 260) 5,000 JAU (N = 264) 10,000 JAU (N = 259) Active all (N = 783)

IMP-related AEs E N % E N % E N % E N % E N %

Mouth edema — — — 31 27 10.4 41 39 14.8 49 47 18.1 121 113 144
Throat irritation 8 6 2.3 44 40 15.4 37 31 11.7 48 41 15.8 129 112 143
Ear pruritus 5 5 1.9 32 30 11.5 36 32 12.1 41 36 13.9 109 98 12.5
Oral pruritus — — — 17 16 6.2 30 28 10.6 24 23 8.9 71 67 8.6
Oral discomfort — — — 11 11 42 20 18 6.8 18 18 6.9 49 47 6.0
Oropharyngeal 3 3 1.2 12 12 4.6 15 12 4.5 20 16 6.2 47 40 5.1

discomfort

Rhinorrhea 17 16 6.2 12 11 42 9 9 34 18 16 6.2 39 36 4.6
Stomatitis 11 6 2.3 11 10 3.8 11 9 34 9 9 35 31 28 3.6
Eye pruritus 8 8 3.1 12 11 42 7 7 2.7 12 10 3.9 31 28 3.6
Sneezing 5 5 1.9 6 5 1.9 7 7 2.7 13 12 4.6 26 24 3.1
Laryngeal discomfort 3 1.2 6 6 23 7 7 2.7 9 6 23 22 19 24
Nasal congestion 13 11 42 5 5 1.9 4 4 1.5 10 10 39 19 19 24
Pruritus 4 2 0.8 12 10 3.8 6 5 1.9 3 3 1.2 21 18 23
Oral mucosal erythema — — — 4 4 1.5 6 6 2.3 8 8 3.1 18 18 2.3

E, Number of events; N, number of participants; %, percentage of participants with adverse events.
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TABLE E9. Cumulative number of rescue medication use during JC pollen dispersion season in the first, second, and third seasons (FAS)

Nonparametric analysis

P value (Wilcoxon rank-sum test against

End point Treatment group N Mean = SD the placebo group or the PP group)
First season
Oral antihistamine use Placebo 257 10.2 £+ 19.1 —
2,000 JAU 248 6.6 + 17.5 <.001
5,000 JAU 255 24 +98 <.001
10,000 JAU 245 47 £ 14.5 <.001
Nasal spray use Placebo 257 10.2 £ 27.3 —
2,000 JAU 248 48 +£17.6 .002
5,000 JAU 255 3.0+ 154 <.001
10,000 JAU 245 3.8 + 18.0 <.001
Ocular antihistamine use Placebo 257 13.0 £+ 26.2 —
2,000 JAU 248 64 + 174 <.001
5,000 JAU 255 40+ 113 <.001
10,000 JAU 245 4.4 + 16.6 <.001
Second season
Oral antihistamine use PP 155 12.6 + 23.8 —
AP 76 29+ 114 <.001
PA 79 5.1 £12.6 .051
AA 153 23+ 8.6 <.001
Nasal spray use PP 155 12.7 £ 35.6 —
AP 76 2.3 +10.2 .014
PA 79 29 +9.6 .080
AA 153 20+ 11.6 .006
Ocular antihistamine use PP 155 17.1 £+ 33.8 —
AP 76 6.5 £ 23.6 <.001
PA 79 4.6 + 14.7 .001
AA 153 34+ 11.6 <.001
Third season
Oral antihistamine use PP 145 11.6 £ 23.6 —
AP 73 2.2 +9.1 <.001
PA 75 32+ 112 <.001
AA 146 32 + 14.1 <.001
Nasal spray use PP 145 13.7 + 40.7 —
AP 73 1.5+ 76 .008
PA 75 2.7 £13.6 .006
AA 146 32 £ 195 <.001
Ocular antihistamine use PP 145 12.4 +£29.2 —
AP 73 49 £ 173 .001
PA 75 43 £ 163 .001
AA 146 3.6 + 18.8 <.001

FAS, Full analysis set.
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