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Abstract

The Global Initiative for Asthma Report updated in 2019 stat-
ed that potential benefits of allergen immunotherapy (AIT),
compared to pharmacological and avoidance options, must
be weighed against the risk of adverse effects and the incon-
venience and cost of the prolonged course of therapy in
asthma. Thus, with the aim of clarifying some aspects with
regard to the possible use of AlT in allergic asthma treatment
armamentarium, a group of expert allergists from the Span-
ish Allergy and Clinical Immunology Scientific Society (SEA-
IC), particularly from the Immunotherapy and Asthma Inter-
est Groups developed a frequently asked questions in clini-
cal practice. This document updates relevant topics on the

use of AIT in asthma and could facilitate physician clinical
decisions and improve health outcomes for individual pa-

tients. © 2021 S. Karger AG, Basel

Introduction

Therapy for asthma has substantially evolved in the
last years, prompted by a better understanding of the dis-
ease pathophysiology and by the characterization of dif-
ferent molecular endotypes and clinical phenotypes,
which could favor the implementation of a more person-
alized therapy [1].

The prevalence of allergic asthma is increasing [2], but
current asthma pharmacotherapy is still limited to short-
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term symptom control with no effect on the underlying
immune pathophysiology and, when medication is dis-
continued, symptoms may recur. This is where allergen
immunotherapy (AIT) comes into play as the only man-
agement that can alter the natural course of allergic asth-
ma, decreasing frequency and severity of symptoms and
progression of rhinitis to asthma [3]. Effective AIT in-
duces multiple immune-mediated mechanisms, which
are sequentially activated, leading to allergen-specific tol-
erance, suppression of inflammation, and multifaceted
clinical improvement [4].

Results from recent clinical studies have implemented
the evidence of effectiveness and safety of AIT for the
treatment of asthma in some cases and, the Global Initia-
tive for Asthma Management and Prevention (GINA)
states that potential benefits of AIT, compared to phar-
macological and avoidance options, must be weighed
against the risk of adverse effects, and the inconvenience
and cost of the prolonged course of therapy in asthma [5].
For asthma patients, GINA 2019 considers adding sublin-
gual immunotherapy (SLIT) in adult house dust mite
(HDM)-sensitized patients with allergic asthma and ex-
acerbations despite inhaled corticosteroids, provided
forced expiratory volume in 1 second (FEV1) is >70%
predicted and Spanish Asthma Guidelines (Guia Espa-
fnola para el Manejo del Asma [GEMAY]) [6] includes the
therapeutic option of SLIT with a standardized extract of
HDM, prioritizing those that are considered to be a reg-
istered medication.

The aim of this paper is to develop a frequently asked
questions document that updates relevant topics on the
use of AIT in asthma and could facilitate physician work
in daily practice. To elaborate the questionnaire, the pan-
el of experts updated and selected all the relevant publica-
tions following the same criteria previously published [7]
and assessed the level of existing evidence adopting the
Oxford Center for Evidence-Based Medicine (OCEBM)
(8].

Biomarkers for Monitoring the Asthma AIT Response

To Date, Are There Any Validated Biomarkers That
Are Predictive or Indicative of the Clinical Response to
AIT?

Biomarker, defined as “an indicator of normal biolog-
ic processes, pathogenic processes, and/or response to ther-
apeutic or other interventions,” remains experimental in
AIT [9]. This paucity of biomarkers to aid in the identi-
fication of responders to AIT and for the evaluation of its
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efficacy objectively was recognized in a recent interna-
tional consensus document [5], which classified it as an
unmet need. The European Academy of Allergy and
Clinical Immunology (EAACI) recognized this need [10]
and established a task force to review all candidate bio-
markers used in trials of allergic rhinitis (AR) patients
with or without asthma [9, 10] including functional (im-
munoglobulin E [IgE], IgE-facilitated antigen binding
[FAB] to B cells [IgE-FAB] and blocking factor [IgE-
BF]), cellular (regulatory T and B cells [Tregs]), humoral
(allergen-specific IgGy [sIgGy], IgE/IgG,), and molecular
(interleukins) markers. The EAACT’s position paper ob-
serves that although several studies have included mark-
ers as secondary outcomes, specifically AIT biomarker
studies are still lacking and concludes that to date there
are no validated and generally accepted candidate bio-
markers that are predictive or indicative of the response
to AIT.

Key Point

o Todate, there are no validated and generally accepted
candidate biomarkers that are predictive or indica-
tive of the clinical response to AIT.

Should the Allergen-Specific Serum IgE/Total IgE
Ratio Be Incorporated in Clinical Practice as a
Predictive Biomarker of Response to AIT?

To date, apart from skin prick tests (SPTs), raised se-
rum allergen sIgE are considered a useful biomarker for
AIT candidate selection in the context of a clear history
of symptoms on exposure to the relevant allergen [11]
and some studies consider sIgE a predictive biomarker
for adequate response to AIT [12, 13].In particular, the
ratio of sIgE to total IgE (sIgE/tIgE ratio) as a predictive
marker has been evaluated in many clinical trials [14-16].
One of them was carried out in a group of patients who
received HDM or grass pollen AIT during 4 years. The
study involved both subcutaneous immunotherapy
(SCIT) and SLIT treatment [15], and clinical outcome
was measured using visual analog scores. A cutoft value
of 16.2% of sIgE/tIgE ratio predicted the successful out-
come of AIT, revealing sensitivity of 97.2% and specific-
ity of 88.1%. Other studies did show a similar correlation
between IgE ratio and clinical outcome of AIT, but one
randomized controlled trial (RCT) of limited size did not
replicate the relationship [14, 16-18]. Therefore, the use
of standardized assay platforms, established reference
ranges, and cutoff values are needed.

Tabar et al.



Key Point

« Basallevels of sIgE help to determine the prescription
of AIT in a patient with AR (LE 1b, B). Some studies
show that an elevated sIgE/tIgE ratio is a potential
biomarker of response to AIT, but the utility has not
been evaluated and validated in double-blinded ran-
domized trials (LE 2b, grade B).

Could 1gG4s Levels and/or the Production of Blocking
Antibodies Be Considered as Markers for Compliance
in AIT?

Analysis of the regulation of IgG subtypes following
AIT has resulted in specific increases (range of 10- to 100-
fold) in the concentrations of sIgG4 [19, 20]. In addition,
a correlation between allergen sIgG4 and clinical out-
comes has been reported in many [21-25] but not all
studies [26].

sIgG4 is a serum-based biomarker and indicates aller-
gen exposure. Low sIgG4 is actually considered a poten-
tially negative predictive marker [9]. Additionally, a well-
designed RCT published in 2016 demonstrated a signifi-
cant increase in allergen sIgG4 in patients with asthma
remission treated with HDM-SLIT although a firm rela-
tionship between quantitative levels of sIgG4 and clinical
standardized efficacy parameters (such as combined
symptoms and rescue medication scores) during SCIT/
SLIT are still lacking [21]. Nevertheless, some evidence
suggests that functional assays of inhibitory I1gG4 and
IgE-BF may be more useful surrogates of clinical response
than IgG4 levels [27]. In particular, an association be-
tween symptom scores, rescue medication scores, and
IgE-BF/IgE-FAB has been demonstrated in several stud-
ies [28], at least for grass pollen immunotherapy, but
there are only limited data on differences between re-
sponders and nonresponders in relation to IgE-FAB. The
EAACI position paper suggests sIgG4 and IgE-FAB as
candidate biomarkers for compliance and response to
AIT, respectively, and failure in sIgG4 induction may be
indicative of inadequate AIT compliance [9].

Key Points

« Functional assays of inhibitory IgG4 and IgE-BF may
be useful surrogates of clinical response (LE 1b, grade
B); even being aware of the nonavailability in routine
clinical practice.

« Failure in sIgG4 induction may be indicative of inad-
equate AIT compliance (LE 1b, grade B).

Allergen-Specific Inmunotherapy for
Allergic Asthma

With Regard to Biomarkers “in vivo,” Could the
Challenge Test (or Challenge Test in Allergen
Exposure Chambers) Be Considered as the “Gold
Standard” in Clinical Trials II-1II of AIT as the EMA
Proposes? And in Clinical Practice?

Allergen challenge tests are frequently used in clinical
practice to evaluate patients’ allergen-specific reactivity
in disease affected organs in order to demonstrate the
clinical relevance of the underlying IgE-mediated sensiti-
zation [29]. These tests have also been used as “in vivo”
methods for stratification of patients for clinical trials as
well as for investigating the effects of therapeutic inter-
ventions in AIT trials. In the current European Medicines
Agency (EMA) guideline, challenge tests are recom-
mended for proof of concept or phase II dose-finding tri-
als in AIT [30], and some AIT trials have already includ-
ed these models as primary objectives [31, 32]. Neverthe-
less, as outlined in the EAACT’s position paper, there is a
clear unmet need for thorough harmonization and fur-
ther validation of the different provocation models [33,
34], and allergen provocation is not the same as natural
exposure.

Regulators do not accept replacement of natural aller-
gen exposures by provocation challenges as primary end
points in pivotal phase III trials. The environmental expo-
sure chamber (EEC) represents a recent alternative to
challenge tests that more closely simulates natural expo-
sure [35], and it could be a promising tool for the evalua-
tion of efficacy in asthma patients [36], particularly for
research purposes in (pivotal) phase III studies. However,
they have to be validated regarding stability and reproduc-
ibility of allergen exposure under standardized allergens
[37]. One of the important aspects to “harmonize” the
protocols for challenge tests in EEC is the need to stan-
dardize the procedure for each allergen individually since
their physicochemical characteristics are different and
their clinical behavior is also different. The way of measur-
ing the result (symptoms) should also be standardized on
an internationally reproducible scale, and of course, the
boxes in the chamber, should be independent to avoid the
failures collected in some of the recent clinical trials.

Key Point

 Protocols of challenge tests/EEC should be harmo-
nized. Pending standardization and clinical valida-
tion, EECs are likely to become an optional adjunct
to natural exposure studies for phase III trials of AIT
(LE 4, grade C).
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Summary

The identification and validation of biomarkers of suc-
cessful AIT for allergic asthma are urgently needed to de-
finitively establish the role of AIT as a therapeutic tool in
personalized medicine. Until then, functional assays of
inhibitory IgG4 and IgE-BF and sIgE/tIgE may be useful
surrogates of clinical response.

Etiological Diagnosis prior to Asthma AIT Indication

What Role Should Molecular Diagnostics Play in
Determining the Sensitization Profile for Defining the
Relevant Allergens in Each Patient?

Different types of aeroallergens and specific sensitiza-
tion profiles are associated with different allergic clinical
pictures (rhinitis with/without asthma), different clinical
symptoms, and different levels of severity [38]. Immuno-
therapy vaccines, in general, consist of different allergen
components with a predominance or standardization of
major allergens. In many patients originally classified as
polysensitized on the basis of SPTs, molecular diagnosis
could identify clear sensitizations to particular major al-
lergens with clinical relevance and consequently the al-
lergen sources of which would then have come into con-
sideration for AIT [39]. Molecular diagnosis can also help
to identify individuals who are sensitized to minor aller-
gens or to cross-reactive allergens and who therefore may
show a different immune response. This allows to better
define AIT composition to obtain a greater clinical ben-
efit [40].

The advantage of molecular diagnosis is that it could
allow AIT to be individually considered and tailored to
each patient and, in some cases, predict the risk of adverse
reactions [41] and can spare patients the burden of mul-
tiple therapies or unnecessary lifestyle changes involved
in allergen avoidance.

Key Points

« Molecular diagnosis can be useful in polysensitized
patients in order to identify clear sensitizations to
particular allergens with clinical relevance (LE 1b,
grade A).

» Molecular diagnosis can help to identify individuals
who are sensitized to minor allergens (LE 2b, grade B).

Does a Relation between Serum Levels of sIgE and the

Risk of Suffering Asthma Exist?

Although IgE-mediated sensitization has been shown
to be an important risk factor for allergic asthma, this as-

4 Int Arch Allergy Immunol
DOI: 10.1159/000513811

sociation is not consistent. In epidemiology and clinical
practice, patients are typically diagnosed as being “sensi-
tized” based on a positive SPT (usually >3 mm wheal di-
ameter) or a positive specific serum IgE (usually >0.35
kU/L). However, both of these tests can be positive in the
absence of any symptoms or disease development. Thus,
a clear distinction has to be made between “sensitization”
(which usually refers to positive allergy tests, irrespective
of any symptoms) and clinical disease such as allergic
asthma, which denotes the presence of sensitization and
related clinical symptoms.

Independently, the quantity of sIgE may also be a
marker of environmental exposure to an antigen, and a
positive relationship between the magnitude of exposure
to specific aeroallergens and IgE titers have been demon-
strated in patients with asthma [42-45]. A recently pub-
lished study analyzed the association of sIgE levels with
the onset of asthma in patients with autumn pollen-in-
duced AR and corroborates that the incidence of asthma
is more pronounced when the sIgE level is higher [46].
Thus, if exposure plus sensitization is predictive of asth-
ma morbidity and health care utilization and if the sIgE
level is indicative of exposure, then the absolute level of
IgE sensitization to allergens may be predictive of the risk
of suffering asthma and asthma outcomes. Moreover, a
clear quantitative relationship between the level of sIgE
and the size of SPT responses has been observed for cer-
tain perennial allergens (dust mites or animal dander) in
relation to asthma severity, both in young adults and in
children [47, 48].

Key Point

o Use level of sIgE for certain perennial allergens as a
predictor of health care utilization and asthma mor-
bidity would be a valuable tool for clinicians in the
treatment and management of asthma in lieu of, typ-
ically unavailable, allergen exposure data (LE 3b,
grade B).

Is There Any Possible Role for the Basophil Activation
Test in the Diagnostic Algorithm of Allergic Asthma
and the Use of AIT?

The basophil activation test (BAT) is a reliable tool for
detecting basophil activation status “in vitro” and is a
promising tool for the diagnosis and monitoring of aller-
gic disease. After the BAT was developed and established,
many studies have explored its utility for monitoring AIT
responses. Some of the studies have reported that baso-
phil activation is reduced after immunotherapy [49, 50],
not only at the level of CD63 or CD203c but also as mea-
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sured by decreased diamine oxidase and increased
CD107a [50-54]. Furthermore, one study using decreased
diamine oxidase has shown persistent suppression of ba-
sophil activation 12-24 months after stopping AIT [51].
However, other studies failed to demonstrate suppression
of basophil activation in successful trials of AIT [22, 55].
These contrasting findings may be partly explained by the
route of immunotherapy, with SLIT being possibly less
effective in inhibiting basophils than SCIT and lack of
BAT standardization. The International Consensus State-
ment on Allergy and Rhinology: Allergic Rhinitis pub-
lished in 2018 considers that BAT could be useful for
monitoring response to AIT [56].

Key Point

« BAT may be used for diagnosis when first-line tests
are discordant and for monitoring response to AIT
(LE 2b, grade B). Standardized assays are needed as
markers for basophil selection as well as markers of
activation and histamine release.

Summary

Recognition of the sensitization profile could better
define the relevant allergens in each patient and is neces-
sary to perform an adequate etiological diagnosis in asth-
matic patients to confirm if we are facing allergic or non-
allergic asthma.

Indications/Contraindications of AIT in Asthma
Patients

Should AIT Only Be Considered for the Treatment of
Patients with Asthma Whose Symptoms Are Clearly
Linked to a Relevant Allergenic Source?

Current evidence supports the use of AIT for the treat-
ment of patients whose symptoms are clearly linked to a
relevant allergenic source [57]. Recommendations from
the GA2LEN/EAACI [58] state that the clinical relevance
of each allergen is more important than the number of
sensitizations itself. In fact, a personalized AIT is based
on the identification of the clinically relevant allergens,
one or more, and should consider the type and severity of
symptoms, the longest duration of induced symptoms
over the year, the greatest impact on quality of life (QoL),
and how difficult an allergen is to avoid.

Allergen-Specific Inmunotherapy for
Allergic Asthma

Key Point

o AIT should be considered for the treatment of pa-
tients whose symptoms are clearly linked to relevant
allergenic sources (EL 1a, grade A).

Can AIT Be Used in Asthmatic Patients with Several

Sensitizations?

The majority of patients with allergic asthma seen by
specialists are polysensitized, and many of them are also
polyallergic (sensitizations with clinical relevance) be-
cause polysensitization does not necessarily mean that all
sensitivities are clinically significant. In Europe, one or 2
most important sensitivities are typically treated. In con-
trast, in the United States, mixtures including many or
most of the sensitizing allergens are administered [59].
An alternative to allergen mixes for both SLIT and SCIT
is the administration of multiple mono-allergen extracts
simultaneously or sequentially [60-62].

Single-AIT is recommended in polyallergic patients in
which one of the relevant allergens can be identified as
clearly responsible for the most intense symptoms [63].
When sensitization to 2 clinically relevant allergens is ob-
served, simultaneous immunotherapy with 2 allergens
(SCIT or SLIT) or mixed immunotherapy with 2 allergens
is recommended. Allergen mixture immunotherapy may
be performed when the mixture is technically feasible, the
mixture is allowed by the regulatory authorities, and the
concentration of each of the allergens in the final mixture
has proven to be effective [63].

Key Point

» For polysensitized patients with allergic asthma, ei-
ther mono-AIT or multiple vaccine treatment (aller-
gen mixes or multiple mono-allergen extracts) could
be recommended depending on the burden of aller-
gen symptoms (LE 4, grade D, weak recommenda-
tion).

Does the Indication of AIT Depend on the Availability
of Quality Extracts That Include Concentrations of
Allergens Necessary to Induce the Immune Response
Necessary for Its Efficacy?

In allergic rhinoconjunctivitis, respiratory allergy [64],
and allergic asthma [65] allergens should be accurately
quantified in preparations used for AIT. Currently, each
allergenic extract's manufacturer has its own standards
different from others [63, 66]. This condition remains
one of the main limits of AIT. Nowadays, preparations
with a high concentration, good tolerability, and safety,
have been included in the official pharmacopoeia, for
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which the concentration of major allergens is provided in
pg/mL. In this way, patients would be treated with ade-
quately standardized extracts [67].

Key Point

« Following the recommendations for AR, allergens
should be accurately quantified in preparations used
for AIT (LE 1a, grade A).

Is AIT Contraindicated in Partially Controlled

Asthma Patients?

In general, partially controlled asthma is considered a
relative contraindication in the EAACI paper although the
German guidelines are open to the possibility of using AIT
in carefully selected patients [68]. The application of AIT in
these patients does not interfere with or substitute the phar-
macological treatment for asthma while decreasing the fu-
ture risk of asthma exacerbations and drug-related adverse
events. Moreover, given that effective allergen avoidance is
hardly achievable in real-life, AIT offers the opportunity to
achieve tolerance to common allergens.

Only AIT with HDM-SLIT tablet has demonstrated a
robust effect in adults for critical end points (exacerbations
and safety) in partially controlled asthma patients. Thus, it
is recommended in the EACCI and GINA guidelines as an
add-on to regular asthma therapy for adults with partially
controlled HDM-driven allergic asthma [5, 69].

Key Points

o AIT could be used in carefully selected cases with
partially controlled asthma (LE 3, grade C).

o Only HDM-SLIT tablet is recommended as an add-
on therapy in partially controlled asthma (LE 1b,
grade B).

Are There Contraindications in SCIT That Are Not

Contraindications in SLIT?

Current AIT guidelines recommend that patients
with severe or uncontrolled asthma be excluded from
consideration for the use of AIT. The major reason for
this being that most fatal reactions to SCIT in the past
occurred in patients with uncontrolled asthma at the
time of the injection [4, 70, 71]. No fatal reactions have
been reported to HDM-SLIT tablet, but the indication to
start the treatment only in patients with well-controlled
asthma remains valid in principle [72]. However, in re-
cent publications and systematic reviews, SLIT has been
found to be well tolerated in patients with asthma not
well controlled by ICS (400-1,200 ug budesonide or
equivalent) [20, 73-75] and, given the clinical benefit, it
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appears to be a clinically relevant option in carefully se-
lected cases.

Key Point

« SCIT/SLIT isindicated in allergic and mild/moderate
and well-controlled asthmatic patients (LE 1b, grade
A), and some SLIT preparations (HDM-SLIT tablet)
could be an option in severe or partially controlled
asthma when the expected benefits can outweigh the
potential risks (LE 2b, grade B).

Summary

AIT is indicated in allergic and well-controlled asth-
matic patients and should be considered for the treatment
of patients whose symptoms are clearly linked to relevant
allergenic sources. Particularly, adequately standardized
extracts are recommended. AIT could be used in care-
fully selected cases with partially controlled asthma.

AIT Efficacy in Adult Asthma Patients

Does the Use of SCIT Reduce Asthma Symptoms,

Asthma Exacerbations, and Asthma Medication in

Comparison to Placebo or Symptomatic Treatment?

Several evidence-based reviews and meta-analysis re-
cently published corroborated the improvement in asth-
ma symptoms and medication use with SCIT treatment
[6, 67, 74, 76-83] although a lack of homogeneity have
been found with regard to the SCIT effect on exacerba-
tions and bronchial responsiveness in comparison to pla-
cebo or symptomatic treatment. The lack of uniformity
in these analyses can be explained by the heterogeneity in
study design and reporting of outcomes, a lack of univer-
sally accepted end points, minimal clinically important
difference estimates, and differences in the efficacy of al-
lergen preparations in different trials.

SCIT has demonstrated to significantly reduce asthma
symptom scores and medication during treatment, but
there are important differences between individual aller-
gens, with HDM-SCIT being the allergen with the highest
evidence [83-85] (Table 1). In particular, a meta-analysis
of 19 studies of SCIT in mite-sensitized subjects with
asthma [83] showed that SCIT significantly reduced the
asthma symptom scores (standardized mean difference
0f —0.94,95% CI -1.58 to —0.29, p = 0.004) and the asthma
medication scores (standardized mean difference of
-1.06, 95% CI —1.70 to —0.42, p = 0.001) compared with
the control group. Several randomized trials have also
evaluated the efficacy of SCIT for grass pollen allergy in
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Table 1. Recommendations for the different AIT allergen sources in allergic asthma

Recommen- Reduce asthma Reduce asthma Reduce asthma Improve lung Improve airway hyper-  Improve asthma

dation symptoms medication exacerbations function reactivity control

HDM AIT 1A IA IB (SLIT) IB (SLIT) IA IB (SLIT tablets)
Strong based on Strong based on Moderate based on ~ Weak based on Strong based on Moderate based on

consistent results
from well-

results from well-
designed, well-

consistent results from
well-designed, well-

very limited
number or size of

limited number of
well-designed,

consistent results from
well-designed, well-

designed, well- conducted studies conducted studies  studies conducted studies well-conducted
conducted studies  included in several SR included in several SR studies
included in several
SR
Grass AIT 1A IB IB (SLIT) IA
Strong, based on Weak based Weak based on Strong based on
individual studies  Limited number/size of very limited consistent results from
studies number or size of  well-designed, well-
studies conducted studies
included in several SR
Trees AIT 1B 1B
RCT weak based Weak, based
Limited number/size of
studies
Cat AIT 1B IVD
Specific Very weak based on
circumstances expert opinion
RCT weak based
Dog AIT IVD IVD
Specific Very weak based on
circumstances expert opinion
Expert opinion
Mold AIT 1B IB
Not enough datato Weak based and safety
recommend concerns
Other IB (Parietaria IA (birch, artemisia)

pollen)

HDM, house dust mite; AIT, allergen immunotherapy; SLIT, subcutaneous immunotherapy.

patients with chest symptoms (breathlessness, cough,
wheeze, and chest tightness). The results consistently
showed a reduction of asthma symptoms and bronchial
hyperresponsiveness [86-88], with long-term effects after
the end of treatment [89, 90]. For other allergens, moder-
ate or low level of evidence exists regarding their impact
on asthma [91-94] and depending on the allergen and
products used (Table 1).

Key Points

o SCIT reduces asthma symptoms (LE 1a, grade A) and
asthma medications (LE 1a, grade A) in comparison
to placebo or symptomatic treatment.

Allergen-Specific Inmunotherapy for
Allergic Asthma

o There are differences between individual allergens in
the evidence regarding the reduction of asthma
symptoms (LE la: HDM, grass; LE 1b: cat, tree; and
LE 4d: dog) and use of medication (LE 1a: HDM; LE
1b: grass pollen, mold; and LE 4d: cats, dogs).

How Much Time Is Needed to Achieve a Maintained

Clinical Benefit from AIT in Allergic Asthma Patients?

It is generally accepted that 3-5years are required to
achieve a clinical benefit and to maintain it after treat-
ment cessation, for either SCIT or SLIT [68], but recent
clinical trials [17, 95] and meta-analysis [96] have dem-
onstrated that allergen-specific immunotherapy, espe-
cially SLIT against HDM may help improve asthma

Int Arch Allergy Immunol 7
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symptoms and reduce medication usage for as short as 12
months [97].

The duration of the treatment may be prolonged, de-
pending on the clinical response of subjects. Many pa-
tients experience a prolonged remission of symptoms af-
ter discontinuation of AIT [98, 99], whereas other pa-
tients may have a relapse of clinical manifestations.
Currently, there are no specific biomarkers or laboratory
tests that can distinguish patients who will relapse from
those who would have a prolonged clinical remission af-
ter discontinuing AIT. In keeping with that evidence,
3years of SLIT in HDM-sensitized children with asthma
had a medication-sparing effect [100]. The data are un-
clear, with regard to the extent of the medication-sparing
effect of AIT, with one study reporting no change in the
asthma medication score after 1year of treatment [95],
whereas a pronounced effect was shown in other studies
after 1 year of treatment [17, 20, 101].

Key Point

o AIT treatment should last at least 3 years in asthmat-
ic patients to achieve and to maintain the clinical
benefit after treatment cessation (LE 1b, grade A).
Clinical benefits can be obtained after 1 year of treat-
ment.

Does SLIT Reduce Asthma Symptoms, Asthma
Exacerbations, or Asthma Medication in Comparison
to Placebo or Symptomatic Treatment?

The evidence reported in relation to the efficacy of
SLIT to reduce asthma symptoms, exacerbations, or asth-
ma medication in comparison to placebo or symptom-
atic treatment in recent systematic reviews and meta-
analyses reported moderate evidence based on results
from well-designed, well-conducted studies, but with in-
consistency between the studies. It is interesting to note,
however, that reviews which looked only at a specific al-
lergen (HDM allergen) [102, 103] show significant reduc-
tions in both symptom and medication scores for asthma
compared to the reviews which focus in several allergens
[104-107] that show no significant reduction when con-
sidering the same outcomes. Moreover, differences in ef-
ficacy with the 2 forms of SLIT (dissolvable sublingual
tablets [SLIT tablet] and sublingual allergen extracts
[SLIT drops]) have also been described, with the most
consistent results obtained with SLIT-tablet formulations
[106]. Therefore, differences between different allergens
and different formulations could only partially explain
the inconsistency.

8 Int Arch Allergy Immunol
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Several individual RCTs have demonstrated the ef-
ficacy and safety of SLIT tablets for HDM (75, 80, 108-
110] and other allergens [111] in asthma. More impor-
tantly, the HDM-SLIT tablet is the first allergy immu-
notherapy to be tested prospectively in a well-designed
RCT in patients with HDM allergy-related asthma not
well controlled by ICS or combination products and to
favorably modify patient relevant end points such as
time to first moderate or severe asthma exacerbation
upon ICS reduction and reduced risk of an exacerba-
tion with deterioration in asthma symptoms [25]. The
potential value of HDM-specific AIT to help step down
ICS dosage from GINA step-care levels 3 or 4 [112] and
a significantly higher asthma control (p < 0.001) and
PEF% (p < 0.05) has also been observed in HDM-aller-
gic asthma patients treated with SLIT compared with
usual treatment [113]. Consequently, GINA 2017 re-
ports SLIT as a possible add-on option for adults with
asthma and AR sensitized to HDM with exacerbations
despite low to high doses of inhaled corticosteroids
(ICS) provided [73].

The EAACI systematic review data pooled from 2 tri-
als showed no evidence of reduction in the short term of
symptom and medication score (SMS), but Lin et al.
[114] brought moderately strong body of evidence that
SLIT improved SMS (20 of 41 studies). Finally, SLIT, due
to its safety profile and efficacy, could be an adequate op-
tion for elderly patients because they significantly im-
prove the QoL that often is particularly impaired in the
elderly, reducing symptoms and drug consumption
[115].

Key Points

o SLIT reduces asthma symptoms and asthma medica-
tion in comparison to placebo or usual care symp-
tomatic treatment (LE 1b, grade B): (a) SLIT tablets
LE 1b, grade B; (b) SLIT drops LE 3a, grade C.

o HDM-SLIT tablet is a possible add-on option for
adults with asthma and AR sensitized to HDM with
exacerbations despite low to high doses of ICS (LE 1a,
grade A).

Summary

The administration of allergen-specific immuno-
therapy, both SCIT and SLIT-tablets, is associated with
a significant reduction in asthma symptoms and medi-
cation, with more evidence demonstrated in patients
sensitized to HDM and grass pollen. The HDM-SLIT
tablet is a possible add-on option for adults with asthma
and AR sensitized to HDM with exacerbations despite
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low to high doses of ICS. In elderly patients, SLIT, due
to its safety profile and efficacy, could be an adequate
option.

AIT in Severe Asthma

Is AIT Expected to Be Less Effective in Severe Asthma

Patients?

Severe asthma patients could benefit the most from the
reduction of allergic asthma symptoms associated with
AIT, as demonstrated in a prospective study carried out
in children from 3 to 11 years affected with severe asthma
[116]. In this study, after 3 years of treatment, children
affected with severe asthma and treated with AIT had a
significantly greater reduction in terms of days and nights
without asthma and drug usage compared with usual
drug-treated children; spirometry parameters were also
improved. Mainly, the number of SPTs and/or sIgE to
inhaled allergens also decreased (desensitization), and
the adverse events were only mild or transient. This ob-
servation has been confirmed in another 2 pediatric stud-
ies in which SCIT with HDM extracts reported beneficial
effects for children with moderate to severe asthma, with-
out any child suffering systemic reactions [117, 118].

Key Point

« AIT is not expected to be less efficacious in children
with severe controlled asthma patients, and the risk-
benefit ratio should be assessed in all cases (LE 3, grade
B).

Is AIT Contraindicated in Severe Controlled Asthma

Patients?

According to current guidelines, AIT is contraindicat-
ed in patients with medical conditions that increase the
risk of treatment-related systemic reactions, such as those
with severe or poorly controlled asthma. Nevertheless,
some studies show that severe controlled asthma patients
could benefit from the reduction of allergic asthma symp-
toms and rescue medications associated with AIT, with
long-term effects on asthma disease [117, 118].

The recently published EAACI Guideline on AIT-al-
lergic asthma [57] reports a very weak recommendation
for not considering AIT in severe asthma due to gaps in
the chain of evidence and has established that individual
differences between allergens should be considered with
HDM inducing less systemic reactions compared to grass
and probably molds and animal dander. In addition, to
reduce the adverse reactions of AIT and to allow its use

Allergen-Specific Inmunotherapy for
Allergic Asthma

in a few patients with severe asthma, some studies dem-
onstrate that pre-administration or concomitant treat-
ment of AIT and omalizumab (an anti-IgE humanized
antibody) could be useful [119-122].

Key Point

« Patients with severe, uncontrolled asthma are at in-
creased risk for systemic reactions. Therefore, AIT
should not be initiated administration unless asthma
symptoms are controlled (LE 4-5, grade D), and in-
dividual differences between allergens should be con-
sidered.

Can the Biological Treatment (Omalizumab or
Others) Be Withdrawn in a Patient with Severe
Asthma and AIT to Continue Only with AIT?

When asthma is controlled, the biologic treatment can
be withdrawn because it has been demonstrated that the
improvement in the efficacy and tolerability of subcuta-
neous AIT in children and adults with severe allergic
asthma is maintained after biological treatment discon-
tinuation [4, 119, 122-124].

Key Point

o The biological treatment (omalizumab or others)
could be withdrawn in a patient with severe asthma
and AIT to continue only with AIT when asthma is
controlled (LE 3b, grade B).

Summary

The use of omalizumab could improve asthma control
and the tolerability of AIT in severe asthmatic patients.
AIT is not expected to be less efficacious in severe con-
trolled asthma patients, and the risk-benefit ratio should
be assessed in all cases.

Pediatric Asthma and AIT: Some Specific Data

Does SCIT Reduce Asthma Symptoms, Asthma
Exacerbations, and Asthma Medication in
Comparison to Placebo or Symptomatic Treatment in
Children?

Recent systematic reviews and meta-analysis on AIT
for pediatric asthma consistently support the efficacy of
both SCIT and SLIT for treatment of pediatric asthma
[125-127], but heterogeneity and some methodological
inconsistencies are found, especially in outcomes assess-
ment and in the context of individual, real-life setting. In
pediatric populations, a higher effect on improvement in
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medication scores and lower effect of AIT on asthma
symptoms scores have been described compared to its ef-
fect in adult population [65]. A qualitative systematic re-
view that included 40 RCT (25 SCIT trials and 15 SLIT
trials) carried out in children (<18 years), which research-
ers reported on prespecified outcomes, indicated moder-
ate-strength evidence that SCIT reduces long-term asth-
ma medication use. It also showed low-strength evidence
that SCIT improves quick-relief medication use, FEV1,
and asthma-related QoL. Asthma symptoms were not as-
sessed because there were no trials in which researchers
evaluated asthma symptoms using a validated tool [125].
In children, there are 2 important points that should be
taken into consideration when making a decision on ini-
tiating AIT. The first is the steroid-sparing effect of AIT,
which gives a significant advantage for children who have
to use ICS doses for the control of asthma symptoms for
many years, and the second point is the disease modifying
effect of AIT, which reduces the risk of asthma onset in
children with AR [99]. The evidence of SCIT on long-
term control medication use has been demonstrated in 4
RCT [116, 128-130].

Key Point

« Inchildren, SCIT reduces asthma symptoms, asthma
medication, and exacerbations in comparison to pla-
cebo or symptomatic treatment (LE 2b, grade B) and
could improve long-term asthma control.

Does SLIT Reduce Asthma Symptoms, Asthma
Exacerbations, and Asthma Medication in
Comparison to Placebo or Usual Care in Children?
The evidence for clinical efficacy of SLIT in children
has been assessed in several SR [104, 131], meta-analy-
sis [132, 133], and consensus documents [61]. The re-
views of the literature on pediatric populations consis-
tently support the efficacy and safety of SLIT compared
to placebo, particularly in grass pollen and HDM-sen-
sitized asthmatic children [78]. Similar to SCIT trials
carried out in children, SLIT trials are very heteroge-
neous in patient and intervention characteristics (SLIT
tablets vs. SLIT drops, different allergens) and in how
outcomes have been measured [125], which limit the
ability to draw firm conclusions from them. Relative ef-
ficacy of SLIT (symptoms and/or medication score) has
been demonstrated in a meta-analysis that included 9
studies on 441 asthmatic children, which shows a sig-
nificant decrease in symptom and medication scores
with SLIT, in comparison to placebo [134]. In another
meta-analysis that evaluated 9 studies in 452 HDM-al-
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lergic children aged 3-18 years with asthma treated
with SLIT, marked improvement in asthma symptoms
and medication scores, and a steroid-sparing effect was
seen [102].

When validated tools to measure outcomes are
strictly considered, low-strength evidence for SLIT to
improve medication use and FEV1 has been demon-
strated, but no evidence for a beneficial effect of SLIT
in reducing exacerbations and asthma symptoms [125]
has been observed. In particular, no studies reported
results on the critical outcomes exacerbations, and 8
RCT were identified to evaluate asthma symptoms
[126], but different symptom scores were used, none of
them standardized or validated, clinical differences in
asthma scores were not defined, and most studies re-
ported improvement in the treatment group as well in
the control group.

With regard to the long-term effect of SLIT, 2 studies
analyzed this factor in children with allergic asthma/rhi-
nitis due to HDM/grass pollen: The first study consid-
ered 2 matched groups: one underwent a 4- to 5-year
course of SLIT, and the other received only drug therapy.
In the SLIT group, there was a significant difference ver-
sus baseline for the presence of asthma and the use of
asthma medications, and the mean peak expiratory flow
was significantly higher in the active group than in the
control group after 10 years [135]. In the second study,
asthmatic patients allergic to either HDM or to both
HDM and grass pollen were treated with AIT during
childhood and were re-evaluated in early adulthood after
a mean cessation of AIT of 9.3 + 2.76 years. At re-evalu-
ation, the risk of frequent asthmatic symptoms was 3
times higher in the control group than in the AIT-treated
group; the use of anti-asthmatic medication was more
pronounced in the control group although the difference
was not statistically significant [136]. Finally, a difference
in severity between SLIT and placebo on QoL using
Childhood Asthma Questionnaires has been observed in
one RCT but only in the younger population (age 6-11
years) and it is not stated whether this difference is clini-
cally relevant [137].

Key Point

o In children, SLIT reduces asthma symptoms and
asthma medication in comparison to placebo or
symptomatic treatment (a) SLIT tablets LE 2b, grade
B; (b) SLIT drops LE 3a, grade C.
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Are There Some Differences between SCIT/SLIT

with Regard to Efficacy and Tolerability in Their

Indications in Childhood Asthma?

In children, evidence points to a higher efficacy of
SCIT than SLIT, with a better safety profile of SLIT than
SCIT. A novel approach for AIT in which SCIT is admin-
istered in the build-up phase and SLIT in the mainte-
nance phase might offer better clinical outcomes by inte-
grating their individual advantages to potentiate mecha-
nisms of tolerance. In a randomized, controlled,
prospective study in asthmatic children, the novel regi-
men seems to successfully combine the advantages of
both routes without loss of clinical benefit and might be
a promising alternative in children undergoing AIT
[138].

Key Point
 SLIT isassociated with a better safety profile and low-
er efficacy than SCIT (LE 2b, grade B).

Summary

In children, SCIT and SLIT reduce asthma symptoms
and asthma medication in comparison to placebo or usu-
al care. SLIT is associated with a better safety profile and
lower efficacy than SCIT.

Preventive Effects of AIT

Does Scientific Evidence Support the Indication of AIT
for the Prevention of Asthma in Adult Patients with
AR?

Several recent real-world clinical trials [139-141] and
the International Consensus Statement on Allergy and
Rhinology: Allergic Rhinitis published in 2018 [78]
strongly support the use of SCIT (8 studies) and SLIT (25
studies) for patients with AR and asthma as well as the
potential utility of AIT for preventing progression of al-
lergic disease from AR to the development of asthma
(Level 1a: 2 RCT; Level 1b: 4 RCT; and Level 2b: 1 RCT).
When selecting AIT, several aspects must be considered,
such as the efficacy and safety of SLIT versus SCIT, spe-
cific choice of allergen, and SLIT treatment method (i.e.,
aqueous drops vs. tablets). AIT, mainly SCIT, represents
a preventive strategy against asthma development in
adult patients with AR [142, 143], particularly for HDM
[144, 145], Parietaria pollen [146] and grass pollen-sensi-
tized patients [82]. A recent observational open study
performed in real life confirmed these results in 75 adults
with AR to HDM and treated with adjuvanted SLIT, stan-
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dard SLIT, or drug treatment alone, assessing a preven-
tive effect on pulmonary function over a 5-year period
(p <0.001). After 5 years of treatment, new sensitizations
appeared differentially among treatments with 58.1% of
new sensitizations in the drug treatment group, 13.2% in
the standard SLIT patients, and 8.1% in the adjuvanted
SLIT patients [147]. Real-world treatment of AR patients
with grass-pollen SLIT tablets has been associated with
slower AR progression, less frequent asthma onset, and
slower asthma progression [140, 141].

Key Point

o AIT is recommended for the prevention of asthma in
adult patients with AR (LE 1a, GRADE A); SCIT (LE
2b for HDM, Parietaria and grass pollen); SLIT (LE
2b for HDM and 2b for grass pollen-associated AR).

Does Scientific Evidence Support the Indication of AIT

for the Prevention of Asthma in Pediatric Patients

with AR?

According to a recent systematic review, AIT has a sig-
nificant preventive effect in reducing the development of
asthma (risk ratio 0.40, 95% CI 0.30-0.54, 5 trials pooled)
[148], particularly if AIT isinitiated in childhood, regard-
less of the modality of AIT (SCIT or SLIT) and allergens
used. Long-term studies provided evidence that AIT can
favor asthma remission and prevent the onset of asthma
in children/adolescents with moderate/severe AR and of
new sensitizations [149-153]. The European multicentre
Preventive Allergy Treatment study randomized children
aged 6-14 years with allergic rhinoconjunctivitis but
without asthma who were sensitized to birch and/or grass
pollen to SCIT-containing birch and/or grass pollen or to
an open control group for 3 years. Subjects who received
SCIT were less likely to have asthma at 2 and 7 years after
study completion than the control group [151, 153].

With regard to SLIT, the preventive effect on asthma
has also been investigated in a prospective study on 60
children allergic to HDM [135]. Patients were divided
into 2 groups: 35 treated with SLIT for 4-5 years and 25
treated only with drugs. Subjects in the treatment group
presented a reduced incidence of asthma (p < 0.01), while
no difference was observed in the control group [135].
The preventive effect of SLIT for pollen has been evalu-
ated in a double-blind placebo-controlled trial, including
812 children with grass pollen-induced rhinoconjunctivi-
tis. After 5 years of therapy with SQ-standardized grass
pollen tablets, children in the treatment group presented
a reduced risk of developing symptoms of asthma com-
pared to placebo group (OR 0.71, p < 0.05), but SLIT
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treatment did not show an effect on the time to onset of
asthma [154].

Key Point

o AIT prevents asthma development in pediatric pa-
tients with AR (LE 1b, grade B; SCIT birch/grass 1b,
SLIT HDM, and SLIT grass 2b).

Is AIT a Cost-Effective Option in Patients with

Allergic Asthma?

A systematic review of AIT health economics found
that 23 comparative cost studies provided compelling ev-
idence for the cost savings of AIT (whether SCIT or SLIT)
over symptomatic drug treatments for AR associated to
asthma [155]. A study assessing SCIT with a high-dose
HDM allergoid preparation in children and adolescents
with HDM-induced allergic asthma found it to be cost ef-
fective on analyzing the drug cost savings 4 years after
treatment suspension versus children who had continued
with conventional therapy only [156]. More recently, a
conservative cost-utility analysis published in 2016 indi-
cated that HDM-SLIT plus pharmacotherapy is cost ef-
fective, over a 9-year time period, compared with placebo
plus pharmacotherapy, in HDM-allergic asthma patients
not well controlled by ICS and associated with mild to
severe AR [157]. Thus, there is currently promising evi-
dence that AIT could be a cost-effective option in patients
with allergic asthma and assists in stepping down asthma
controller treatment favoring asthma control, preventing
bronchial asthma and new sensitizations.

Summary

AIT (SCIT and SLIT) may be considered for the ben-
efit of preventing the progression of AR to asthma in pa-
tients with AR only.

Discussion and Concluding Remarks (Table 2)

Even though AIT was first described more than a cen-
tury ago and numerous clinical trials and meta-analyses
have been carried out proving AIT efficacious in allergic
asthma, it still remains underused [4]. The major barriers
for the further development of AIT in clinical practice are
the lack of phase 3 confirmatory, double-blind, placebo-
controlled trials per specific allergen source in well-de-
fined patients and using validated outcomes. Studies of
AIT in asthma should include only patients with allergic
asthma and should be performed following standardized
protocols, with a focus on the long-term and preventive
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effects of the treatment [158]. In relation to this topic, pa-
rameters that analyzed the possible impact on long-term
asthma pathophysiology are of relevant interest, such as
lung function or asthma control. Moreover, according to
the European Medicines Agency (EMA), clinical trials on
AIT in asthmatic patients begin as add-on therapy and
this fact should be considered in the evaluation of the pri-
mary end point. Validated parameters of asthma control
such as the Asthma Control Test (ACT), Asthma Control
Questionnaire (ACQ), or Asthma Quality of Life Ques-
tionnaire (AQLQ)] should be used. A reduced need for
controlled medication, number of exacerbations, or time
to first exacerbation could be considered as primary end
points. Some efforts have been made taking all these
points into consideration, and nowadays, validated evi-
dence have been published for HDM-SLIT in adults,
which has been translated into considering HDM-specif-
ic AIT to help step-down ICS dosage from GINA step-
care levels 3 or 4 [102]. The design and primary end point
of the most recent studies are in line with the latest EMA
guidance on AIT products, intended to modify the im-
munologic mechanism underlying allergic asthma [159].
Efficacy and safety data meet the demands for robust ev-
idence from well-conducted, randomized clinical trials
called for in guidelines, reviews, and meta-analyses. The
ARIA guideline noted that new data from rigorously de-
signed and executed randomized trials of SLIT in chil-
dren would likely have an important effect on recommen-
dations for the use of SLIT in children with allergic asth-
ma and AR.

In the pediatric population, determination of the best
time to start AIT is an important point, as early therapeu-
tic intervention with AIT when the child is in the early
stages of the respiratory disease and still mono- or pauci-
sensitized, can be evaluated as a relevant therapeutic op-
tion in the clinical practice. The efficacy/safety profile of
AIT and adequate dosage with standardized extracts
should also be considered when selecting the therapy
[160, 161]. Recent studies suggest a decrease in systemic
reactions with SCIT associated to a better selection of pa-
tients and adequate use of AIT in well-controlled asthma
patients, independently of the severity of asthma [162-
165]. Also, a need for harmonization in the classification
of systemic adverse reactions among the different AIT
gradingsystems (EASSI-severity, EAACI2006, WA 02010,
WAO2017, and AAAAI/ACAAI Grading System) has
been indicated [166]. The use of biologics to decrease pos-
sible risks is also an option in these patients.

Finally, patient-related outcome measures, such as
health cost end points and QoL that impact on benefit/
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Table 2. Summary of recommendations/conclusions

Topic Recommendation/conclusion LE/grade

Biomarkers of response  Serum allergen-specific IgE is a predictive biomarker for adequate response to AIT 3,C

Biomarkers of response  An elevated sIgE/tIgE ratio is a potential biomarker of response to AIT 2b, B

Biomarkers of response  Functional assays of inhibitory IgG4 and IgE-blocking factor may be useful surrogates of 1b, B
clinical response

Biomarkers of response EEC are likely to be an optional adjunct to natural exposure studies for phase III trials of AIT 4,C

Diagnosis Molecular diagnosis can be useful in polysensitized patients 1b, B

Diagnosis Molecular diagnosis can help to identify individuals who are sensitized to minor allergens 1b, B

Biomarkers of Basal levels of sIgE help to determine the prescription of AIT in a patient with AR 1b, B

prescription

Diagnosis BAT may be used for diagnosis when first-line tests are discordant and for monitoring response 2b, B
to AIT

Indications AIT should be considered for the treatment of patients whose symptoms are clearly linked to la, A
relevant allergens

Indications For polysensitized patients either mono-AIT or multiple vaccines could be indicated pending 4, D
on the burden of allergen of symptoms

Indications AIT is indicated in allergic and well controlled asthmatic patients 1b, A

Indications AIT is contraindicated in severe uncontrolled asthmatic patients 4-5,D

Efficacy of AIT SCIT reduces asthma symptoms and asthma medications in comparison to placebo or usual la, A
care

Efficacy of AIT HDM-AIT reduces asthma symptoms and asthma medications in comparison to placebo or la, A
usual care

Efficacy of AIT Grass pollen AIT reduces asthma symptoms and asthma medications in comparison to placebo 1la, A
or usual care

Efficacy of AIT Grass pollen AIT reduces asthma medications in comparison to placebo or usual care 1b, B

Efficacy of AIT SLIT reduces asthma symptoms and asthma medication in comparison to placebo or usual care 3a, C

Efficacy of AIT HDM-SLIT is possible add-on option for adults with asthma and AR sensitized to HDM with ~ 1a, A
exacerbations despite low to high doses of ICS

AIT in partially AIT could be used in carefully selected cases with partially controlled asthma 3,C

controlled asthma

AIT in partially Only HDM-SLIT tablet is recommended as an add-on therapy in partially controlled asthma 1b, B

controlled asthma

AIT in severe asthma Patients with severe, uncontrolled asthma are at increased risk for systemic reactions; therefore  4-5, D
AIT should not be initiated unless asthma symptoms are stable

AIT in severe asthma In moderate-severe asthma, the risk of systemic reaction could be increased with the 2b,B
administration of SCIT compared to SLIT

AIT in severe asthma The biological treatment (omalizumab or others) could be withdrawn in a patient with severe 3b, B
asthma and AIT to continue only with AIT (3b, grade B)

Pediatric AIT In children, SCIT reduces asthma symptoms, asthma medication and exacerbations in 2b, B
comparison to placebo or usual care

Pediatric AIT In children, SLIT reduces asthma symptoms, asthma medication and exacerbations in 2b,B
comparison to placebo or usual care
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Table 2 (continued)

Topic Recommendation/conclusion LE/grade
Pediatric AIT SLIT is associated with a better safety profile and lower efficacy than SCIT 2b, B
Preventive effect of AIT AIT is recommended for the prevention of asthma in patients with allergic rhinitis la, A
Preventive effect of AIT AIT prevents asthma development in pediatric patients with allergic rhinitis 1b, B
Preventive effect of AIT In adults, SCIT for HDM, Parietaria pollen and grass pollen-associated AR prevents asthma 2b,B
development
Preventive effect of AIT In adults, SLIT for HDM and for grass pollen-associated AR prevents asthma development 2b,B
Preventive effect of AIT In pediatric patients, SCIT for birch/grass pollen-associated AR prevents asthma development  1b, B
Preventive effect of AIT In pediatric patients, SLIT for HDM and for grass pollen-associated AR prevents asthma 2b,B

development

AR, allergic rhinitis; AIT, allergen immunotherapy; HDM, house dust mite; LE, level of evidence; ICS, inhaled corticosteroids; SCIT,

subcutaneous immunotherapy; SLIT, sublingual immunotherapy.

risk assessment are of special interest [167]. The cost-ef-
fectiveness findings of AIT in asthma depend on the du-
ration of the clinical benefit after treatment suspension
and the balance between the direct costs of AIT during its
maintenance phase and the drug cost savings afforded by
the introduction of AIT. Itis important to further explore
this effect so that affected individuals can benefit from
this treatment. Thus, more well-designed studies with
other allergen products and well-defined populations are
encouraged.
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