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Abstract

Purpose of review: Children with allergic rhinitis (AR) have a high risk of developing
asthma. An effect beyond end of allergen immunotherapy (AIT) has been demonstrated,
and moreover a preventive effect on the development of asthma in children with AR is
suggested. The aim of this review is to discuss the evidence for the asthma preventive
capacity of AIT.

Recent findings: According to the recently published systematic review and clinical
practice AIT guideline from The European Academy of Allergy and Clinical Immunology
(EAACT), there is sufficient evidence to recommend a 3-year course of AIT for children and
adolescents with moderate to severe AR and grass/birch pollen allergy, for the prevention
of asthma for up to 2 years post-AIT. Further, a recent high-quality trial demonstrated a
preventive effect of a 3-year course of AIT with a sublingual grass tablet on asthma
symptoms and medication 2 years post-AIT in children with AR and grass pollen allergy.

Summary: AIT has a disease-modifying and asthma preventive effect, which may influence
the indication for AIT in the future.
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Introduction

Allergic respiratory diseases are among the commonest
chronic diseases [1-4] and cause a considerable burden
to individuals leading to impaired quality of life [5] and
an economic burden to the patients and to the society.
They encompass allergic rhinitis (AR)/rhinoconjunctivitis
(ARC) and asthma, which frequently start in early child-
hood and continue throughout adulthood.

Many factors such as atopic heredity play a role in the
risk of development of allergic disease, but also sensiti-
zation in early life and/or early manifestations of atopic
diseases, e.g., atopic dermatitis (AD) and food allergy, or
later manifestation such as AR is associated with a higher
risk for development of other allergic manifestations
such as asthma [6, 7]. AR frequently precedes the onset
of asthma and is a major risk factor for later develop-
ment of asthma [1, 2]. AR and asthma often co-exist and
up to 50% of patients with AR have bronchial hyperre-
activity (BHR) [1, 8, 9]. It has been shown that children
with AR have a 3-fold increased risk of developing asth-
ma later in life, when compared to those without AR [6,
10], especially those with BHR [11]. Further, childhood
atopic eczema and AR are found strongly associated with

Methods of the review

the incidence and persistence of adult atopic asthma and
with allergic asthma persisting into adulthood [12].

Allergen immunotherapy (AIT) is a specific therapeu-
tic approach having been used for more than 100 years,
and that has been proven effective for the treatment of
the allergic airway diseases AR and allergic asthma lead-
ing to a sustained reduction in symptoms and need for
symptomatic treatment. AIT is regarded a disease-
modifying intervention in IgE-mediated allergic disease,
with a therapeutic effect, even beyond end of AIT [13-
15], and with the potential for a preventive effect [16-
19]. Studies assessing the long-term effectiveness of AIT
in children with AR have indicated that AIT also might
reduce the risk of developing asthma [20-23] and bron-
chial hyperreactivity.

During the last decades, some studies and recent Sys-
tematic Reviews and meta-analyses addressing the possi-
ble preventive capacity of AIT have been performed.

The aim of this review is to discuss the present evi-
dence for the preventive capacity of AIT as regards de-
velopment of asthma and its implications in clinical
practice.

This review is mainly based on the most recently published systematic review
and meta-analysis from EAACI Allergen Immunotherapy Guidelines, “Allergen
Immunotherapy for the prevention of allergy: A systematic review and meta-
analysis” [24] and “EAACI Guidelines on Allergen Immunotherapy: Prevention
of allergy” [25¢¢], and supplemented with studies published hereafter.

The search strategy for the EAACI Systematic Review and meta-analysis is
described in detail in the preceding developed and published protocol [26e].
The systematic review aimed to identify, describe, and evaluate studies of the
preventive effect of AIT on development new allergic disease or new sensitiza-
tions in any population, including the development of asthma in healthy
individuals and in individuals with already developed sensitization and/or
atopic manifestation, e.g., atopic dermatitis or AR. Two methodologists inde-
pendently screened nine international biomedical databases, extracted data,
and performed a quality assessment using generally accepted and described
tools. All populations at all ages, all routes of AIT, and all allergens were
included. The systematic review identified 15 randomized controlled trials
(RCTs) of varying quality and 15 controlled before and after studies (CBA) of
lower quality. The systematic review and following guidelines also included
data available on EudraCT from an unpublished RCT on prevention of asthma
in children with AR [24, 27]. The EAACI guidelines was prepared using the
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The evidence

Appraisal of Guidelines for Research & Evaluation (AGREEII) approach includ-
ing representation of all relevant stakeholders, evaluation of lack of evidence
and of facilitators, and barriers for the implementation.

The present review include data from RCTs as described in EAACI AIT
systematic review and meta-analysis [24] and guidelines [25ee] on the
AIT asthma preventive effect in different populations, as described in
Tables 1, 2, and 3. In addition, it includes further data from the only
RCT on this topic published afterwards. Thus, this review includes RCTs
on the AIT asthma preventive effect in healthy infants and young chil-
dren with sensitization and/or AD [28, 29] as described in Table 1, the
asthma preventive effect of subcutaneous immunotherapy (SCIT) [11,
30-34] and sublingual immunotherapy (SLIT) [35-37, 38ee] in children
with AR as described in Tables 2 and 3. The results are supported by
two large real-life studies [39, 40]. Also, the AIT preventive effect on the
development of new sensitization is discussed, based on the EAACI
systematic review and meta-analysis since no new RCTs on this topic
have been published.

AIT for prevention of development of new asthma

Strategies to prevent asthma by AIT may address different populations,
e.g., healthy infants and young children with sensitization and/or early
manifestations such as AD or older children/adolescents with manifest
allergic disease such as AR. Currently we have data for AIT in healthy
infants/young children with sensitization and/or AD and children/
adolescents with AR.

AIT in healthy infants and young children with sensitization and/or AD

Two RCTs investigated the potential preventive effect of AIT in infants
with a family history of atopy and/or sensitization and/or AD focusing
on the effect of SLIT drops on asthma [28] and oral AIT on eczema,
wheeze, and food allergy [29], respectively. One RCT investigated the
possible preventive effect of asthma and new sensitizations in children
with AD and sensitization to one or more food allergens [28] of 1 year
SLIT with a mixture of house dust mite (HDM), cat, and Timothy grass
allergens. Meanwhile, due to a predefined stop-rule with immunological
changes, indicating that the treatment was not delivering sufficient aller-
gen transmucosally to trigger an immunological response, recruitment
was interrupted before planned and the trial reduced to a pilot study
status. There were no differences in asthma prevalence between the two
groups after 4 years follow-up [28]. One recent large high-quality RCT
[29] of oral HDM AIT to infants with a family history of allergic
diseases showed no preventive effect on AD, wheeze, and food allergy
at 1 year of age. Based on these studies, there is currently no good
evidence for the prevention of asthma in healthy individuals or children
with atopic eczema by AIT, but further good studies are needed.
The characteristics and results from these studies are summarized in
Table 1.
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AIT in children/adolescents with AR

As summarized in Tables 2 and 3, and EAACI AIT Systematic Review and
Guidelines [24, 25e¢], four RCTs addressed the effect of SCIT (Table 2) and
another four the effect of SLIT (Table 3) in patients with AR on the prevention of
development of asthma. Of these, one study reported asthma preventive effects
at the end of 3 years SCIT and further, 2 and 5 years post-SCIT [11, 32, 33].
Three of these RCT's investigated the longer-term asthma preventive effect 2 years
after the end of AIT [11, 32, 34]. Three [30, 31, 35] were small studies with a
trend towards less development of asthma in the AIT group, but without
significant differences. Three studies [33, 36, 37] showed a significant reduction
of the development of asthma in the AIT groups as compared to the control
groups up to 2 years post-AlT. The EAACI Systematic Review (SR) and meta-
analysis [24] demonstrated a significant preventive effect of AIT on the devel-
opment of asthma up to 2 years post-AlT in patients with AR and predefined
subgroup analyses showed that AIT with either SLIT or SCIT was beneficial for
those aged < 18 years and for pollen AIT. For HDM AIT, there was an OR of 0.20
in favor for AIT, which was not statistically significant, but it cannot be excluded
that this can be ascribed to the very small groups in the HDM study. There was a
high degree of heterogeneity, and therefore the meta-analysis should be
interpreted with caution. Furthermore, the results were supported by two
large-scale, real-life, retrospective, non-randomized CBAs [39, 40], based on
German longitudinal prescription databases; both reporting a preventive effect
of AIT on the progression from AR to asthma.

For the longer-term preventive effect, at least 2 years post-AIT, two high risk
of bias SCIT RCTs [11, 32, 34] in patients with AR showed a significantly lower
risk for developing asthma in the SCIT groups as compared to the controls, up
to 7 years post-AlT [11, 32, 33], and 2 years post-AlIT [34]. A large recently
published low risk of bias RCT (Grazax Asthma Prevention = GAP trial) [27,
38e¢| explored the effect of a 3-year course of SLIT tablets on the prevention of
asthma in 812 children with AR and grass pollen allergy. This study [38ee]
failed to demonstrate the preventive effect of AIT on the development of asthma
as defined by very strict a priori criteria, including spirometric reversibility after
the administration of inhaled beta-2-agonists (OR=0.91; 95% CI [0.58 to
1.41]) [27, 38] 2 years post-AlT. However, this study did demonstrate that the
number of subjects with asthma symptoms or with use of asthma medication
was significantly lower in the SLIT group compared to the placebo group at the
end of the 5-years’ trial period (OR 0.66; 95% CI 0.45 to 0.97; P<0.036),
during the 2-year post-AlIT follow-up, and during the entire 5-year trial period.
In addition, the AR symptoms were significantly reduced during the entire 5-
years' trial period. Further, it appeared that this preventive effect was strongest
for the youngest children [38]. Also two high risk of bias non-randomized
studies including one with grass pollen SCIT [22, 23] and one with HDM SCIT
[41] in children with AR suggested a long-term effect. As published in the EAACI
SR [24], the meta-analysis on the longer-term asthma preventive effect showed
no overall evidence of reduction in the risk of developing asthma, but there was
a high degree of heterogeneity so the results should be interpreted with caution.
Furthermore, the negative result was due to one RCT with very strict diagnostic
criteria, for the primary outcome (GAP, as already discussed above), whereas in
the same study there was a significant effect on asthma symptoms and/or
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medication use, but these variables were not included in the meta-analysis as
they were secondary outcomes [38].

Thus, it is a question which asthma outcome parameter(s) is most
relevant—a diagnosis based on demonstrated reversibility or on symptoms
and medication use or a score combining symptoms and medication use, as
suggested as the optimal outcome measure for AIT for allergic AR [42]. There is
an urgent need to define and standardize the optimal clinical asthma outcomes
that should be used in future clinical trials for preventive effect of AIT. Further-
more, none of the studies reported specifically on the prevention of allergic
asthma.

AIT for the prevention of the development of new allergic sensitization

Safety

Besides the asthma preventive effect AIT may prevent the development of new
allergic sensitizations, and thus possibly have an impact on the natural course
of allergic diseases. This hypothesis was primarily based on previous retrospec-
tive, non-randomized studies indicating a preventive effect of AIT as regards
development of new sensitizations, though the evidence was weak.

Nine RCTs [29, 34, 37, 43-48] of varying quality with varying allergens and
formulations investigating the AIT preventive effect on new allergic sensitiza-
tion showed inconsistent results. The inconsistent evidence, found in RCTs, is
also reflected in a number of high risk of bias CBA studies [22, 49-60].

Recent SRs and meta-analyses concluded that, though some studies indicat-
ed an effect, there is currently either very weak and uncertain [61] or no good
overall evidence for a preventive effect of AIT on the development of new
sensitizations [24, 62]. Heterogeneity among the trials is considerable and there
is a lack of good long-term studies to evaluate a possible preventive effect on the
development of new allergic sensitizations sufficiently.

Meanwhile, one low risk of bias RCT [29] on oral HDM AIT for healthy
infants at high risk of developing allergic disease found a significant reduction
in sensitization to any common allergen (HDM, grass pollen, cat, peanut, milk,
and egg) in the active group as compared with the placebo group at the end of
the trial, but no difference in HDM sensitization [29].

The development of new sensitizations may impose a higher risk for the
development of further symptomatic allergies, suggesting that attempts to
prevent the development of new sensitizations might be relevant. However,
this has not been investigated sufficiently. A subgroup analysis in the EAACI SR
[24] showed a tendency towards an effect in children and adolescents after
3 years of AIT, supporting the rationale of the clinical effect.

Thus, there is currently no good evidence for a preventive effect of AIT for the
development of new sensitizations, but some positive data suggest this topic as
a relevant focus for future high-quality trials.

The AIT safety issues are recently described in the EAACI SR [13] and guideline
for AR [63]. As has been described thoroughly in other publications, SCIT may
be associated with allergic side effects. That is why it is recommended that SCIT
should be administered in a specialist setting. Fatalities are very rare and have
not been reported with the use of SLIT. In a recent meta-analysis on the efficacy
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of the grass pollen SLIT tablet [64], no episodes of anaphylaxis were reported,
despite the description of seven treatment-related adverse events, treated with
adrenalin in the SLIT RCTs. In recent real-life clinical studies of AIT, the overall
rate of adverse reactions is similar for SCIT and SLIT [65, 66], but less severe
systemic reactions were reported with SLIT than with SCIT. The safety profile of
AIT for prevention is not regarded as being different from AIT for the treatment
of AR.

Using AIT for the prevention of the development of new allergic diseases or
sensitizations requires the use of products with a high level of safety, especially
if the AIT products are meant to be used in healthy individuals for the primary
prevention of allergic diseases. However, if AIT is indicated as part of the
treatment of an already existing allergic disease, and the preventive effect is
regarded as an additional effect, then the safety profile should be considered in
that context.

Summary and perspectives

Problems in evaluation of the evidence

The heterogeneity in the populations under study, in the methods employed,
and in the outcomes studied makes it challenging to interpret the evidence. The
results of individual studies are difficult to compare because of, e.g., different
populations, methods, outcome measures, diagnostic criteria and severity, and
cutoff values for measuring sensitization. Besides, the mode of administration
and the products used for AIT differ as regards allergens, formulation and
strength [67, 68] schedules, dose, route of administration, and duration of the
intervention [67, 69]. Additionally, many studies are small without sufficient
power and adjustment for confounders.

The significant heterogeneity seen in meta-analysis can be explained by the
study design, study population, products, and schedules evaluated. Therefore,
an individual product-based evaluation of the evidence for efficacy is strongly
recommended before treatment with a specific product is initiated [19, 70]. The
author recommends the treating physicians to be aware that not all AIT prod-
ucts used currently provide sufficient data to support their efficacy in clinical
practice.

AIT for the treatment and prevention in patients with AR

As previously described [13, 63], patients with AR and pollen allergy often
benefit from AIT in reducing AR symptoms and need for medication. Therefore,
AT is recommended for treatment of patients with moderate-to-severe pollen-
induced AR if not optimally controlled on antihistamines and nasal corticoste-
roids [63].

The RCTs included in the above evaluation of asthma prevention in subjects
with AR [11, 27, 32, 33, 36-38] included patients with a history of AR and the
need for medication combined with documented pollen allergy for at least one
previous season. Meanwhile, it appears that children and adolescents included
in the prevention studies did not necessarily fulfill the criteria for recommen-
dation of AIT for the treatment of AR, just as they did not necessarily meet the
“Allergic Rhinitis and its Impact of Asthma” (ARIA) [71] criteria for moderate/
severe AR. So far, there has not been any description of AR severity
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Some gaps in the evidence

AIT for the prevention of asthma in children with AR due to grass pollen - long term
effects
AIT for the prevention of asthma in children with AR due to HDM
Optimal age for initiating AIT for prevention
Optimal product, administration form, dose, schedule and duration of AIT for prevention
Define standardized relevant outcomes, including asthma-related outcomes and quality of
life (Qol) for future studies on AIT prevention
Evaluation of influence of AIT for prevention on Qol in different age groups
Evaluation of health economics of AIT for prevention
AIT for the prevention of new allergic sensitizations
— atallergen level
— atmolecular level

AIT for the prevention of the first allergic disease

Fig. 1. Some gaps in the evidence.

Fig. 2. Key points.

(mild/moderate/severe) or stratification (intermittent/persistent) in the preven-
tion trials, and thus these subjects may have had a milder disease, than those
included in the studies on the efficacy of AIT.

However, based on baseline descriptions of the populations in these studies
[11, 27, 32, 33, 36-38], it is reasonable to assume that most of the patients

Key Points

In children / adolescents with moderate to severe AR and grass/birch pollen allergy, not
sufficiently controlled with antihistamines / nasal corticosteroids a three year course of AIT

SCIT or SLIT has demonstrated to deliver:

. a sustained effect on AR symptoms and the use of medication beyond the end of
AIT

. a preventive effect on the development of new asthma.

. a sustained preventive effect on asthma symptoms and medication use, for at

least two years after the end of AIT (demonstrated by some studies)
AIT may be indicated in individuals with perennial AR on clinical grounds, but not only for
preventing the progression to asthma
Only AIT products with a documented effect for the relevant allergen should be used
Before initiating AIT the possible benefits and harms, the patients’ preferences, adherence
and costs should be discussed with the patient / family on an individual basis

There is an urgent need for more high-quality evidence and clinical trials on AIT for prevention
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included had persistent symptoms.

None of the studies on the prevention of the development of asthma in AR
included preschool children, and at present, no evidence for AIT for the pre-
vention in this age group exists.

The AIT administration form, schedules, products, and doses used in the AIT
prevention trials vary. According to the subgroup analysis in the EAACI SR [24],
it appears that SCIT and SLIT are both effective, and that a 3-year AIT course is
preferable to a shorter course. The studies demonstrating a longer-term preven-
tive effect used 3-year courses of continuous AlIT.

The different AIT prevention trials and SRs [24] did not compare different
AIT products, SLIT drops versus tablets, or pre/co-seasonal versus perennial AIT.
However, the results from two lower quality, real-life non-randomized, CBA
treatment studies, based on large German longitudinal prescription databases
[39, 40], supported that SCIT [39] and grass pollen SLIT tablets [40] with
natural allergen extracts have a preventive effect on the progression from AR
to asthma, and that a treatment course for at least 3 years tends to have a
stronger preventive effect than AIT for less than 3 years. Further high-quality
RCTs and real-life studies are necessary to confirm this.

Gaps in the evidence

For many areas there is currently no evidence or only low quality evidence, thus
representing gaps in the current evidence (Fig. 1), which need to be addressed
by reanalyzing data from existing studies and in future studies.

Conclusion

There is good evidence indicating that AIT administered as SCIT or SLIT can
prevent the development of asthma in children/adolescents with moderate/
severe AR and pollen allergy, who are sub-optimally controlled despite appro-
priate pharmacotherapy, up to 2 years post-AlT, and maybe even longer as
regards asthma symptoms and medication use. Even in patients with milder AR,
AIT might modify the natural disease history, with a preventive effect regarding
the development of asthma (Fig. 2).

The initiation of AIT should always be preceded by a discussion with the
patient/family considering the possible benefits, harms, disadvantages, costs,
preferential route of AIT (SCIT vs. SLIT) based on an individual evaluation,
personal preferences, and considerations for AIT adherence. Using AIT for
preventive purposes should take into consideration all normal safety recom-
mendations that are in place for AIT used in the treatment of AR, as indicated in
the EAACI Guideline on AIT for AR [63].

Since the indication for AIT for the prevention of asthma is related to the
indication for the treatment of AR, the products, schedules, and doses used
should be proven effective for AR with the relevant allergen product. Therefore,
only those products registered and with the indication for AR should be used for
allergy prevention purposes.

Some patients with less severe AR may prefer AIT in an attempt to reduce
medication use and avoid side effects of other treatments, to obtain long-term
efficacy and/or to obtain the asthma preventive effect.
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The asthma preventive effect may in the future downgrade the level of
severity of AR required before initiation of AIT in children and adolescents with
AR and pollen allergy, especially grass pollen allergy.

Therefore, AIT as a relevant treatment option for children and adolescents
with less severe AR due to pollen allergy should be further investigated, as well
as high-quality studies are warranted to investigate AIT for prevention in HDM
allergic patients with AR.
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