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Purpose of review
The introduction of high-quality and standardized extracts for immunotherapy has renewed the interest in
the treatment of pediatric allergic asthma that represents a high-prevalence disease.

Recent findings

In addition to clinical trials, several systematic reviews and metaanalyses were published, confirming
overall the clinical efficacy of allergen immunotherapy in pediatric asthma. In addition, new data on the
preventive effect of the treatment on asthma onset were published. Despite this, many intriguing questions
emerged, in parallel to the development of knowledge.

Summary

Allergen immunotherapy is overall effective for the treatment of asthma in children, but a class-effect should
not be claimed, rather the efficacy of each single product. According to the recent findings, the challenge
for the future research will be to clarify: when to start immunotherapy in children, which are (if they exist)

the predictive biomarkers for efficacy in the single individual, the magnitude of the preventive effect and

the optimal duration of the treatment.
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Asthma, especially in its allergic form is a high-prev-
alence disease, in particular in the pediatric age,
where age-specific issues with diagnosis and manage-
ment emerge. It is acknowledged that asthma is a
heterogeneous disease [1], but in the pediatric age
allergic asthma is the most common presentation
[2%,3,4]. This is a typical type-2 high asthma pheno-
type characterized by early onset, atopic background
and family history of atopy, IgE sensitization to aero-
allergens, and a Th2-driven inflammation [5].

Allergen-specific immunotherapy (AIT), intro-
duced more than one century ago on an empirical
basis, is a ‘biological response modifier,” capable to
interfere with and to modulate the specific Th2
response to allergens. This results in a wide array
of mechanisms including: induction of regulatory T
cells; secretion of allergen-specific IgG4 which can
compete with the IgE-mediated antigen presenta-
tion; reduction in IgE-mediated mast-cell activation
(for review, see [6]). Recently, also B cells and innate
lymphoid cells 2 appeared to be involved in the
mechanisms of action of AIT [7"].

It is believed that as earlier is the application of
AIT as greater are the benefits obtained. Thus, the
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pediatric age would seem to be the optimal time
frame to use this therapeutic approach. Indeed,
there are numerous experimental evidences show-
ing that AIT is effective (reduction in symptoms and
rescue medication use) for respiratory allergy in
children, but the majority of the clinical trials were
conducted with rhinitis as the main outcome. In the
pediatric studies of AIT, asthma has ever been eval-
uated as a secondary outcome (subgroups of rhinitis
children who had also concomitant asthma). Meta-
analyses about the efficacy of AIT in asthmatic
children are also available, but they are distorted
by the great heterogeneity of the included studies.
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KEY POINTS

e Allergen immunotherapy is overall effective for the
treatment of asthma in children, despite the large
variability of the clinical trials.

e Numerous metaanalyses confirmed the efficacy, but a
class-effect should not be claimed, rather the efficacy of
each single product.

e The data concerning the reduction of the risk of
developing asthma are encouraging, but further studies
are required.

o Several ‘knowledge gaps’ remain: when to start
immunotherapy, optimal duration of the treatment,
biomarkers predictive of efficacy.

Another interesting aspect in children is the possi-
bility to prevent the evolution of the allergic respi-
ratory disease, from rhinitis to asthma. Indeed, there
is experimental evidence suggesting the preventive
effect of AIT. Although there is evidence that AIT
can modulate and improve asthma in children,
there are many unsolved questions in this context
that still need to be elucidated [8]. We will review
herein the main experimental evidence about the
use of AIT in pediatric asthma and will also review
the main knowledge gaps in this context.

There are numerous reviews and metaanalyses, and
certainly many trials concerning the efficacy of AIT
in pediatric asthma. From the historical viewpoint,
Penagos et al. [9] first conducted a metaanalysis of
AlIT in the pediatric age, extracting the data from
the studies available at that time, and reported a
significant effect versus placebo. Indeed, in the last
20 years, there were some clinical trials specifically
investigating AIT in pediatric asthma [10-19] that
confirmed its efficacy by assessing various parameters
(e.g., symptom score, medication intake, quality of
life, exacerbations, pulmonary function) (Table 1).

Evidence for SCIT in pediatric asthma

There are few studies specifically designed to assess
the effects of SubCutaneous ImmunoTherapy (SCIT)
in pediatric asthma [10,11]. One of them included
more than 200 patients [10] and showed a reduction
in symptom score, but not in medication intake.
Another study with 197 children was conducted
with various extracts (trees, mite, grass) and showed
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a reduction in combined symptom and medication
scores [11].

Evidence for SLIT in pediatric asthma

SLIT was studied more extensively [12-18], proba-
bly because the sublingual administration is consid-
ered more comfortable for children than injections.
Two studies, with more than 100 patients provided
negative results for dust-mite SLIT [16,17]. Indeed,
in one of those trials [16], the patients were almost
totally symptom-free at enrolment, thus measurable
clinical changes could not be expected. In the other
negative trial [17], the recruitment setting (primary
care) could have affected the outcome. The remain-
ing trials provided positive results in term of symp-
toms, medication intake and respiratory function.

SLIT versus SCIT

One double-blind, double-dummy trial with a mite
extract compared SLIT, SCIT, and placebo [19]. It
failed to detect a difference between the two routes
in term of efficacy and safety, and both routes were
significantly more effective then placebo. This study
has a robust experimental design, but the number of
patients enrolled (10 per group) is small. Of note, in
an open randomized controlled study, involving 48
children with single dust-mite sensitization, SLIT
and SCIT showed a similar efficacy in reducing
rhinitis score, asthma score, medication score, and
specific nasal reactivity and were more effective
than pharmacotherapy alone [20]. Finally, Keles
et al. [21] explored the possibility to use SCIT as
induction mode followed by SLIT as maintenance.
In this open study, 60 children with dust-mite
allergy were randomized to receive SCIT, SLIT, SCIT
and SLIT or pharmacotherapy for 18 months.
Briefly, SCIT and SCIT and SLIT were superior to
SLIT alone in reducing inhaled corticosteroids,
asthma exacerbations, and asthma scores, with a
more pronounced effect on specific 1gG4 for SCIT
and SCIT and SLIT.

A quite up-to-date summary of the studies,
including the older ones, can be found in
[22"%,23-235]. Certainly, the majority of clinical tri-
als were conducted with the sublingual administra-
tion (SLIT) that for its convenience and safety is
generally preferred in the pediatric ages. Of note, as
per Table 1, there is a great heterogeneity in the
studies, and a large variability in the number of
patients enrolled.

The available data confirm, in fact the good
safety profile of SLIT in children, independent of
the presence of asthma, and asthma in children
receiving SLIT seems not to be a risk factor for severe
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adverse events. The most frequently occurring
adverse events with SLIT remain the local ones (oral
itching, swelling, lip edema, stomach ache, which
usually subside in few days [26™,27]. This is well
confirmed also in the pediatric population, as
derived by the available literature [28-30].

More than 50 years ago, in an observational non-
randomized controlled study, Johnstone observed
that among children with allergic rhinitis, those
treated with AIT developed significantly less asthma
than those receiving pharmacotherapy only [31].
This observation remained substantially ignored
for years. At the beginning of the 21st century, this
aspect was reconsidered. There were three open
randomized controlled trials, one with SCIT (grass
pollen) and two with SLIT (one with grass pollen and
one with dust mite, grass, weeds, or trees) [32-34]
which confirmed that in children with allergic rhi-
nitis only, the use of AIT could significantly reduce
the risk of subsequently developing overt asthma.
Notably, the preventive effect obtained with SCIT
resulted still present at a 10-year follow-up [335].
These three trials provided consistent results in term
of magnitude of the effect, but they were criticized
for the absence of blinding and of a placebo group,
in fact the control groups received openly the stan-
dard drug therapy. More recently, the GAP trial
[36™] involved more than 800 children with allergic
rhinitis who were randomized to receive either
grass-SLIT or placebo for three years in a double-
blind fashion. They were then followed-up for fur-
ther two years to evaluate several parameters: use of
inhaled steroids, use of bronchodilators, pulmonary
function, asthma symptoms, and so on. Despite the
too ambitious primary outcome (asthma defined as
documented wheezing with or without prolonged
phase of forced exhalation and a change in
FEV1 > 12% after b2-agonist administration) was
not reached, the result incontrovertibly showed that
there was a significant preventive effect on
experiencing asthma symptoms or using asthma
medication. This effect was also confirmed in a large
retrospective study, involving more than 2800 grass-
SLIT children and more than 71 000 controls [37].

In the last decades, some studies suggested also
that AIT can prevent the development of new sensi-
tizations, but the recent reviews on this aspect
showed that the available data are of low methodo-
logical quality and overall inconsistent [38,39].
Thus, based on the current evidence, there is no
robust enough evidence to recommend the use of
AIT for the prevention of the development of new
sensitizations [40,41].

4 www.co-allergy.com

Finally, despite the hypothesis of AIT as primary
prevention of allergy is attractive, there are so far few
and not conclusive data in humans [42,43].

As summarized above, we have now available an
amount of clinical trials and metaanalyses showing
that, overall, AIT is effective in reducing asthma
symptoms and medication intake in children. The
majority of trials were conducted with SLIT and
with grass or dust-mite extracts, whereas for less
common allergens the evidence is insufficient as a
general consideration, when the allergic nature of
asthma is ascertained, the offending allergen is
clearly identified and a high-quality standardized
product is used, AIT is effective for the treatment of
asthma in children. Nonetheless, the majority of
the trials were designed with allergic rhinitis as
primary outcome, and patients with asthma repre-
sented only subgroups [44]. Thus, clinical trials
designed specifically for asthma are needed to assess
the real efficacy, using appropriate outcome [45].
Moreover, diagnosing allergic asthma in very young
children may be difficult, as occasional wheezing
and viral-induced wheezing have to be taken into
account. Also, the metaanalyses, although positive
are affected by the large variability and heterogene-
ity of the methodology. In fact, metaanalyses put
together different allergens, products, outcomes,
patients’ selection criteria, doses, and regimens of
administration [46]. Thus, it is now recognized that
the efficacy of AIT should be not considered as a
‘class effect,” but the efficacy and safety must be
defined for each single product [47]. So far, there is
noreliable tool to be used to compare each other the
single clinical trials. In children, the most relevant
cause of allergic asthma is house dust mite. In such
case, the exposure is largely variable and difficult to
assess (differently from pollen exposure that can be
easily quantified) and, therefore, long periods of
observation are needed. The evaluation of the effi-
cacy of AIT in asthma in children also implies the
choice of a reliable outcome. This probably can be
achieved, in addition to symptom score, with the
evaluation of the rate of exacerbations, the use of
bronchodilators and the dose of inhaled corticoste-
roids [48].

Other relevant knowledge gaps are the optimal
age when to start AIT in children; the optimal
duration of the treatment [49,50]; the optimal selec-
tion of patients to start an AIT course. Concerning
the later aspect, there is so far no uniform direction,
and recommendations differ among countries
[51,52%,53]. It is true that the molecular diagnostic
approach would allow to refine the prescription of
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AIT by defining better the sensitization profile [54],
and this approach has been formally shown to
change the prescription patterns [54-57]. The
molecular or component resolved diagnosis is cer-
tainly one of the most promising fields for AIT in
children (for review see 58[58*"]). Another impor-
tant aspect, not fully defined, is the standardization
of extracts and the use of named-patient products
which are currently discouraged by regulatory
authorities, bust still largely used. In fact, only
few products are accepted and marketed as formal
drugs [59]. With the intent to abolish Named Patient
Products, the European Parliament has recently rec-
ognized allergens as medicinal products, which
need to be manufactured according to the proce-
dures established for all drugs and to follow a regis-
tration dossier through all phases of clinical trials to
get a marketing authorization [60,61].

Finally, the most important knowledge gap is
the lack of biomarkers (either single or in panel)
which can predict the response to AIT in each single
individual. This will be the most relevant challenge
for the future research in this field [8,62].

AIT rapidly evolved during the last 10 years. The use
of more and better characterized and standardized
extracts and the large trials produced important
information. In particular, the efficacy of some
AIT products in adult asthma was demonstrated.
This renewed the interest in pediatric asthma, where
less data are available. Trials and metaanalyses con-
firmed the overall safety and efficacy of AIT in
asthmatic children, in particular for SLIT, although
both trials and metaanalyses are largely heteroge-
neous. An important aspect is the recent confirma-
tion of the preventive effect (reduction of the risk of
asthma development) in a large study in grass-aller-
gic children, which needs to be confirmed also for
other allergens.

The interest in AIT ad pediatric asthma
revealed and evidences some major knowledge
gaps including the lack of well-designed large trials
having asthma parameters as primary outcome; the
optimal age when to start AIT; the optimal dura-
tion of the treatment; the refined identification of
whose children to treat (also in the case of an
expected preventive effect). The probably most
important and urgent undefined aspect is the lack
of biomarkers that could be predictive of the effi-
cacy of AIT in each single individual. Thus,
although a relevant amount of experimental work
has been done with AIT in pediatric asthma, there
is still room for improvement of the knowledge on
the argument.
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