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Effect of Sublingual Immunotherapy on Airway
Inflammation and Airway Wall Thickness in Allergic
Asthma
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What is already known about this topic? House dust mite (HDM) sublingual immunotherapy (SLIT) is indicated for the
treatment allergic asthma, but knowledge of its effectiveness in airway inflammation or remodeling is little.

What does this article add to our knowledge? Adding 6 standardized quality HDM SLIT to the pharmacotherapy
showed a reduction of eosinophilic airway inflammation, and its effect was correlated with the improvement of airflow
limitation.

How does this study impact current management guidelines? These data suggest that adding SLIT to pharmaco-
therapy may lead to a beneficial effect not only on upper but also on lower allergic airway disease.
BACKGROUND: The efficacy of the standardized quality (SQ)
house dust mite (HDM) sublingual immunotherapy (SLIT) has
been demonstrated for respiratory allergic disease. However, the
effects of SLIT on inflammation and structural changes of the
airways are still unknown.
OBJECTIVE: The aim of this study was to assess the effects of
the 6 SQ-HDM SLIT on airway inflammation and airway ge-
ometry in allergic asthma and rhinitis.
METHODS: One hundred two asthmatic patients with rhinitis
sensitized to HDM were randomized to receive either SLIT plus
pharmacotherapy or standard pharmacotherapy alone, for 48
weeks. Fractional exhaled nitric oxide (FeNO), pulmonary
function, quantitative computed tomography, and clinical
symptoms were performed at baseline and end of the study.
RESULTS: Compared with pharmacotherapy, SLIT
demonstrated a significant reduction of FeNO (P < .01), airway
wall area/body surface area (WA/BSA, P < .001), wall thickness
(T/OBSA, P < .001), percentage wall area (WA/Ao, P < .01),
increase in luminal area (Ai/BSA, P < .05), improvement of
airflow limitation (P < .001), and clinical symptom scores
(P < .05). The change in forced expiratory volume in 1 second
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(FEV1) was correlated with both changes in FeNO and airway
dimensions. Multiple regression analysis showed that the change
in FeNO was independently associated with an increase in FEV1

in the SLIT group (r2 [ 0.623, P [ .037).
CONCLUSIONS: Adding 6 SQ-HDM SLIT to standard asthma
therapy provides a significant improvement in symptoms and
pulmonary function compared with pharmacotherapy.
Improvement of airflow limitation with SLIT was associated
with the decrease in eosinophilic airway inflammation. � 2019
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2019;7:2804-11)

Key words: Airway inflammation; Airway wall thickness; Asthma;
House dust mite; Remodeling; Rhinitis; Sublingual immunotherapy

Allergic asthma and rhinitis often coexist, with symptoms of
rhinitis found in more than 70% of patients with asthma.
Asthma and rhinitis are more common and severe with perennial
allergies compared to seasonal allergies, tested for allergic cau-
sality, a prevalence of house dust mite (HDM) sensitization
around 50% has been reported,1 and exposure to HDM allergens
has been related to asthma severity.2 Allergen immunotherapy
(AIT) is one of the cornerstones of the treatment of respiratory
allergy, together with drug therapy and allergen avoidance.3 The
efficacy of AIT in allergic rhinitis has been demonstrated in
numerous clinical trials and confirmed by several meta-analysis.4

In contrast to Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines,5 the Global Initiative for Asthma (GINA) guidelines6

perceive the available limited evidence on AIT in allergic asthma
to indicate a modest effect and recommend against its use for the
treatment of this disease manifestation because the effect is not
judged to outweigh the risks and inconveniences. To allow for
convenient and reproducible at-home administration with no
need for dose adjustment, a standardized quality (SQ)-HDM
sublingual immunotherapy (SLIT) tablet is currently in devel-
opment. Previously, the SQ-HDM SLIT has proven to be the
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Abbreviations used

AE- A
dverse event

Ai- L
uminal area
AIT- A
llergen immunotherapy

Ao- T
otal area of the airway
AQLQ- A
sthma Quality of Life Questionnaire

ARIA- A
llergic Rhinitis and its Impact on Asthma

BSA- B
ody surface area

CT- C
omputed tomography

FAS- F
ull analysis set
FeNO- F
ractional exhaled nitric oxide

FEV1- F
orced expiratory volume in 1 second

FVC- F
orced vital capacity

GINA- G
lobal Initiative for Asthma

HDM-H
ouse dust mite

ICH- In
ternational Conference on Harmonization of Technical

Requirement for Registration of Pharmaceuticals for
Human Use
ICS- In
haled corticosteroid

JAU- J
apanese allergy unit

LME- L
inear mixed effect

MI-M
ultiple imputations
RQLQ- R
hinitis Quality of Life Questionnaire

SCIT- S
ubcutaneous immunotherapy

SD- S
tandard deviation
SLIT- S
ublingual immunotherapy

SQ- S
tandardized quality

T-W
all thickness
WA- A
irway wall area
reduction of the requirement of inhaled corticosteroid (ICS) dose
and asthma exacerbations, and improve asthma control.7-10

However, there is little evidence for the effects of SLIT on
airway inflammation or remodeling in asthma.

The measurement of fractional exhaled nitric oxide (FeNO)
has been used to assess airway inflammation and is preferred over
other tests because of its noninvasiveness, simplicity, and
reproducibility.11 Airway wall thickening is a prominent feature
of airway remodeling, and it has been evaluated noninvasively
using computed tomography (CT).12 In this study, we addressed
the disease-modifying effect (changes in pulmonary function,
eosinophilic inflammation, and airway dimensions) of receiving
SQ-HDM SLIT in allergic asthmatic patients with rhinitis
sensitized to HDM.

METHODS

Study design
This was a randomized, open, parallel-group controlled study.

The study consisted of a screening phase, a 4-week run-in period,
and 48-week treatment phase (Figure 1). This trial was registered
with the University Hospital Medical Information Network
(http://www.umin.ac.jp; UMIN000022390). Using a computer-
generated randomization method, patients were randomly
assigned to the SLIT group (daily treatment with the SQ-HDM
SLIT tablet at a dose of 10,000 Japanese allergy units [JAU]
plus drug therapy) or to the control group (drug alone). Because
there was limited AIT experience among Japanese patients, a
2-step dose escalation was chosen. Based on the safety profiles of
the European phase I trials,13 3300 JAU (2 SQ-HDM) were
selected as the initial dose for a week, followed by upward titration
of the dose to 10,000 JAU (6 SQ-HDM). Subsequent clinical
visits were scheduled once every 4 weeks during the treatment
period. Spirometry, FeNO measurement, CT examination, blood
tests, evaluation of the frequency of exacerbations, and assessment
of a quality of life using a questionnaire were conducted during
the run-in period and end of the trial. All patients provided
written informed consent, and the study protocol was approved by
our hospital ethics committee. This trail was conducted in
accordance with the Declaration of Helsinki and the International
Conference on Harmonization of Technical Requirement for
Registration of Pharmaceuticals for Human Use (ICH) Good
Clinical Practice.

Patients

Eligible patients (20-65 years) were non-smokers or ex-smokers
with less than 5 pack-years and who had stopped smoking at least
1 year before enrolment. Asthma was diagnosed with forced
expiratory volume in 1 second (FEV1) reversibility of >12% after
400 mg of salbutamol. Inclusion criteria were as follows: a clinical
history of HDM-related asthma (steps 2 and 3 in GINA 2002
guideline) of at least 1 year’s duration; use of an appropriate
amount of ICS (200-800 mg/day of budesonide or equivalent) for
the control of mild-to-moderate persistent asthma; a clinical his-
tory consistent with HDM-induced allergic rhinitis (ARIA
guideline) for at least 1 year; positive diagnostic test results to
HDM (skin prick tests with a wheal size �3 mm to Dermato-
phagoides pteronyssinus and Dermatophagoides farinae, or both and
HDM-specific IgE �0.7 kU/L). Exclusion criteria were as follows:
FEV1 less than 70% of predicted value; hospitalization due to an
asthma exacerbation within 3 months before screening; have a
relevant clinical history of perennial allergic asthma or rhinitis
caused by other allergens; systemic immunological diseases, ma-
lignancies, long-term treatment with oral steroids, or previous
courses of immunotherapy.

Standardization
To standardize the SQ-HDM SLIT tablet (Torii, Tokyo, Japan/

ALK-Abello, Horsholm, Denmark), allergen contents of the
standardize HDM AIT vaccine were first measured by using the
manufacturer’s methods to calculate the correction value. As a result of
the adjustment by correction value and titer of standardized HDM
AIT vaccine, a nominal strength of 3300 JAU has the same potency as
2 SQ-HDM, and 10,000 JAU has the same potency as 6 SQ-HDM.

Pulmonary function

Spirometry was performed using a computed spirometry (Fukuda
Denshi, Tokyo, Japan). The predicted values for FEV1 and forced
vital capacity (FVC) for a Japanese population were calculated using
the formula proposed by the Japanese Respiratory Society.14

FeNO
FeNO was measured using a portable nitric oxide analyzer

(NioxMino; Aerocrine, Solna, Sweden), which provides measure-
ments at an exhalation flow rate of 50 mL/s.15

CT measurements
Scans were performed at full inspiration by using a 64-multislice

scanner (Aquilion-64; Toshiba Medical, Tokyo, Japan) as described
previously.16,17 The scan parameters were as follows: 120 kV, 200
mA, and a slice thickness of 1 mm. The full-width at half-maximum
principle was applied to determine the following airway parameters:
luminal area (Ai), total area of the airway (Ao), wall area (WA ¼
Ao � Ai), absolute wall thickness (T), and percentage wall area

http://www.umin.ac.jp
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FIGURE 1. Study design. AQLQ, Asthma quality of life questionnaire; CT, computed tomography; FeNO, fractional exhaled nitric oxide;
HDM, house dust mite; RQLQ, Rhinitis Quality of Life Questionnaire; SLIT, sublingual immunotherapy; SQ, standardized quality.
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(WA/Ao ¼ WA/Ao � 100) at the right upper lobe apical segmental
bronchus (RB1). Because airway size may be affected by body size,
Ai, WA, and T were normalized to the body surface area (BSA).

Eosinophils count and IgE measurements
Blood eosinophil count was measured using hemocytometry.

Total and allergen-specific serum IgE levels were measured using
a radioallergosorbent fluoroenzyme immunoassay test (Phadia,
Uppsala, Sweden).

Quality of life

The Asthma Quality of Life Questionnaire (AQLQ) contains 32
items covering 4 domains (symptoms, activities, emotions, and
environment) using a 7-point scale.18 The Rhinitis Quality of Life
Questionnaire (RQLQ) consists of 28 items in 7 domains, with each
score on a 7-point scale. The 7 domains were activities, sleep, non-
nose and non-eye symptoms, practical problems, nasal symptoms,
eye symptoms, and emotional.19 A change of >0.5 point represents
a clinically meaningful improvement in quality of life.

Outcome measurements

Overall measurements were calculated for each subject at
randomization and/or initiation of treatment and at the end of the
trial visit. The primary end point was to evaluate the effect of 6 SQ-
HDM on airway inflammation and dimensions as an add-on to drug
therapy compared with drug therapy alone. The secondary objectives
were pulmonary function, asthma, and rhinitis score. The safety
profile was assessed by adverse events (AEs), vital sign, physical ex-
amination, and laboratory investigations.

Statistical analysis

All statistical tests were performed with SAS version 9.1 software
(SAS Institute, Cary, NC) with a 5% significance level, and all tests and
95% CIs were 2-sided. Nonparametric and parametric data were pre-
sented as medians (interquartile ranges) or means (standard deviations
[SDs]), respectively. The primary analysis was a linear mixed effects
(LME) model adopting the FeNO and airway dimensions at baseline
and the treatment group. The primary outcome was pairwise compar-
ison between treatment groups by using a t test in the LMEmodel. The
full analysis set (FAS) included all randomized subjects in accordance
with the ICH intent-to-treat principle. The primary analysis was the
FAS with multiple imputations for missing data (FAS-MI), which
conservatively treated all subjects with missing data as having no
treatment effect. The key secondary efficacy analysis was based on LME
models and performed on the FAS-MI.Multiplicity for the primary and
secondary analyseswas controlled for by using the Fisher least significant
difference procedure. Statistical significance was set at a P value of less
than .05. The change in the each variable during treatment (D) was
calculated as after treatment minus before treatment (baseline). Uni-
variate correlations were assessed by using the Pearson correlation co-
efficient. Variables that had a P < .10 in the univariate analysis were
included in the multivariate regression analysis to evaluate which one
predicts DFEV1.

RESULTS

Population
A total of 122 patients were evaluated. Of the enrolled pop-

ulation, 102 (83.6%) patients fulfilling the inclusion criteria were
assessed at baseline, and 88 (86.2%) completed the 1-year
evaluation (Figure 2). At the end of the observation period,
there were 8 dropouts in the SLIT group, and 6 in the control
group, with no statistically significant difference. The reasons for
the 14 patients who prematurely discontinued the study medi-
cation were as follows: AEs (n ¼ 6), noncompliance (n ¼ 4), and
lost to follow-up (n ¼ 4). The characteristics of the patients are
shown in Table I. Patient demographic and baseline character-
istics were similar between the 2 groups.

Primary endpoints
The level of FeNO significantly decreased from baseline to the

end of treatment in the SLIT group (P < .01). No significant
changes in FeNO were observed in patients in the control group
(P ¼ .488). There was a significant difference in the change of
FeNO between patients with SLIT plus drug and those treated
with drug alone (P < .01, Table II). Compared with the control
group, blood eosinophil count in the SLIT therapy showed a
trend of decreasing but did not reach statistical significant (P ¼
.283). In the SLIT group, there was a significant reduction in
WA/BSA, T/OBSA, and WA/Ao (P < .001, respectively), and a



Assessed for eligibility (n = 122)

Excluded (n = 20)
∙Not meeting inclusion criteria 

Discontinued from the study
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FIGURE 2. Patient deposition. HDM, house dust mite; SLIT, sublingual immunotherapy; SQ, standardized quality.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 8

HOSHINO ETAL 2807
significant increase in Ai/BSA (P < .001), whereas no significant
changes in these airway dimension were observed in the control
group (P ¼ .068, .134, .215, and .203, respectively). The dif-
ference in the changes in WA/BSA, T/OBSA, WA/Ao, and Ai/
BSA between patients treated with SLIT plus drug and those
treated with drug was statistically significant (Table II).
Secondary endpoints
Overall, pulmonary function treatment with SLIT resulted in

significant increases in FEV1 (P < .01) and FVC (P < .01).
However, no significant differences were observed in pulmonary
function indices in the patients treated with drug only (P ¼ .277
and .307, respectively). Differences in spirometric parameters
between patients treated with the SLIT group and those treated
with the control group were significant (Table II). In the SLIT
group, there was a significant reduction of the serum IgE level
from baseline to the end of the study (P < .05), whereas no
significant change was observed in the control group (P ¼ .073).
The difference between the SLIT and control group was signif-
icant (P < .05, Table II). Domain analysis of AQLQ revealed
significantly better scores for symptoms and emotions in the
SLIT group (mean [SD] differences in symptoms 0.52 � 1.09, P
< .01, and emotions 0.54 � 0.93, P < .01). However, no
improvement in AQLQ scores was observed in the control
group. Terms of symptom and emotion domain are a significant
difference between the SLIIT and the control (P < .05,
respectively, Table II). For the SLIT group, the differences from
the control group are also statistically significant for nasal
symptoms (0.55 � 0.77, P < .01) and eye symptoms
(0.69 � 1.09, P < .01) in the RQLQ domains (P < .001,
respectively, Table II).

SLIT analysis

Correlations between the changes in pulmonary function,
FeNO, airway dimensions, and clinical indices in the SLIT
treatment are shown in Table III. The improvement of airflow
limitation was strongly inversely associated with the changes in
FeNO and the changes of CT parameters. Figure 3 shows the
relationship between the change in FEV1 and the change in
FeNO, and the change in FVC and the change in WA/Wo.
There was a weak but significant correlation between the change
in FEV1 and the change in blood eosinophil count. Multivariate
regression analysis showed that only the change in FeNO was
independently associated with an increase in FEV1 (r

2 ¼ 0.623,
P ¼ .037, Table IV).

Safety
The 6 dropouts because of AEs in the SLIT groups were 3 oral

itching, 1 ear pruritus, and 2 gastroenteritis. The most frequents
AEs of the HDM tablet were oral pruritus, nasopharyngitis,
mouth edema, and throat irritation. Most of these AEs were
mild, no systemic allergic reactions were reported, and no sub-
jects required treatment with epinephrine. After an interruption
of several days, most of the affected subjects resumed and
continued treatment until the end of the trial.

DISCUSSION
In the current study, we found: (1) a significant decrease of

eosinophilic inflammation of airways after add-on treatment with



TABLE I. Baseline characteristics and demography

SLIT

(n [ 50)

Control

(n [ 52) P value

Age (y) 42 (11) 43 (12) .430

Male/female 23/27 19/33 .223

Body mass index (kg/m2) 23.5 (3.2) 23.1 (3.7) .271

Asthma duration (y) 16 (15) 14 (13) .299

Serum IgE (IU/mL) 1116.7 (239.8) 1247.5 (471.5) .146

Blood eosinophil (/mL) 264.9 (209.7) 329.5 (316.9) .124

Pulmonary function

FEV1 (% predicted) 94.0 (24.8) 95.1 (20.3) .414

FVC (% predicted) 106.0 (21.2) 104.5 (16.9) .354

FEV1/FVC (%) 72.8 (13.9) 75.0 (11.1) .210

FeNO (ppb) 31.9 (6.2) 28.4 (5.5) .328

CT scan measurement

WA/BSA (mm2/m2) 15.3 (11.9-18.2) 16.3 (14.0-18.4) .137

T/OBSA (mm/m) 0.97 (0.80-1.09) 0.96 (0.80-1.08) .359

WA/Ao (%) 68.9 (66.0-75.2) 65.4 (62.7-70.1) .278

Ai/BSA (mm2/m2) 6.9 (4.7-9.9) 7.2 (5.3-10.7) .431

AQLQ score

Symptoms 5.5 (1.3) 5.7 (1.1) .291

Activities 5.6 (1.2) 5.6 (1.1) .461

Emotions 5.6 (1.2) 5.7 (1.1) .320

Environment 5.7 (1.0) 5.7 (1.0) .498

RQLQ score

Nasal 3.0 (0.9) 3.3 (1.1) .106

Eye 2.5 (1.0) 2.5 (1.1) .497

Medication

ICS (mg/day)* 487.5 (169.7) 530.7 (219.2) .144

Ai, Luminal area; Ao, total area of the airway; AQLQ, asthma quality of life ques-
tionnaire; BSA, body surface area; CT, computed tomography; FeNO, fractional
exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital ca-
pacity; ICS, inhaled corticosteroid; IQR, interquartile range; RQLQ, Rhinitis Quality
of Life Questionnaire; SD, standard deviation; SLIT, sublingual immunotherapy; T,
absolute wall thickness; WA, airway wall area.
Data are presented as mean (SD) or median (IQR).
*Dose of stable maintenance treatment (budesonide or equivalent dose).
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6 SQ-HDM SLIT compared with pharmacotherapy alone; (2) a
significant reduction in airway wall thickens and an increase in
airway caliber; (3) a significant improvement in pulmonary
function; and (4) a significant improvement in asthma and
rhinitis symptom scores. Furthermore, the changes in FeNO and
the airway wall thickness were significantly correlated with the
improvements in airflow limitation, and the independent pre-
dictor for improvement of FEV1 was the change in FeNO. To
the best of our knowledge, this is the first study evaluating the
clinical efficacy of airway inflammation and airway geometry in
patients with asthma with rhinitis undergoing SLIT.

Specific AIT is the only treatment modality with the capacity
of changing the natural course of the allergic disease,20,21 pre-
vents progression of rhinitis to asthma in children, and also re-
duces the sensitization of at-risk infants to HDM allergy.22-24

ICS is the mainstream of asthma therapy because it targets the
airway inflammation. However, ICS does not alter the disease
progression, and some patients fail to achieve adequate control.
Currently, both subcutaneous immunotherapy (SCIT) and SLIT
routes are validated and accepted for clinical trials. In recent
years, SLIT has gained increasing credibility, and is now included
in guidelines25 and used in many European countries. SLIT is
more convenient because of home administration and is associ-
ated with fewer and less AEs than SCIT.26 SLIT has been pro-
gressively applied for treatment to allergic asthma in combination
with pharmacological treatment, and moreover appears to be
resulted in the reduction of ICS dose.7,8

FeNO measurement is the currently validated noninvasive
method and has been shown to serve as a surrogate marker of
eosinophilic airway inflammation. FeNO is higher in patients
with asthma than in healthy subjects,27 and previous report28 has
already shown that treatment with inhaled or oral corticosteroids
is able to decrease the level of FeNO. In the present study, the
addition of SLIT to standard pharmacotherapy resulted in a
significant reduction in FeNO. Concerning the effect on local
allergic inflammation, our result supported that nasal smear for
eosinophil count decreased after SLIT in birch pollens.29

Furthermore, the reduction of FeNO was associated with sig-
nificant increases in FEV1. The inconclusiveness of AIT’s impact
on lung function has been reported, because eligible asthmatic
patients were mild-to-moderate severity and spirometry was
almost normal.30 Recently, Marogna et al10 showed that add-on
SLIT treatment maintained intact the pulmonary function, in
contrast to the decline of FEV1 in drug treatment alone. Our
result is in accordance with Djuric-Filipovic et al,31 who
demonstrated not only the reduction of FeNO concentration but
also the improvement of pulmonary function in asthmatic chil-
dren treated with SLIT. This suggests that SLIT may have
additional benefits in asthma through targeting an inflammatory
pathway distinct from that of steroids.

Several cytokines, including IL-4, IL-5, IL-13, and IL-33, play
important roles in the regulation of type 2 immunity and
contribute to not only allergic airway inflammation but also
remodeling. The mechanisms underlying airway remodeling
include the bronchial subepithelial fibrosis, increased smooth
muscle mass, and submucosal edema. CT scan is unable to
evaluate each component but does allow evaluation of remod-
eling as increased airway wall thickness and enlarged wall area.
Airway wall thickness contributes to the degree of airflow
obstruction in asthma.12,16,32 An interesting result obtained in
the present study is the modification of the airway thickness in
SLIT, and the change of airway dimensions was correlated with
the improvement of airflow limitation. When the change in WA/
Ao was included in adjusted multivariate models, however, only
the change in FeNO remained associated with the increase in
FEV1. The lack of a correlation between indices of airway di-
mensions and pulmonary function might be related to the
treatment period, and it is possible that the duration of disease
was longer in patients with asthma, which may have made their
airways less responsive to SLIT.

Although many mechanisms are not fully elucidated, AIT-
induced immune tolerance depends on suppression of the
functions of allergen-specific T and B cells, on modulation of
allergen-specific IgE- and IgG-mediated responses.33 In addition,
AIT reduces airway eosinophilic infiltration, and induces changes
that skew Th2- to Th1-type response related to an increased
IFN-g and IL-2 production, with a reduction in Th2 activity,
through a mechanism of anergy or tolerance, the latter being
related to the generation of allergen-specific T regulatory cells,
which produce cytokines such as IL-10 and TGF-b.34 Pollen
immunotherapy was associated with decreases in the ratio of IL-
5/IFN-g mRNAþ cells in the nasal mucosa and increases in
IFN-g protein levels in nasal fluid during natural seasonal



TABLE II. Changes in parameters from baseline and analysis of efficacy at week 48

Variables

Change from baseline

SLIT L control difference 95% CI P valueSLIT Control

Pulmonary function

FEV1 (mL) 119.3 (10.3) �33.7 (12.0) 103.02 (29.16 to 176.88) <.001

FEV1 (% predicted) 5.5 (2.2) �0.1 (2.6) 3.58 (�0.64 to 7.81) .010

FVC (mL) 132.4 (12.8) �34.8 (12.7) 117.27 (110.85 to 123.68) .002

FVC (% predicted) 5.3 (2.4) �0.1 (2.4) 3.41 (2.78 to 4.05) .014

FEV1/FVC (%) 1.2 (1.8) �2.4 (4.0) 3.65 (�22.85 to 30.16) .105

CT scan measurement

WA/BSA (mm2/m2) �0.89 (�1.78 to �0.31) 0.74 (�0.60 to 1.88) �1.78 (�3.11 to �0.39) <.001

T/OBSA (mm/m) �0.10 (�0.16 to 0.00) 0.07 (0.00 to 0.17) �0.17 (�0.26 to �0.08) <.001

WA/Ao (%) �3.58 (�6.77 to �1.40) 1.24 (�1.35 to 5.08) �4.24 (�14.41 to 5.94) .005

Ai/BSA (mm2/m2) 071 (�0.05 to 1.16) 0.06 (�0.91 to 0.80) 0.65 (�0.31 to 1.61) .023

FeNO (ppb) �8.4 (3.8) 3.6 (4.1) �12.12 (�16.38 to �7.85) .003

Blood eosinophil (/mL) �29.4 (13.0) 1.8 (15.2) 28.61 (�97.08 to 154.31) .283

Serum IgE (IU/mL) �270.3 (32.9) 214.1 (27.1) 484.4 (�208.48 to 1177.45) .017

AQLQ score

Symptoms 0.52 (1.09) 0.10 (0.66) 0.42 (�0.42 to 1.27) .025

Activities 0.43 (1.01) 0.07 (0.75) 0.36 (�0.16 to 0.88) .043

Emotions 0.54 (0.93) 0.12 (0.80) 0.42 (0.15 to 0.69) .019

Environment 0.32 (0.78) 0.01 (0.62) 0.22 (�0.09 to 0.55) .087

RQLQ score

Nasal �0.55 (0.77) 0.18 (0.60) �0.73 (�1.08 to �0.38) <.001

Eye �0.69 (1.09) 0.41 (0.84) �1.11 (�1.59 to �0.62) <.001

Ai, Luminal area; Ao, total area of the airway; AQLQ, asthma quality of life questionnaire; BSA, body surface area; CT, computed tomography; FeNO, fractional exhaled nitric
oxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; IQR, interquartile range; RQLQ, Rhinitis Quality of Life Questionnaire; SD, standard deviation; SLIT,
sublingual immunotherapy; T, absolute wall thickness; WA, airway wall area.
Data are presented as mean (SD) or median (IQR).

TABLE III. Correlations between the changes in pulmonary func-
tion and clinical indices in treatment of patients with asthma with
SLIT

Variables*

FEV1 (mL) FVC (mL)

r P value r P value

FeNO (ppb) �0.832 <.001 �0.702 <.001

WA/BSA (mm2/m2) �0.788 <.001 �0.727 <.001

T/OBSA (mm/m) �0.733 <.001 �0.690 <.001

WA/Ao (%) �0.685 <.001 �0.711 <.001

Ai/BSA (mm2/m2) 0.746 <.001 0.704 <.001

Blood eosinophil (/mL) �0.326 .045 �0.305 .068

Serum IgE (IU/mL) �0.027 .498 �0.043 .418

Ai, Luminal area; Ao, total area of the airway; BSA, body surface area; FeNO,
fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; FVC, forced
vital capacity; SLIT, sublingual immunotherapy; T, absolute wall thickness; WA,
airway wall area.
*Variables refer to the absolute change (after treatment minus before treatment).
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allergen exposure.35 As for SLIT, some reports demonstrated an
increase in Th1 cytokines36 and IL-10 after HDM SLIT treat-
ment.37 A recently published paper by Hagner et al38 showed
preventive efficacy of HDM SLIT in the mouse model of allergic
inflammation due to the reduction of eosinophil infiltration in
bronchoalveolar lavage, IL-5 and IL-10 levels in supernatants of
lymph node cells, and peribronchial cellular infiltrate paralleled
by a trend to lower numbers of mucous producing goblet cells.

AIT has been robustly demonstrated clinically effective in
reducing symptoms in respiratory allergy.39 Data from literature
suggested overall clinical effectiveness of SLIT in patients with
allergic asthma and rhinitis.26 Our data are in accordance with
previous reports; improvements in both asthma and rhinitis
symptoms were statistically significant for adding SLIT
compared with pharmacotherapy alone.

In the current trial, an updosing scheme was chosen according
to Japanese traditions. The safety data from the Japanese pop-
ulations in the present trial are consistent with what has previ-
ously been observed with the SQ-HDM SLIT tablet9,40 and
confirm a safety and tolerability profile compatible with at-home
administration. For the development of the SQ-HDM SLIT
tablet, the optimal dose was needed to be established as the dose
that provides the optimal balance between therapeutic effect and
tolerability. In Europe, 12 SQ-HDM (20,000 JAU) were chosen
as the marketed dose, as a more robust response with regard to
key secondary end points was observed. In the current study with
the 6 SQ-HDM (10,000 JAU) and 12 SQ-HDM in a Japanese
population, modest differences in the primary and secondary end
points were observed between the 2 doses. Consequently, 6 SQ-
HDM were chosen as the marketed dose in Japan.41 Population-
specific differences in the response to treatment cannot be ruled
out, but similarity with regard to inclusion criteria and de-
mographic characteristics of the European and Japanese trial
together with comparable clinical responses indicates that 6 SQ-
HDM might be effective and tolerated in both populations.
Neither severe systematic adverse reactions nor any life-threating
adverse reactions (including anaphylactic shock) were observed.
Our results would suggest that SLIT may be used with a
favorable safety profile and well tolerated.
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FIGURE 3. Relationship between changes in (A) fractional exhaled nitric oxide (FeNO) and forced expiratory volume in 1 second (FEV1)
and (B) percentage of the wall area (WA/Ao) and forced vital capacity (FVC) before and after treatment with 6 SQ-HDM SLIT. HDM,
House dust mite; SLIT, sublingual immunotherapy; SQ, standardized quality.

TABLE IV. Multivariate regression models for prediction of FEV1

in SLIT treatment

Model r2 b 95% CI P value

FeNO (ppb) 0.623 �2.879 (�5.577 to �0.180) .037

WA/Ao (%) �12.864 (�26.601 to 0.872) .054

Blood
eosinophil (/mL)

0.099 (�0.054 to 0.252) .192

Ao, Total area of the airway; FeNO, fractional exhaled nitric oxide; FEV1, forced
expiratory volume in 1 s; SLIT, sublingual immunotherapy; WA, airway wall area.
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There were some limitations in the present study. First, this
study did not include a placebo arm, which was not allowed by the
ethics committee because of the long duration of the study. In fact,
the problem is that a rigorous head-to-head comparison would
require double-blind, double-dummy design, which is difficult to
do for long period. Second, this trial had a shorter duration than a
standard immunotherapy (often over 3-year period), which limits
the conclusions on the sustained effect. The comparison between
immunotherapy and pharmacotherapy is still a matter of debate.
The main problem in comparison agents is that the clinical ben-
efits of SLIT can be appreciated only in the long term, whereas
pharmacotherapy can act immediately. On the other hand, the
small number of patients lost to follow-up after 1 year indirectly
testifies for the persistence of subjects with the prescribed care.
Third, we evaluated a low number of patients included in each
arm, which increased the risk of a statistical error II. Nevertheless,
the strength was the application of the randomization method,
selecting monosensitized patients and including the positive con-
trol group. Despite the limitations inherent to a real-life setting,
the results of this study evidenced that SLIT had a beneficial effect
of respiratory allergy.

In conclusion, adding SLIT to standard asthma therapy pro-
vides a significant improvement in symptoms and pulmonary
function compared with pharmacotherapy in patients with
asthma and rhinitis sensitized to HDM. Improvement of airflow
limitation with SLIT was associated with the decrease in eosin-
ophilic airway inflammation independently.
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