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ABSTRACT

Background: House dust mite (HDM) sublingual immunotherapy (SLIT) tablets have been
approved for the treatment of patients with allergic rhinitis (AR). However, the meta-analysis on the
efficacy of HDM-SLIT tablets for HDM-induced AR patients remained limited.

Methods: Five databases were searched including: PubMed/MEDLINE, EMBASE, Web of Sci-
ence, the Cochrane Central Register of Controlled Trials, and CINAHL for randomized controlled
trials (RCTs) that addressed the efficacy and safetyof HDM-SLIT tablets compared with placebo
until January 2022. The primary outcome was a combined symptom and medication score (CSMS)
after treatment.

Results: Eight eligible RCTs were identified with a total of 3601 patients treated with HDM-SLIT
tablets and 2783 patients who received a placebo. The CSMS was significantly lower in the HDM-
SLIT tablet group compared with the placebo (standardized mean difference (SMD) —0.28 [95%
Cl: —0.32 to —0.23]). There was a significant reduction in rhinitis symptom scores, rhinitis medi-
cation scores, total combined conjunctivitis scores, and rhinoconjunctivitis quality of life ques-
tionnaire scores. The consistent efficacy compared to the placebo has been exhibited over the
different kinds and doses of HDM tablets (6 SQ, 12 SQ, 300 IR, and 500 IR) and age groups (>5
years old, adolescents and adults) with low degrees of variability across the studies. There was no
significant difference in proportions of participants who were injected with epinephrine between
the treatment- and placebo groups.

Conclusions: HDM-SLIT tablet is an effective treatment in reducing rhinitis symptoms and
medication use in AR patients with favorable safety. They also improve quality of life and
conjunctivitis symptoms.
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INTRODUCTION

Allergic rhinitis (AR) is a common condition
affecting up to 40% of the population worldwide."
AR is characterized by repeated symptoms of
sneezing, itchy nose, rhinorrhea, and nasal
obstruction. It also has a significant economic
burden with both direct and indirect costs, loss of
work productivity, and quality of life.* The standard
treatment of AR has been with allergen avoidance
strategies and pharmacotherapy. However, for
patients who fail to respond to pharmacotherapy,
allergen immunotherapy (AIT) has become
apparent as a treatment option.*™®

AIT modulates the immune system and is
currently considered to be the only treatment with a
potentially long-lasting disease modification.**® The
traditional routes of AIT are administered as
subcutaneous immunotherapy (SCIT) or sublingual
immunotherapy (SLIT). Both have been proven
efficacious in several randomized controlled trials
(RCTs) and meta-analyses.””"® The use of SLIT has
become a more favored approach due to the
convenience of application and high safety
profile."”"? The formulations of SLIT include drops
and tablets. The use of SLIT tablets has spread
gradually and replaced the SLIT drops because of
their easier-to-use more reliable allergen dose,
and scientific evidence on clinical efficacy.

The house dust mite (HDM) is one of the most
common allergens worldwide, and the major strains
are Dermatophagoides pteronyssinus and Derma-
tophagoides farinae. HDM has a well-established
causal role in AR and asthma patients.”® The
efficacy of HDM-specific AIT in patients with
allergic respiratory conditions has been demon-
strated in several meta-analyses of double-blind,
placebo-controlled (DBPC) trials of SCIT and SLIT
in adults and children with AR and allergic
asthma.’®"*"® They have shown that HDM-AIT is
effective in relieving symptoms, decreasing rescue
medication use, and improving quality of life scores.
However, there is a high degree of heterogeneity in
the study designs, study populations, AIT formula-
tions, and outcome criteria used in clinical trials.’®
The most recent network meta-analysis indirect
comparison of HDM-SCIT and HDM-SLIT has sug-
gested that SCIT may be more effective than SLIT
drops and tablets in controlling AR symptoms.
However, the numbers of participants in SCIT- and

SLIT drops-RCTs were very small in comparison to
the large well-design DBPC trials of SLIT tablets.
Additionally, the RCTs on SCIT and SLIT drops are
highly variable in allergen formulations, dosing, and
clinical outcome measurements.’® Recently, the
European Academy of Allergy and Clinical
Immunology (EAACI) proposed a harmonized,
standardized definition of the combined symptom
and medication score (CSMS) for use as a primary
endpoint in AIT trials."”

To our knowledge, there are only two HDM-SLIT
tablets that have been approved in various parts of
the world; standardized quality (SQ)-HDM, and
index of reactivity (IR)-HDM. No meta-analysis to
date has analyzed the efficacy SLIT tablets exclu-
sively in HDM-induced AR patients using the CSMS
as a primary outcome. The current study aimed to
evaluate the efficacy of SLIT tablets on HDM-
induced AR patients on rhinitis symptom and
medication scores, conjunctivitis scores, quality of
life, and safety.

METHODS
Protocol and registration

This systematic review and meta-analysis were
conducted following the Cochrane Handbook for
Systematic Reviews of Interventions version 6.0'®
and reported in compliance with the Preferred
Reporting Iltems for Systematic Review and Meta-
analysis (PRISMA).'® We registered the study
protocol in PROSPERO (Registration Number
CRD42021268890). Due to the nature of the
study, it was considered exempt from ethics
approval.

Data source and search strategy

Five electronic databases were searched
including PubMed, EMBASE, Web of sciences, the
Cochrane Central Register of Controlled Trials,
and CINAHL for relevant literature from their
inception through to January 1, 2022, restricted to
the English language. A literature search was car-
ried out by 2 independent authors (PK, and ML)
using a structured search strategy (the search
strategies are provided in Table ET). Controlled
vocabulary terms were utilized specifically for
each database as applicable such as the Medical
Subject Heading (MeSH) for PubMed grey
literature was obtained to identify additional
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studies that were not published or controlled by
commercial publishers through Google Scholar
advanced search. All the reference lists of
identified  publications were checked for
additional eligible publications.

Study selection

Two authors (PK, and ML) independently
screened titles and abstracts of all retrieved
research articles from databases and identified
articles that met the inclusion criteria. The reasons
for the exclusion of any study were compared and
discussed. Any disagreement was resolved by a
consensus meeting with the third author (PP).

We included randomized controlled trials (RCT),
regardless of sample size, which fulfilled the
following criteria: 1) reported on patients with
HDM-induced allergic rhinitis with or without other
atopic diseases eg, atopic asthma, allergic
conjunctivitis, in any age group; 2) reported the
effects of HDM-SLIT tablets in any dose for at least
one-year duration compared with placebo as a
control group, and 3) reported the outcomes of
interest. The exclusion criteria of articles were 1) no
full text available, 2) non-English studies, 3) studies
that use allergoid HDM-SLIT tablets, 4) studies that
recruited patients mainly suffering from allergic
asthma, 5) studies with inconsistent outcome in-
dicators, or 6) studies with primary outcome eval-
uated by allergen provocation test such as allergen
exposure chamber.

Outcome measures

The primary outcomes were efficacy, mean dif-
ference of CSMS (which may be used in other
terms; total combined rhinitis score [TCRS], or a
combined score) between patients who received
HDM-SLIT tablets compared with the placebo
group during the end of the treatment period.

The secondary outcomes were the mean differ-
ence of rhinitis symptom scores (RSS), rhinitis
medication scores (RMS), total combined
conjunctivitis scores (TCCS), Rhinoconjunctivitis
Quality of Life Questionnaire (RQLQ), and global
evaluation of treatment efficacy (defined as the
patient’'s self-reported improvement) compared
between patients received HDM-SLIT tablet and
placebo group. All these outcomes were also
assessed during the end of the treatment period.

The acceptability of treatment is defined by the
study of patient dropout for any reason, encom-
passing efficacy and tolerability.

The safety outcomes were assessed by the
number of patients who had any treatment-related
adverse events (TRAE) and adverse events (AE)
leading to discontinuing the treatment compared
between 2 groups.

Data extraction

Two authors (PK, and ML) independently
extracted data on study authorship, year of publi-
cation, country, study design, inclusion and exclu-
sion criteria, patient characteristics, details of the
intervention and control, sample size, outcome
measures, and main results. Data extraction was
cross-checked, and any discrepancies were
reconciled through discussion with the third author
(PP). For studies with incomplete outcome data,
we contacted the corresponding authors of those
studies via e-mail. If there was no response within 2
weeks, the data were imputed (if feasible) or re-
ported as missing.

For continuous outcomes (eg, CSMS, RSS, etc.),
we extracted the exact mean value and their
standard deviation (SD) on the full analysis set
(FAS) in each group and the number of partici-
pants was extracted. If studies presented the
means and SD only in figures, we extracted the
data from the figures using the Digitizelt program
(http://www.digitzeit.de/). For studies reporting
medians and interquartile range, means and SD
were calculated using methods proposed by Wan
et al.?? If the SD of the score were not available,
the imputation of SD was calculated based on
the 95% the difference in the score between the
HDM-SLIT and placebo groups according to the
recommendations by the Cochrane Handbook for
Systematic Reviews of Interventions.”®

For binary outcomes eg, global evaluation, or
safety: We extracted the number of patients who
reported being better and much better at the end
of the treatment. The safety outcome was extracted
as the number of patients who developed TRAE
included mild, moderate, and severe in each
treatment arm.
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Risk of bias assessment

Two authors (PK, and PP) independently
assessed the methodological quality of included
trials, and consensus was reached by discussion
with a third party (ML) in case of discrepancy. The
quality of each study was rated using Risk-of-Bias 2
(RoB2) tool for RCTs by the Cochrane collabora-
tion.?" The methodological quality was assessed in
5 domains, as follows: 1) bias arising from the
randomization process; 2) bias due to deviations
from intended interventions; 3) bias due to
missing outcome data; 4) bias in the
measurement of the outcome; and 5) bias in the
selection of reporting the result. Each study was
rated according to the RoB2 algorithm.

Data synthesis and analysis

All statistical analyses were performed using
Stata statistical package version 17 (StataCorp,
College Station, Texas, USA). A two-tailed, P-value
less than 0.05 was used for statistical significance. A
meta-analysis was performed by using DerSimo-
nian and Laird random-effects model to estimate
the pooled estimates with their 95% confidence
intervals (95% Cl).22 For continuous outcomes eg,
CSMS that is, continuous data with varying scales
of measurements, standardized mean difference
(SMD) was used for data pooling. For SMD, the
definition of treatment effects by Cohen for
meaningful interpretation was followed; a pooled
difference of 0.2, 0.5, and 0.8 was considered to
be a small effect, medium effect, and large effect,
respectively.?® For dichotomous outcomes eg, the
acceptability of treatment and safety outcomes
were summarized by pooled relative risk (RR) with
95% ClI.

Heterogeneity was assessed using the I? statis-
tic, which ranges between 0% and 100%, with
higher values indicating greater degrees of vari-
ability across the study results. I values of 25%,
50%, and 75% have been suggested to indicate
low, moderate, and high heterogeneity,
respectively.'®

In addition, subgroup analysis was analyzed
according to age (children 5-11 years and >12
years old), and dose of treatment which were
divided into four groups: defined as patients who
received 6 SQ-HDM or equivalent (10,000

Japanese Allergy Unit (JAU)); 12 SQ-HDM or
equivalent (20,000 JAU); 300 IR-HDM; and 500 IR-
HDM sublingual tablet formulation.

All results of the meta-analyses were visualized
by forest plots. Funnel plots were generated to
detect publication bias.

Grading the strength of evidence

We graded the strength of evidence for the pri-
mary outcome (CSMS) by considering the ROB of
each study, inconsistency of the results, indirectness
of evidence, imprecision, and reporting bias
following the Grading of Recommended Assess-
ment, Development, and Evaluation approach
(GRADE).**

RESULTS

The systematic literature search details are pro-
vided in Fig. 1. A total of 1132 studies were
identified from five electronic databases. Of these
studies, 524 studies were duplicates and
removed. By screening titles and abstracts, 56 full
texts of potentially relevant studies were retrieved.
After exclusion for study type, population,
investigation treatment, outcome measures, and
full text available, 8 studies were included in the
systematic  review and  meta-analysis.?*"*?
Characteristics and main findings of the selected
studies are presented in Table 1 and Table E2.

All 8 studies were RCTs, of which 4 studies had a
three-arm  parallel  design,?°2%2827 and 4
studies®”*%32 had a two-arm design included a
total of 3601 patients were treated with HDM-SLIT
tablets and 2783 patients who received placebo.
Four studies were performed in Japan, 2 in
Europe, 1 in North America, and 1 in multiple
continents (Europe, North America, Russia, and
Israel). Seven hundred and ninety-one patients
were treated with 6 SQ-HDM or equivalent, 1131
patients received 12 SQ-HDM or equivalent, 1247
received a 300 IR sublingual tablet formulation,
and 432 patients received 500 IR. The treatment
duration of all studies was approximately one year
(52 weeks).?¢*? Only 1 study reported the
response during the subsequent treatment-free
year.?®
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of included and excluded studies.

Risk of bias for included studies

Fig. 2 shows the risk of bias within all included
RCTs. In terms of study quality, seven studies
were found to have a low risk of bias. Only one
study had some concerns regarding missing
outcome data.*? Details on the risk-of-bias evalu-
ation for each included study are shown in
Table E3.

The combined symptom and medication score
(CSMS)

The primary outcome was the average CSMS at
44-52 weeks after the treatment. Results are shown
in Fig. 3A. The CSMS was significantly lower in all
HDM-SLIT tablet groups compared with placebo
(SMD —-0.28 [95% CI: —0.32 to —0.23]; p < 0.01).
For subgroup analysis according to the dose of
treatment, the reduction in the CSMS compared
with the placebo group was SMD —0.35 [95% CI:
—0.45 to —0.25] for the 6 SQ-HDM groups, SMD
—0.28 [95% CI, —0.36 to —0.20] for 12 SQ-HDM
group, SMD —0.25 [95% CI: —0.33 to —0.18] for
300 IR group, and SMD —-0.23 [95% CI: —0.36
to —0.10] for 500 IR group, respectively. The
pooled SMD of CSMS was not significantly
different across treatment groups (p = 0.43).

The rhinitis symptom scores (RSS) and rhinitis
medication scores (RMS)

Our meta-analysis revealed a significant reduc-
tion of RSS in the HDM-SLIT tablet group relative to
the placebo group with pooled SMD of —0.27
[95% CI: -0.32 to —0.23]; p < 0.01, Fig. 3B. In
comparison with placebo, 6 SQ-HDM (SMD -0.33
[95% Cl: -0.50 to —0.17]), 12 SQ-HDM (SMD -0.27
[95% Cl: -0.34 to —0.19]), 300 IR (SMD -0.26 [95%
Cl: -0.33 to —0.18]), and 500 IR (SMD -0.24 [95%
Cl: -0.37 to —-0.11]) were shown to have low
treatment effects with statistical significance in
each subgroup. However, the pooled SMD of RSS
had no significant differences between groups
(p = 0.82).

In addition, subgroup analysis was analyzed
according to age (children 5-11 years and >12
years old). The pooled SMD was significant
decrease —0.36 [95% Cl: -0.54 to —0.19] for pa-
tients 5-11 years old, and —0.26 [95% CI: -0.31
to —0.22] for patients with >12 years old. The
pooled SMD of RSS showed no differences be-
tween age groups (p = 0.29) (Figure E1).

Fig. 4A showed a significant reduction of RMS in
the HDM-SLIT group relative to the placebo group
with SMD -0.11 [95% Cl: -0.16 to —0.07]; p < 0.01.



Bergmann 2014

Country

7 European

countries

Type/duration

RDBPC, 2 years
(treatment for
1st year, observed
in 2nd year)

Inclusion criteria

18-50 YO HDM-induced AR
+controlled asthma
HDM SPT >3 mm and HDM
slgE >0.7 kU/mL without
other allergens induced AR
ARTSS >5

Study size (n)

509

Intervention (n)

500 IR-HDM
tablets, n = 169

301+ 84

Female (%)

Polysensitized (%)

Asthma (%)

Outcome
assessment

Primary end point:
AASS during the year
1 primary period
Secondary end
points: ARTSS,
ARSS, ARMS, and the
patient’s global
evaluation of
treatment efficacy

Placebo,
n=170

6 SQ-HDM
tablet, n = 336

30.0 £ 8.9

325+ 112

49

Okubo 2017

Japan

RDBPC, 52 weeks

12-64 YO HDM-induced AR
without asthma
DSS >7
Positive HDM NPCT
HDM slgE >0.35 kU/mL
without >5 kU/mL of other
allergens

946

12 SQ-HDM
(20,000 JAU)
tablet, n = 314

268 +£12.1

Primary end point:
TCRS during last 8
treatment weeks
Secondary end
points: RSS, RMS,
CCs, CsS, CMs,
JRQLQ

Placebo,
n =319

268 +£11.7

59

80
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300 IR-HDM
tablets, n = 315

30.0 £11.8

54

69

NA

Masuyama 2018

Okamoto 2019

Japan

Japan

RDBPC, 52 weeks

RDBPC, 52 weeks

5-17 YO HDM-induced AR
=+controlled asthma
DSS >7
Positive HDM NPCT
HDM slgE >0.35 kU/mL
without >5 kU/mL of other
allergens

5-16 YO HDM-induced AR
without persistent asthma
(required inhaled steroids)
Positive HDM NPCT
HDM slgE >0.7 kU/mL
without other allergens
induced AR
ARTSS >6

458

438

6 SQ-HDM
(10,000 JAU)
tablet, n = 227

300 IR-HDM
tablets, n = 219

10.8 + 2.9 (56%, age 5-11 YO)

103 +27

34

40

78

81

13

Primary end point:
TCRS during last 8
treatment weeks
Secondary end
points: RSS, RMS,
CCs, CsS, CMs,
JRQLQ
Serum HDM specific
IgE, 1gG4 level at
baseline and week 52

Primary end point:
AASS during last 8
treatment weeks
Secondary end
points: ARTSS, AMS,
ACS, ATRCS, JRQLQ
Serum HDM specific
IgE, 1gG4 level at
baseline and week 52

Demoly 2021

9 European countries,

Israel, Canada, Russia

RDBPC, 52 weeks

12-65 YO HDM-induced AR/
C with self-reported
troublesome symptoms
+controlled asthma (GINA
step 1-2)

HDM SPT >5 mm and slgE
>0.35 kU/mL without other
significant allergens induced
AR

1607

300 IR-HDM
tablets, n = 802

29.5+ 131

51

44

38

Primary end point:
average TCS during
last 4 treatment weeks
Secondary end
points: the average
CSMS, RMS, RCTSS,
PSCD, RQLQ

Table 1. Characteristics of included studies. RDBPC, randomized, double-blind, placebo-controlled trial; HDM, house dust mite; AR/C, allergic rhinitis/conjunctivitis; SPT, skin prick test; sIgE, specific IgE;
DSS, daily symptom score; NPCT, nasal provocation test; ARTSS, average rhinitis total symptom score; GINA, Global Initiative for Asthma, SQ, standardized quality unit; IR, index of reactivity; JAU, Japanese
allergen unit; TCRS, total combined rhinitis score; DMS, daily medication score; TCS, total combined score; VAS, visual analog scale; RQLQ, rhinoconjunctivitis quality of life questionnaire; RCSS,
rhinoconjunctivitis symptom score; RCMS, rhinoconjunctivitis medication score; CCS, conjunctivitis combined score; CSS, conjunctivitis symptom score; CMS, conjunctivitis medication score; RSS, rhinitis
symptom score; RMS, rhinitis medication score; JROLQ, Japanese rhinoconjunctivitis quality of life questionnaire; AASS, average adjusted symptom score; ARTSS, average rhinitis total symptom score; AMS,
average medication score; ACS, average combined score; ATRCS, average total rhinoconjunctivitis score; RCTSS, rhinoconjunctivitis total symptom score; PSCD, proportion of symptom-controlled days
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Fig. 2 Risk-of-bias assessment of included studies.

Rhinoconjunctivitis quality of life questionnaire
(RQLQ)

A total of three studies assessed RQLQ with
1836 patients in the HDM-SLIT group and 1659
patients in the placebo group.?4?732 There was a
significant reduction of RQLQ score in the HDM-
SLIT group relative to the placebo group with
pooled SMD of —0.23 [95% ClI: -0.29 to —0.16];
p < 0.01 (Fig. 4B).

Global evaluation of treatment efficacy

A summary of 5 studies?>2¢283031 \ith 1903
patients in the HDM-SLIT group and 1210 pa-
tients in the placebo group assessed for the
number of patients’ self-reported improvement at
the end of treatment is shown in Fig. 4C. The
proportion of patient in HDM-SLIT group (1471/
1903, 77.3%) reported improvement to be signifi-
cantly higher than the placebo (759/1210, 62.7%),
RR = 1.23[95% CI: 1.16 to 1.30]; p < 0.01.

Total combined conjunctivitis scores (TCCS)

Three studies?4283° reported TCCS, and we
demonstrated a significant reduction in the HDM-
SLIT group relative to the placebo group with
pooled SMD of —0.23 [95% CI: -0.33 to —0.12];
p < 0.01 (Fig. 4D).

The acceptability of treatment

The number of patients in the HDM-SLIT group
(635/3609, 17.6%) showed significantly higher
dropout for any reason than placebo (371/2823,
13.2%), RR 1.32 [95% CI: 1.06 to 1.63]; p = 0.01
(Figure E2(A)).

Safety outcomes

A total of 8 studies reported TRAE, 4255 pa-
tients received HDM-SLIT Tablet and 3138 patients
received placebo. The adverse events of the
included trials’ participants were summarized in
Table E4. Of the 2839 (66.7%) of treatment groups
and 809 (25.8%) of the placebo group reported
TRAE. Eight participants from the treatment
group (0.20%) and 7 participants from the
placebo group (0.24%) were injected with
epinephrine due to systemic reactions during the
trials. No fatal reaction was reported. HDM-SLIT
group showed a significantly higher probability
to develop TRAE than the placebo group, RR 2.80
[95% Cl: 2.02 to 3.89]; p < 0.01 (Fig. 5). Most
patients reported mild to moderate severity of
TRAE. Only 11 (0.3%) patients in the HDM-SLIT
group reported severe TRAE from three
studies.?®*"3? There was no severe TRAE in the
placebo group that showed no significant risk of
patient-developed TRAE by subgroup dose
(p = 0.70). In addition, our study showed a statis-
tically significant higher probability occurred
adverse events leading to discontinuation in the
patients who received HDM-SLIT tablet, RR 2.08
[95% CI: 1.40 to 3.07; p < 0.01], Figure E2(B).

Assessment of heterogeneity, publication bias,
and strength of evidence

From the results of the meta-analysis, most of
the outcomes showed no heterogenicity
(I” < 25%), including CSMS, RSS, RMS, and RQLQ.
There was some evidence of low to moderate
statistical heterogeneity, TCCS (I* = 41.41%) and
global evaluation (I = 43.89%). Only one outcome
carried high heterogenicity, which was treatment-
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A.

C ymp and score

Study (dose) N MEn S N HESR® sp with §5% C1 ‘e
6 SQ-HDM or 10000 JAU

Demoly 2016 (6 SQ-HDM) 297 558 454 298 676 454 - -0.26[-0.42, -0.10] 8.03
Okubo 2017 (10000 JAU) 285 399 307 285 514 307 - -0.37[-0.54, -021] 762
Masuyama 2018 (10000 JAU) 209 409 2.77 218 530 2.77 - -0.44[-063, -024] 567
Heterogeneity: T = 0.00, I = 3.19%, H' = 1.03 s -0.35[-0.45, -0.25]
Testof 6,= 6 Q(2) =2.07, p=0.36

12 SQ-HDM or 20000 JAU

Demoly 2016 (12SQ-HDM) 284 553 452 298 676 452 -m- 0.27[-044, -0.11] 7.84
Nolte 2016 (128Q-HDM) 566 4.17 3.27 620 507 3.60 = -0.26[-0.38, -0.15] 15.97
Okubo 2017 (20000 JAU) 281 4.14 309 285 5.14 3.09 - -0.32[-0.49, -0.16] 7.60
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00 * -0.28[-0.36, -0.20]
Testof 6,= 6 Q(2) =0.38, p=0.83

300 IR

Bergmann 2014 (300 IR) 141 351 272 153 4.19 274 . 0.25[-0.48, -0.02] 396
Okamoto 2017 (300 IR) 315 062 053 316 077 053 E B 0.28[-0.44, -0.13] 850
Okamoto 2019 (300 IR) 205 081 043 217 093 044 - -0.28[-0.47, -0.08] 568
Demoly 2021 (300 IR) 586 362 3.16 676 435 3.16 ] -0.23[-0.34, 0.12] 1697
Heterogeneity: = 0.00, I = 0.00%, H' = 1.00 * -0.25[-0.33, -0.18]
Testof 6= 8 Q(3)=0.35,p=0.95

500 IR

Bergmann 2014 (500 IR) 136 332 274 153 419 274 —a— -0.32[-0.55, -0.09] 387
Okamoto 2017 (500 IR) 296 067 052 316 0.77 053 -o- -0.19[-0.35, -0.03] 828
Heterogeneity: T = 0.00, I = 0.00%, H' = 1.00 < 0.23[-0.36, -0.10]
Testof 6,=0: Q(1)=0.78, p=0.38

Overall ) -0.28[-0.32, -0.23]
Heterogeneity: T = 0.00, I = 0.00%, H’ = 1.00

Test of 6, = 6, Q(11) = 6.39, p=0.85

Test of group differences: Q.(3) = 2.77, p = 0.43
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Fig. 3 Forest plot showing results of pairwise meta-analysis of randomized controlled trials examining; (A) the comparative combined symptom and medication score, (B) the

B.
Rhinitis symptom score g1 Placebo SMD Weight
Study (dose) N Mean SD N Mean SD with 95% CI (%)
6 SQ-HDM or 10000 JAU
Demoly 2016 (6 SQ-HDM) 297 290 227 298 330 227 m! 018[-034, -002] 775
Okubo 2017 (10000 JAU) 285 369 268 285 475 268 - 0.40[-056, -023] 7.31
Masuyama 2018 (10000 JAU) 209 3.95 258 218 510 258  —@— 0.45[-064, -025] 545
Heterogeneity: T° = 0.01, I = 63.59%, H' =275 <> -0.33[-0.50, -0.17]
Test of 6 = 8 Q(2) = 5.49, p = 0.06
12 SQ-HDM or 20000 JAU
Demoly 2016 (125Q-HDM) 284 2.76 218 298 3.30 2.18 - 0.25[-0.41, -0.08] 7.55
Nolte 2016 (12SQ-HDM) 740 358 255 741 427 296 ] 0.25[-0.35, -0.15] 19.22
Okubo 2017 (20000 JAU) 281 387 270 285 475 270 -m- 0.33[-049, -0.16]  7.30
Heterogeneity: T° = 0.00, I’ = 0.00%, H’ = 1.00 * 0.27[-0.34, -0.19]
Test of 6= 6; Q(2) = 0.65, p= 0.72
300 IR
Bergmann 2014 (300 IR) 141 318 266 153 3.87 268 ] 0.26[-049, -003] 381
Okamoto 2017 (300 IR) 315 496 373 316 603 373 - 0.29[-0.44, -0.13] 817
Okamoto 2019 (300 IR) 205 625 272 217 7.16 2.80 - 0.33[-052, -0.14] 5.44
Demoly 2021 (300 IR) 586 422 384 676 504 384 = 0.21[-032, -0.10] 16.33
Heterogeneity: T° = 0.00, I’ = 0.00%, H’ = 1.00 © 0.26[-0.33, -0.18]
Testof 6 =6; Q(3) = 1.27, p=0.74
500 IR
Bergmann 2014 (500 IR) 136 309 268 153 387 268 —-— 029[-052, -0.06] 373
Okamoto 2017 (500 IR) 296 525 361 316 603 373 - 0.21[-037, -0.05] 7.95
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 <& -0.24(-0.37, -0.11]
Test of 8= 8; Q(1) = 0.30, p= 0.58
overall + 0.27[-0.32, -0.23]
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00
Testof 6= 6; Q(11) = 9.33, p= 0.59
Test of group differences: Qs(3) = 0.90, p = 0.82
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comparative rhinitis symptoms score of HDM-SLIT tablet group compared with placebo at 44-52 weeks after the treatment.
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A.

Rhinitis medication score sut Placebo sMD Weight C-
Study N Mean SD N Mean SD ‘with 95% CI (%)
Global ion of y
Bergmann 2014 (300 IR) 141 033 0.56 153 032 0.58 . 002(021, 025 408 SUT  Placebo Risk Ratio Weight
Bergmann 2014 (500 IR) 136 0.23 055 153 0.32 058 —- 0.16[-0.39, 0.07] 3.99 udy (dose) Yos No Yes No with 95% C1 %)
Demoly 2016 (6 SQ-HDM) 297 213 317 298 2.83 3.7 - -0.22[-0.38, -0.06] 7.0  Bergmann 2014 (300 IR) 120 29 96 65 —-— 1.35[1.16, 1.57] 9.47
Demoly 2016 (12SQ-HDM) 284 222 323 298 283 323 . -0.19(-0.35, 003] 774  Bergmann 2014 (500 IR) 106 39 96 65 . 1.23[1.04, 1.44] 857
Nolte 2016 (125Q-HDM) 740 065 277 741 079 3.05 - -0.05(-0.15, 0.05] 17.68  Demoly 2016 (6 SQ-HDM) 228 72 203 96 112[1.01, 1.24] 15.02
Okamoto 2017 (300 IR) 315 004 035 316 007 0.36 E S 008024, 0071 B3 p o016 (1950 HDM) 573} 7| 150%: B8 110[1.00, 122] 1469
Okamoto 2017 (500 IR) 296 007 034 316 007 036 - 000[-0.16, 0.16] 8.14
Okubo 2017 (10000 JAU) 285 0.11 036 285 0.15 0.36 - 011[-028, 005 762  Okamoto 2017 (3001R) 244; 71, 12001116 el 1-221(1.10,, 1.36] "14.68
Okubo 2017 (20000 JAU) 281 010 036 285 015 036 - 014[-030, 003 756  Okamoto2017 (500 IR) 227 69 200 116 L 1.21[1.09, 1.35] 14.41
Masuyama 2018 (10000 JAU) 209 0.03 0.16 218 0.06 0.16 - -0.19[-0.38, 0.00] 5.80 Masuyama 2018 (10000 JAU) 172 37 133 84 - 1.34[1.19, 1.52] 12.12
Okamoto 2019 (300 IR) 205 007 021 217 007 022 —.— 0.00(-0.19, 0.19) 576  Okamoto 2019 (300 IR) 161 44 127 90 - 1.34[1.17, 1.53] 11.04
Demoly 2021 (300 IR) 586 021 045 676 0.30 045 = -020(-031, 009 1534 (o * 123146, 130]
Overall , , X ¢ 0111016, -0.07) Heterogeneity: 7° = 0.00, I’ = 43.89%, H’ = 1.78
Het - 1= 0.00, I’ = 8.25%, H’ = 1.09
elerogenelty: T Test of 6, = 0 Q(7) = 12.47, p = 0.09
Test of 0 = 8; Q(11) = 11.99, p = 0.36
Testof @ = 0: z = -4.73, p = 0.00 Testof @ = 0: 2 =7.09, p = 0.00
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B. D.

Total combinded conjunctivitis scores

RaLQ SLT Placebo SMD Weight  gyyqy (dose) N ::: s N Pll:::nm sD wims;‘:h cl W";:’“
Study (dose) N Mean SD N Mean SD with 95% CI (%)

Demoly 2016 (6 SQ-HDM) 256 176 196 257 1.98 1.96 0.11[-0.29, 0.06] 2009
Demoly 2016 (BEC-HDM) (242! 145 1.00 240, *1.56; 1.00 013[-0.31, 0081 1297 poro 2016 (12SQ-HDM) 241 179 193 257 1.98 1.93 -0.10[-0.27, 0.08] 19.73
Demoly 2016 (12 SQ-HDM) 229 1.38 0.7 240 1.58 0.97 = 0.21[-039, -0.02] 1258 o6 2017 (10000 JAU) 285 095 128 285 1.31 128 - -0.28[-0.45, -0.12] 21.24
Nolte 2016 (12 SQ-HDM) 740 156 097 741 184 097 » 029[-039, 019 3954 Gyino2017 (20000 JAU) 281 0.7 128 285 131 1.8 - 0.27[ 043, 0.10) 21.16
Demoly 2021 (300 IR) 625 142 097 678 162 097 » 021[-032, 010 3491 \tasuyama 2018 (10000 JAU) 209 0.56 092 218 0.91 092 . 038057, 0.19) 1778
overall . -0.23[-0.29, -0.16] overail P 023[0.33, -0.12]
Heterogeneity: 1* = 0.00, I = 0.00%, H' = 1.00 Heterogeneity: 1° = 0.01, I = 41.41%, H* = 1.71
Testof 6= 6: Q(3) = 2.71, p= 0.4 Test of 8 = 8 Q(4) = 6.83, p = 0.15
Testof 6=0:z=-697,p =000 Testof 8= 0: z = -4.35, p = 0.00
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Fig. 4 Forest plot showing results of pairwise meta-analysis of randomized controlled trials examining the efficacy of HDM-SLIT tablet group compared with placebo (44-52 weeks after
the treatment): (A) Rhinitis medication score, (B) RQLQ, (C) Global evaluation, and (D) Total combined conjunctivitis score.
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SLIT  Placebo Risk Ratio  Weight
Study (dose) Yes No Yes No with 95% Cl (%)

6 SQ-HDM or 10000 JAU
Demoly 2016 (6 SQ-HDM) 177 159 54 284
Okubo 2017 (10000 JAU) 199 114 54 265
Masuyama 2018 (10000 JAU) 150 77 44 187
Heterogeneity: T = 0.00, I = 0.00%, H' = 1.00

Test of 8 = 6 Q(2) = 0.49, p = 0.78

3.30[2.53, 4.30] 8.21
3.76[2.90, 4.86] 8.23
3.47[2.62, 460] 8.15
3.51[3.01, 4.09]

12 SQ-HDM or 20000 JAU

Demoly 2016 (12SQ-HDM) 191 127 54 284
Nolte 2016 (12SQ-HDM) 624 119 302 436
Okubo 2017 (20000 JAU) 200 114 54 265
Heterogeneity: T = 0.16, I’ = 94.05%, H’ = 16.79
Test of 8 = 6 Q(2) = 33.59, p = 0.00

3.76[290, 488] 8122
205[187, 225] 8861
3.76[2.91, 487] 8123
3.04[1.89, 4.87]

300 IR

Bergmann 2014 (300 IR) 150 20 136 34 1.10[1.00, 1.21] 8&.61
Okamoto 2017 (300 IR) 215 107 60 262 3.58[2.82, 456] 8128
Okamoto 2019 (300 IR) 147 72 40 179 3.67[274, 494] 810
Demoly 2021 (300 IR) 406 392 119 682 3.43[287, 411] 845

Heterogeneity: T° = 0.57, I = 98.53%, H’ = 68.09
Test of & = 6 Q(3) = 204.26, p = 0.00

2.64[1.25, 5.60]

500 IR
Bergmann 2014 (500 IR) 141 28 136 34 1.04[0.94, 1.15] 8&.60
Okamoto 2017 (200 IR) 237 87 60 262 3.93[3.10, 498] 8129

Heterogeneity: T = 0.87, I’ = 99.01%, H = 101.33
Test of & = 6: Q(1) = 101.33, p = 0.00

2.01[0.55, 7.38]

Overall
Heterogeneity: T = 0.32, I’ = 97.83%, H” = 45.99
Test of & = 6 Q(11) = 505.90, p = 0.00

2.80[2.02, 3.89]

oY '¢. frsn fa"e onan

Test of group differences: Q.(3) = 1.44, p=0.70

T
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Fig. 5 Forest plot showing results of pairwise meta-analysis of randomized controlled trials examining comparative number of patients with
any treatment-related adverse events (TRAE) in the HDM-SLIT tablet group compared with placebo.

related adverse events with an 1> = 97.83%. The DISCUSSION
funnel plot for the primary outcome of our study
(CRMS) showed no evidence of publication bias
(Figure E3). We graded the strength of evidence
for TCRS, it showed high. The summary of
grading is provided in Table E5.

This systematic review of HDM-SLIT tablets has
identified 8 double-blinded, placebo-controlled
RCTs with sufficient data for inclusion in the meta-
analysis. It included a total of 3601 patients who
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were treated with HDM-SLIT tablets and 2783 pa-
tients who received a placebo. HDM-SLIT tablet
effectively improved the clinical rhinitis symptom
and medication use which was evaluated by
CSMS, RSS, and RMS in children, adolescents, and
adults. Moreover, it improved conjunctivitis symp-
toms and quality of life with favorable safety
profiles.

To our knowledge, this is the first meta-analysis
that analyzed the CSMS, according to the recom-
mendation of EAACI'? as a primary outcome. The
SMD of the primary outcome of the pooled HDM-
SLIT tablet was —0.28 [95% CI: 0.33 to —0.23]. The
consistent efficacy compared to the placebo has
been exhibited in both SQ- and IR- HDM SLIT tab-
lets in different doses (6 SQ, 12 SQ, 300 IR, and 500
IR) with low degrees of variability across the studies.
We did not find a difference in clinical response of
CSMS and RSS between each group in the sub-
group analysis. The World Allergy Organization
(WAQO) proposed the definition of a minimum
clinically relevant effect for AIT is more than a 20%
difference in clinical improvement from placebo.??
Unfortunately, we could not calculate the pooled

difference in clinical improvement due to
insufficient data.
Although there was statistically significant

improvement across the different doses of HDM-
SLIT tablet compared to the placebo, a 3-arm RCT
of 6 SQ-, 12SQ-HDM tablets, and placebo in 992
adults with AR demonstrated that the results were
more robust for 12 SQ-HDM tablets (relative dif-
ference in TCRS VS placebo: 22% (p = 0.001) in 12
SQ-HDM; 18% (p = 0.002) in 6 SQ-HDM).?¢ The
efficacy of 12 SQ-HDM tablets met statistically sig-
nificant reduction in all secondary endpoints eg,
RSS, RMS, combined rhinoconjunctivitis score, and
improved quality of life.?® This may be one of the
reasons for the approval of 12 SQ-HDM tablets
for the treatment of AR in adults and adolescents.
There were 2 studies including the children aged
under 12 years (5-18 years old) which were per-
formed in Japan.®°3" These RCTs showed that the
6 SQ- and 300 IR-HDM tablets were well-tolerated
and effective in the young children. The effective
dosing of HDM-SLIT in children may be lower than
in adolescents and adults.

The results of reduction in RMS of HDM-SLIT
tablet were less prominent than the RSS in all

included studies. This may imply that the use of as-
needed relief medication may not be well-correlate
with the clinical improvement. The interpretation of
AlT’s clinical efficacy with medication scores alone
might potentially underestimate the true effect of
AIT."” Regarding the regulatory authorities such as
the European Medicines Agency (EMA) guideline
2008 recommends that the phase-3 AIT clinical
trial should be evaluated by natural exposure (field
trial), the allergen exposure chamber can be used
not only for phases-1 and -2 or for confirmatory of
phase-3 field trial results.’”3* Hence, we excluded
the studies that evaluated the primary outcome by
allergen provocation test such as allergen
exposure chamber.

Only 3 included studies evaluated the results of
HDM-SLIT tablet on ocular symptoms by
TCCS.26283% This meta-analysis confirmed the
result of a previous systematic review which showed
that SLIT is moderately effective in reducing total
and individual ocular symptom scores in partici-
pants with allergic rhinoconjunctivitis.?® For other
participants’ self-evaluation of treatment success,
the global evaluation of improvement was signifi-
cantly higher than the placebo group (RR = 1.21
[95% CI: 1.14 to 1.29]). The improvement in quality
of life was demonstrated in the reduction of ROLQ
score relative to placebo with SMD of —0.23 [95%
Cl: 0.29 to —0.16]. All these pooled results
confirmed the HDM-SLIT tablet efficacy with low to
moderate heterogeneity.

In contrast to SCIT, there is no longitudinal sur-
veillance of safety data on SLIT tablets.*¢-3? SLIT
has proven to be potentially safer than SCIT.
Although the reported local side effects of SLIT
are very common, severe systemic side effects
rarely occur.’® In data of SLIT tablet clinical trials
in the United States, no fatalities were reported.
Epinephrine was administered to 35 subjects
(0.2% of 8152 SLIT-related adverse events). None
were considered serious or life-threatening.® In
line with this systemic review, there was a
significantly higher rate of TRAE in the treatment
group compared to the placebo (65.1% vs
22.7%). Only 0.3% of the events were severe.
Eight participants from the treatment group
(0.20%) were treated with epinephrine during the
trials which the rate is comparable to the
participants in the placebo group (n = 7, 0.24%)
(Table E4). Even though the systemic reactions
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due to SLIT are uncommon, the bothersome local
adverse side effects might lead to the common
reason for discontinuation of treatment.’®> The
current meta-analysis showed a significantly
higher probability of TRAE leading to discontinu-
ation in the patients who received HDM-SLIT tab-
lets, RR 2.09 [95% CI: 1.27 to 3.44].

Although the current guidelines recommend
treatment with SLIT for at least 3 years,>*" the
clinical trials of HDM-SLIT tablets were docu-
mented for only a one-year treatment period. A
two-year double-blinded RCT on HDM-SLIT tablets
with treatment for the first year and treatment-free
observed in the second year showed the persis-
tence benefit of symptom improvement during the
second year.?® This may lead to the question of the
necessity of a three-year treatment duration. On the
other hand, in a large well-design double-blind
placebo RCT in AR children were treated with grass
pollen-SLIT tablet for 3 years. It demonstrated the
sustained improvement of AR symptoms, a signifi-
cantly fewer number of asthma symptoms, and
medication usage in SLIT treated children at two
years after SLIT cessation.** Whether the long-term
treatment efficacy and disease modification effect
apply to other allergen-SLIT tablets remains un-
known. The longer duration RCT of treatment and
follow-up with HDM-SLIT tablets is required.

Even if the current meta-analysis included
several large well-designed RCTs, there were some
[imitations; because we aimed to use the CSMS as a
primary outcome, there were two scoring systems
(TCRS and AASS) across the studies which had to
be adjusted before analysis. Likewise, the incon-
sistent scoring systems for the secondary outcomes
and different characteristics of individual studies
might have led to significant heterogeneity. Addi-
tionally, most studies were conducted in Japan,
European countries, and North America, limiting
the generalizability to other populations.

In conclusion, the current systematic review and
meta-analysis demonstrate that HDM-SLIT tablets
are an effective treatment in reducing rhinitis
symptoms and relieving medication use in AR pa-
tients. They also improve quality of life and
conjunctivitis symptoms. Efficacy of treatment has
been shown across AR patients aged over 5 years.
The adverse events related to treatment are com-
mon, but the majority are mild and transient. The
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use of epinephrine due to serious reactions rarely
occurred. Although HDM-SLIT tablet has been
considered as an effective and safe treatment
modality, the use of HDM-SLIT in the real-world
practice in some countries is still very limited. The
potential barriers are the duration of treatment,
inaccessible of treatment products, high expense,
the limited awareness of patients and unfamiliarity
with SLIT among practitioners.
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