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a b s t r a c t

Background: There have been no reports of treatment effect persistence after long-term sublingual
immunotherapy (SLIT) in patients with Japanese cedar (JC) pollinosis. Therefore, we conducted a post-
marketing clinical trial to investigate the efficacy, safety, and effect persistence of JC pollen SLIT drops
after approximately 3 years of treatment.
Methods: This was an open-label trial of 233 patients with JC pollinosis who were treated with JC pollen
SLIT drops for approximately 3 years (2015e2017) and followed-up for an additional 2 years (2018
e2019). Efficacy and effect persistence were evaluated using nasal and ocular symptom scores, daily use
of rescue medication, and Japanese Rhinoconjunctivitis Quality of Life Questionnaire scores recorded
during the JC pollen dispersal season of each year. Safety was evaluated by monitoring adverse events
and adverse drug reactions.
Results: The mean combined total nasal symptom and medication score (range 0e18) during the peak
symptom periods of 2015 through 2019 were 5.47 ± 3.38, 4.52 ± 3.13, 3.58 ± 2.63, 5.28 ± 4.01, and
6.83 ± 4.65, respectively. The percentage of patients who used no rescue medications during the same
periods was 64.8%, 75.2%, 80.3%, 63.7%, and 50.3%, respectively. A total of 138 adverse drug reaction
incidents were recorded in 73 of the 233 patients (31.3%), of which 134 incidents (97.1%) were mild in
severity.
Conclusions: JC pollen SLIT drops demonstrated treatment duration-dependent efficacy with effects that
persisted for 2 years after cessation of treatment. The drug had a favorable safety profile over the 5-year
study period.
Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
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Introduction

The most common form of seasonal allergic rhinitis in Japan is
Japanese cedar (JC) pollinosis,1e4 caused by JC pollen. The Japanese
guidelines for the management of allergic rhinitis indicate a prev-
alence of JC pollinosis of 26.5%.5 More recent immunological sur-
veys report prevalences of 36.7% and 45.6%,6,7 suggesting that the
number of affected individuals continues to rise.

Subcutaneous immunotherapy (SCIT) and sublingual immuno-
therapy (SLIT) are the two main types of allergen-specific immu-
notherapy. SCIT has been administered in Japan since the 1960s, but
it has several limitations, such as painful injections, the need for
periodic hospital visits in the long term, and the potential for severe
adverse drug reactions (ADRs). In an effort to address these prob-
lems, research into SLIT as an alternative treatment for JC pollinosis
began in Japan in the early 2000s,8e10 and successful clinical trials11

led to the eventual approval of JC pollen SLIT drops (CEDARTO-
LEN®) in October 2014. Over the past 5 years, SLIT for JC pollinosis
has grown in popularity, and the efficacy and safety of long-term
treatment with JC pollen SLIT drops have been established in the
clinical setting.12

The strengths of allergen-specific immunotherapy include the
persistence of treatment effects,13,14 the ability to suppress sensi-
tization to new allergens,15 and the ability to control the onset of
asthma in young patients with allergic rhinitis.16 While the effect
persistence of short-term (15 months) SLIT tablets for JC pollinosis
has been reported,17,18 there have been no studies of effect persis-
tence following treatment for 3 or more years, which is the period
recommended by both the Japanese and European guidelines.5,19 In
the present study, we report the results of a post-marketing clinical
trial of patients who were administered JC pollen SLIT drops for
approximately 3 years (up to 33 months) and monitored for an
additional 2 years following treatment cessation.

Methods

Trial design and intervention medication

This was a multicenter, open-label trial with a treatment period
of approximately 33 months followed by a 2-year observation
period. Participants were enrolled at five facilities in and around
Tokyo between August and September 2014. The participants
received JC pollen SLIT drops (CEDARTOLEN, manufactured and
provided by Torii Pharmaceutical, Tokyo, Japan) sublingually once
daily. Participants were instructed to hold the drops under their
tongue for 2 min before being swallowed and not rinse their
mouths, eat, or drink for an additional 5 min. The dose was grad-
ually increased from 40 Japanese allergy units (JAU) to 2000 JAU
during the first 2 weeks of treatment and maintained at 2000 JAU
thereafter. The first dose was administered at a medical facility and
patients were observed by a doctor for 30 min after dosing.

This trial (JapicCTI-142585) complied with the tenets of the
Declaration of Helsinki and the study design was approved by ex-
amination committees of each participating medical institution.
Written consent was obtained from all participants (or legal rep-
resentatives for those �19 years of age) before they entered the
study.

Participants

The inclusion criteria were: male or female participants living,
working, or attending school in the south Kanto region; age 12e64
years; serum JC pollen-specific IgE level �3.5 UA/mL; and
moderate-to-severe nasal allergy symptoms, as defined by the
Japanese guidelines for allergic rhinitis,5 for at least 1 week during

the JC pollen dispersal seasons in each of the preceding 2 years. The
exclusion criteria were: participants with perennial allergic rhinitis,
medication-related allergic rhinitis, vasomotor rhinitis, or non-
allergic rhinitis requiring treatment; diagnosis of oral allergy syn-
drome; concomitant food allergies; specific IgE level of �50 UA/mL
against Dermatophagoides farinae, Dermatophagoides pteronyssinus,
cat dander, dog dander, Japanese cypress, orchard grass, or alder
allergens; laser treatment or surgery for nasal symptomswithin the
preceding 3 years; previous allergen-specific immunotherapy for JC
pollinosis; asthma attack in the preceding 5 years; history of hy-
persensitivity to the rescue medications used in this study (see
below); history of anaphylaxis or angioedema; or pregnant.

Endpoint measures

Participants self-evaluated three nasal symptoms (sneezing,
runny nose, and blocked nose), each on a 5-point scale of 0e4
(maximum 12) and two ocular symptoms (itchy eyes and watery
eyes), each on a 4-point scale of 0e3 (maximum 6) by recording
them in a daily electronic diary between January 8 and April 30 of
each year. This method of symptom scoring has previously been
used in clinical trials of JC pollinosis11,17,18 (Supplementary
Tables 1e3).

During the same period, participants were forbidden to use
antihistamines, systemic steroids, steroid nasal sprays, or other
drugs intended to treat JC pollinosis. The participants were pro-
vided with acceptable rescue medications (antihistamine tablets,
eye drops, and nasal vasoconstrictors) to treat symptoms of rhinitis
or conjunctivitis deemed unbearable (a score of 4 for a nasal
symptom or 3 for an ocular symptom, in addition to the explicit use
of the word “unbearable” to describe the symptom). To standardize
rescue medication use, unbearable “blocked nose” symptoms were
treated with tramazoline hydrochloride nasal drops, and unbear-
able ocular symptoms were treated with ketotifen fumarate eye
drops. If the drugs did not alleviate the symptoms, patients were
treated with fexofenadine hydrochloride tablets. “Unbearable
sneezing” or “runny nose” symptoms were also treated with fex-
ofenadine hydrochloride tablets. Patients also recorded rescue
medication daily using the electronic diary between the same
period of January 8 and April 30 of each year. Rescuemedication use
was scored on a binary scale of 0 or 3 for days without or with
medication use, respectively. Preventative use of rescue medica-
tions was forbidden, as was the use of masks, goggles, or other
equipment to provide physically shielding from pollen.

The primary endpoint was total nasal symptom and medication
score (TNSMS, range 0e18) during the peak symptomperiod of the JC
pollen dispersal season each year (Supplementary Table 3), as has
been used in previous clinical trials of JC pollinosis.11,17,18 Secondary
endpoints were various individual and combinations of symptom
and medication scores: individual symptom score, individual medi-
cation score, total nasal symptom score (TNSS), total ocular symptom
score (TOSS), total nasal and ocular symptom score (TNOSS), total
nasal and ocular medication score (TNOMS), TNSMS, total ocular
symptom and medication score (TOSMS), and total nasal and ocular
symptom and medication score (TNOSMS) (Supplementary Table 3).
The number of patients who did not use rescuemedicationswas also
recorded. “Well days” were defined as days in which all nasal and
ocular symptom scores were �1 and rescue medications were not
used. “Severe symptom days”were defined as days in which at least
one nasal or ocular symptom score was the maximum (4 for a nasal
symptom score or 3 for an ocular symptom score). The Japanese
Rhinoconjunctivitis Quality of Life Questionnaire was administered
twice yearly on March 15 and March 31.

Scores were evaluated over two periods per year: the peak
symptom period and the JC pollen dispersal season. The peak
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symptom period for each patient was defined as the 3-week period
that included the week with the highest TNSMS, plus the week
preceding and following it. However, the dispersal season for Jap-
anese cypress pollen generally starts at the beginning of April;
therefore, to prevent allergic symptoms caused by Japanese cypress
pollen being a confounding factor, we set March 31 as the final day
of the peak symptom period. The start of the JC pollen dispersal
season was defined as the first of the first two consecutive days
after January 1 of a given year on which 1 pollen grain/cm2 was
detected. The end of the JC pollen dispersal season was defined as
the day before the first of three consecutive days onwhich 0 pollen
grain/cm2 was detected.

Immunological testing for JC pollen-specific serum IgE and IgG4
was performed by SRL Corporation (Tokyo, Japan). Safety was
evaluated by recording adverse events (AEs) occurring after initi-
ation of treatment with JC pollen SLIT drops.

Statistical analysis

The number of patients in this trial was 230, which was the
same size as the JC pollen SLIT tablet group in a concurrent phase II/
III clinical trial occurring at the same time.17,18 Of the 230 enrolled
patients, 200 were including in the full analysis set (FAS) at the end
of the first season, which was sufficient to enable a longitudinal
evaluation through the fifth year of the trial. Continuous data
extracted from patient diaries are presented as the mean, standard
deviation (SD), and 95% confidence intervals (CIs) as indicated. Bi-
nary data are presented as percentages and 95% CIs. The compre-
hensive status of the Japanese Rhinoconjunctivitis Quality of Life
Questionnaire was evaluated using frequency totals, and regional
scores are presented as the mean and SD.

Results

Participants

A total of 233 patients were enrolled at five medical institutions
in and around the Tokyo area and received at least one dose of
interventionmedication between August 2014 andMay 2019. More

than 50% of the participants were aged 30e49 years, and fewer
than 10% were aged �19 years (Table 1). In total, 16.3% of the
subjects were monosensitized to JC pollen, and 72.5% were sensi-
tized to both JC pollen and cypress pollen (Table 1). Of the 233
patients, 190 completed the 33-month medication phase. The
number of patients in the FAS at the end of the first through fifth
seasons (2015e2019) was 219, 206, 193, 182, and 171, respectively
(Fig. 1).

JC pollen counts

JC pollen counts were determined using the Durham method,
and the data were obtained from the Tokyo Health and Safety

Table 1
Baseline characteristics.

JC pollen SLIT drops
N ¼ 233

Male 107 (45.9%)
Monosensitized 38 (16.3%)
Cypress pollen-sensitizedy 169 (72.5%)
Age (y), no. (%)
12 to 19 20 (8.6%)
20 to 29 52 (22.3%)
30 to 39 54 (23.2%)
40 to 49 82 (35.2%)
50 to 64 25 (10.7%)
Mean ± SD 36.5 ± 11.6

Years with JC pollinosis, no. (%)
<5 12 (5.2%)
�5 to <10 36 (15.5%)
�10 to <15 59 (25.3%)
�15 to <20 50 (21.5%)
�20 76 (32.6%)
Mean ± SD 16.3 ± 8.3

JC pollen-specific IgE (UA/mL), no. (%)
�3.5 to <17.5 120 (51.5%)
�17.5 to <50 73 (31.3%)
�50 to <100 32 (13.7%)
�100 8 (3.4%)

y Cypress pollen sensitization was defined as a cypress pollen-specific IgE
level of �0.70 UA/mL. JC, Japanese cedar; SD, standard deviation.

Fig. 1. Participant disposition. The full analysis set (FAS) for each year included par-
ticipants who recorded at least one symptom score and medication score during the
peak symptom period. y Other reasons for withdrawal included “lost to follow-up,”
“moved from the trial area,” or “other.”
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Center. The JC pollen counts during the peak symptom periods of
the first through fifth seasons were 1472.5, 1569.0, 1359.1, 3343.2,
and 2096.0/cm2, respectively. The total JC pollen counts during each
of the full dispersal seasons (up to April 30) were 3892.4, 2994.0,
2894.1, 5015.9, and 4960.1/cm2, respectively (Supplementary
Table 4). In 2018, the highest amount of Japanese cypress pollen
dispersal on the past was observed, and approximately half of this
pollen dispersal occurred in March. The peak symptom period was
previously defined in trial protocols as a period (up to March 31) in
which JC pollen would be a causative factor of the observed
symptoms. However, in 2018, a period in which Japanese cypress
pollenmay have been a factor was considered as the peak symptom
period. After considering the effects of this phenomenon on our
evaluation of the intervention medication, we decided to truncate
our calculation of the peak symptom period of 2018 to March 26,
2018. After this date, a clear effect of Japanese cypress pollen on the
patients’ symptoms could be observed (Fig. 2D).

Efficacy

The mean TNSMS during the peak symptom period, the primary
endpoint, for the first through fifth seasons were 5.47 ± 3.38,
4.52 ± 3.13, 3.58 ± 2.63, 5.28 ± 4.01, and 6.83 ± 4.65, respectively.
Although JC pollen counts during the peak symptom periods in
2018 and 2019 (the 2 follow-up years) were higher than in the
preceding 3 years, the TNSMS in the fourth season was similar to
that in the first season. The highest TNSMSwas recorded in the fifth
season, 2 years after treatment cessation (Fig. 2AeE, Table 2).

Analysis of the clinically significant endpoints indicated that the
percentage of participants who used no rescue medications during
the five peak symptom periods ranged from 50.3% to 80.3%, while
the percentage of “well days” and “severe symptom days” over the
same times was 29.38%e56.78% and 8.87%e33.53%, respectively.

Treatment effects were observed for each of these endpoints. The
percentage of participants with mean TNSMS <3 during the peak
symptom period20 ranged from 47.7% in the third season to 18.7% in
the fifth season, suggesting effect persistence (Table 3). The scores
for the JRQLQ administered on March 15 and March 31 of each
season were compared separately. The scores were broadly similar
in the first through the third seasons, with the best scores observed
during the third season on both dates. With regard to the March 15
dataset, the scores in the fourth seasonwere comparable to those in
the first season, while the scores were worst in the fifth season. In
contrast, the March 31 dataset showed that the scores in the fourth
season were comparable to or worse than those in the fifth season,
which, in turn, were worse than the scores in the first season
(Table 4). The secondary endpoints (TNSS, TOSS, TNOSS, TNOMS,
TOSMS, and TNOSMS) exhibited trends similar to that of TNSMS,
with treatment effects persisting into the fourth and fifth seasons
(Table 2).

Safety

No severe ADRs, AEs requiring the use of epinephrine, or
anaphylaxis (as determined by the trial investigator or in accor-
dance with the World Allergy Organization systemic allergic reac-
tion grading system21) were observed in this trial. A total of 1537
AEs were recorded in 203 patients (87.1%), and 138 ADRs were
recorded in 73 patients (31.3%) (Table 5). The incidence of AEs and
ADRs was not significantly affected by age, duration of JC pollinosis
history, or JC pollen-specific IgE levels (Supplementary Table 5). The
most commonly observed ADRs were oral paresthesia, throat irri-
tation, and oral edema; these have also been observed in other SLIT
studies. Four participants (1.7%) withdrew from the study due to
ADRs. None of the ADRs were considered severe, and the four
considered moderate occurred in two patients (0.9%): one patient

A B

C

Fig. 2. Daily averaged TNSMS in the first (A), second (B), third (C), fourth (D), and fifth (E) pollen seasons. TNSMS, total nasal symptom and medication score; JC, Japanese cedar.
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experienced aphthous stomatitis and the second experienced oral
edema, breathing difficulty, and nausea. The remaining 97.1% (134/
138) of the ADRs were mild in severity. The majority of ADRs
occurred within 4 weeks of treatment initiation (107; 77.5%) and
subsided with time (Supplementary Fig. 1). Only two ADRs (in two
patients) occurred after the first year of treatment. No ADRs were
recorded in the 2-year post-treatment observation period.

Immunological testing

Levels of JC pollen-specific IgE increased rapidly in the first
3 months of treatment, gradually declined to pre-treatment
levels over the following 3 years, and remained low
throughout the 2-year observation period (Fig. 3A). In contrast,
levels of JC pollen-specific IgG4 increased steadily over the first

D E

Fig. 2. (Continued)

Table 2
Symptom and medication scores (full analysis set).

Endpoint 1st season (2015)
N ¼ 219

2nd season (2016)
N ¼ 206

3rd season (2017)
N ¼ 193

4th season (2018)
N ¼ 182

5th season (2019)
N ¼ 171

Peak symptom period
Primary Endpoint
TNSMS 5.47 ± 3.38 (5.02e5.92) 4.52 ± 3.13 (4.09e4.95) 3.58 ± 2.63 (3.21e3.96) 5.28 ± 4.01 (4.69e5.87) 6.83 ± 4.65 (6.12e7.53)
Individual symptom score
Sneezing 1.78 ± 0.89 (1.66e1.90) 1.54 ± 0.85 (1.42e1.66) 1.27 ± 0.81 (1.16e1.39) 1.73 ± 1.01 (1.58e1.87) 2.08 ± 1.13 (1.90e2.25)
Runny nose 1.95 ± 1.02 (1.82e2.09) 1.65 ± 0.95 (1.52e1.78) 1.35 ± 0.86 (1.23e1.47) 1.81 ± 1.11 (1.65e1.97) 2.20 ± 1.17 (2.02e2.37)
Blocked nose 1.27 ± 0.96 (1.14e1.40) 1.02 ± 0.91 (0.90e1.15) 0.80 ± 0.80 (0.69e0.91) 1.16 ± 1.07 (1.01e1.32) 1.54 ± 1.21 (1.36e1.72)
Itchy eyes 1.07 ± 0.80 (0.97e1.18) 0.86 ± 0.73 (0.76e0.96) 0.69 ± 0.67 (0.59e0.78) 1.10 ± 0.79 (0.98e1.21) 1.28 ± 0.91 (1.15e1.42)
Watery eyes 0.62 ± 0.66 (0.53e0.70) 0.52 ± 0.65 (0.43e0.61) 0.42 ± 0.58 (0.34e0.50) 0.64 ± 0.73 (0.53e0.75) 0.83 ± 0.85 (0.70e0.96)
Individual medication score
Oral antihistamine 0.31 ± 0.71 (0.22e0.41) 0.19 ± 0.52 (0.12e0.26) 0.12 ± 0.42 (0.06e0.18) 0.39 ± 0.79 (0.28e0.51) 0.68 ± 1.03 (0.53e0.84)
Nasal spray 0.15 ± 0.51 (0.08e0.22) 0.11 ± 0.46 (0.05e0.18) 0.04 ± 0.24 (0.01e0.08) 0.19 ± 0.58 (0.11e0.28) 0.33 ± 0.79 (0.22e0.45)
Ocular antihistamine 0.25 ± 0.60 (0.17e0.33) 0.16 ± 0.53 (0.09e0.24) 0.09 ± 0.33 (0.04e0.14) 0.32 ± 0.70 (0.22e0.42) 0.48 ± 0.90 (0.34e0.61)
Combined score
TNSS 5.01 ± 2.60 (4.66e5.35) 4.21 ± 2.51 (3.87e4.55) 3.42 ± 2.25 (3.10e3.74) 4.70 ± 2.99 (4.26e5.13) 5.81 ± 3.25 (5.32e6.30)
TOSS 1.69 ± 1.37 (1.51e1.87) 1.38 ± 1.31 (1.20e1.56) 1.11 ± 1.18 (0.94e1.28) 1.74 ± 1.45 (1.52e1.95) 2.11 ± 1.67 (1.86e2.37)
TNOSS 6.69 ± 3.74 (6.20e7.19) 5.59 ± 3.59 (5.10e6.09) 4.53 ± 3.19 (4.08e4.99) 6.43 ± 4.25 (5.81e7.05) 7.92 ± 4.64 (7.22e8.62)
TNOMS 0.71 ± 1.50 (0.51e0.91) 0.47 ± 1.22 (0.30e0.64) 0.25 ± 0.75 (0.15e0.36) 0.91 ± 1.76 (0.65e1.16) 1.49 ± 2.28 (1.15e1.84)
TOSMS 1.94 ± 1.80 (1.70e2.18) 1.55 ± 1.69 (1.32e1.78) 1.20 ± 1.42 (1.00e1.40) 2.06 ± 2.02 (1.76e2.35) 2.59 ± 2.42 (2.23e2.96)
TNOSMS 7.40 ± 4.87 (6.75e8.05) 6.06 ± 4.51 (5.44e6.68) 4.78 ± 3.73 (4.25e5.31) 7.34 ± 5.74 (6.50e8.18) 9.42 ± 6.65 (8.41e10.42)

JC pollen dispersal season
Individual symptom score
Sneezing 1.30 ± 0.62 (1.22e1.39) 1.30 ± 0.70 (1.20e1.39) 1.10 ± 0.67 (1.01e1.19) 1.51 ± 0.79 (1.40e1.63) 1.67 ± 0.90 (1.53e1.80)
Runny nose 1.44 ± 0.73 (1.35e1.54) 1.38 ± 0.79 (1.27e1.48) 1.15 ± 0.73 (1.05e1.25) 1.61 ± 0.88 (1.48e1.73) 1.75 ± 0.98 (1.61e1.90)
Blocked nose 0.88 ± 0.68 (0.79e0.97) 0.81 ± 0.72 (0.71e0.91) 0.65 ± 0.68 (0.55e0.74) 1.04 ± 0.86 (0.91e1.16) 1.15 ± 0.95 (1.01e1.30)
Itchy eyes 0.72 ± 0.56 (0.65e0.80) 0.67 ± 0.60 (0.59e0.76) 0.56 ± 0.58 (0.48e0.65) 0.85 ± 0.62 (0.76e0.94) 0.94 ± 0.71 (0.83e1.05)
Watery eyes 0.40 ± 0.45 (0.34e0.47) 0.39 ± 0.51 (0.32e0.46) 0.33 ± 0.47 (0.26e0.39) 0.51 ± 0.56 (0.43e0.59) 0.58 ± 0.64 (0.49e0.68)
Individual medication score
Oral antihistamine 0.16 ± 0.38 (0.11e0.22) 0.14 ± 0.39 (0.08e0.19) 0.09 ± 0.29 (0.05e0.13) 0.33 ± 0.58 (0.25e0.41) 0.43 ± 0.71 (0.32e0.54)
Nasal spray 0.10 ± 0.31 (0.06e0.14) 0.07 ± 0.29 (0.03e0.11) 0.04 ± 0.22 (0.01e0.07) 0.19 ± 0.45 (0.12e0.25) 0.20 ± 0.49 (0.13e0.27)
Ocular antihistamine 0.16 ± 0.38 (0.11e0.21) 0.12 ± 0.36 (0.07e0.17) 0.08 ± 0.28 (0.04e0.12) 0.24 ± 0.50 (0.17e0.31) 0.30 ± 0.60 (0.21e0.39)
Combined score
TNSMS 3.89 ± 2.24 (3.59e4.19) 3.69 ± 2.44 (3.36e4.03) 3.03 ± 2.17 (2.72e3.33) 4.67 ± 3.05 (4.22e5.12) 5.21 ± 3.51 (4.68e5.74)
TNSS 3.63 ± 1.83 (3.38e3.87) 3.49 ± 2.04 (3.20e3.77) 2.90 ± 1.88 (2.63e3.17) 4.15 ± 2.33 (3.81e4.49) 4.58 ± 2.60 (4.18e4.97)
TOSS 1.13 ± 0.96 (1.00e1.26) 1.06 ± 1.05 (0.92e1.21) 0.89 ± 1.00 (0.75e1.03) 1.36 ± 1.12 (1.20e1.53) 1.53 ± 1.28 (1.33e1.72)
TNOSS 4.76 ± 2.61 (4.41e5.10) 4.55 ± 2.92 (4.15e4.95) 3.79 ± 2.70 (3.41e4.17) 5.52 ± 3.29 (5.04e6.00) 6.10 ± 3.67 (5.55e6.66)
TNOMS 0.42 ± 0.88 (0.30e0.54) 0.33 ± 0.83 (0.21e0.44) 0.21 ± 0.60 (0.12e0.29) 0.76 ± 1.25 (0.57e0.94) 0.93 ± 1.52 (0.70e1.16)
TOSMS 1.29 ± 1.25 (1.12e1.46) 1.18 ± 1.31 (1.00e1.36) 0.97 ± 1.20 (0.80e1.14) 1.60 ± 1.52 (1.38e1.83) 1.83 ± 1.78 (1.56e2.10)
TNOSMS 5.18 ± 3.27 (4.74e5.61) 4.87 ± 3.54 (4.39e5.36) 4.00 ± 3.13 (3.55e4.44) 6.27 ± 4.35 (5.64e6.91) 7.03 ± 5.00 (6.28e7.79)

Data are presented as the mean ± SD (95% CI). CI, confidence interval; JC, Japanese cedar; SD, standard deviation; TNSS, total nasal symptom score; TOSS, total ocular symptom
score; TNOSS, total nasal and ocular symptom score; TNOMS, total nasal and ocular medication score; TNSMS, total nasal symptom and medication score; TOSMS, total ocular
symptom and medication score; TNOSMS, total nasal and ocular symptom and medication score.
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9 months of treatment, plateaued until the end of the treat-
ment period, and decreased during the 2-year observation
period. Nevertheless, JC pollen-specific IgG4 levels were still
higher in the post-treatment period (measured immediately
before the fourth and fifth JC pollen dispersal seasons) than in
the pretreatment level (Fig. 3B). The change in the ratio of JC
pollen-specific IgE to JC pollen-specific IgG4 level was similar
to the change in JC pollen-specific IgE level (Fig. 3C). Seasonal
cycling of the JC pollen-specific IgE and IgG4 levels was

observed, with both levels increasing during the dispersal
seasons and then decreasing until the following pollen
dispersal season.

Figure 3DeF shows changes in the levels of JC pollen-specific
IgE, IgG4, and IgE:IgG4 ratio for patients who did and did not
experience ADRs. The specific IgE and IgG4 levels tended to be
slightly higher among patients who experienced ADRs compared
with those who did not; however, the differences were not
significant.

Table 3
Symptom relief evaluation (full analysis set).

Evaluation 1st season (2015)
N ¼ 219

2nd season (2016)
N ¼ 206

3rd season (2017)
N ¼ 193

4th season (2018)
N ¼ 182

5th season (2019)
N ¼ 171

Peak symptom period
Participants with no use

of rescue medicationsy
64.8 (58.5e71.2) 75.2 (69.3e81.1) 80.3 (74.7e85.9) 63.7 (56.8e70.7) 50.3 (42.8e57.8)

Well-daysx 34.96 ± 37.02
(30.03e39.89)

46.18 ± 36.47
(41.17e51.19)

56.78 ± 38.31
(51.34e62.22)

39.66 ± 36.72
(34.29e45.03)

29.38 ± 35.74
(23.99e34.78)

Severe symptom daysz 20.65 ± 30.76
(16.55e24.75)

14.30 ± 26.37
(10.68e17.92)

8.87 ± 21.10
(5.87e11.87)

21.89 ± 32.90
(17.08e26.70)

33.53 ± 39.14
(27.62e39.44)

TNSMS < 3y 23.3 (17.7e28.9) 37.4 (30.8e44.0) 47.7 (40.6e54.7) 33.5 (26.7e40.4) 18.7 (12.9e24.6)

JC pollen dispersal season
Participants with no use of

rescue medicationsy
56.6 (50.1e63.2) 68.9 (62.6e75.3) 75.1 (69.0e81.2) 47.8 (40.5e55.1) 45.0 (37.6e52.5)

Well-daysx 54.12 ± 28.90
(50.27e57.97)

57.44 ± 31.02
(53.18e61.70)

65.87 ± 31.32
(61.42e70.32)

49.14 ± 29.63
(44.81e53.47)

43.32 ± 32.35
(38.43e48.20)

Severe symptom daysz 11.88 ± 18.33
(9.44e14.32)

10.07 ± 18.64
(7.51e12.63)

6.45 ± 15.00
(4.33e8.58)

18.61 ± 24.23
(15.07e22.16)

22.33 ± 28.19
(18.08e26.59)

Data are presented as the mean ± SD (95% CI), except y mean (95% CI).
CI, confidence interval; JC, Japanese cedar; SD, standard deviation; TNSMS, total nasal symptom and medication score.

z Well days are those in which all symptoms (runny nose, blocked nose, sneezing, itchy eyes, and watery eyes) are evaluated ase or 1þ and no rescue medications are used.
x Severe symptom days are those with at least one symptom evaluated as 4þ for nasal symptoms or 3þ for ocular symptoms.

Table 4
JRQLQ evaluation (full analysis set).

1st season (2015) N ¼ 219 2nd season (2016) N ¼ 204 3rd season (2017) N ¼ 193 4th season (2018) N ¼ 181 5th season (2019) N ¼ 171

a) Evaluated on March 15
General statey
0 Fine 6 (2.7) 10 (4.9) 24 (12.4) 6 (3.3) 6 (3.5)
1 35 (16.0) 73 (35.8) 71 (36.8) 48 (26.5) 30 (17.6)
2 87 (39.7) 49 (24.0) 65 (33.7) 40 (22.1) 49 (28.8)
3 74 (33.8) 61 (29.9) 29 (15.0) 70 (38.7) 65 (38.2)
4 Crying 17 (7.8) 11 (5.4) 4 (2.1) 17 (9.4) 20 (11.8)

Individual component scorez
Usual daily activities 1.19 ± 1.02 0.97 ± 1.01 0.61 ± 0.80 1.10 ± 1.08 1.38 ± 1.12
Outdoor activities 1.33 ± 1.20 1.07 ± 1.16 0.74 ± 0.96 1.26 ± 1.26 1.57 ± 1.28
Social functioning 0.85 ± 0.94 0.67 ± 0.90 0.47 ± 0.79 0.83 ± 1.01 1.12 ± 1.11
Impaired sleeping 1.16 ± 1.23 0.82 ± 0.98 0.62 ± 0.97 1.07 ± 1.19 1.36 ± 1.27
Physical problems 1.29 ± 1.18 1.10 ± 1.14 0.65 ± 0.92 1.12 ± 1.19 1.41 ± 1.25
Emotional functions 1.20 ± 1.13 0.85 ± 1.04 0.56 ± 0.88 0.99 ± 1.14 1.28 ± 1.20

1st season (2015) N ¼ 219 2nd season (2016) N ¼ 204 3rd season (2017) N ¼ 192 4th season (2018) N ¼ 180 5th season (2019) N ¼ 171

b) Evaluated on March 31
General statey
0 Fine 15 (6.8) 16 (7.8) 25 (13.0) 7 (3.9) 10 (5.8)
1 42 (19.2) 63 (30.9) 76 (39.6) 18 (10.0) 34 (19.9)
2 78 (35.6) 61 (29.9) 59 (30.7) 45 (25.0) 41 (24.0)
3 64 (29.2) 56 (27.5) 24 (12.5) 79 (43.9) 56 (32.7)
4 Crying 20 (9.1) 8 (3.9) 8 (4.2) 31 (17.2) 30 (17.5)

Individual component scorez
Usual daily activities 1.20 ± 1.07 0.95 ± 1.00 0.59 ± 0.83 1.40 ± 1.13 1.44 ± 1.21
Outdoor activities 1.25 ± 1.27 1.09 ± 1.17 0.71 ± 0.95 1.60 ± 1.35 1.57 ± 1.36
Social functioning 0.88 ± 0.96 0.70 ± 0.90 0.48 ± 0.80 1.12 ± 1.15 1.18 ± 1.22
Impaired sleeping 1.10 ± 1.12 0.84 ± 1.03 0.62 ± 1.00 1.46 ± 1.36 1.32 ± 1.31
Physical problems 1.26 ± 1.20 1.00 ± 1.12 0.66 ± 0.97 1.51 ± 1.31 1.46 ± 1.36
Emotional functions 1.15 ± 1.18 0.84 ± 1.01 0.55 ± 0.85 1.28 ± 1.23 1.31 ± 1.28

Data are presented as yN (%), or z mean ± SD.
JRQLQ, Japanese Rhinoconjunctivitis Quality of Life Questionnaire; SD, standard deviation.
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Discussion

This was an open-label trial examining the efficacy, safety, and
post-treatment effect persistence of JC pollen SLIT drops in patients
with JC pollinosis. Participants were treated with JC pollen SLIT
drops for approximately 33 months and then observed for the
following 2 years.

The primary endpoint, TNSMS during the peak symptom period,
decreased steadily from the first to the third pollen dispersal sea-
sons. In a previous clinical trial of JC pollen SLIT drops, TNSMS was
18% and 30% lower in the treatment group than in the placebo
group during the peak symptom periods in years 1 and 2 of treat-
ment, respectively.11 Clinical trials of JC pollen SLIT tablets have also
reported a duration-dependent increase in efficacy over a 3-year
treatment period.17,18 The results of the present trial are thus in
line with previous studies showing a treatment duration-
dependent effect of SLIT on TNSMS during the 3-year treatment
period.

Several studies have demonstrated effect persistence after SLIT
therapy in patients with seasonal allergic rhinitis who were treated
for 3 and observed for an additional 2 years.13,14 We are also
investigating the effects of JC pollen SLIT tablets (2000 JAU) in JC
pollinosis patients from the same region of Japan in a placebo-
controlled trial performed concurrently with the present study. In
that trial, the TNSMS in the first season (2015) was 5.49, which was
significantly (21.4%, p < 0.001) lower than that seen in the placebo
group.17 This score is comparable to that observed in 2015 in the
present study (5.47), supporting a significant treatment effect of JC
pollen SLIT drops in the present study despite the lack of a placebo
control group.

JC pollen counts can vary greatly from year to year and will thus
affect the efficacy of SLIT. In the present study, we observed higher
JC pollen counts during the symptom peak period of 2018
compared with 2015, 2016, and 2017 (3343.2 vs 1472.5, 1569.0, and
1359.7 grains/cm2, respectively), yet the TNSMS for 2018 (5.28) was
still lower than that in 2015 (5.47), suggesting that the treatment
effect persisted at least into the fourth season. Nevertheless, the
TNSMS increased to 6.83 in 2019, despite a lower JC pollen count
(2096 grains/cm2), indicating that the duration of the treatment
effect may decrease over time.

The percentage of “well days” and “severe symptom days”
during the peak symptom periods, both endpoints with clinical
significance, were 56.78% and 8.87%, respectively, in the third
season, 39.66% and 21.89% in the fourth season, and 29.38% and
33.53% in the fifth season. These changes are consistent with the
trends in TNSMS, the primary endpoint.

The World Allergy Organization considers a �20% decrement in
symptom and medication scores between placebo and active drug
groups to be clinically significant.22 However, there has been no
international consensus regarding treatment goals for allergen-

Table 5
Summary of adverse events and adverse drug reactions.

Adverse events Adverse drug reactions

E N % E N %

Serious AEs 21 16 6.9 0 0 0.0
All AEs 1537 203 87.1 138 73 31.3
Mild 1505 202 86.7 134 73 31.3
Moderate 31 24 10.3 4 2 0.9
Severe 1 1 0.4 0 0 0.0

AEs leading to discontinuation 14 6 2.6 12 4 1.7

AE, adverse event; E, number of AEs or adverse drug reactions; N, number of par-
ticipants with AEs or adverse drug reactions; %, percentage of participants with AEs
or adverse drug reactions.

A B

C D

Fig. 3. Serum levels of JC pollen-specific IgE (A) and JC pollen-specific IgG4 (B), and the ratio of JC pollen-specific IgE to JC pollen-specific IgG4 level (C). The same measurements are
shown separately for patients with and without adverse drug reactions in (D), (E), and (F), respectively. The first through the fifth JC pollen seasons started approximately 6, 18, 30,
42, and 54 months, respectively, after treatment initiation. JC, Japanese cedar.
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specific immunotherapy in clinical practice. The Japanese guide-
lines for allergic rhinitis5 cite “a state inwhich no symptoms or very
mild symptoms that affect daily life are present, and no medication
is necessary” as a treatment goal. In the present study, the use of
masks and goggles to protect against JC pollen was prohibited.
Therefore, under these conditions, we considered “the percentage
of participants who did not use rescue medication during the peak
symptom period” and “the percentage of participants during the
same period, whose mean TNSMS values were less than 3” to be
clinically significant endpoints for the evaluation of the effect
persistence of JC pollen SLIT drops. The percentage of participants
who did not use rescue medication during the peak symptom
period of the fourth and fifth seasons was 63.7% and 50.3%,
respectively, compared with percentages between 64.8 and 80.3%
during the 3-year treatment period. We consider these findings to
reflect effect persistence. Consistent with this, 33.5% and 18.7% of
the participants had mean TNSMS values of <3 during the peak
symptom periods of the fourth and fifth seasons, respectively.

We assessed QOL by administering the JRQLQ on March 15 and
31 of each year. This questionnaire assesses the patient's QOL over
the preceding 2 weeks. We found that the QOL scores were com-
parable on both dates for the first three seasons and reflected a
consistent annual improvement. In 2018, however, the QOL was
worse for the March 31 assessment than the March 15 assessment,
which we believe was a consequence of the unusually high levels of
cypress pollen dispersal in late March of that year. Of note, we
consider the similarity between the QOL profiles assessed onMarch
15 of the fourth and first seasons to be evidence of effect persis-
tence. Nevertheless, because the QOL scores were worse in the fifth
season than in the first season, the effects may not be durable.
These changes in QOL mirror those observed for the primary
endpoint (TNSMS).

Our study has some limitations. This was an open-label trial
without a control or placebo group, and the results should be
verified in a placebo-controlled, double-blind clinical trial. As
mentioned, a double-blind comparative trial of JC pollen SLIT tab-
lets with the same treatment regimen is underway, and the results
as of the third year of the trial have been reported.17,18 Data from the
2-year post-treatment observation period of that trial should help
to elucidate the true effect persistence of SLIT in JC pollinosis
patients.

To our knowledge, this is the first trial to track longitudinal
changes in immunological parameters in JC pollinosis patients
during 3 years of SLIT and 2 years of observation. The changes
observed in the present study suggest that JC pollen SLIT drops
initially increase the production of JC pollen-specific IgE and then
induce a shift toward the production of JC pollen-specific IgG4. JC

pollinosis is thought to involve an antigen-specific Th2-dominant
immune response, suggesting that SLIT may induce immunodevi-
ation or tolerance.

Nearly all of the ADRs observed in this study were mild in
severity and occurred within 2 months of treatment initiation,
which is in line with the results of previous trials of JC pollen SLIT
drops11 and supports the safety of long-term treatment.

In conclusion, this clinical trial of JC pollen SLIT drops in Japa-
nese JC pollinosis patients demonstrated treatment duration-
dependent efficacy and continued alleviation of symptoms,
reduction in pharmacotherapy use, and improvement in quality of
life during the 2-year period after cessation of treatment. Further-
more, the safety profile over the entire 5-year study period was
favorable.
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Supplementary Materials 

 

Supplementary Table 1 Rhinitis symptom evaluation and scores 

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 
obstructed all 

day 

Very severe 
nasal 

blockage 
causing 

prolonged 
oral breathing 

in a day 

Severe nasal 
blockage 
causing 

occasional 
oral breathing 

in a day 

Nasal 
blockage 

without oral 
breathing 

No trouble 

 

 

Supplementary Table 2 Conjunctivitis symptom evaluation and scores 

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 
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Supplementary Table 3 Components of composite scores  

 TNSS TOSS TNOSS TNOMS TNSMS TOSMS TNOSMS 
Runny nose 0-4 -- 0-4 -- 0-4 -- 0-4 
Sneezing 0-4 -- 0-4 -- 0-4 -- 0-4 
Blocked nose 0-4 -- 0-4 -- 0-4 -- 0-4 
Itchy eyes -- 0-3 0-3 -- -- 0-3 0-3 
Watery eyes -- 0-3 0-3 -- -- 0-3 0-3 
Oral 
antihistamine -- -- -- 0 or 3 0 or 3 -- 0 or 3 

Nasal spray -- -- -- 0 or 3 0 or 3 -- 0 or 3 
Ocular 
antihistamine -- -- -- 0 or 3 -- 0 or 3 0 or 3 

Total 0-12 0-6 0-18 0-9 0-18 0-9 0-27 
TNSS, total nasal symptom score; TOSS, total ocular symptom score; TNOSS, total 

nasal and ocular symptom score; TNOMS, total nasal and ocular medication score; 

TNSMS, total nasal symptom and medication score; TOSMS, total ocular symptom and 

medication score; TNOSMS, total nasal and ocular symptom and medication score.  

 

Supplementary Table 4 JC pollen counts and evaluation periods 

Year 
JC pollen dispersal season Peak symptom period 

(JC pollen counts) (JC pollen counts) 

2015 
February 11 to April 25 March 16 to March 31 

(3892.4 grains/cm2) (1472.5 grains/cm2) 

2016 
February 13 to April 23 March 9 to March 29 

(2994.0 grains/cm2) (1569.0 grains/cm2) 

2017 
February 16 to April 26 March 11 to March 31 

(2894.1 grains/cm2) (1359.1 grains/cm2) 

2018 
February 14 to April 30 March 5 to March 25 

(5015.9 grains/cm2) (3343.2 grains/cm2) 

2019 
February 18 to April 30  March 15 to March 31 

(4960.1 grains/cm2) (2096.0 grains/cm2) 

JC, Japanese cedar. 
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Supplementary Table 5 Incidence of adverse events and adverse drug reactions 

according to patient characteristics 

  Adverse events Adverse drug reactions 

 N no. (%) no. (%) 

Age (y)   
 12 to 19 20 19 (95.0%) 5 (25.0%) 
 20 to 29 52 43 (82.7%) 19 (36.5%) 
 30 to 39 54 50 (92.6%) 21 (38.9%) 
 40 to 49 82 66 (80.5%) 21 (25.6%) 
 50 to 64 25 25 (100.0%) 7 (28.0%) 
Years with JC pollinosis   
 <5 12 12 (100.0%) 6 (50.0%) 
 ≥5 to <10 36 26 (72.2%) 8 (22.2%) 
 ≥10 to <15 59 54 (91.5%) 22 (37.3%) 
 ≥15 to <20 50 46 (92.0%) 14 (28.0%) 
 ≥20 76 65 (85.5%) 23 (30.3%) 
JC pollen-specific IgE (UA/mL)   
 ≥3.5 to <17.5 120 100 (83.3%) 27 (22.5%) 
 ≥17.5 to <50 73 67 (91.8%) 33 (45.2%) 
 ≥50 to <100 32 28 (87.5%) 10 (31.3%) 
 ≥100  8 8 (100.0%) 3 (37.5%) 

N, number of participants in each group; no., number of participants with adverse events 

or adverse drug reactions; %, percentage of participants with adverse events or adverse 

drug reactions; JC, Japanese cedar. 

 



Supplementary Figure 1 Time of occurrence of ADRs.
Cumulative number of adverse drug reaction (ADRs) from the first day of treatment to the indicated
number of weeks.
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