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Abstract: Allergen immunotherapy may modify the natural course of allergic diseases and induce
remission. It includes subcutaneous immunotherapy (SCIT) and sublingual immunotherapy (SLIT).
For asthma, allergen immunotherapy using house dust mite (HDM) improves clinical symptoms
and airway hyperresponsiveness and decreases drug requirements. Furthermore, it has been
suggested that allergen immunotherapy also has the following effects: (1) the effect can be
maintained for more than a year even if the treatment is terminated, (2) the remission rate of
childhood asthma can be increased, (3) new allergen sensitization can be suppressed, and (4) asthma
development can be prevented if allergen immunotherapy was performed in the case of pollinosis.
Allergen immunotherapy differs from conventional drug therapy, in particular the effect of modifying
the natural course of allergic diseases and the effect of controlling complicated allergic diseases such
as rhinoconjunctivitis. The general indication for HDM-SCIT in asthma is HDM-sensitized atopic
asthma with mild-to-moderate disease and normal respiratory function. HDM allergens should be
involved in the pathogenesis of asthma, and a duration of illness of less than 10 years is desirable.
HDM-SLIT is available for allergic rhinitis but not for asthma in Japan. However, as the efficacy
of SLIT for asthma has been fully proven internationally, SLIT is also applied in asthmatics with
complicated allergic rhinitis in Japan.
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1. Introduction

Bronchial asthma has become a well-controlled disease in general because of advances in
drug therapy centered on inhaled corticosteroid (ICS). However, ICS does not modify the natural
course of asthma and is being positioned as a so-called symptomatic treatment [1,2]. Furthermore,
ICS does not provide therapeutic benefits for allergic rhinoconjunctivitis, which is often complicated
in asthmatic patients. Allergen immunotherapy is the only existing treatment that can be expected
to induce immunological remission, that is, a possible cure of allergic diseases [3]. Moreover,
allergen immunotherapy has therapeutic potency for a variety of allergic diseases simultaneously
observed in an allergic individual. This treatment includes subcutaneous immunotherapy (SCIT) and
sublingual immunotherapy (SLIT). Immunotherapy differs from drug therapy in that it may modify
the natural course of allergic diseases by targeting allergen-specific Th2-type immune responses. In this
article, we review the effect of allergen immunotherapy and its role in treating bronchial asthma.
We also describe the current status of allergen immunotherapy for asthma in Japan.
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2. SCIT in Bronchial Asthma

In asthma, meta-analyses have demonstrated that SCIT improves clinical symptoms and airway
hyperresponsiveness and decreases drug requirements [4,5]. For example, Abramson et al. reported
that the odds ratio for symptom improvement by SCIT with any allergen was 3.2 (95% CI 2.2–4.9),
the odds ratio for drug reduction in SCIT using house dust mite (HDM) was 4.2 (95% CI 2.2–7.9),
and the odds ratio for improvement of airway hypersensitivity was 6.8 (95% CI 3.8–12.0) [4].

The effect of the addition of SCIT with HDM (HDM-SCIT) to the guideline treatment was
reported in patients with mild or moderate HDM-sensitized asthma [6]. In the immunotherapy group,
a decrease in the frequency of inhalationalβ2-agonists and a significant improvement in peak flow were
observed. Furthermore, in pediatric asthma, adding HDM-SCIT to the guideline treatment reduces the
requirement for ICS and improves the morning peak flow [7]. Therefore, HDM-SCIT has an additional
effect even after the standard treatment is already performed. Furthermore, as described below, allergen
immunotherapy has a controlling effect on other allergic diseases such as rhinoconjunctivitis, which is
often complicated in asthma, a maintenance effect for more than a year even after discontinuation of
treatment, and may have an inhibitory effect on sensitization to new allergens. Therefore, allergen
immunotherapy has shown significantly different clinical meaning from drug therapy represented
by ICS.

However, the efficacy and effectiveness of SCIT in asthma remain controversial. Current evidence is
derived from several small randomized controlled trials (RCTs), not only registration trials. Additionally,
even in registration RCT, the effect of SCIT seems to be small to moderate. Furthermore, several biases
including potential publication bias are also suggested in the meta-analyses [5].

Nonetheless, the United States adult asthma management guideline (EPR3) states that SCIT
should be considered for allergic asthma in steps two to four (mild persistent-moderate persistent
equivalent) of the six treatment steps [8]. The European Academy of Allergy and Clinical Immunology
(EAACI) guideline states that HDM-SCIT is recommended as an add-on to regular asthma therapy for
adults with controlled or partially controlled HDM-driven allergic asthma [9].

3. Modification of Natural Course of Allergic Diseases

Unlike other drug therapies, allergen immunotherapy may have the action of modifying the
natural course of allergic diseases. Allergen immunotherapy remains effective for more than a year
even after the end of treatment. For example, 3-year allergen immunotherapy for rhinitis/conjunctivitis
improves symptoms and suppresses conjunctiva-induced allergic responses for 7 years after treatment
discontinuation [10]. Furthermore, Durham et al. conducted RCTs and reported that 3-year allergen
immunotherapy by SLIT results in a symptom-relieving effect for 1 or 2 years after treatment
discontinuation [11,12].

The effect of inducing asthma remission in childhood asthma has also been reported. Allergen
immunotherapy in pediatric patients with allergic rhinitis/asthma increases the rate of asthma remission
after 5 years of treatment, and the remission can be maintained for 5 years after discontinuation [13].

Generally, allergen sensitization annually increases in patients with allergic asthma. However,
allergen immunotherapy may have the long-term clinical effect of suppressing the spread of new
allergen sensitizations. In a 15-year observational study, Marogna et al. reported that all allergic
patients enrolled in the study and treated only by drug therapies were further sensitized with one or
more new allergens in 15 years (100%). However, 3-, 4-, and 5-year allergen immunotherapy reduced
the frequency of new allergen sanitization to 21%, 13%, and 12%, respectively [14].

Furthermore, allergen immunotherapy is effective in preventing asthma development in children
with hay fever. In a 3-year observation study in children aged 6–14 years with rhinitis due to hay
fever, 32 of 72 children in the control group developed asthma, whereas 19 of 79 children in the
immunotherapy group developed asthma. There was a significantly lower rate of asthma development
in the immunotherapy group (odds ratio 2.52; p < 0.05) [15]. Furthermore, this preventive effect
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was maintained 7 years after the termination of immunotherapy. This study shows that allergen
immunotherapy in patients with rhinitis may be effective in reducing the risk of developing asthma.

The modifying effect of allergen immunotherapy on the natural course of allergic diseases
remains controversial. Long-term effects were not observed in all patients. The strongest evidence
for long-term effects was obtained from a follow-up study after RCT by Durham et al., as described
above. However, the efficacy of 3-year allergen immunotherapy using SLIT was assessed for only
2 years after discontinuation [12]. Two-year allergen immunotherapy using SLIT did not improve
nasal response to allergen challenge at 1 year after discontinuation [16]. Concerning the prevention
of new allergen sensitization, Di Bona et al. systemically reviewed the effect on developing new
allergen sensitization and reported that the evidence was of a low-grade level and the risk of bias was
high [17]. Small studies and studies with a shorter follow-up showed the highest benefit of allergen
immunotherapy [17]. Moreover, a meta-analysis by Di Lorenzo et al. did not find evidence to support
the preventing effect of new allergen sensitization in children [18]. Valovirta et al. reported that allergen
immunotherapy using grass SLIT in patients with rhinoconjunctivitis without asthma suppressed
the risk of experiencing asthma symptoms and using asthma medication, even up to 2 years after
discontinuation. However, no effect was seen on the time to asthma onset [19]. Therefore, the actual
effect of allergen immunotherapy on the modification of the natural course of allergic diseases must be
further elucidated.

4. Allergen Immunotherapy in Asthma Patients with Rhinitis

In allergic rhinitis, allergen immunotherapy is already the standard treatment. Asthma has a very
high rate of complication with rhinitis [20]. In patients with allergic rhinitis, nasal mucosal allergen
exposure induces smooth muscle contraction and eosinophil infiltration in the lower respiratory tract
and bronchial hypersensitivity [21]. In addition, in asthmatics without rhinitis, nasal mucosa has
eosinophil infiltration, and direct administration of sensitized allergen into the trachea induces nasal
inflammation and eosinophil infiltration into nasal mucosal tissues [22]. Therefore, in this manner,
airway inflammation is worsened by nasal allergen exposure or nasal inflammation and vice versa,
and the concept of “one airway, one disease” is well recognized [21].

In patients with asthma with allergic rhinitis, the treatment of rhinitis improves asthma symptoms
and airway hyperresponsiveness and reduces asthma exacerbation [23]. According to the results
of our questionnaire survey, patients with poor control of asthma symptoms are aware that asthma
symptoms worsen as their nasal symptoms worsen, and asthma symptoms tend to improve with
nasal treatment [24]. Therefore, the management of rhinitis is important for the treatment of asthma
with rhinitis, and allergen immunotherapy is a reasonable strategy to control rhinitis and asthma.
In clinical practice, comprehensive treatment should be considered for not only bronchial asthma but
also complicated allergic diseases in individual asthmatics.

5. Selection of Asthma Patients for HDM-SCIT

The indication for HDM-SCIT in atopic asthma is mild-to-moderate persistent type with percent
predicted forced expiratory volume in one second (%FEV1) of ≥70%. Treatment should be started in
the stable period. Generally, a strong effect can be expected in a patient who is not sensitized to other
allergens and is sensitized to HDM alone. We observed that the clinical effect, based on the rate of
obtaining step-down of asthma severity, is significantly lower in patients with >10 years of disease or
forced expiratory volume in one second (FEV1) of <70% [25]. Therefore, this therapy is more effective
when applied as an intervention in the early phase of atopic asthma, in which airway remodeling has
not developed. Moreover, as described above, in asthmatic patients with allergic rhinitis, an effect on
rhinitis can be simultaneously expected.

Patients with heart, liver, kidney, thyroid, or collagen disease should be excluded, and therapy
initiation during pregnancy should be avoided. However, treatment can be continued if the patient
has already reached maintenance therapy before pregnancy. Furthermore, as the therapeutic effect of
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ICS on asthma is diminished in smoking patients, it is assumed that the effect of immunotherapy in
smoking patients is not sufficiently exerted.

6. Mechanisms of Allergen Immunotherapy

Allergen immunotherapy increases the concentrations of serum allergen-specific IgG or IgG4 and
IgA antibodies (Abs) (Figure 1) [26–29] and transiently increases concentrations of allergen-specific
IgE Abs. Several studies have demonstrated the inhibitory capacity of IgG or IgG4 for IgE-dependent
immune responses. IgG or IgG4 can compete with IgE for allergen, inhibiting allergen-IgE complex
formation [30]. Thus, it prevents cross-linking of high-affinity IgE receptors (FcεRI) on basophils
and mast cells, which suppress histamine release, and blocks binding of allergen-IgE complexes to
low-affinity receptors (FcγRIIb) on B cells [31], which suppress IgE-facilitated antigen presentation to
T cells.
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Figure 1. Mechanisms of allergen immunotherapy. Allergen immunotherapy induces T regs or Th1 cells
and suppresses Th2 cells, eosinophils, mast cells, and basophils. It also induces allergen-specific IgG4 and
suppresses allergen-specific IgE. Yellow text indicates potential biomarkers for allergen immunotherapy.
DAO, diamine oxidase; ELIFAB, enzyme-linked immunosorbent facilitated antigen-binding; FAB,
facilitated allergen binding.

Local production of Th2 cytokines, such as IL-4 and IL-5, or the numbers of Th2 cells are decreased
by allergen immunotherapy (Figure 1) [32–34]. We found that immunotherapy attenuates HDM-specific
production of thymus and activation-regulated chemokine, a potent chemokine activator of Th2 cells,
from peripheral blood mononuclear cells (PBMCs) obtained from patients with HDM-sensitized
allergic asthma, suggesting that immunotherapy can reduce accumulation of Th2 cells during allergen
exposure [3]. Furthermore, immunotherapy suppresses allergen-induced Th2 cytokines such as IL-5
from PBMCs of allergic patients [35]. Therefore, immunotherapy can induce systemic immunological
changes in response to allergens and provides some clinical benefits in allergic asthma. In addition to
the effects on Th2-mediated immune responses, allergen immunotherapy induces regulatory T cells
(Tregs) (Figure 1) [27,29,36–38]. Tregs are divided into two subsets: natural regulatory T cells (nTregs),
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which express the transcription factor forkhead box P3 (FOXP3), and inducible regulatory T cells
(iTregs), which produce IL-10, IL-35, and TGF-β. For example, allergen immunotherapy increases local
FOXP3+ T cells [36,37]. Allergen immunotherapy also increases local IL-10-expressing T cells [27,38]
and TGF-β+ T cells [29]. However, the involvement of Tregs in allergen immunotherapy for Th2
suppression is probably regulated by multiple factors, including allergen and time of assessment.
Furthermore, the role of regulatory B cells (Bregs), which also produce IL-10 and can suppress immune
responses, has also been highlighted [39,40]. In bee venom-tolerant patients, IL-10-producing B cells,
which express CD25 and CD71 but not CD73, are increased and associated with IgG4 production [39,40].
In addition to IL-10, Bregs reveal their suppressive property through TGF-β and IL-35 [39]. Moreover,
allergen immunotherapy increases allergen challenge-induced expression of IL-12 mRNA in the
skin [41]. These findings suggest that allergen immunotherapy suppresses T cell-mediated airway
inflammation via downmodulation of Th2 cells and induction of Tregs or Th1 cells. As for type-2
innate lymphoid cells (ILC2), which are also important sources of Th2 cytokines such as IL-5 and IL-13,
allergen immunotherapy decreases the number of ILC2 in peripheral blood [42], although this finding
is controversial [43].

Eosinophilic airway inflammation is an important feature of bronchial asthma. Infiltration of
activated eosinophils in the airways is associated with asthma severity. Allergen immunotherapy
suppresses airway inflammation, including the numbers of infiltrated eosinophils and concentrations
of eosinophil-specific granule proteins (Figure 1) [3]. For circulating eosinophils to accumulate
in asthmatic airways, they must adhere to and then migrate across vascular endothelial cells.
These processes are largely regulated by cytokines/chemokines produced by various cells, including Th2
cells [44–46]. Increased adhesion of peripheral blood eosinophils and increased chemotactic activity of
eosinophils into the airways are observed during the allergen exposure period in birch pollen asthma,
and allergen immunotherapy suppresses increased eosinophil adhesion and chemotactic activity [3,32].
We reported that stimulation of PBMCs from HDM-sensitized allergic asthmatics with HDM increases
eosinophil adhesion-inducing activity, eosinophil chemotactic activity, and eosinophil transendothelial
migration-inducing activity, and the increase in these eosinophil activities was attenuated by allergen
immunotherapy [3,47]. These findings suggest that the modification of Th2-mediated immune responses
to specific allergens by allergen immunotherapy can suppress eosinophil accumulation in the airways.

7. Biomarker for Allergen Immunotherapy

Biomarkers to predict effects of allergen immunotherapy are clinically important. The EAACI Task
Force reported a consensus statement on biomarkers of allergen immunotherapy [48,49]. Biomarkers
were grouped into seven domains: (1) IgE (total IgE, specific IgE, and specific IgE/total IgE ratio),
(2) IgG subclasses (allergen-specific IgG1 and specific IgG4, including the specific IgE/IgG4 ratio),
(3) serum inhibitory activity for IgE (assessed by IgE-facilitated antigen-binding (IgE-FAB) assay),
(4) basophil activation, (5) cytokines and chemokines, (6) cellular markers (Tregs, Bregs, and dendritic
cells), and (7) in vivo biomarkers, which include provocation tests. Although the optimal biomarker for
the prediction of the effects has not been identified, specific IgE/total IgE ratio, allergen-specific IgG4
including the specific IgE/IgG4 ratio, IgE-FAB, and basophil activation are thought to be potentially
useful [48,49].

An early increase in specific IgE levels is observed during allergen immunotherapy, and the
seasonal increase in IgE subsequently slows thereafter [28,50]. Then, specific IgE gradually decreases
over several years [51], although there is no clear association between changes in specific IgE levels and
the clinical response [29,38]. In contrast, several studies suggested that the ratio of specific IgE/total
serum IgE at baseline correlates with clinical response to immunotherapy [52,53], although these
findings were not reproduced in other studies [54,55].

Allergen-specific IgG subtypes including IgG4 are increased during allergen immunotherapy
as compared with baseline values (Figure 1) [56–58]. We reported that there was a high correlation
between the increase in log provocative doses causing a 20% decline in FEV1 and increase in the ratio of
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HDM-specific IgG4 to IgG1, suggesting that the increase in IgG4 is associated with the improvement of
airway hyperresponsiveness in asthma [3]. However, a correlation between allergen IgG4 concentrations
and clinical outcomes has not been reported in all studies [56,57,59]. For example, in a long-term
follow-up study that evaluated patients up to 6 years after discontinuation of allergen immunotherapy,
there was no correlation between allergen IgG4 concentrations and clinical outcomes [59]. As for
specific IgE/IgG4 ratio, a decreased ratio was reported after allergen immunotherapy and associated
with a reduction in late cutaneous skin reactions [48].

IgG-associated IgE-inhibitory activity can be assessed by IgE-FAB assay (Figure 1) [49,60].
The IgE-FAB assay measures the ability of IgG-containing serum obtained after allergen immunotherapy
to inhibit FcεRII-dependent binding of allergen-IgE complexes to B cells, although this assay is
currently confined to specialized laboratories [28,49]. Another approach is the enzyme-linked
immunosorbent-facilitated antigen-binding (ELIFAB) assay [49,61]. Several studies suggest a good
correlation between IgE-FAB and ELIFAB results and the clinical response to immunotherapy as
compared with serum IgG or IgG4 levels [28,49,61]. This is probably because IgE-FAB or ELIFAB
measures the function of affinity and/or avidity of Ab binding.

Basophil activation can be assessed by measuring the expression of surface markers, such as
CD63 and CD203c, using whole blood. Although CD63 expression indicates basophil degranulation
(Figure 1) [62], CD203c is a specific basophil marker that also indicates IL-3-dependent activation.
Intracellular staining of phycoerythrin-conjugated diamine oxidase (DAO) has recently been highlighted
(Figure 1) [63,64]. DAO binds to its substrate histamine, such that allergen stimulation reduces
intracellular DAO levels in basophils proportional to the amount of intracellular histamine released.
This reduction has been detected during both SCIT and SLIT [63,64].

8. Clinical Application of SLIT for Asthma

As SCIT has a risk of systemic reactions, although infrequent, SLIT has been developed mainly in
Europe as a safer alternative method to SCIT.

It was reported from the 1990s that SLIT with HDM (HDM-SLIT) improves symptom scores
and airway hyperresponsiveness in patients with HDM-sensitized allergic asthma [65]. Since then,
in asthmatic patients with rhinitis due to hay fever, SLIT has been shown to improve asthma symptoms,
decrease the use of bronchodilators, and improve respiratory function compared with symptomatic
treatment. Furthermore, Marogna et al. compared the effects of SLIT and ICS in patients with
mild asthma and concomitant rhinitis due to grass pollen [66]. After a run-in season, patients were
randomized to either 800 µg/day budesonide, an ICS, during the pollen season or continuous grass
SLIT for 5 years. Asthma symptoms significantly decreased in both groups; however, improvements
were greater in the SLIT group at 3 and 5 years. Furthermore, a decrease in both nasal symptoms and
nasal eosinophils was observed only in the SLIT group.

SLIT may be inferior to conventional SCIT in terms of efficacy [67–69]. For example, Di Bona et al.
reported that SCIT is more effective than SLIT as assessed by symptom scores or medication scores [68].
However, because SLIT is less painful, convenient, and highly safe, it can be used in many countries in
general clinical practice.

Recently, the HDM-SLIT tablet developed by the Danish ALK was reported to be effective in
bronchial asthma in a large-scale clinical study [70,71]. This HDM-SLIT tablet (6 standardized quality
(SQ)) significantly reduces ICS use in asthma (SLIT 42%, placebo 15%, p = 0.0011) [70]. Furthermore,
this HDM-SLIT tablet [6SQ] suppresses moderate-to-severe asthma exacerbation associated with ICS
reduction (hazard ratio 0.72, p = 0.045) [71]. Based on this evidence, the Global Initiative for Asthma
includes the description that HDM-SLIT should be considered in adult HDM-sensitized patients with
allergic rhinitis, provided that %FEV1 is >70% [72].
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9. Allergen Immunotherapy in Japan

The standardized HDM allergen for SCIT was not available in Japan until 2015. Before 2015,
SCIT using house dust (HD), collected from the general house, was utilized as an alternative therapeutic
agent. The main component of HD is mites, but there were problems with product quality, and it was
necessary to improve the effect and safety by standardizing allergens. The standardized purified HDM
allergen for SCIT was prepared in 2015 and is currently used for the treatment of asthma.

For SLIT, two HDM-SLIT tablets were approved for allergic rhinitis, but not for asthma, in 2015.
The tablet developed by Torii Pharmaceutical Co., Ltd., Tokyo, Japan (MITICURE®) is the same as
the tablet manufactured by ALK, in which the effect on asthma has been fully proven in Europe as
described (10,000 Japanese allergy unit (JAU); the maintenance dose in Japan is equivalent to 6SQ
in Europe).

Recently, the effect of the HDM-SLIT tablet on asthma has also been determined in Japan.
In HDM-sensitized atopic asthma with rhinitis, the addition of MITICURE® to the standard treatment
improved the symptom scores of asthma, fractional exhaled nitric oxide, FEV1, and airway wall
thickening in chest CT [73], suggesting that HDM-SLIT can suppress not only airway inflammation
but also airway remodeling of asthma. Furthermore, a study of the effect of MITICURE® on asthma
exacerbation associated with ICS reduction demonstrated that this treatment suppresses asthma
exacerbation in patients who used short-acting β2-agonists during the observation period [74], which is
consistent with the previous study in Europe [71].

Japanese cedar pollen (JCP) is widely scattered in the spring in Japan. Pollinosis by JCP is a
representative seasonal rhinitis in Japan. People living in urban areas also suffer from pollinosis
because JCP is scattered over tens of thousands of kilometers. One epidemiological study reported
that the prevalence of Japanese cedar pollinosis was 26.5% [75]. Furthermore, its prevalence increased
by about 10% in 10 years. This situation in Japan is unique in that Japanese cedars are planted
forests and not natural ones. Similar to other pollens, JCP has been reported to exacerbate asthma.
For example, Hojo et al. reported that the asthma control level, measured by the visual analog
scale of Self-Assessment of Allergic Rhinitis and Asthma Questionnaire and Asthma Control Test
score, worsened during the JCP-scattering season in asthmatic patients with allergic rhinitis by JCP,
although 84% received treatment for rhinitis [76]. Asthma control during the pollen season was
impaired in 18–38% of asthmatics with seasonal rhinitis with JCP [76]. Although the mechanisms for
asthma exacerbation by JCP have not been fully clarified, several possible mechanisms are proposed.
For example, fine orbicules (about 1 µm) adhering to the surface of JCP can reach the lower respiratory
tract and directly induce asthma exacerbation. In addition, the effects of nasal obstruction, mediator
released locally in the nose, and increased systemic cytokine production may be involved in JCP-related
asthma exacerbation.

Regarding JCP-related asthma, we have confirmed that treatment with JCP-SLIT almost completely
abrogates the appearance of asthma exacerbation during the JCP-scattering season [77], supporting
the certain prevention effect of SLIT on asthma exacerbation. Collectively, these findings indicate that
HDM- or JCP-SLIT should be considered for asthmatic patients with rhinitis.

10. Adherence to Allergen Immunotherapy

One important problem which should be addressed is adherence to allergen immunotherapy [78,79].
As described above, most studies reported that more than 3 years of treatment is required to exert a
modifying effect on the natural course of allergic diseases. For example, Kiel et al. reported that only
23% and 7% of patients receiving SCIT and SLIT, respectively, continued treatment for 3 years [78].
Sena et al. reported poor adherence using manufacturer sales data: SLIT prescription sales decreased
from 100% to 44%, 28%, and 13% in the first, second, and third years, respectively, suggesting that
<20% of patients had good adherence after 3 years [79]. Therefore, barriers to allergen immunotherapy
adherence and strategies to improve compliance must be further investigated.
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In Japan, the treatment continuation rates of JCP-SLIT may be high. Yuta et al. reported that good
adherence by direct calculation from prescription for 2 years was observed in 83% of patients [80].
We confirmed the similar treatment continuation rates of JCP-SLIT [81]. Although the reason of the
difference is difficult to ascertain, the symptoms of patients with rhinitis by JCP were not sufficiently
alleviated by drug treatment alone: consequently patients may become enthusiastic to receive JCP-SLIT.
In our case, careful explanation on the role of SLIT and the importance of continuation for at least
3 years are usually performed. We assessed the predictors of adherence to JCP-SLIT prospectively
and found that age younger than 40.5 years was the cutoff value for predicting poor adherence to
JCP-SLIT [81]. Therefore, to reduce the discontinuation rate, the necessity of long-term treatment
continuity should be clearly communicated prior to commencing treatment, especially for patients
younger than 40 years.

11. Conclusions

In HDM-sensitized asthma, HDM-SCIT improves clinical symptoms and airway
hyperresponsiveness and decreases drug requirements. Furthermore, HDM- or JCP-SLIT can decrease
asthma exacerbation and drug requirements. Current pharmacotherapy, such as ICS, provides powerful
anti-symptomatic benefits in asthma; however, it does not modify the natural course of allergic diseases.
In contrast, allergen immunotherapy targets the immunological background including the pathological
activation of Th2 cells. Thus, it is expected to lead to long-term amelioration of asthma and allergic
diseases. It is hoped that allergen immunotherapy is more widely applied in the treatment of asthma
as a strategy for comprehensive management of allergy symptoms and modification of disease course.

Author Contributions: K.N. wrote the manuscript. M.N. edited the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by a grant from the Ministry of Education, Culture, Sports, Science and
Technology (15K09228).

Conflicts of Interest: M.N. received honoraria from Torii Pharmaceutical Co., Ltd. K.N. has no conflict of interest.

References

1. Haahtela, T.; Jarvinen, M.; Kava, T.; Kiviranta, K.; Koskinen, S.; Lehtonen, K.; Nikander, K.; Persson, T.;
Selroos, O.; Sovijarvi, A.; et al. Effects of Reducing or Discontinuing Inhaled Budesonide in Patients with
Mild Asthma. N. Engl. J. Med. 1994, 331, 700–705. [CrossRef] [PubMed]

2. Takaku, Y.; Nakagome, K.; Kobayashi, T.; Yamaguchi, T.; Nishihara, F.; Soma, T.; Hagiwara, K.; Kanazawa, M.;
Nagata, M. Changes in Airway Inflammation and Hyperresponsiveness after Inhaled Corticosteroid Cessation
in Allergic Asthma. Int. Arch. Allergy Immunol. 2010, 152, 41–46. [CrossRef] [PubMed]

3. Nagata, M.; Nakagome, K. Allergen Immunotherapy in Asthma: Current Status and Future Perspectives.
Allergol. Int. 2010, 59, 15–19. [CrossRef] [PubMed]

4. Abramson, M.; Puy, R.; Weiner, J.M. Is allergen immunotherapy effective in asthma? A meta-analysis of
randomized controlled trials. Am. J. Respir. Crit. Care Med. 1995, 151, 969–974. [CrossRef]

5. Dhami, S.; Kakourou, A.; Asamoah, F.; Agache, I.; Lau, S.; Jutel, M.; Muraro, A.; Roberts, G.; Akdis, C.A.;
Bonini, M.; et al. Allergen immunotherapy for allergic asthma: A systematic review and meta-analysis.
Allergy 2017, 72, 1825–1848. [CrossRef] [PubMed]

6. Maestrelli, P.; Zanolla, L.; Pozzan, M.; Fabbri, L.M. Effect of specific immunotherapy added to pharmacologic
treatment and allergen avoidance in asthmatic patients allergic to house dust mite. J. Allergy Clin. Immunol.
2004, 113, 643–649. [CrossRef] [PubMed]

7. Zielen, S.; Kardos, P.; Madonini, E. Steroid-sparing effects with allergen-specific immunotherapy in children
with asthma: A randomized controlled trial. J. Allergy Clin. Immunol. 2010, 126, 942–949. [CrossRef]

8. U.S. Department of Health and Human Services. National Heart, Lung, and Blood Institute. National Asthma
Education and Prevention Program. Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and Management of
Asthma; National Heart, Lung, and Blood Institute: Bethesda, MD, USA, 2007.

http://dx.doi.org/10.1056/NEJM199409153311103
http://www.ncbi.nlm.nih.gov/pubmed/8058076
http://dx.doi.org/10.1159/000312124
http://www.ncbi.nlm.nih.gov/pubmed/20523062
http://dx.doi.org/10.2332/allergolint.09-RAI-0150
http://www.ncbi.nlm.nih.gov/pubmed/20093852
http://dx.doi.org/10.1164/ajrccm.151.4.7697274
http://dx.doi.org/10.1111/all.13208
http://www.ncbi.nlm.nih.gov/pubmed/28543086
http://dx.doi.org/10.1016/j.jaci.2003.12.586
http://www.ncbi.nlm.nih.gov/pubmed/15100667
http://dx.doi.org/10.1016/j.jaci.2010.06.002


Allergies 2021, 1 41

9. Agache, I.; Lau, S.; Akdis, C.A.; Smolinska, S.; Bonini, M.; Cavkaytar, O.; Flood, B.; Gajdanowicz, P.;
Izuhara, K.; Kalayci, O.; et al. EAACI Guidelines on Allergen Immunotherapy: House dust mite-driven
allergic asthma. Allergy 2019, 74, 855–873. [CrossRef]

10. Jacobsen, L.; Niggemann, B.; Dreborg, S.; Ferdousi, H.A.; Halken, S.; Høst, A.; Koivikko, A.; Norberg, L.A.;
Valovirta, E.; Wahn, U.; et al. Specific immunotherapy has long-term preventive effect of seasonal and
perennial asthma: 10-year follow-up on the PAT study. Allergy 2007, 62, 943–948. [CrossRef]

11. Durham, S.R.; Emminger, W.; Kapp, A.; Colombo, G.; de Monchy, J.G.; Rak, S.; Scadding, G.K.; Andersen, J.S.;
Riis, B.; Dahl, R. Long-term clinical efficacy in grass pollen-induced rhinoconjunctivitis after treatment with
SQ-standardized grass allergy immunotherapy tablet. J. Allergy Clin. Immunol 2010, 125, 131–138. [CrossRef]

12. Durham, S.R.; Emminger, W.; Kapp, A.; De Monchy, J.G.; Rak, S.; Scadding, G.K.; Wurtzen, P.A.; Andersen, J.S.;
Tholstrup, B.; Riis, B.; et al. SQ-standardized sublingual grass immunotherapy: Confirmation of disease
modification 2 years after 3 years of treatment in a randomized trial. J. Allergy Clin. Immunol. 2012,
129, 717–725.e5. [CrossRef] [PubMed]

13. Di Rienzo, V.; Marcucci, F.; Puccinelli, P.; Parmiani, S.; Frati, F.; Sensi, L.; Canonica, G.W.; Passalaqua, G.
Long-lasting effect of sublingual immunotherapy in children with asthma due to house dust mite: A 10-year
prospective study. Clin. Exp. Allergy 2003, 33, 206–210. [CrossRef] [PubMed]

14. Marogna, M.; Spadolini, I.; Massolo, A.; Canonica, G.W.; Passalaqua, G. Long-lasting effects of sublingual
immunotherapy according to its duration: A 15-year prospective study. J. Allergy Clin. Immunol. 2010,
126, 969–975. [CrossRef]

15. Möller, C.; Dreborg, S.; Ferdousi, H.A.; Halken, S.; Høst, A.; Jacobsen, L.; Koivikko, A.; Koller, D.Y.;
Niggemann, B.; Norberg, L.A.; et al. Pollen immunotherapy reduces the development of asthma in children
with seasonal rhinoconjunctivitis (the PAT-study). J. Allergy Clin. Immunol. 2002, 109, 251–256. [CrossRef]
[PubMed]

16. Scadding, G.W.; Calderon, M.A.; Shamji, M.H.; Eifan, A.O.; Penagos, M.; Dumitru, F.; Sever, M.L.;
Bahnson, H.T.; Lawson, K.; Harris, K.M.; et al. Faculty Opinions recommendation of Effect of 2 years of
treatment with sublingual grass pollen immunotherapy on nasal response to allergen challenge at 3 years
among patients with moderate to severe seasonal allergic rhinitis: The GRASS randomized clinical trial.
JAMA 2017, 317, 615–625. [PubMed]

17. Di Bona, D.; Plaia, A.; Leto-Barone, M.S.; La Piana, S.; Macchia, L.; Di Lorenzo, G. Efficacy of allergen
immunotherapy in reducing the likelihood of developing new allergen sensitizations: A systematic review.
Allergy 2017, 72, 691–704. [CrossRef]

18. Di Lorenzo, G.; Leto-Barone, M.S.; La Piana, S.; Plaia, A.; Di Bona, D. The effect of allergen immunotherapy
in the onset of new sensitizations: A meta-analysis. Int. Forum Allergy Rhinol. 2017, 7, 660–669. [CrossRef]

19. Valovirta, E.; Petersen, T.H.; Piotrowska, T.; Laursen, M.K.; Andersen, J.S.; Sørensen, H.F.; Klink, R.
GAP investigators. Results from the 5-year SQ grass sublingual immunotherapy tablet asthma prevention
(GAP) trial in children with grass pollen allergy. J. Allergy Clin. Immunol. 2018, 141, 529–538. [CrossRef]

20. Ohta, K.; Bousquet, P.-J.; Aizawa, H.; Akiyama, K.; Adachi, M.; Ichinose, M.; Ebisawa, M.; Tamura, G.;
Nagai, A.; Nishima, S.; et al. Prevalence and impact of rhinitis in asthma. SACRA, a cross-sectional
nation-wide study in Japan. Allergy 2011, 66, 1287–1295. [CrossRef]

21. Bousquet, J.; Khaltaev, N.; Cruz, A.A.; Denburg, J.; Fokkens, W.J.; Togias, A.; Zuberbier, T.; Baena-Cagnani, C.E.;
Canonica, G.W.; Van Weel, C.; et al. World Health Organization; GA(2)LEN.; AllerGen. Allergic Rhinitis and
its Impact on Asthma (ARIA) 2008 update (in collaboration with the World Health Organization, GA2LEN
and AllerGen). Allergy 2008, 63, 8–160.

22. Braunstahl, G.-J.; Kleinjan, A.; Overbeek, S.E.; Prins, J.-B.; Hoogsteden, H.C.; Fokkens, W.J. Segmental
Bronchial Provocation Induces Nasal Inflammation in Allergic Rhinitis Patients. Am. J. Respir. Crit. Care Med.
2000, 161, 2051–2057. [CrossRef] [PubMed]

23. Crystal-Peters, J.; Neslusan, C.; Crown, W.H.; Torres, A. Treating allergic rhinitis in patients with comorbid
asthma: The risk of asthma-related hospitalizations and emergency department visits. J. Allergy Clin. Immunol.
2002, 109, 57–62. [CrossRef] [PubMed]

24. Nakada, H.; Nakagome, K.; Takaku, Y.; Nishihara, F.; Yamaguchi, T.; Soma, T.; Hagiwara, K.; Kanazawa, M.;
Kase, Y.; Nagata, M. Questionnaire for determining relationship between nasal and asthma symptoms.
Arerugi 2010, 59, 688–698. [PubMed]

http://dx.doi.org/10.1111/all.13749
http://dx.doi.org/10.1111/j.1398-9995.2007.01451.x
http://dx.doi.org/10.1016/j.jaci.2009.10.035
http://dx.doi.org/10.1016/j.jaci.2011.12.973
http://www.ncbi.nlm.nih.gov/pubmed/22285278
http://dx.doi.org/10.1046/j.1365-2222.2003.01587.x
http://www.ncbi.nlm.nih.gov/pubmed/12580913
http://dx.doi.org/10.1016/j.jaci.2010.08.030
http://dx.doi.org/10.1067/mai.2002.121317
http://www.ncbi.nlm.nih.gov/pubmed/11842293
http://www.ncbi.nlm.nih.gov/pubmed/28196255
http://dx.doi.org/10.1111/all.13104
http://dx.doi.org/10.1002/alr.21946
http://dx.doi.org/10.1016/j.jaci.2017.06.014
http://dx.doi.org/10.1111/j.1398-9995.2011.02676.x
http://dx.doi.org/10.1164/ajrccm.161.6.9906121
http://www.ncbi.nlm.nih.gov/pubmed/10852787
http://dx.doi.org/10.1067/mai.2002.120554
http://www.ncbi.nlm.nih.gov/pubmed/11799366
http://www.ncbi.nlm.nih.gov/pubmed/20574145


Allergies 2021, 1 42

25. Nagata, M.; Yamamoto, H.; Tabe, K.; Tanaka, K.; Kimura, I.; Sakamoto, K.; Sakamoto, Y.; Yamamoto, K.;
Dohi, Y. A clinical evaluation of rush immunotherapy in adult patients with severe bronchial asthma. Arerugi
1989, 38, 1316–1321.

26. James, L.K.; Shamji, M.H.; Walker, S.M.; Wilson, D.R.; Wachholz, P.A.; Francis, J.N.; Jacobson, M.R.; Kimber, I.;
Till, S.J.; Durham, S.R. Long-term tolerance after allergen immunotherapy is accompanied by selective
persistence of blocking antibodies. J Allergy Clin Immunol. 2011, 127, 509–516. [CrossRef]

27. Francis, J.N.; James, L.K.; Paraskevopoulos, G.; Wong, C.; Calderon, M.A.; Durham, S.R.; Till, S.J. Grass pollen
immunotherapy: IL-10 induction and suppression of late responses precedes IgG4 inhibitory antibody
activity. J. Allergy Clin. Immunol. 2008, 121, 1120–1125.e2. [CrossRef]

28. Shamji, M.H.; Ljørring, C.; Francis, J.N.; Calderon, M.A.; Larché, M.; Kimber, I.; Frew, A.J.; Ipsen, H.; Lund, K.;
Wurtzen, P.; et al. Functional rather than immunoreactive levels of IgG4 correlate closely with clinical
response to grass pollen immunotherapy. Allergy 2012, 67, 217–226. [CrossRef]

29. Pilette, C.; Nouri-Aria, K.T.; Jacobson, M.R.; Wilcock, L.K.; Detry, B.; Walker, S.M.; Francis, J.N.; Durham, S.R.
Grass pollen immunotherapy induces an allergen-specific IgA2 antibody response associated with mucosal
TGF-beta expression. J. Immunol. 2007, 178, 4658–4666. [CrossRef]

30. Rispens, T.; Heer, P.O.-D.; Bende, O.; Aalberse, R.C. Mechanism of Immunoglobulin G4 Fab-arm Exchange.
J. Am. Chem. Soc. 2011, 133, 10302–10311. [CrossRef]

31. van Neerven, R.J.; Wikborg, T.; Lund, G.; Jacobsen, B.; Brinch-Nielsen, A.; Arnved, J.; Ipsenet, H. Blocking
antibodies induced by specific allergy vaccination prevent the activation of CD4+ T cells by inhibiting
serum-IgE-facilitated allergen presentation. J. Immunol. 1999, 163, 2944–2952.

32. Hakansson, L.; Heinrich, C.; Rak, S.; Venge, P. Priming of eosinophil adhesion in patients with birch pollen
allergy during pollen season: Effect of immunotherapy. J. Allergy Clin. Immunol. 1997, 99, 551–562. [CrossRef]

33. Scadding, G.W.; Eifan, A.O.; Lao-Araya, M.; Penagos, M.; Poon, S.Y.; Steveling, E.; Yan, R.; Switzer, A.;
Phippard, D.; Togias, A.; et al. Effect of grass pollen immunotherapy on clinical and local immune response
to nasal allergen challenge. Allergy 2015, 70, 689–696. [CrossRef] [PubMed]

34. Tulic, M.K.; Fiset, P.-O.; Christodoulopoulos, P.; Vaillancourt, P.; Desrosiers, M.; Lavigne, F.; Eiden, J.;
Hamid, Q. Amb a 1–immunostimulatory oligodeoxynucleotide conjugate immunotherapy decreases the
nasal inflammatory response. J. Allergy Clin. Immunol. 2004, 113, 235–241. [CrossRef] [PubMed]

35. Okano, M.; Otsuki, N.; Azuma, M.; Fujiwara, T.; Kariya, S.; Sugata, Y.; Higaki, T.; Kino, K.; Tanimoto, Y.;
Okubo, K.; et al. Allergen-specific immunotherapy alters the expression of B and T lymphocyte attenuator,
a co-inhibitory molecule, in allergic rhinitis. Clin. Exp. Allergy 2008, 38, 1891–1900. [CrossRef] [PubMed]

36. Radulovic, S.; Jacobson, M.R.; Durham, S.R.; Nouri-Aria, K.T. Grass pollen immunotherapy induces
Foxp3-expressing CD4+CD25+ cells in the nasal mucosa. J. Allergy Clin. Immunol. 2008, 121, 1467–1472.e1.
[CrossRef]

37. Scadding, G.W.; Shamji, M.H.; Jacobson, M.; Lee, D.I.; Wilson, D.; Lima, M.T.; Pitkin, L.; Pilette, C.;
Nouri-Aria, K.; Durham, S.R. Sublingual grass pollen immunotherapy is associated with increases in
sublingual Foxp3-expressing cells and elevated allergen-specific immunoglobulin G4, immunoglobulin A
and serum inhibitory activity for immunoglobulin E-facilitated allergen binding to B cells. Clin. Exp. Allergy
2010, 40, 598–606. [CrossRef]

38. Nouri-Aria, K.T.; Wachholz, P.A.; Francis, J.N.; Jacobson, M.R.; Walker, S.M.; Wilcock, L.K.; Staple, S.Q.;
Aalberse, R.C.; Till, S.J.; Durham, S.R. Grass Pollen Immunotherapy Induces Mucosal and Peripheral IL-10
Responses and Blocking IgG Activity. J. Immunol. 2004, 172, 3252–3259. [CrossRef]

39. Rosser, E.C.; Mauri, C. Regulatory B Cells: Origin, Phenotype, and Function. Immunity 2015, 42, 607–612.
[CrossRef]

40. Van De Veen, W.; Stanic, B.; Yaman, G.; Wawrzyniak, M.; Söllner, S.; Akdis, D.G.; Rückert, B.; Akdis, C.A.;
Akdis, M. IgG4 production is confined to human IL-10–producing regulatory B cells that suppress
antigen-specific immune responses. J. Allergy Clin. Immunol. 2013, 131, 1204–1212. [CrossRef]

41. Hamida, Q.A.; Schotmana, E.; Jacobsonb, M.R.; Walkerb, S.M.; Durhamb, S.R. Increases in IL-12 messenger
RNA+ cells accompany inhibition of allergen-induced late skin responses after successful grass pollen
immunotherapy. J. Allergy Clin. Immunol. 1997, 99, 254–260. [CrossRef]

42. Lao-Araya, M.; Steveling, E.; Scadding, G.W.; Durham, S.R.; Shamji, M.H. Seasonal increases in peripheral
innate lymphoid type 2 cells are inhibited by subcutaneous grass pollen immunotherapy. J. Allergy
Clin. Immunol. 2014, 134, 1193–1195.e4. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jaci.2010.12.1080
http://dx.doi.org/10.1016/j.jaci.2008.01.072
http://dx.doi.org/10.1111/j.1398-9995.2011.02745.x
http://dx.doi.org/10.4049/jimmunol.178.7.4658
http://dx.doi.org/10.1021/ja203638y
http://dx.doi.org/10.1016/S0091-6749(97)70084-8
http://dx.doi.org/10.1111/all.12608
http://www.ncbi.nlm.nih.gov/pubmed/25773990
http://dx.doi.org/10.1016/j.jaci.2003.11.001
http://www.ncbi.nlm.nih.gov/pubmed/14767435
http://dx.doi.org/10.1111/j.1365-2222.2008.03116.x
http://www.ncbi.nlm.nih.gov/pubmed/19016801
http://dx.doi.org/10.1016/j.jaci.2008.03.013
http://dx.doi.org/10.1111/j.1365-2222.2010.03462.x
http://dx.doi.org/10.4049/jimmunol.172.5.3252
http://dx.doi.org/10.1016/j.immuni.2015.04.005
http://dx.doi.org/10.1016/j.jaci.2013.01.014
http://dx.doi.org/10.1016/S0091-6749(97)70106-4
http://dx.doi.org/10.1016/j.jaci.2014.07.029
http://www.ncbi.nlm.nih.gov/pubmed/25212194


Allergies 2021, 1 43

43. Lombardi, V.; Beuraud, C.; Neukirch, C.; Moussu, H.; Morizur, L.; Horiot, S.; Luce, S.; Wambre, E.; Linsley, P.;
Chollet-Martin, S.; et al. Circulating innate lymphoid cells are differentially regulated in allergic and
nonallergic subjects. J. Allergy Clin. Immunol. 2016, 138, 305–308. [CrossRef] [PubMed]

44. Nakagome, K.; Nagata, M. Involvement and Possible Role of Eosinophils in Asthma Exacerbation.
Front. Immunol. 2018, 9, 2220. [CrossRef] [PubMed]

45. Nakagome, K.; Nagata, M. Possible Mechanisms of Eosinophil Accumulation in Eosinophilic Pneumonia.
Biomolecules 2020, 10, 638. [CrossRef]

46. Nagata, M.; Nakagome, K.; Soma, T. Mechanisms of eosinophilic inflammation. Asia Pac Allergy 2020, 10, e14.
[CrossRef]

47. Nagata, M.; Saito, K.; Kikuchi, I.; Tabe, K.; Hagiwara, K.; Kanazawa, M.; Sakamoto, Y. Immunotherapy
Attenuates Eosinophil Transendothelial Migration Induced by the Supernatants of Antigen-Stimulated
Mononuclear Cells from Atopic Asthmatics. Int. Arch. Allergy Immunol. 2004, 134, 21–24. [CrossRef]

48. Shamji, M.H.; Kappen, J.H.; Akdis, M.; Jensen-Jarolim, E.; Knol, E.F.; Kleine-Tebbe, J.; Bohle, B.; Chaker, A.M.;
Till, S.J.; Valenta, R.; et al. Biomarkers for monitoring clinical efficacy of allergen immunotherapy for allergic
rhinoconjunctivitis and allergic asthma: An EAACI Position Paper. Allergy 2017, 72, 1156–1173. [CrossRef]

49. Shamji, M.H.; Durham, S.R. Mechanisms of allergen immunotherapy for inhaled allergens and predictive
biomarkers. J. Allergy Clin. Immunol. 2017, 140, 1485–1498. [CrossRef]

50. Dahl, R.; Kapp, A.; Colombo, G.; De Monchy, J.G.; Rak, S.; Emminger, W.; Riis, B.; Grønager, P.M.;
Durham, S.R. Sublingual grass allergen tablet immunotherapy provides sustained clinical benefit with
progressive immunologic changes over 2 years. J. Allergy Clin. Immunol. 2008, 121, 512–518.e2. [CrossRef]

51. Gleich, G.J.; Zimmermann, E.M.; Henderson, L.L.; Yunginger, J.W. Effect of immunotherapy on
immunoglobulin E and immunoglobulin G antibodies to ragweed antigens: A six-year prospective study.
J. Allergy Clin. Immunol. 1982, 70, 261–271. [CrossRef]

52. Di Lorenzo, G.; Mansueto, P.; Pacor, M.L.; Rizzo, M.; Castello, F.; Martinelli, N.; Ditta, V.; Bianco, C.L.;
Leto-Barone, M.S.; D’Alcamo, A.; et al. Evaluation of serum s-IgE/total IgE ratio in predicting clinical
response to allergen-specific immunotherapy. J. Allergy Clin. Immunol. 2009, 123, 1103–1110.e4. [CrossRef]
[PubMed]

53. Fujimura, T.; Yonekura, S.; Horiguchi, S.; Taniguchi, Y.; Saito, A.; Yasueda, H.; Inamine, A.; Nakayama, T.;
Takemori, T.; Taniguchi, M.; et al. Increase of regulatory T cells and the ratio of specific IgE to total IgE are
candidates for response monitoring or prognostic biomarkers in 2-year sublingual immunotherapy (SLIT)
for Japanese cedar pollinosis. Clin. Immunol. 2011, 139, 65–74. [CrossRef] [PubMed]

54. Reisinger, J.; Horak, F.; Pauli, G.; Van Hage, M.; Cromwell, O.; König, F.; Valenta, R.; Niederberger, V.
Allergen-specific nasal IgG antibodies induced by vaccination with genetically modified allergens are
associated with reduced nasal allergen sensitivity. J. Allergy Clin. Immunol. 2005, 116, 347–354. [CrossRef]
[PubMed]

55. Eifan, A.O.; Akkoc, T.; Yildiz, A.; Keles, S.; Ozdemir, C.; Bahceciler, N.N.; Barlan, I.B. Clinical efficacy and
immunological mechanisms of sublingual and subcutaneous immunotherapy in asthmatic/rhinitis children
sensitized to house dust mite: An open randomized controlled trial. Clin. Exp. Allergy 2010, 40, 922–932.
[CrossRef] [PubMed]

56. Bohle, B.; Kinaciyan, T.; Gerstmayr, M.; Radakovics, A.; Jahn-Schmid, B.; Ebner, C. Sublingual immunotherapy
induces IL-10–producing T regulatory cells, allergen-specific T-cell tolerance, and immune deviation. J. Allergy
Clin. Immunol. 2007, 120, 707–713. [CrossRef] [PubMed]

57. Schulten, V.; Tripple, V.; Seumois, G.; Qian, Y.; Scheuermann, R.H.; Fu, Z.; Locci, M.; Rosales, S.; Vijayanand, P.;
Sette, A.; et al. Allergen-specific immunotherapy modulates the balance of circulating Tfh and Tfr cells.
J. Allergy Clin. Immunol. 2018, 141, 775–777. [CrossRef]

58. Ciepiela, O.; Zawadzka-Krajewska, A.; Kotuła, I.; Van Overveld, F.; Kulus, M.; Demkow, U. Sublingual
Immunotherapy for Asthma: Affects T-Cells but Does not Impact Basophil Activation. Pediatr. Allergy,
Immunol. Pulmonol. 2014, 27, 17–23. [CrossRef]

59. Jensen-Jarolim, E.; Poulsen, L.K.; Stadler, B.M.; Mosbech, H.; Oesterballe, O.; Kraft, D.; Weeke, B. A long-term
follow-up study of hyposensitization with immunoblotting. J. Allergy Clin. Immunol. 1990, 85, 996–1004.
[CrossRef]

http://dx.doi.org/10.1016/j.jaci.2015.12.1325
http://www.ncbi.nlm.nih.gov/pubmed/26949057
http://dx.doi.org/10.3389/fimmu.2018.02220
http://www.ncbi.nlm.nih.gov/pubmed/30323811
http://dx.doi.org/10.3390/biom10040638
http://dx.doi.org/10.5415/apallergy.2020.10.e14
http://dx.doi.org/10.1159/000077788
http://dx.doi.org/10.1111/all.13138
http://dx.doi.org/10.1016/j.jaci.2017.10.010
http://dx.doi.org/10.1016/j.jaci.2007.10.039
http://dx.doi.org/10.1016/0091-6749(82)90062-8
http://dx.doi.org/10.1016/j.jaci.2009.02.012
http://www.ncbi.nlm.nih.gov/pubmed/19356792
http://dx.doi.org/10.1016/j.clim.2010.12.022
http://www.ncbi.nlm.nih.gov/pubmed/21300571
http://dx.doi.org/10.1016/j.jaci.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/16083789
http://dx.doi.org/10.1111/j.1365-2222.2009.03448.x
http://www.ncbi.nlm.nih.gov/pubmed/20100188
http://dx.doi.org/10.1016/j.jaci.2007.06.013
http://www.ncbi.nlm.nih.gov/pubmed/17681368
http://dx.doi.org/10.1016/j.jaci.2017.04.032
http://dx.doi.org/10.1089/ped.2014.0328
http://dx.doi.org/10.1016/0091-6749(90)90043-4


Allergies 2021, 1 44

60. Shamji, M.H.; Wilcock, L.K.; Wachholz, P.A.; Dearman, R.J.; Kimber, I.; Wurtzen, P.A.; Larché, M.; Durham, S.R.;
Francis, J.N. The IgE-facilitated allergen binding (FAB) assay: Validation of a novel flow-cytometric based
method for the detection of inhibitory antibody responses. J. Immunol. Methods 2006, 317, 71–79. [CrossRef]

61. Shamji, M.H.; Francis, J.N.; Wurtzen, P.A.; Lund, K.; Durham, S.R.; Till, S.J. Cell-free detection of allergen-IgE
cross-linking with immobilized phase CD23: Inhibition by blocking antibody responses after immunotherapy.
J. Allergy Clin. Immunol. 2013, 132, 1003–1005. [CrossRef]

62. Knol, E.F.; Mul, F.P.; Jansen, H.; Calafat, J.; Roos, D. Monitoring human basophil activation via CD63
monoclonal antibody 435. J. Allergy Clin. Immunol. 1991, 88, 328–338. [CrossRef]

63. Ebo, D.G.; Bridts, C.H.; Mertens, C.H.; Hagendorens, M.M.; Stevens, W.J.; De Clerck, L.S. Analyzing histamine
release by flow cytometry (HistaFlow): A novel instrument to study the degranulation patterns of basophils.
J. Immunol. Methods 2012, 375, 30–38. [CrossRef] [PubMed]

64. Nullens, S.; Sabato, V.; Faber, M.A.; Leysen, J.; Bridts, C.H.; De Clerck, L.S.; Falcone, F.H.; Maurer, M.;
Ebo, D.G. Basophilic histamine content and release during venom immunotherapy: Insights by flow
cytometry. Cytom. Part B Clin. Cytom. 2013, 84, 173–178. [CrossRef] [PubMed]

65. Bousquet, J.; Scheinmann, P.; Guinnepain, M.T.; Perrin-Fayolle, M.; Sauvaget, J.; Tonnel, A.B.; Pauli, G.;
Caillaud, D.; Dubost, R.; Leynadier, F.; et al. Sublingual-swallow immunotherapy (SLIT) in patients with
asthma due to house-dust mites: A double-blind, placebo-controlled study. Allergy 1999, 54, 249–260.
[CrossRef] [PubMed]

66. Marogna, M.; Spadolini, I.; Massolo, A.; Berra, D.; Zanon, P.; Chiodini, E.; Canonica, G.W.; Passalacqua, G.
Long-term comparison of sublingual immunotherapy vs inhaled budesonide in patients with mild persistent
asthma due to grass pollen. Ann. Allergy Asthma Immunol. 2009, 102, 69–75. [CrossRef]

67. Chelladurai, Y.; Suarez-Cuervo, C.; Erekosima, N.; Kim, J.M.; Ramanathan, M.; Segal, J.B.; Lin, S.Y.
Effectiveness of Subcutaneous Versus Sublingual Immunotherapy for the Treatment of Allergic
Rhinoconjunctivitis and Asthma: A Systematic Review. J. Allergy Clin. Immunol. Pr. 2013, 1, 361–369.
[CrossRef] [PubMed]

68. Di Bona, D.; Plaia, A.; Leto-Barone, M.S.; La Piana, S.; Di Lorenzo, G. Efficacy of subcutaneous and sublingual
immunotherapy with grass allergens for seasonal allergic rhinitis: A meta-analysis–based comparison.
J. Allergy Clin. Immunol. 2012, 130, 1097–1107.e2. [CrossRef]

69. Dretzke, J.; Meadows, A.; Novielli, N.; Huissoon, A.; Fry-Smith, A.; Meads, C. Subcutaneous and sublingual
immunotherapy for seasonal allergic rhinitis: A systematic review and indirect comparison. J. Allergy
Clin. Immunol. 2013, 131, 1361–1366. [CrossRef]

70. Mosbech, H.; Deckelmann, R.; De Blay, F.; Pastorello, E.A.; Trebas-Pietras, E.; Andres, L.P.; Malcus, I.;
Ljørring, C.; Canonica, G.W. Standardized quality (SQ) house dust mite sublingual immunotherapy tablet
(ALK) reduces inhaled corticosteroid use while maintaining asthma control: A randomized, double-blind,
placebo-controlled trial. J. Allergy Clin. Immunol. 2014, 134, 568–575.e7. [CrossRef]

71. Virchow, J.C.; Backer, V.; Kuna, P.; Prieto, L.; Nolte, H.; Villesen, H.H.; Ljørring, C.; Riis, B.; de Blay, F.
Efficacy of a House Dust Mite Sublingual Allergen Immunotherapy Tablet in Adults With Allergic Asthma:
A Randomized Clinical Trial. JAMA 2016, 315, 1715–1725. [CrossRef]

72. Global Initiative for Asthma. Global Strategy for the Diagnosis and Prevention; Global Initiative for Asthma:
Fontana, WI, USA, 2020.

73. Hoshino, M.; Akitsu, K.; Kubota, K. Effect of Sublingual Immunotherapy on Airway Inflammation and
Airway Wall Thickness in Allergic Asthma. J. Allergy Clin. Immunol. Pr. 2019, 7, 2804–2811. [CrossRef]
[PubMed]

74. Tanaka, A.; Tohda, Y.; Okamiya, K.; Azuma, R.; Terada, I.; Adachi, M. Efficacy and Safety of HDM SLIT
Tablet in Japanese Adults with Allergic Asthma. J. Allergy Clin. Immunol. Pr. 2020, 8, 710–720.e14. [CrossRef]

75. Okubo, K.; Kurono, Y.; Ichimura, K.; Enomoto, T.; Okamoto, Y.; Kawauchi, H.; Suzaki, H.; Fujieda, S.;
Masuyama, K. Japanese Society of Allergology. Japanese guidelines for allergic rhinitis 2020. Allergol. Int.
2020, 69, 314–330. (in press). [CrossRef] [PubMed]

76. Hojo, M.; Ohta, K.; Iikura, M.; Hirashima, J.; Sugiyama, H.; Takahashi, K. The impact of co-existing seasonal
allergic rhinitis caused by Japanese Cedar Pollinosis (SAR-JCP) upon asthma control status. Allergol. Int.
2015, 64, 150–155. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jim.2006.09.004
http://dx.doi.org/10.1016/j.jaci.2013.05.025
http://dx.doi.org/10.1016/0091-6749(91)90094-5
http://dx.doi.org/10.1016/j.jim.2011.09.003
http://www.ncbi.nlm.nih.gov/pubmed/21945198
http://dx.doi.org/10.1002/cyto.b.21084
http://www.ncbi.nlm.nih.gov/pubmed/23450838
http://dx.doi.org/10.1034/j.1398-9995.1999.00916.x
http://www.ncbi.nlm.nih.gov/pubmed/10321561
http://dx.doi.org/10.1016/S1081-1206(10)60111-1
http://dx.doi.org/10.1016/j.jaip.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/24565541
http://dx.doi.org/10.1016/j.jaci.2012.08.012
http://dx.doi.org/10.1016/j.jaci.2013.02.013
http://dx.doi.org/10.1016/j.jaci.2014.03.019
http://dx.doi.org/10.1001/jama.2016.3964
http://dx.doi.org/10.1016/j.jaip.2019.06.003
http://www.ncbi.nlm.nih.gov/pubmed/31228618
http://dx.doi.org/10.1016/j.jaip.2019.09.002
http://dx.doi.org/10.1016/j.alit.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32473790
http://dx.doi.org/10.1016/j.alit.2014.10.002
http://www.ncbi.nlm.nih.gov/pubmed/25838090


Allergies 2021, 1 45

77. Kikkawa, S.; Nakagome, K.; Kobayashi, T.; Soma, T.; Kamijo, A.; Nagata, M. Sublingual Immunotherapy for
Japanese Cedar Pollinosis Attenuates Asthma Exacerbation. Allergy Asthma Immunol. Res. 2019, 11, 438–440.
[CrossRef] [PubMed]

78. Kiel, M.A.; Röder, E.; Van Wijk, R.G.; Al, M.J.; Hop, W.C.; Mölken, M.P.R.-V. Real-life compliance and
persistence among users of subcutaneous and sublingual allergen immunotherapy. J. Allergy Clin. Immunol.
2013, 132, 353–360.e2. [CrossRef] [PubMed]

79. Senna, G.; Lombardi, C.; Canonica, G.W.; Passalaqua, G. How adherent to sublingual immunotherapy
prescriptions are patients? The manufacturers’ viewpoint. J. Allergy Clin. Immunol. 2010, 126, 668–669.
[CrossRef]

80. Yuta, A.; Ogawa, Y.; Suzuki, Y.; Arikata, M.; Kozaki, H.; Shimizu, T.; Ohta, N. Adherence and Clinical
Outcome of Sublingual Immunotherapy for Japanese Cedar Pollinosis. Nippon. Jibiinkoka Gakkai Kaiho 2016,
119, 1504–1510. [CrossRef]

81. Kikkawa, S.; Kamijo, A.; Nakagome, K.; Soma, T.; Kobayashi, T.; Uchida, Y.; Kase, Y.; Nagata, M. Predictors
of adherence to sublingual immunotherapy for Japanese cedar pollinosis: A prospective analysis. Asian Pac.
J. Allergy Immunol. 2019. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.4168/aair.2019.11.3.438
http://www.ncbi.nlm.nih.gov/pubmed/30912332
http://dx.doi.org/10.1016/j.jaci.2013.03.013
http://www.ncbi.nlm.nih.gov/pubmed/23651609
http://dx.doi.org/10.1016/j.jaci.2010.06.045
http://dx.doi.org/10.3950/jibiinkoka.119.1504
http://dx.doi.org/10.12932/AP-200219-0499
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	SCIT in Bronchial Asthma 
	Modification of Natural Course of Allergic Diseases 
	Allergen Immunotherapy in Asthma Patients with Rhinitis 
	Selection of Asthma Patients for HDM-SCIT 
	Mechanisms of Allergen Immunotherapy 
	Biomarker for Allergen Immunotherapy 
	Clinical Application of SLIT for Asthma 
	Allergen Immunotherapy in Japan 
	Adherence to Allergen Immunotherapy 
	Conclusions 
	References

