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Abstract

Allergen immunotherapy is a cornerstone in the treatment of allergic children. The
clinical efficiency relies on a well-defined immunologic mechanism promoting
regulatory T cells and downplaying the immune response induced by allergens.
Clinical indications have been well documented for respiratory allergy in the presence
of rhinitis and/or allergic asthma, to pollens and dust mites. Patients who have had an
anaphylactic reaction to hymenoptera venom are also good candidates for allergen
immunotherapy. Administration of allergen is currently mostly either by subcutaneous
injections or by sublingual administration. Both methods have been extensively
studied and have pros and cons. Specifically in children, the choice of the method of
administration according to the patient’s profile is important. Although allergen
immunotherapy is widely used, there is a need for improvement. More particularly,
biomarkers for prediction of the success of the treatments are needed. The strength
and efficiency of the immune response may also be boosted by the use of better
adjuvants. Finally, novel formulations might be more efficient and might improve the
patient’s adherence to the treatment. This user’s guide reviews current knowledge and
aims to provide clinical guidance to healthcare professionals taking care of children
undergoing allergen immunotherapy.
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Introduction to the Allergen Immunotherapy User’s Guide

Immunotherapy is the only specific and disease-modifying
treatment for allergic conditions. It is the only therapy that has
demonstrated the capacity not only to improve symptoms,
reduce the need for medications, but also to induce specific
tolerance beyond the duration of the treatment and to prevent
the development of new allergic conditions. Allergen
immunotherapy (AIT) in children can be indicated in rhinitis,
asthma, food, and venom allergies. This user’s guide provides a
detailed up-to-date overview of AIT for inhalant allergens and
insect venom in children, with a focus on the practical
implications for research and clinical practice.

A review on the newest concepts on the mechanisms of
action of AIT is provided by C. Akdis. As a key event, T
regulatory cells that release IL-10, TGF-b, and other molecules
are induced by AIT and contribute to a suppressive milieu. B-
cell responses induced by AIT, as well as other cells with
suppressive functions, also play an important role. The result is
the reduction of allergic inflammation and related symptoms.

The role of adjuvants to enhance AIT clinical efficacy is
reviewed by M. Shamji and S. Durham with a focus on the desired
properties, that is, a robust safety profile, strong immunogenicity
and reduced allergenicity and unwanted reactions.

The preventive effects of AIT on allergic diseases are reviewed
by S. Halken. Her review highlights the evidence on an asthma
preventive effect in children with pollen-induced allergic rhinitis
treated with AIT, mainly for birch and grass. This protective effect
lasts at least 2 years from AIT completion.

A molecular approach, traditionally called “component-
resolved diagnosis” (CRD), has become an important tool not
only in the diagnosis of allergic diseases but also for the correct
indication of AIT. P. Matricardi, a leading expert in this area,
reviews the usefulness of CRD to improve decision making
around AIT at an individual level. The implementation of
digital health systems to improve diagnosis and management of
allergic patients in relation to AIT is also covered.

The evidence on AIT for the treatment of allergic rhinitis
(AR) and asthma in children is reviewed by G. Roberts and P.
Rodriguez del Rio, respectively. For AR, there is good quality
evidence for particular AIT products as an effective treatment
for children and adolescents. However, evidence for some
products is heterogeneous or lacking. When prescribing AIT in
children, the evidence behind particular AIT products is of
utmost importance, along with patients’ characteristics, family
preference, and the clinician’s own experience and resources. In
asthma, the evidence supporting AIT in children is weaker than
in adults although promising, especially regarding the ability of
AIT to reduce asthma symptoms and medication use, both
during and after AIT.

Evidence on AIT to the main inhalant allergens including
pollens (D. Barber and M. Alvaro-Lozano), house dust mites
(C. Riggioni and M. Alvaro-Lozano), animal dander (P.
Comberiati and M. Vazquez-Ortiz), and hymenoptera venoms
(G. Sturm) has been reviewed. In the chapter on pollen AIT,
the different European pollen scenarios based on the continent
geographic diversity are presented. These heterogeneous and
often complex pollinosis phenotypes require region-specific

approaches to diagnostic and intervention strategies. In
Mediterranean dry areas, patients show the most complex
profiles with multiple sensitizations and overlapping pollen
seasons, which make both appropriate diagnosis and treat-
ment challenging. In such regions, a molecular approach helps
differentiate between clinically relevant genuine sensitizations
from cross-reactivity, and thus, it can be an invaluable tool to
inform AIT prescription. House dust mite (HDM) allergens
are the most relevant inducers of allergic diseases worldwide.
Hence, AIT to HDM is one of the most useful tools for
treating HDM-induced respiratory disease when indicated.
The clinical efficacy of HDM AIT in AR is well established
regarding reduction in symptoms and medication use, espe-
cially in children experiencing moderate-to-severe AR despite
appropriate pharmacotherapy. Regarding HDM-induced
asthma in children, the benefits of AIT are also well
documented, particularly in children with persistent asthma,
normal lung function, and concomitant AR. There is very
limited high-quality evidence to support the use of AIT to less
common aero-allergens, such as animal dander, molds, and
cockroaches, especially in the pediatric population. Hyme-
noptera stings are the second leading cause of anaphylactic
reactions in childhood. Venom AIT protects a high percentage
of honeybee allergic patients and vespid-allergic patients.
Nevertheless, further studies investigating the clinical effec-
tiveness and the optimal duration of VIT in children are
needed.

From a day-to-day perspective, A. Muraro and S. Arasi
provide an overview on the practical aspects related to the use
of AIT in children. The importance of using only standardized
products with documented evidence of clinical efficacy is
highlighted.

Subcutaneous (SCIT) and sublingual (SLIT) AIT is
reviewed by O. Cavkaytar and A. Eifan. Efficacy and safety
of the two modalities are compared based on evidence from
randomized head-to-head trials in children. Although there is
good quality evidence on the efficacy and safety for both SLIT
and SCIT in well-selected children with allergic rhinitis and
well-controlled asthma to pollen and house dust mites, more
research regarding specific outcomes and the head-to-head
comparison is needed directly comparing the two routes in
children. The difficulties of conducting double-blind placebo-
controlled RCTs in children are also discussed.

In summary, this users’ guide provides an up-to-date overview
on key aspects of AIT in children with implications for clinical
practice. Clinical decision making should be informed by the
newest evidence on the indications, products, and expected clinical
outcomes of AIT. Precision medicine, including a molecular
approach and e-health technology, might improve health out-
comes in children receiving AIT. Future research in children
should include high-quality RCT to help elucidate current
knowledge and evidence gaps regarding AIT use in children.

Guest Editors:
Montserrat Alvaro-Lozano; malvaro@.sjdhospitalbarcelona.org
Marta Vazquez-Ortiz; marta.vazquez.ortiz@gmail.com
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Abstract

Allergen-specific immunotherapy (AIT) is an allergen toler-
ance-inducing treatment for allergic diseases such as allergic
rhinitis, asthma, and food and venom allergies. AIT aims to
induce allergen-specific regulatory T (Treg) cells and their
suppressor cytokines such as IL-10, TGF-B, and surface
molecules such as CTLA-4 and PDI, all of which form a
suppressive milieu. Modulation of T- and B-cell responses,
antibody isotypes and functional limitation of mast cells,
eosinophils as well as basophils cumulatively end up with
induction of a long-term allergen-specific immune tolerance.
AIT limits allergic inflammation, and in turn the symptoms of
allergy, decreases disease severity and medication require-
ments, and also prevents new sensitizations. Although having
limitations, such as patient adherence, efficacy, and life-
threatening side effects, AIT is still the only treatment that
offers the possibility of long-term cure. Extensive efforts
nourished by massive progression in the area of cellular and
molecular allergology have led to development of novel
administration routes of AIT and production of innovative
biologic products. All of the mentioned efforts aim to improve
AIT to overcome possible drawbacks in standardization,
safety, efficacy, compliance, treatment duration, and also
related high costs. Precision/personalized medicine, a hot topic
of medicine, may also contribute to success of AIT by better
definition of disease endotypes, particularly an AIT responsive
endotype and by directing ideally selected patients to the best
custom-tailored therapy option.

Abbreviations

AIT - Allergen-specific immunotherapy
AD - Atopic dermatitis

AR - Allergic rhinitis

Breg — B regulatory

CRD — Component-resolved diagnosis
DC - Dendritic cells

EPIT — Epicutaneous immunotherapy

Ig - Immunoglobulin

IL - Interleukin

ILC - Innate lymphoid cells

ILIT — Intralymphatic immunotherapy
NAC — Nasal allergen challenge

NK — Natural killer

SCIT — Subcutaneous immunotherapy
SLIT — Sublingual immunotherapy
TGF — Transforming growth factor
Th — T helper

Treg — T regulatory

VIT — Venom immunotherapy

Introduction

The high prevalence and morbidity of atopic diseases such as
allergic rhinitis (AR), asthma, atopic dermatitis (AD), and
food and venom allergies have led to a demand for the
development of disease-modifying therapy strategies which
target the underlying pathomechanisms. In allergen-specific
immunotherapy (AIT), induction of immune tolerance to
allergens in question is the main issue, which is intended to
be long-lasting. Both conventional routes of AIT recognized as
subcutaneous (SCIT) and sublingual (SLIT) in selected cases of
AR, asthma, and venom allergies have been utilized success-
fully for many years. Besides, food allergies and their treatment
with different modes of immunotherapies are on the agenda,
especially for pediatric population. Decreases in quality of life
of both patients and their parents, and difficulties in strict
avoidance measures and elimination diets, together with
accidental exposures and anxiety of forthcoming reactions
tend to put AIT also into the prime scene as a requirement for
food allergy management.'™ Furthermore, several human
studies evaluating the possible contribution of AIT in AD
have been conducted. Studies in mouse models report induc-
tion of regulatory T (Treg) cells by AIT in AD models.
However, there is a need for systematic data review to define
AIT as a new indication for AD in future.®’

AIT decreases allergic inflammation and in turn the symp-
toms of allergy, disease severity, and medication requirements.
AIT also has protective effects on new sensitizations, progres-
sion of AR into asthma, and also on asthma severity.>'* There
is still room for improvement of AIT within the perspectives of
safety, efficacy, and adherence in daily practice and by
development and utilization of modified allergens and/or by
application of AIT via novel routes. This review summarizes
immune mechanisms underlying AIT and recent developments
in the field.

Allergic inflammation and type 2 immunity

Allergy can be defined as immunoglobulin (Ig) E-dependent
hypersensitivity reaction to environmental antigens, under the

Pediatric Allergy and Immunology 31 (Suppl. 25) (2020) 1-101 © 2020 The Authors. Pediatric Allergy and Immunology published by John Wiley & Sons Ltd. 5


mailto:akdisac@siaf.uzh.ch

influence of immune and tissue microenvironments, in genet-
ically predisposed individuals.'*!'> This understanding should
be revisited in the nomenclature task forces, because except for
anaphylaxis alone with the involvement of cardiac, respiratory,
and vascular systems without any visible inflammation, a type
2 tissue inflammation with T cells, B cells, basophils, and other
cells in all of the allergic diseases appear with tissue involve-
ment (Figure 1). Several food allergens, drugs, and insect
venoms can induce clinical symptoms only with anaphylaxis
without tissue inflammation in IgE-sensitized individuals. In
addition to allergens, epithelial integrity, barrier dysfunction,
and diversity of microbiota play key roles in the shaping of
immune response toward sensitization.'®!” Allergens captured,
internalized, and processed by dendritic cells (DCs) in skin or
mucosal surfaces are consequently presented to naive CD4" T
cells in the regional lymph nodes. Following presentation of the
T-cell epitope peptides of protein allergens together with
costimulatory molecules, naive T cells with certain antigen
specificity differentiate into T helper (Th) 2 cells with the
capacity to produce and secrete Th2-type cytokines such as
interleukin (IL)-4, IL-5, IL-9, IL-13, and IL-31 in atopic
individuals'® (Figure 1). These cytokines are known to con-
tribute to allergic inflammation. IL-4 and IL-13 activate B cells
to class switch to IgE; they also play a role in T cell, eosinophil
migration to allergic tissues. IL-5 acts on activation, recruit-
ment, and survival of eosinophils; IL-13 contributes to
maturation of epithelia, production of mucus as well as smooth
muscle contraction and extracellular matrix generation, and
IL-31 contributes to itch. IL-4 and IL-13 open tight junction
barrier and cause barrier leakiness.'® IL-9 contributes to
general allergic phenotype by enhancing all of the aspects,
such as IgE and eosinophilia.’® A new and potent cell subset,
type 2 innate lymphoid cells (ILC) contribute to allergic
inflammation in asthma, AD, and AR by enhancing the
activity of Th2 cells, eosinophils, and their cytokines. Thymic
stromal lymphopoietin (TSLP), I1L-25, and IL-33 are epithe-
lium-derived cytokines that can be rapidly released following
an allergic trigger. Th2 cells can also produce these cytokines.
They have partially overlapping functions to target and
activate type 2 ILCs. Upon activation, ILC2s produce IL-5
and IL-13 that contribute to recruitment and survival of
eosinophils, mucus hypersecretion, airway inflammation, and
bronchial hyper-reactivity. IL-25 can directly and indirectly
contribute to house dust mite-induced asthma exacerba-
tions. >0 %2

Allergen-specific IgE that is produced by B cells binds to
high-affinity IgE receptors (Fce) present on mast cells,
basophils, and eosinophils, the effector cells of allergy. Once
IgE is bound to Fce receptors, these sensitized effector cells are
activated upon the re-exposure to that specific allergen, which
then immediately release their pre-formed mediators such as
histamine, proteoglycans, tryptase, and chymase, located in
their granules, followed by production and release of biogenic
mediators as proteases, histamine, leukotrienes as well as
cytokines, all of which underlie the allergic, type-1 hypersen-
sitivity reactions.'>?

The latest advances both in allergology, immunology, and
biomedicine have contributed to better definition of already

heterogenetic allergic diseases with respect to underlying
molecular mechanisms. Novel terms as phenotype, endotype,
theratype, regiotype, and efforts to discover novel biomarkers
arose, all of which are under intense investigation for better
understanding of allergic diseases as well as for shedding light
to the development of better therapeutic strategies.”* Biomark-
ers are molecules that can be used in disease diagnosis, patient
selection as well as for monitorization of therapy success.
Phenotype defines the morphology and clinical characteristics
of a disease together with unique responses to therapy, with no
concentration on underlying pathogenesis. Endotype defines
the cellular or molecular pathological process in relation with
the molecular mechanism underlying a subgroup of diseases.
Regiotype defines regional differences in allergens and envi-
ronment. Theratype is used for definition of clinical responders
to a particular therapy option.'>?>2¢ Together with these
innovative terms in the area, one may consider that better
description of disease endotypes could lead to better definition
of the underlying pathogenesis, which in turn will permit the
development of novel therapy regimens to be precision tailored
to individual patients.

Allergen-specific immunotherapy and immune tolerance
in allergic disorders

Immune tolerance

Immune tolerance in allergy, the induction of long-term unre-
sponsiveness to allergens either in natural exposure settings or in
in vivo challenges is an active immune response status formed by
a complex network of immune cells, tissues, and mediators. In
immune tolerance, changes in allergen-specific memory T- and
B-cell responses diminished IgE as well as enhanced 1gG4
production from B cells, and downregulation of mast cell and
basophil activation thresholds occur as a net result of allergen
exposure or subcutaneous and sublingual AIT, all of which end
up with suppression of allergic symptoms (Figure 2). Immune
tolerance is a prerequisite for limitation of reactions against
either self or microbial antigens and allergens, for prevention of
chronic inflammation and also tissue destruction.?’

Regulatory T cells and AIT

Data obtained from both human and mouse studies revealed
important contributions of Treg cells in induction and main-
tenance of immune tolerance.®>®% Increase of allergen-specific
Treg cells and reduction in frequency of Th2 cells during AIT,
as well as in natural high-dose exposure studies as such in
beekeepers, were revealed.*” Treg cells form a specific subset of
CD4" T cells and are best known with their suppressive
properties by production of cytokines as IL-10 and TGF-§ and
also by utilization of inhibitory surface molecules such as
CTLA4 and PD1."33'3% Adoptive transfer of Treg cells has
protective effects in a number of T-cell-mediated disease
murine models.*> AIT upregulates the activated allergen-
specific Treg cells, while downregulating dysfunctional aller-
gen-specific Treg cell subsets (Figure 3) . Following a success-
ful AIT course, correction of previously dysregulated Treg
cellular responses is associated with improved clinical
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Figure 1 Inicolortiation of allergic immune responses. Dendritic cells, the professional antigen-presenting cells uptake and process allergens and
present allergen peptides to naive CD4* T cells. Naive CD4* T cells differentiate to Th2 cells with the existence of IL-4 and produce the cytokines
IL-4, IL-5, IL-9, and IL-13, namely type 2 cytokines. Consequently, B cells produce IgE which binds to specific Fce receptors on basophils and mast
cells, the effector cells of allergic inflammation. This occurrence is termed sensitization. Upon encountering the same allergen for the second
time, immediate degranulation of these effector cells leads to release and production of histamine and leukotrienes, all of which give rise to
immediate hypersensitivity reactions. IL-9 induces mucus production, while IL-13 and eosinophil products such as major basic protein can induce
barrier leakiness. ILC2 contributes to allergic inflammation by type 2 cytokine production. The epithelium-derived cytokines: TSLP, IL-25, and IL-33
can also be produced by Th2 cells and can activate ILC2. IL-25 activates DC. (BAS: basophils, DC: dendritic cells, EOS: eosinophils, ILC: innate
lymphoid cells, LT: leukotriene, MBP: major basic protein, Th2: T helper type 2 cells, TSLP: thymic stromal lymphopoietin.)

scores.>*When frequency of allergen-reactive T-cell subsets and
their cytokine productions were investigated in peripheral
blood mononuclear cells of AR patients receiving AIT,
after treatment, allergen-reactive IL-5%1L-
137CD27°CD161 "CD4" cells and ST2"CD45RO"CD4*
cells were decreased, in comparison with placebo. Especially,
in AIT responders, significant reductions in allergen-reactive
ST2"CD45RO " CD4" cells were observed, which might be a
candidate biomarker for treatment follow-up.’® Recently, a
detailed allergen-specific T-cell study reported a significant
increase in the numbers of Der p 1-specific FOXP3* Helios "
CD25" CDI27 Treg cells after 30 weeks. As an interesting
finding, ILT3" Treg cells displayed compromised suppressive
function and low FOXP3 expression and this subset substan-
tially decreased from baseline after 3 years of AIT. In addition,
Der p 1-specific IL-10 and IL-22 responses have increased after

30 weeks, but only IL-10" Der p 1-specific Treg cells remained
present at high frequency after 3 years of AIT. Increased
number of FOXP3" Helios™ and IL-10" and decreased
ILT3" Treg cell responses correlated with improved allergic
symptoms.**IL-35, an anti-inflammatory cytokine produced by
both Breg and Treg cells, can act as an inducer of both cell
populations with immunosuppressive capacity. Dysregulated
IL-35 inducible Treg cells in patients with AR were restored in
response to AIT.%

Contribution of regulatory B cells to immune tolerance

Besides Treg cells, contribution of other cell subsets to the
establishment and maintenance of immune tolerance is being
elucidated nowadays. Suppressor B cells producing IL-10 were
termed as regulatory B (Breg) cells and contribute to protection
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against chronic inflammatory conditions by production of IL-
10, transforming growth factor (TGF)-B, and IL-35. A
potential role for Breg cells in induction of tolerance during
AIT was attributed, which was linked with diminished IgE and
increased IgG4 production, together with increased IL-10
production from allergen-specific T and B cells.®®** The
CD27" naive fraction of IL-10-producing Breg cells are
specifically confined to IgG4 production.®® Transfection of
naive B cells only with 1L-10 is sufficient to induce a regulatory
phenotype, Breg cells with IL-10 and IL-1 receptor antagonist
expression, with suppressive capacities of IgE and dendritic
cells.*!

Tolerogenic dendritic cells

Dendritic cells, a heterogeneous group of antigen-presenting
cells, have central roles in initiation of immune responses or
establishment of tolerance to allergens. The tolerogenic
subtype of DCs (tDCs) have the capacity to promote induction
of Treg cells from naive T cells and can also stimulate the
expansion of the existing Treg cell populations.**** Monocyte-
derived tDCs of healthy individuals were demonstrated to
favor differentiation of allergen-specific Treg cells and in turn
suppress T-cell responses. In mouse models, tDCs were
revealed to inhibit allergic airway inflammation.**® Better
understanding of DCs with tolerogenic properties may con-
tribute to the development of new therapy regimens, not only

N

ILC

reg
Allergen-specific

@ —

Surface
Molecules
CTLA4 Suppression by
PD1 cell contact

in allergy and asthma, but also autoimmunity and organ
transplantation.

Natural killer cells with regulatory roles

Natural killer (NK) cells, a subset of lymphocytes, have
potential cytotoxicity against tumor cells and virus-infected
cells. They contribute to inflammation and also immune
regulation by their production of cytokines in resemblance
with Th cell subsets.*” The IL-10-producing NK cell subset was
revealed and termed as NK regulatory cells, which have
capacity to limit antigen-specific T-cell responses.*® The role of
NK cells in AIT remains to be elucidated. NK-T cells also have
not been studied in the course of AIT, but the triggering of
HR2 on inducible NK-T cells and suppression of their activity
represents an important immune regulatory mechanism against
lipid antigens that are constituents of allergen extracts.*’

Innate lymphoid cells in allergy

Innate lymphoid cells (ILCs), a recently discovered group of
lymphocytes, which lack specific antigen receptors, play roles
in both allergic and non-allergic inflammatory diseases. ILC2s
contribute to allergic inflammation by production of Th2 type
cytokines, by promotion of mucus production, eosinophilia,
and mast cell accumulation in allergic diseases.’® AIT was

Early desensitization

Suppression of effector
cells of allergy

IL-10
Decreased Th2 cytokines

IL-10

|
'\\ / IgE Suppression
-— IgG4 induction

Figure 2 Immune regulation of allergic immune responses as a consequence of AIT. Allergen-specific immunotherapy-induced Treg cells that
produce IL-10, TGF-B, and IL-35 and also express surface molecules as CTLA4 and PD1 all of which contribute to suppression. Treg cells suppress
Th2 cells, basophils, and eosinophils and also induce allergen-specific Breg cells. The suppressive milieu limits production of IgE and induces
production of IgG4 from B cells. Breg cells, NKreg cells, and ILCreg cells contribute to induction and maintenance of allergen-specific tolerance.
(BAS: basophils, EOS: eosinophils, ILCreg: regulatory innate lymphoid cells, NKreg: regulatory natural killer cells, Treg: regulatory T cells.)
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NOVEL DEVELOPMENTS IN AIT

Modified Allergens
Allergoids ILIT
Recombinant hypoallergens
Allergen peptides

Fusion with immune modifiers

DISCOMFORT
DURATION
SIDE EFFECTS

Novel Routes

EPIT

Precision Medicine
Patient selection
Phenotypes
Endotypes
Biomarkers

CRD, BAT, NAC

PATIENT'S ADHERENCE
APPLICABILITY

EFFICACY

Figure 3 Contribution of novel developments in AIT. AIT is the only option to establish a long-term, medication-free cure of allergic diseases.
Utilization of modified allergens aims increased efficacy and limitation of side effects such as risk of anaphylaxis, helps for better and longer
presentation of the allergen peptides, with no binding to IgE present in the patients. ILIT decreases the number of injections required, the total
received allergen dose, and also the therapy duration. EPIT does not require injections; therefore, it is more patient-friendly. Both routes increase
patient adherence to therapy. Precision medicine contributes to AlT by better characterization of patients, selection of custom-tailored therapy
per patient, and monitorization of therapy success by biomarkers. (ILIT: intralymphatic immunotherapy, EPIT: epicutaneous immunotherapy,
CRD: component-resolved diagnosis, BAT: basophil activation test, NAC: nasal allergen challenge.)

revealed to inhibit seasonal increases in peripheral ILC2s.%!
Induction of IL-10" ILCregs from ILC2s by retinoic acid was
recently demonstrated in human nasal tissues as well as lung
tissues of house dust mite-induced mouse model of type 2 lung
inflammation.> Another study proposed important contribu-
tion of ILCregs in intestinal regulation, by secretion of IL-
10.3CD40-ligand expressing ILC3s collaborate with B cells for
the induction of immature translational Breg cells as one of the
mechanisms of induction of Breg cells.

These regulatory cell populations form a suppressive milieu,
which ends up with a slow decrease in production of allergen-
specific IgE, and early switch of B cells to produce IgG4 and as
a consequence, increase of IgG4 antibodies, which is a non-
inflammatory isotype within the perspective of allergic disor-
ders. Due to both dominance of inhibitory cytokines and a
drop in levels of IgE, an increased threshold of mast cell and
basophil activation for degranulation is established, all of
which is termed as early desensitization. As a result of
induction of allergen-specific tolerance, Th2 cells and their
relevant cytokines such as IL-4, IL-5, and IL-13 as well as T-
cell proliferation are suppressed.'>3*>> Downregulation of Th2
key regulator: GATA3 and upregulation of Treg transcription
factor: FoxP3 was revealed, which were in correlation with
sustained protection following AIT in a mouse model.>®
Decrease in tissue localized mast cells and eosinophils form
the late desensitization.

Allergen-specific immunotherapy and unmet needs in
clinical practice

Allergen-specific immunotherapy mainly relies on induction of
a long-term allergen-specific immune tolerance.’”*® Tt is
reportedly well accepted that AIT is the disease modifying,
most rational modality of treatment for allergic disorders,
especially for AR, allergic asthma, and in insect venom
allergy.'®'"* Short- and long-term safety concerns, efficacy,

and comparative potency against conventional pharmacother-
apy, eagerness of patients, and their families to initiate and
thereafter compliance of them for long-term treatment dura-
tions in addition to compatibility and ease of application in
real daily-life, as well as treatment costs and associated
deliverables such as loss of school / work days appear as both
triggering and limiting factors for AIT. Efforts to improve and
overcome these issues include allergen standardization, devel-
opment of less allergenic and more immunogenic allergen
molecules, and methods of easy introduction of these newly
developed allergen molecules to the immune system in a
cheaper, safer, painless route within a very short duration
without any unwanted adverse effects.®>*® While AIT is widely
available in Europe, due to limited availability of the guidelines
and reimbursement problems, a great number of patients who
will possibly benefit from AIT do not have access to this
therapy option.®’

Questions can be easily raised when considering AIT
especially in pediatric patients. “When to start, with which
allergen, for how long, by which route?” are among the first
couple of questions, which may be expanded as “Should we
start AIT at the beginning of atopic march?”, “Should we
repeat AIT courses within the following years?”. Should one
allergen or multiple allergens be used especially in polysensi-
tized patients? Should the duration of treatment be just until
observation of improvement of symptoms or longer? SCIT or
SLIT or possible other novel routes? Administration of AIT at
home or at clinic? Daily or monthly or annually or just once?

Undoubtedly, one of the most striking key points in AIT is
patient selection. Correct patient selection increases the success
of AIT. As heterogeneity in patient-dependent factors, includ-
ing sensitization patterns, efficiency of environmental avoid-
ance measures, conjunction of triggering insults such as
infections, microbiome characteristics, epithelial barrier func-
tions, environmental pollution in addition to endotype,
phenotype, and associated comorbidities of the patient’s active
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disease, and adherence to prescribed treatments are major key
points during AIT.

SCIT is the most widely accepted method of AIT, which has
a story started at the beginning of 19th century. Several meta-
analyses have shown the efficacy of SCIT especially in AR and
asthma patients.®®® However, anaphylaxis related with SCIT
arose as a safety concern for both patients and clinicians. The
other major drawbacks of SCIT include monthly repeated
injections, which may be a real limiting factor for pediatric
patients. There is a necessity of SCIT to be administered in a
clinical setting with experienced personnel in the management
of adverse reactions, including anaphylaxis.®’ On the other
hand, SLIT appeared as an alternative route, where allergen
extracts were introduced to oral mucosal surfaces. Although
SLIT is administered at home settings and seems like, it is a
user-friendly method, especially in pediatric age group, long-
term treatment duration decreases adherence to treatment.”®’
Several meta-analyses have shown that SLIT is effective for
AR as well as asthma and has been proven to be a safe route of
administration.> *%%75% There is clear evidence for effective-
ness of both SCIT and SLIT.®* Superiority of one mode of
administration over the other could not be consistently
demonstrated. Both routes induce comparable 1gG4 produc-
tion, allergen-specific tolerance, and basophil suppression.
There was a trend toward favoring SCIT for symptom and
medication scores. SCIT has an early onset of action and very
early desensitization effect. More robust increase of IgG4 and
decrease of IgE are also observed in SCIT compared to
SLIT.>*"™ In SCIT, while DCs present in the skin uptake the
allergens, tolerogenic oral mucosal or tonsillar DCs uptake the
allergens in SLIT. These cells are known with their continuous
upregulated expressions of FceRI, MHC I and MHC 11, in
addition to costimulatory molecules CD40, CD80, and CD86,
which contribute to tolerance induction.”

EAACI guidelines for AIT and detailed meta-analyses
reported last years represent key and most updated documents
in the area >>!0:6466.67.698593 1 i 4 well-known fact that
patients with moderate-to-severe AR may have predisposition
to develop asthma. According to a retrospective real-world
analysis, SLIT with grass pollen is capable of reducing the need
for AR as well as asthma medications.”® Another retrospective
real-world study of birch pollen AIT have verified significantly
reduced medication intake in AR and asthma patients in up to
6 years of follow-up, which is accompanied by significantly
reduced risk of new-onset asthma.’® Duration of AIT is an
important question nowadays. Three years of SCIT or SLIT
was proved to be clinically successful for AR, which modulated
allergic immune responses toward a 2-3 years-sustained toler-
ant state, following termination of the therapy.”®

Food allergy is a result of tolerance loss to common dietary
antigens. The range of affected disease can vary from skin
manifestations to gastrointestinal and respiratory symptoms
and even to life-threatening anaphylaxis. Although avoidance
which forms the responsible dietary allergens is the classical
main preventive measure, risk of anaphylaxis due to accidental
exposures arises the need for further interventions. In this point,
oral food allergen immunotherapy appears as a promising tool
for the management of food allergy. Administration of

gradually increasing doses of the culprit allergen induces a
tolerant state during oral food allergen immunotherapy. Several
trials have reported promising results especially with peanut,
cow’s milk, and egg, especially in pediatric age group.””'%?
Clonal mast cell disorders (cMCD) encompass monoclonal
mast cell activation syndrome and systemic mastocytosis. The
patients with cMCD have increased risk of severe anaphylaxis
following bee stings. The intensified risk of developing anaphy-
laxis could be linked to increased numbers of mast cells together
with increased levels of IgE. Lifelong venom immunotherapy
(VIT) which is found to be safe and effective in the treatment of
bee venom allergies has been also recommended in patients with
c¢cMCD. A recent single-center study reported VIT as a safe and
effective therapy for cMCD patients in which, venom-specific
IgG4 levels were increased which have been proposed as a
biomarker to monitor the clinical efficacy of VIT.'®

Novel interventions in allergen-specific immunotherapy

To overcome the drawbacks listed above, studies on design of
novel AIT vaccines aiming to increase the efficacy limit the
possible side effects and risk of anaphylaxis and also decrease
both the amounts of allergens applied and the durations of AIT
have been focused. Allergoids, recombinant hypoallergens,
immunogenic allergen peptides, adjuvants that are stimulators
of innate immune system, allergens fused with immune
modifiers and peptide transporting proteins are among these
efforts.'%* Trials investigating grass, ragweed, tree pollen, and
house dust mite allergoid utilization in AIT have revealed
success.'%1% Alternative routes for administration of AIT
allergens have been projected for improvement of both safety
and efficacy. Intralymphatic and epicutaneous routes are lately
pursued novel routes of AIT. Both routes are promising in
grass pollen allergy, in which less number of required
interventions and lower total doses of allergens are adminis-
tered. Although there are increasing numbers of intralymphatic
immunotherapy(ILIT) trials, there is currently not enough
evidence for its routine use, and there are no authorized
allergen extracts commercially available for this application
route.'”” In ILIT, antigen injection directly into lymph nodes
enhances direct presentation of antigens and rapid generation
of local tolerogenic T- and B-cell responses together with
limitation of IgE-mediated reactions.**'®® ILIT could be
accepted as a safe and patient-friendly approach; however,
ultrasound-guided injections in ILIT require experienced and
skilled approach, and also more trials with extended follow-up
periods are requisite for assessment of long-term tolerance
potential of this novel route.'’'” The development of
epicutaneous immunotherapy (EPIT) comes from the knowl-
edge that epidermis lacks blood vessels, but comprises great
numbers of antigen-presenting cells, which permits local
presentation of antigens, while preventing systemic reactions
to allergens.''” In other words, increased allergen presentation
to immune system through highly rich number of epidermal
antigen-presenting cells in the skin is facilitated by EPIT.
Patches with absorbed allergens get into contact with skin for
several hours and support better comfort and compliance of
patients due to non-involvement of needles and
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injections.'®®!"" EPIT is a safe and patient-friendly approach
in AIT; however, there still are requirements for studies to
define optimal regimens.

Biomarkers for monitoring the clinical efficacy of
allergen immunotherapy

Despite the advances in AIT in recent years, some treated
patients do not benefit from AIT. There is an increasing need
for the discovery of prognostic and predictive biomarkers that
will improve the selection of patients, who will best respond to
AIT and help to tailor therapy regimens.'"’

According to an EAACI position paper in 2017, potential
biomarkers for monitorization of the clinical efficacy of AIT
were summarized as follows: a) IgE (total IgE, sIgE/total IgE)
b) subclasses of I1gG (allergen-specific 1gG, IgG1 and slgG4,
sIgE/IgG4 ratio) c) IgE serum inhibitory activity for IgE (IgE-
FAB), d) basophil activation, e) chemokines and cytokines, f)
cell markers such as Tregs, Bregs, and DCs, and g) in vivo
biomarkers including provocation tests.''*!?

IgE antibodies delineate type-1 allergic diseases as well as
atopy. Especially, allergen-specific IgE have been used to
ascertain initiators of IgE-mediated allergic symptoms. Indebt
investigation of specific IgE levels has been gaining importance
day by day, due to component-resolved diagnosis (CRD),
which allows detailed molecular profiling of the specific IgE
repertoire of allergic patients.'' Instead of allergen extracts,
CRD utilizes allergen molecules, which have potential to
improve analytical test sensitivity as well as supplying infor-
mation about possible cross-reactivity. CRD supports more
precise diagnosis before initiation of AIT, especially in poly-
sensitized patients.“5 When specificity, sensitivity, and predic-
tive values of CRD are taken into account, it is clear that there
is a gap. The results of a systematic review summarizing 11
studies revealed high specificity and low sensitivity in selected
components of food allergens: cow’s milk, shrimp, hen’s egg,
hazelnut, and peanut. Given that patients enrolled to the
studies were suspected for having allergy, the positive predic-
tive values were claimed to be high, whereas negative predictive
values were lower than expected. Robust studies for further
accumulation of evidence are required before a definite
conclusion could be raised.''®

Nasal brushing, sponges, or swabs are relatively noninvasive
methods to detect nasal-specific IgE.!!” Measurement of specific
IgE in secretions could be useful in monitoring circulation and
local IgE response to AIT. Mucosal synthesis of specific IgE can
occur in the absence of systemic atopy in AR.''®

The basophil activation test evaluates the biologic relevance
of novel allergen components to be used in AIT. Activation of
mast cells and basophils following IgE cross-linking leads to
degranulation of these cells and degranulated basophils
upregulate expression of CD63. Basophil activation test has
capacity to identify the IgE-sensitizing allergen as well as the
allergenic potential of the specific IgE antibodies.'”

Nasal allergen challenge (NAC) is a clinical approach for
diagnosis of AR as well as for confirmation of clinical
relevance of allergens by clinical reproduction of AR. NAC
has potential to confirm the allergic origin of the symptoms as

well as the possible allergen to be utilized in AIT. During the
course of treatment, NAC could be utilized for evaluation of
nasal mucosal response that in turn could inform the patients’
response to AIT. NAC has capacity to detect small differences
between treatments. This test is used as an important efficacy
parameter in AIT clinical trials.'%”-'"

Conclusions

During the course of a successful immunotherapy, regulatory
cell populations including Tregs, Bregs, as well as ILCs are
induced, all of which produce regulatory cytokines such as IL-
10, TGF-B, and 1L-35.27-30:37.39:40.52 Tpe induction and main-
tenance of allergen-specific tolerance is an active immune
response state which leads to unresponsiveness to allergens and
a gradual decrease in symptoms of allergic disorders. High-
dose allergen exposure models and beekeepers have taught us a
lot about the mechanisms underlying the establishment and
maintenance of allergen tolerance. AIT shares the same basics
with these models and is being utilized for cure of allergic
diseases. Novel routes of administration as well as development
of hypoallergenic but immunogenic peptides are important
milestones for increased efficacy and limited side effects.
Discovery of novel biomarkers of allergic inflammation
together with progression of diagnosis will both help for better
definition of disease mechanisms and better selection of
patients for best-tailored therapy options.

Longitudinal birth cohorts taught us about atopic march
and natural history of allergic disorders, in addition to
understanding of impacts of genes, epigenome, microbiota,
and barrier dysfunction in the development of allergic disor-
ders. All of these have increased our understanding for the
underlying mechanisms and management of allergic disorders.
It has been clearer in the last years that instead of palliative
symptomatic solutions, more long-lasting etiology- and patho-
genesis-oriented approaches are necessary. Actually, in today’s
practice there are no urgent and rigid rules to start AIT. In
general, patient’s symptoms are expected to be severe enough
for AIT decision. After a few symptom-full seasons; such as, a
season with marked symptoms that cannot be controlled by
medication in asthma or having two bad allergy seasons with
long symptom durations and long-term medication require-
ments, or allergies and medication requirements all around the
year promote the prescription of AIT.
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Abstract

Allergen-specific immunotherapy (AIT) remains to be the only
disease-modifying therapy for the treatment of IgE-mediated
diseases in adults and children. It involves the repeated
administration of allergen extracts to an allergic individual to
provide long-term relief of symptoms and improvement in the
quality of life. AIT is recommended in seasonal allergic
rhinoconjunctivitis and allergic asthma and also in patients
suffering from perennial allergy. Unlike symptomatic anti-
allergic medications, AIT has been shown to modify the
underlying immune response providing ultimately long-term
clinical benefits. Two routes of administration of AIT, subcu-
taneous (SCIT) or sublingual (SLIT), are currently used in the
clinic and have both been illustrated to have long-term clinical
benefit for the treatment of allergic rhinitis. While there is a
substantial amount of evidence indicating the efficacy and
long-term maintenance of AIT in adults, limited studies have
been performed in children.

Further to this, extensive in vitro studies have been invested
in unraveling the mechanism of action of AIT, though many
unanswered questions remain. These studies are mainly
performed in adult subjects, with evidence in children lacking.
Whether or not the mechanism of action of AIT is the same in
children as in adults also remains to be fully identified.
Exploring the benefits of AIT in children will not only provide
a therapeutic approach for the treatment of allergic rhinitis but
also provide the possibility of intervening the early phase of
disease progression, like in the case of asthma.

Abbreviations

AIT — Allergen-specific immunotherapy
AR — Allergic rhinitis

BRB — Bregs Regulatory B cells

HDM - House dust mite

IgE — Immunoglobulin E

IgG — Immunoglobulin G

iTr — Inducible T regulatory cells

SCIT — Subcutaneous allergen-specific immunotherapy
SLIT — Sublingual allergen-specific immunotherapy
Tth — T follicular helper cells

Tfr — T follicular regulatory cells

Introduction

Allergic rhinitis (AR), asthma, and food allergy constitute
major IgE-mediated allergic disorders in children and adults,
with an increasing prevalence worldwide. While most patients
benefit from avoidance strategies and symptomatic drug
treatment, a significant proportion still have persistent symp-
toms and are at risk of severe and life-threatening allergic
reactions. Allergen-specific immunotherapy (AIT) is currently
accepted as the only clinically effective treatment for IgE-
mediated allergic diseases and is recommended to those who do
not respond to common avoidance strategies and pharma-
cotherapies.'?® Displaying a disease-modifying effect, AIT is
known to provide a long-term clinical benefit that may persist
for several years after cessation of treatment.®'*' To date,
AIT is well-accepted and routinely prescribed worldwide, both
in adults and in pediatric population to tackle mainly allergic
rhinitis and well-controlled asthma, but also a growing number
in food allergies. This review will thoroughly discuss our
current understanding of the clinical and immunologic effects
of AIT in children and adults. Moreover, novel approaches of
AIT to enhance safety and efficacy will be considered.

Mechanisms of allergic rhinitis

AR involves a biphasic reaction consisting of the early phase of
the immediate reaction (occurring within minutes) and late-
phase reaction (occurring 6-12 hours following allergen expo-
sure). One of the significant components of the immediate
response following allergen exposure in a sensitized individual
is the degranulation of basophils and mast cells as a result of
allergen-IgE cross-linking the high-affinity IgE receptor
(FceRI).'* Degranulation of these effector cells results in the
release of mediators (ie, histamine) that induce early symptoms
of allergic rhinitis such as sneezing and rhinorrhea.'>* Follow-
ing the early-phase response, the late-phase response is
characterized by prolonged symptoms that include nasal
blockage. Pro-inflammatory cytokines such as IL-4 and IL-13
are released by mast cells and cause upregulation in adhesion
molecules, facilitating the infiltration of basophils, eosinophils,
and T lymphocytes into the lining of the nasal mucosa.'>*
Moreover, chemokines such as TARC, eotaxin, RANTES,
and MCP-4 also serve as chemoattractants for eosinophils,
basophils, and T lymphocytes.'?>'?” Recruitment of T
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lymphocytes and their differentiation toward a Th2 phenotype
results in the release of more cytokines (IL-3, IL-4, and 1L-13)
promoting IgE production by plasma cells.'*® Finally, other
novel subsets of T cells that include T follicular helper (Tfh)
cells'® and allergen-specific Th2 (Th2A) cells'*® are reported
as a key driver of allergen-induced inflammation.'"*' The
recruitment wave of these effector cells from lymphatic tissue
and circulating blood into the local target organ marks the late-
phase response of allergic reaction.

Allergen immunotherapy

AIT is a safe and clinically effective treatment in carefully
selected patients with aeroallergen-induced IgE-mediated dis-
ease such as AR with and without asthma. AR affects 10-15%
of children and 26% of adults in the UK with an overall
prevalence of 23% in Europe. Typical symptoms include runny
nose, itchy eyes, nasal congestions, symptoms of allergic
conjunctivitis. Quality of life of those affected is significantly
partly due to lack of sleep. Pharmacotherapy such as non-
sedating oral, topical intranasal antihistamines, and intranasal
corticosteroids is effective in the majority of adults and
children with AR.'*? AIT is indicated in those who do not
respond to conventional pharmacotherapy.

AIT inhibits the occurrence of seasonal and perennial
symptoms to the sensitizing allergen, the need for rescue
pharmacotherapy intake, and improves quality of life. Treated
patients experience more number of “well days” than “hell
days”. AIT for AR can be administered either by the
subcutaneous (SCIT) or by the sublingual (SLIT) route. Both
SCIT and SLIT have been shown effective in allergic rhinitis,
generally within 2-4 months of initiating treatment and may be
given pre/co-seasonally for short-term benefit. Indirect com-
parisons have suggested that immunotherapy is more effective
than anti-allergic drugs. In view of potential side effects, cost,
and the necessary patient commitment, the long-term benefit is
an essential consideration for the recommendation of
immunotherapy over standard pharmacotherapy.

Several clinical studies within the past decades have revealed
that protracted AIT treatment between three and five years
yields a long-term clinical benefit, with clear evidence in both
adults and children being well-documented.

Subcutaneous allergen immunotherapy (SCIT)

SCIT involves weekly up-dosing injections, followed by
monthly maintenance injections for at least three years.'3!34
In view of occasional systemic allergic side effects, SCIT
requires administration in a specialist allergy clinic with access
to resuscitative measures. While SCIT is effective in mediating
long-term clinical benefit, it is associated with poor compli-
ance, with approximately only 25% of patients completing a 3-
year SCIT treatment.'?® Studies previously conducted on SCIT
revealed that the primary cause of non-compliance was the
inconvenience related to injections, as well as the cost of
treatment.'?

SCIT is highly effective for the treatment of AR, in patients
with seasonal pollinosis'*® as well as patients suffering from

perennial allergy and sensitivity to house dust mite'*

(Table 1). A randomized controlled clinical trial involving
grass pollen—allergic patients showed that SCIT treatment was
associated with improved quality of life and a 30% and 44%
reduction in seasonal symptoms and the need for anti-allergic
medication during the pollen season, respectively.'?” In addi-
tion to this, a similar observation was observed in SCIT for the
treatment of allergic asthma in adults, though it was found to
be more effective in seasonal asthma, compared to perennial
asthma.'**1%° The long-term clinical benefit of SCIT has been
shown across various studies. In a 7-year trial where patients
with severe seasonal allergic rhinitis received either SCIT to
grass pollen extract or placebo, it was shown that total
symptom scores were significantly lower in immunotherapy
groups compared to control group.'*!"'*? The trial also showed
that total symptom scores and rescue medication intake
remained low for at least three years following cessation of
treatment.'* In addition to this, other studies involving
Parietaria'® and ragweed'** SCIT confirmed that long-term
clinical benefit of SCIT could be achieved following 3-year
treatment.

While there is a vast amount of evidence for the clinical
efficacy of SCIT in adults, the evidence is lacking in pediatric
patients (Table 2). AIT is currently recommended in children
with moderate-to-severe seasonal allergic rhinitis and well-
controlled asthma. Currently, there is modest evidence for
clinical efficacy of continuous SCIT in children suffering from
seasonal allergic rhinitis to grass pollen and perennial allergic
rhinitis to house dust mites.!® A prospective randomized
controlled trial of pollen immunotherapy, the Preventive
Allergy Treatment (PAT) Study, in children suffering from
season allergic rhinitis investigated the development of asthma
for ten years. This study revealed that significantly less SCIT-
treated subjects developed asthma at 10-year follow-up.'* This
study also yielded evidence that SCIT may reduce the onset of
new allergen sensitization in children.'#®'*” It is important to
note that there are currently no studies investigating the long-
term clinical efficacy of SCIT in perennial AR in children
(Figure 4).

Sublingual allergen immunotherapy (SLIT)

SLIT involves daily administration of either drops or tablets
placed under the tongue. It is effective and has a safer profile
such that it may be self-administered in the patient’s
home.'**!1*¥ Typical side effects of SLIT include itching, lip
and tongue swelling that occurs in up to 50% of participants,
with systemic reactions being infrequent. In addition to this,
SLIT has been associated with poor compliance, with only
approximately 12% patients completing a 3-year SLIT treat-
ment."**> The poor compliance is likely due to SLIT facing
similar problems with other conventional pharmacotherapy
regimens.'*

Grass SLIT is effective in reducing clinical symptoms
resulting in improved quality of life. Its efficacy was shown
to be comparable for both polysensitized and monosensitized
AR patients and with or without allergic asthma. There is a
growing number of evidence illustrating that a 3-year SLIT
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TABLE 1 AIT Studies in adults for the treatment of allergic rhinitis with or without asthma

Study (Year) Age  AIT Mode (Disease) Duration  Clinical results Immunological results
Varney et al (1991) Adult  Grass SCIT (Rhinitis) 1 mo | Medication use -
| Total SS
L VAS scores
Creticos et al (1996)  Adult Ragweed SCIT (Asthma) 24 mo | Total SS * Ragweed slgG
L SPT to
ragweed
| BHR
Frew et al (2006) Adult  Grass SCIT (Rhinitis) 12 mo | SMS -
* QoL
O'Hehir et al (2009) Adult HDM SLIT (Rhinitis) 24 mo | Rhinitis SS | Ag-induced T cell division
| Asthma SS L IL-5,
T QoL TGF-B
1 IL-10, IFN-y
* HDM slgG4
James et al (2011) Adult  Grass SCIT (Rhinitis) 24 mo | SMS | Grass slgG;
| Grass slgG,
Maintained inhibitory activity of
le]€
Durham et al (2012) Adult  Grass SLIT (Rhinitis) 36 mo I RTSS -
| Daily medication score
Bergmann et al (2014) Adult HDM SLIT (Rhinitis) 12 mo I SS -
| Rescue
medication score
Demoly et al (2016) Adult  HDM SLIT (Rhinitis) 12 mo I SMS -
T QoL
Scadding et al (2017)  Adult Grass SCIT and SLIT (Rhinitis) 24 mo No reduction in TNSS * Grass slgG, (SCIT/SLIT)
No | Grass slgE (SCIT)

change in RQLQ
No
change in VAS
| Early and Late skin response

No change in grass slgE (SLIT)

Abbreviations: BHR, bronchial hypersensitivity; ICS, inhaled cortcosteroid; QolL, quality of life; RTSS, rhinoconjunctivitis symptom score; SCIT,
subcutaneous immunotherapy; SLIT, sublingual immunotherapy; SMS, Symptom and Medication Score; SPT, skin prick test; SS, Symptom

Score; TNSS, Total Nasal Symptom Score; VAS, Visual Analogue Scale.

treatment can induce disease-modifying effects with the
tolerogenic benefit that persists for at least two years following
cessation of the treatment.'>*!3! Despite the positive outlook
on SLIT treatment for the treatment of grass pollen allergy, the
GRASS Trial, which was a randomized, double-blind, placebo-
controlled trial, showed that two years of grass pollen SLIT
was not effective in improving nasal response to allergen
challenge at 3-year follow-up, compared to placebo.'>* Several
large trials of SLIT tablets have also been performed in adults
with perennial rhinitis and IgE sensitivity to house dust
mites.'**!%5 Though the majority of participants were poly-
sensitized and had mild asthma comorbidity, clinical efficacy
and safety readouts were not impacted. All the trials provided
evidence of efficacy in rhinitis with approximately 25%
reduction in combined symptom medication scores compared
to the placebo group. In addition to this, house dust mite SLIT
tablet has also been shown to be effective in reducing the need
for inhaled corticosteroids.'®

Meta-analysis and a systematic review of 60 studies showed
that SLIT treatment was clinically effective for the treatment of
seasonal and perennial allergic rhinitis, though the evidence
was found to be less convincing in children compared to
adults. 81157158 Studies involving pediatric subjects who suffer
from HDM perennial allergic rhinitis showed that HDM SLIT
tablets were well tolerated and resulted in improvement in
HDM-induced rhinitis symptoms.”>'**'* In addition to
assessing the efficacy of SLIT in reducing AR symptoms, its
effect on asthma development has also been assessed in
pediatric subject groups. Similar to the PAT study involving
SCIT, the Grazax Asthma Prevention (GAP) trial illustrated
that S-year grass SLIT treatment significantly reduced the risk
of experiencing asthma symptoms or the need for asthma
medication, though no difference in the primary outcome (ie,
onset of asthma) was observed.”®!®! The trial also showed
approximately 30% and 27% reduction in grass allergic
rhinoconjunctivitis  symptoms and rescue medication,
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TABLE 2 AIT studies in children for allergic rhinitis with or without asthma

Study (Year) Age AIT Mode (Disease) Duration  Clinical results Immunological results
Des Roches et al (1991) Children HDM SCIT (Rhinitis) 36 mo I Occurrence in new -
sensitization
Pajno et al (2001) Children HDM SCIT (Rhinitis/Asthma) 36 mo | Occurrence in new -
sensitization
Moller et al (2002) - Children Grass and/or birch pollen SCIT 36 mo I BHR -
PAT Study (Rhinitis/Asthma) I conjunctivitis VAS
score
| asthma VAS score
Follow up of PAT Study: Children Grass and/or birch pollen SCIT 36 mo | asthma -
Niggemann et al (2006) (Rhinitis/Asthma) Improvement in CPT
The GAP trial: Children Grass SLIT (Rhinitis/Asthma) 36 mo | asthma symptoms | total IgE
Valovirta et al (2011 & 2018) I medication use | Grass slgE
I RTSS
| Grass SPT
Mosbech et al (2014 & 2015) Adolescent/  HDM SLIT (Rhinitis/Asthma) 12 mo L ICS -
Adult
Nolte et al (2016) Adolescent/  HDM SLIT (Rhinitis) 52 wk | Total Rhinitis SS -
Adult | Daily symptom and
medication score
| VAS score
Okubo et al (2017) Adolescent/ HDM SLIT 12 mo | Total SS -
Adult | QoL
Masuyama et al (2018) Children HDM SLIT 12 mo | Rhinitis SMS * HDM slgE followed
by a decline
T HDM slgGy

Abbreviations: BHR, bronchial hypersensitivity; CPT, conjunctival provocation test; ICS, inhaled cortcosteroid; Qol, quality of life; RTSS,
rhinoconjunctivitis symptom score; SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy; SMS, Symptom and Medication
Score; SPT, Skin Prick Test; SS, Symptom Score; TNSS, Total Nasal Symptom Score; VAS, Visual Analogue Scale.

respectively. This was also accompanied by reduced total IgE,
grass pollen-specific IgE and skin prick test reactivity in the
treated group, compared to placebo. Despite these observa-
tions, more clinical trials are required to confirm and validate
the efficacy and long-term clinical benefits of AIT in children.

Mechanisms of action of allergen immunotherapy

The mechanism of action of AIT has been shown to involve
several immunologic pathways, requiring the interplay between
both the innate and adaptive immune response and with the
primary goal in restoring immune tolerance to allergens. This is
achieved by modulation of both early- (decrease in the number
of effector cells such as mast cells, basophils, and eosinophils
and type 2 innate lymphoid cells®"'®*7%%) and late- (induction
of regulatory T- and B-cell responses,®'®"17% and regulation
of allergen-specific antibodies'”') phase allergic response.
While the mechanisms of action of AIT have been studied
extensively in adults, limited studies have been performed in
children (Figure 1).

Effect of AIT on the innate immune response

Within the innate immune response, basophils and mast cells
play a crucial role in mediating allergic responses. AIT has
been demonstrated to induce early desensitization of both

basophils and mast cells, ultimately resulting in suppression in
their ability to respond to allergen-IgE cross-linking,'’* even-
tually resulting in a decrease in tissue infiltration and release of
mediators by basophils and mast cells. The mechanism to
which a successful inhibition of mast cells and basophils can be
achieved has been studied thoroughly, with studies illustrating
that IgG antibodies produced during AIT inhibit basophil
activation and intracellular histamine release.'”*'”* Successful
AIT treatment (both SCIT and SLIT) is associated with the
induction of blocking antibodies IgG, that can compete with
IgE for allergen binding, resulting in the prevention of mast cell
and basophil activation and degranulation. A more recent
investigation, however, has also revealed that both IgG3 and
IgG2 were also responsible for the suppression of FceRI-
mediated basophil responsiveness. Furthermore, in a study
involving venom immunotherapy patients, it was shown that
AIT could lead to the upregulation of histamine type 2
receptor, which can, in turn, suppress FceRI-mediated
basophil responsiveness,'’> though further validation is
required to elucidate the underlying mechanism fully.

In addition to its effects on basophils and mast cells, AIT has
also been shown to modulate dendritic cells (DCs) and innate
lymphoid cells (ILCs). DCs are specialized antigen-presenting
cells that play a role in initiating and sustaining allergic
inflammation. DCs are also known to support the induction of
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Adults
(>18 yr)

Children (<12 yrs), or
Adolescent (12-16 yrs)

Allergen Immunotherapy
(SCIT and SLIT)

/ Clinical Outcomes

Adults and Children:

* Rhinoconjunctivitis Total
Symptom Score

»  Skin Prick Test

* Rescue Medication Score

*  Quality of Life

» Asthma Symptom and
Medication Score

» Early and Late skin response

Children:
« Occurrence in new

\

sensitization

Serological Outcomes

Adults and Children:

» Allergen-specific IgE

» Allergen-specific IgG and
19G,
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Adults:
e |L-5, TGF-
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Figure 4 Mechanistic and clinical responses of allergen immunotherapy (AIT) on adults and children. Allergen immunotherapy, administered as
subcutaneous (SCIT) or sublingual (SLIT), is associated with various clinical outcomes in adults in children. This is also accompanied by
modulation in serological readouts that includes IgE and IgG in both adults and children. The majority of cellular outcomes of AIT have been
based on studies in adults. Whether the same cellular modulation is found in children is yet to be fully identified. ILC2s: Group 2 innate lymphoid
cells, nTreg: natural regulatory T cells, iTreg: inducible regulatory T cells, Tfr: T follicular regulatory cells, Th2A: allergen-specific Th2 cells; Tth: T

follicular helper cells, Breg: regulatory B cells.

tolerance through the regulation of T-cell responses. The pivotal
role of DCs was reflected in a recent study illustrating that
classical DCs are involved in transporting sublingual antigens to
the lymph nodes hence inducing antigen-specific regulatory T
cells.'” In addition to this, in vitro stimulation of DCs with
vitamin A metabolite, retinoic acid, was shown to cause DCs to
acquire a tolerogenic phenotype characterized by the expression
of IL-10, TGF-B, and IL-27.17¢ In addition to the effect of AIT
on DCs, AIT has also been illustrated to act on ILCs. A subset of
ILCs, known as group 2 ILCs (ILC2s), plays a vital role in
mediating allergic inflammation, and this was evident from their
rapid induction in the peripheral blood following cat allergen
provocation test.'®

Additionally, a cross-sectional study involving grass pollen
SCIT-treated patients illustrated elevated levels of ILC2 in
grass pollen—allergic patients compared to healthy control
during the grass pollen season and that this seasonal increase is
inhibited following SCIT treatment.”’ This observation was

confirmed in a more recent study involving HDM SCIT
patients.'”” Like DCs, retinoic acid-skewed ILCs have also
been shown to possess a tolerogenic phenotype, characterized
by the expression of I1L-10.

Effect of AIT on adaptive immune response

AIT has been shown to induce regulatory T and B cells with
immunoregulatory capacity. SCIT has been demonstrated to
stimulate the local expansion of natural FOXP37CD25~
Tregs in the nasal mucosa of treated patients.'”® SLIT is
associated with epigenetic changes in Tregs that includes
hypomethylation of the FOXP3 promoter region and that
this is responsible for the suppressive function of Tregs.'”
Moreover, grass and birch pollen immunotherapy has been
associated with the induction of IL-10-producing Tregs.'8%'8!
The generation and increase of another subset of inducible
Tregs such as IL-35-inducible Tregs (iTg35) were demon-
strated in patients who underwent grass pollen SLIT.'® The
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underlying mechanism of AIT on the adaptive immune
response is also reflected in its actions on other cells that
includes allergen-specific Th2 (Th2A) cells, a novel subset of
cells characterized by high expression of CD161 and CD49d,
in addition to the classical Th2-related surface markers.'s> Tt
was demonstrated that this novel subset of cells is signif-
icantly reduced following grass pollen immunotherapy'®® and
following oral peanut immunotherapy.'® Long-term SCIT
and SLIT studies to grass pollen showed that clinical
improvement was associated with a decrease in allergen-
specific CRTh2"CCR47CD27CD4" Th2 cells.!> Finally,
other novel subsets of T cells such as Tfh cells or T follicular
regulatory (Tfr) cells have been linked to the maintenance of
peripheral tolerance following AIT. While a recent study
showed that impairment of Tfr cells may contribute to
aberrant production of IgE antibodies in patients with
allergic rhinitis and that AIT improves this defect,'® further
validation is required.

A growing number of evidences point toward the role of
regulatory B (Breg) cells in mediating AIT efficacy. Bregs are
cells with immunosuppressive capacity, as demonstrated by
their ability to release IL-10 and enhance IgG, production.'®¢
It has been shown in a previous study that an increase in the
frequency of 1L-10-producing Breg cells was observed in both
bee venom-allergic patients who are undergoing AIT treatment
as well as non-allergic beekeepers exposed to a high dose of the
allergen.®® This evidence suggests the potential role of Bregs in
the initiation and maintenance of immune tolerance induced by
AIT; however, further validation is needed.

Novel approaches

AIT is currently considered as the only clinically effective
treatment of IgE-mediated allergic diseases displaying long-
term clinical benefits. Despite the progression of research to
improve the efficacy of AIT, it is still associated with
drawbacks that pose a major problem for the use of AIT.
This includes adverse effects such as anaphylaxis and poor
patient compliance due to the long treatment regime involved
in AIT. These drawbacks highlight the need for the develop-
ment of novel therapeutic strategies to improve efficiency with
reduced side effects. The use of adjuvants, in combination with
AIT, to enhance their immunogenicity and reducing aller-
genicity and unwanted reactions, has been studied extensively.
This includes the use of aluminum hydroxide, microcrystalline
tyrosine, monophospholipid A (ie, TLR-4 agonist'®”"'%? and
TLR-9 agonist'®®), and calcium phosphate, which have yielded
positive results in adults, though less is known about their use
in children.

Efforts are being invested in identifying novel approaches of
AIT that may provide a better therapeutic approach for the
treatment of allergic disease. While conventional AIT uses

purified whole-allergen extracts'! or recombinant allergens,'”>

more recent studies have attempted the use of other molecules,
though many of these need further validation in a clinical trial.
This includes the use of biologics (ie, anti-IgE) in combination
with AIT, which has been shown to provide a safer profile and
maintained effectiveness in children.'”®'”* One promising
candidate that has surfaced in more recent years, however, is
the use of short linear peptides as SCIT. A recent randomized,
double-blind, placebo-controlled trial involving grass pollen—
allergic patients illustrated that a 3-week short course of
adjuvant-free hydrolysates of Lolium perenne peptide (LPP)
immunotherapy over 4 visits is safe and well tolerated.**-!%>-1%¢
The study also illustrated that peptide AIT reduces combined
symptom and rescue medication scores throughout the pollen
season in the active group compared to placebo. Follow-up
mechanistic study demonstrated that the mechanism behind
the efficacy of peptide AIT involves immune modulation of T-
and B-cell compartments.'”” Whether the efficacy of peptide
AIT can also be translated in pediatric subjects remains to be
validated.
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Conclusions

Extensive clinical and research studies have been invested in
the past decades to elucidate the mechanism of action, safety,
and efficacy of AIT for allergic rhinitis in adults and children.
Clinical trials have shown the potential role of AIT not only
as a long-term disease-modifying treatment for allergic
rhinitis, but also as a preventative measure in both respiratory
and food allergy. Exploring the benefits of AIT in children
will not only provide a therapeutic approach for the treat-
ment of allergic rhinitis but also provide the possibility of
intervening the early phase of disease progression. This was
reflected in several studies of pediatric subjects where AIT
treatment resulted in delayed onset of asthma. Despite the
progression, many unanswered questions remain especially in
pediatric subjects, highlighting the unmet need in AIT and the
development of well-designed trials, with the key aim in
delivering personalized medicine. A deeper understanding of
the underlying mechanisms of action of AIT will improve not
only the current therapeutic strategies but also forward novel
development. In parallel to this, an improved diagnostic tool
may allow a more precise diagnosis for better AIT prescrip-
tion. Future longitudinal, prospective, and well-designed
clinical trials are awaited to validate the current strategies
of AIT further and to assess and investigate novel approaches
of AIT.
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Abstract

Several studies have demonstrated that serum IgE antibodies to
certain allergenic molecules can be used as biomarkers for the
prescription of allergen immunotherapy (AIT). Individual
sensitization profiles may provide significant information for
A) the detection of genuine sensitization to an allergen source
(eg, Phlp 1 for Phleum pratense); B) a potential diagnosis of oral
allergy syndrome (eg, Phl p 12; profilin); C) the risk assessment of
allergic asthma (eg, Phl p 7); or D) the prediction of side effects
(eg, polymolecular sensitization including Phl p 12 for SLIT).
Recent studies in mite-allergic patients also suggest that the IgE
sensitization profile and local (nasal) IgG4 responses to specific
allergenic molecules may be useful in predicting the efficacy of
AIT. Further studies are needed to validate this interesting
hypothesis. However, the analysis of serological biomarkers
alone is not sufficient to complete a diagnostic workup in allergic
patients. Linking test results to the individual clinical phenotype
is fundamental and has so far often been performed using
laborious paper diaries. Mobile health technologies now offer
valuable tools to assess the clinical relevance of serological test
results. The combined use of molecular biomarkers (component-
resolved diagnostics) and prospective monitoring of patient
symptoms via e-Diary will likely chaperon allergy practice into
the new era of precision medicine.

Keywords

Allergen, Allergen Immunotherapy, Allergic rhinitis, Biomar-
ker, Diagnosis, Digital Health, Immunoglobulin E,
Immunoglobulin G, Monitoring, Prediction, Safety.

Introduction

Allergen immunotherapy

To date, allergen immunotherapy (AIT) represents the only
curative path for allergic diseases, as it targets the underlying
antigen-specific immunologic mechanisms. Since the first use of

pollen extract in a therapeutic approach, performed by Noon
more than 100 years ago,'”® AIT has evolved exceedingly.
Allergen content, vehicles and adjuvants, route and schedule of
administration have been improved according to study outcomes.
Parallelly, production and documentation requirements have
become significantly more complex.'®” Albeit the conventional
routes of administration remain subcutaneous immunotherapy
(SCIT), sublingual immunotherapy (SLIT), and oral
immunotherapy (OIT), new approaches, such as epicutaneous
and intralymphatic applications, are under investigation.?%-%!
Moreover, AIT has been used in a wide range of allergic disorders
and their different constellations, such as allergic rhinitis, allergic
conjunctivitis, and allergic asthma as well as food, venom, and
drug allergies.” Despite this long history and the broad range of
possible applications, the role of AIT as a therapeutic approach to
allergic diseases remains strongly debated with only a minority of
eligible patients receiving this kind of treatment.

Definitions of biomarkers

In a rigid definition, biologic markers are molecules that
initiate physiologic or pathologic phenomena.’*® They reflect
an objectively quantifiable measure of disease expression,
severity, and/or response to therapy. Generally, biomarkers
are restricted to molecules measured in blood and/or other
body fluids. Alternatively, though anatomical and structural
parameters obtained through imaging, functional, histologic,
and cellular tests, as well as genetic polymorphisms, RNA
expression, or the assessment of clinical disease severity with
standardized tools can also serve as biomarkers.?’* They can be
beneficial in many different settings, especially in diagnostic
processes and disease staging, identifying patients who will
benefit from the treatment, monitoring disease trends, treat-
ment efficacy and its side effects, predicting long-lasting
protection, and thus improving acceptance and compliance.

Focus on respiratory allergies and specific antibodies to allergen
molecules

A crucial (and still unmet) step to implement AIT in clinical
settings is the identification of objective biomarkers in order to
initiate and monitor AIT in the context of precision medicine.”
An EAACI Task Force on “Biomarkers for monitoring the
clinical efficacy of allergen Immunotherapy” concluded that
those biomarkers should be classified into seven domains.'?
The first two domains being IgE (total IgE, specific IgE, and
specific IgE/total IgE ratio) and IgG subclasses (sIgG1 and
slgG4, including the specific IgE/IgG4 ratio), while the other
domains include IgE serum inhibitory activity, basophil
activation, cytokines and chemokines, and cellular and
in vivo markers.!'> Considering this diversity, the present
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review focuses comprehensively on two aspects: the diagnostic
relevance of antibody responses in the serum and their
relevance for clinical practice, facilitated by mobile health
technologies.

Antibodies as diagnostic biomarkers

Sensitization to species-specific and cross-reactive molecules as

diagnostic biomarkers

Grass pollen allergy represents a typical example for the use of
allergen-specific IgE as a biomarker, not only for an etiological
confirmation of the presumptive diagnosis but also for the
subsequent prescription of AIT. Patients with symptoms of
allergic rhinitis during the grass pollen season and a positive
SPT/IgE response to grass pollen extracts are further investi-
gated in order to detect serum IgE antibodies to Phl p I, Phlp
2, Phlp 5, Phlp 7, Phlp 11, and Phl p 12. The identification of
IgE antibodies toward one or more of the molecules Phl p 1,
Phl p 2, Phl p 5, and/or Phl p 11 is then followed by the
prescription of grass pollen-AIT. The presence of IgE to Phl p
12 (profilin), however, is followed by an investigation of a
potential oral allergy syndrome (OAS) including SPT/IgE
assays with other pollen, fruit, or vegetable extracts. Further-
more, the identification of IgE to Phl p 7 alerts the doctor of a
greater severity of disease including a higher risk of asthma.''®

The impact of molecular assays on doctors’ decisions

Distinguishing a potentially underlying co-sensitization from
cross-sensitization presents a major advantage of CRD in
allergology.?®***> A study among 651 Italian children with
moderate-to-severe pollen-related allergic rhinitis focused on
this aspect. In the sera of a significant number of patients with
a positive clinical history for pollen allergy and concordant
SPT results (ranging from 69% for mugwort allergic children
to 10% of those with allergic reactions to grass pollen), no
specific IgE antibodies to the major expected allergens were
detectable. After considering also the CRD results, the SPT-
based decision on specific immunotherapy prescription or
composition was adapted in 277 (42%) or 315 (48%) children
according to the European or American approach, respec-
tively.?% This study demonstrates a high effect of CRD on the
prescription and composition of AIT, especially in geographic
areas with frequent polysensitization to airborne allergens.
Similar conclusions were reached in a study of sensitization
patterns to grass and olive pollen allergen molecules in 1263
Spanish patients. All subjects suffered from seasonal allergic
rhinitis and positive SPT responses to grass and olive pollens.
Based on a traditional diagnostic approach, 922 (73%) patients
would have received an AIT prescription with both, grass and
olive pollen. Based on additional IgE results obtained by CRD,
though, the investigators changed the composition of AIT in
56.8% of the patients.’”” As a consequence of the so-called
“molecular spreading” process, subjects with allergic multi-
morbidities are more likely sensitized to a multitude of allergen
molecules.®  While being less responsive to allergen
immunotherapy, these subjects are easily identifiable by serum
IgE testing with microarray technology and might benefit from

a more comprehensive anti-IgE treatment.”®® To our best
knowledge, specific trials on the impact of anti-IgE therapy in
extremely polysensitized asthma patients still need to be
performed.

Antibodies as biomarkers predicting efficacy and safety

The heterogeneity of the molecular sensitization profile

A cross-sectional study done in Italy with 176 children suffering
from grass pollen allergy demonstrated the vast amount of
additional information that molecular diagnostic tests can
provide compared to extract-based diagnostic tests. In terms of
quality, conventional ELISA based on the allergenic extract of
Timothy grass generated similar profiles for each patient. Albeit
exhibiting different degrees of amplitude, all sera were positive
for Timothy grass. When using a molecular assay, the alleged
homogeneity was replaced by a remarkable diversity of
responses. Overall, a series of 39 different IgE sensitization
profiles to grass pollen molecules could be observed.?'® Another
cross-sectional study with 1120 children even found 82 different
profiles.>'! Both studies included patients sensitized to only one
molecule (in most cases Phl p 1), as well as those sensitized to 5
of the examined 8 allergenic molecules. Differences in the
molecular sensitization profile were also linked to clinical
phenotypes. Phl p 7 for instance served as a reliable biomarker
for asthma and could be associated with a greater severity of
seasonal allergic rhinitis.>'' By contrast, Phl p 12 served as a
biomarker of oral allergy syndrome (OAS).?!'" A German study
group among 101 adult patients with pollinosis compared
molecular IgE results to P pratense molecules with nasal and
conjunctival provocation tests. The group described not only a
substantial heterogeneity in sensitization profiles, but also a
positive correlation between the number of recognized mole-
cules and the likelihood of a positive provocation test result.
Interestingly, none of these IgE profiles matched exactly the
composition of a previously published component-resolved
specific immunotherapy containing Phlp 1, Phlp 2, Phl p 5a/b,
and Phl p 6. Similarly, the individual sensitization profiles of
119 patients with house dust mite allergy from the German
MAS cohort were extremely heterogeneous at the age of
20 years, with 27 subjects responding to only one molecule
(monomolecular profile), 50 subjects responding to 2 to 4
molecules (oligomolecular profile), and 42 subjects producing
IgE to 5 or more of the 12 tested molecules.?'

The heterogeneity of the AIT preparations

A consistent composition combined with a stable potency
related to clinical efficacy is the major requirement for a
standardization of allergenic extracts. However, the Mono-
graph on Allergen Products, a European regulation, permits a
wide range of variation.”'* The representation of individual
allergenic molecules in an extract can vary from 50% to 200%
as measured by IgE inhibition tests.>'* A relatively simple
allergen extract containing, for example, only 3 major aller-
genic proteins can thus have different batches with different
allergen content, ranging from very low to very high, including
all intermediate possibilities. Reflecting these regulations,
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allergen extracts from different manufacturers differ to a great
extent in their molecular composition and potency, although
they represent the same allergen sources. This underlines that
allergenic extract standardization remains difficult, if not
impossible.”'>2!” Translating this problem into the daily
clinical practice, divergent SPT wheal reactions for the same
allergen species in the same patient elicited by different allergen
extracts are not surprising.?'*?'® The variability of in vitro IgE
test results to extracts of the same allergen source can in part
similarly be attributed to the extract composition.>'® Stan-
dardization of allergen extracts both for diagnosis and for
therapy hence remains an issue in allergology.

Matching and mismatching between IgE molecular sensitization
profiles and AIT composition

A relevant and yet unanswered question is whether sensitiza-
tion profiles affect the individual outcomes of AIT. Despite the
significant interest for patient-tailored immunotherapy,>'*>*°
there is still no product available in the commercial market.
Whether patients with different sensitization profiles respond
differently to the same allergen-specific immunotherapy or not
remains to be answered. A theoretical approach was presented
in a study that compared all possible combinations between the
molecular sensitization profiles of 176 study participants and
the molecular profile’'® of an allergen AIT preparation
previously clinically tested for Timothy grass pollen allergy.?'
Five categories of molecular matching/mismatching between
the patients’ IgE sensitization profile and the molecular
composition of an AIT preparation have been exhaustively
analyzed and described (Table 3)*'°:

® C(Class 1: Perfect matching—The molecular composition of
the AIT corresponds exactly to the patient’s IgE molecular
sensitization profile.

Table 3 Molecular matching and mismatching in AIT

® C(Class 2: Underpowered immunization—Some patients
were sensitized to more allergenic molecules than the
molecules contained in the immunotherapy. In this case,
the efficacy of the immunization might be insufficient.

® (Class 3: Overpowered immunization—The immunotherapy
preparation contains more molecules than the individual
patient’s sensitization profile. Three consequences might
result: a beneficial induction of IgG antibodies and/or
prevention of new IgE sensitization,>' an unwanted IgE
sensitization to these molecules,’?> or no effect at all.?>>>**

® (Class 4: Underpowered/overpowered immunization—This
category includes patients with a mixed (type 1 and 2)
match/mismatch. The expected effects of such a mismatch
might be any of the previously mentioned options.

® (lass 5: Unrelated immunization—In this case, the
immunotherapy preparation does not match the sensitiza-
tion profile of the patient. Consequently, this category is
associated with the lowest expected benefit as well as the
highest risk of unwanted effects.

Yet, there has not been an analysis with enough statistical
power to test the above-mentioned combinations of matching/
mismatching between IgE results and immunotherapy outcomes.
Given the synergistic role of individual molecules in triggering
IgE-mediated degranulation of mast cells, the general immune
response to specific immunotherapy might be rather linked to the
overall concentration of IgE antibodies directed against an
allergenic source than to the nature of the individual molecules
that they recognize. The effect of multiple sensitizations on the
efficacy of AIT has been examined at extract level.”>>?” For
example, a study has shown that SLIT for Dermatophagoides
pteronyssinus and/or Dermatophagoides farinae improved nasal
symptoms and rescue medication scores equally well in polysen-
sitized and monosensitized patients with allergic rhinitis.*?®

Patient IgE
Class Category sensitization AIT allergen composition Description
) Phlp 1, Phlp2, AIT molecular composition corresponds exactly to patient’s
1 Perfect matching e .
Phlp5,Phlp6 IgE molecular sensitization profile.
Phlp 1, Phlp2, Patients sensitized to more allergenic molecules than
Underpowered R . . . L .
2 K o Phlp4, Phlp5, contained in AIT. Efficacy of the immunization might be
immunization . L .
Phlp 6, Phlp 11 insufficient.
Patients sensitized to more allergenic molecules than
Phlp1 contained in AIT. Possible consequences: 1) beneficial
Overpowered ) . 0 .
3 ) . Phlp1 — Phlp2 induction of 1gG antibodies and/ or prevention of new IgE
immunization - N
Phlp5 sensitization; 2) unwanted IgE sensitization to these
Phlp6 molecules; 3) no effect.
Underpowered and Phip 1 Phipa Patients with a mixed (class 2 and 3) match/mismatch.
4 overpowered Phi pSIPhI pli Possible consequences of such a mismatch might be any of
immunization P> P the previously mentioned options.
Immunization does not fit patients' sensitization profile.
. N Phlp4, Phlp7, ) iy .
5 Unrelated immunization Phip 12 It has the lowest (if any) expected benefit, and the highest

risk of unwanted effects.
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Antibodies as biomarkers predicting AIT efficacy and safety
Allergenic molecules have been used in various clinical studies to
monitor changes in the specific antibody repertoire of treated
patients and have shown good results.”?*>** In a recent study, the
efficacy of SLIT in mite-allergic patients was proven to be highly
influenced by the IgE sensitization profile before the start of AIT.
Among the full set of house dust mite (HDM)-allergic partici-
pants including all IgE variabilities, no efficacy of a HDM-SLIT
could be shown. ! If, by contrast, only patients with IgE to Der p
1 or Der p 2 had been included in the analysis, a positive outcome
would have resulted.”*' These conclusions therefore seem to
confirm a lower efficacy of AIT in patients with stronger
molecular spreading, as previously theorized (“mismatch type 1,
underpowered immunization”; Table 3).2'%*% This recent study
emphasizes that the use of molecular assays for the prediction and
monitoring of AIT efficacy is a promising approach. However,
more investigation is needed to consider IgE antibodies as a
predictive biomarker of efficacy.?> Interestingly, it has also been
shown that a co-sensitization to Phl p 5 and Phl p 12 predicts the
incidence of side effects during AIT.?*

IgE antibodies as biomarkers in monitoring the response to AIT
Previous reviews and a position paper on biomarkers for AIT
have mostly shown disadvantages of the use of IgE antibody
levels in monitoring the response to AIT.'®” IgE concentrations
tend to increase during the up-dosing phase of the treatment
and decline years after. Yet, no correlation with the clinical
response to AIT has been found at an individual level. It is still
debated whether the ratio between specific and total IgE may
be used as a parameter to predict and monitor AIT efficacy
with a need for more studies on this matter. Moreover, the
units used to quantify the two parameters (total and specific
IgE) are not necessarily comparable. It is also unknown
whether the concentration and/or specific activity of IgE
antibodies are more significant at local level (eg, in the nasal
mucosa or in the nasal secretions) or in the serum.''>'%’

1gG antibodies as biomarkers in monitoring the response to AIT
The genesis of blocking IgG antibodies plays an essential role in
inducing protection against IgE-induced allergic reactions.”®
Their blocking capacity is defined as competition with IgE for the
same epitopes with a resulting inhibition of degranulating cell
activation.”**?¥ IgG1 antibodies, produced mostly upon natu-
ral exposure to allergens, may play a protective role, and their
dimension and persistence are still debated. A recent study
investigating the immunomodulatory effects of a prophylactic
sublingual house dust mite (HDM) immunotherapy in HDM-
sensitized, yet non-allergic, children could show a broader
epitope repertoire of IgG antibodies in treated children versus
those receiving placebo.>*® Interestingly, this was not the case for
IgE or IgG4 antibodies. Nevertheless, an artificial, repeated
exposure to allergens, such as the administration of AIT, hasalso
repeatedly been shown to induce allergen-specific 1gG4 anti-
bodies. The blocking capacity of IgG4 antibodies has been
postulated as one of the major mechanisms of AIT in respiratory
allergies and IgE-FAB assays allow the assessment of their
inhibitory function at individual level.*"**24* While the sole
increase in serum-specific [gG4 levels could not be confirmed as a

biomarker of AIT efficacy at the individual patient level,
functional assays have shown promising results in identifying
responders to treatment,>>”>*" especially in the maintenance
phase of HDM SCIT.?* Further, an increase in concentration of
IgG4 antibodies against the offending allergen measured at local
(nasal) level has been reported to predict the efficacy of grass
pollen immunotherapy.®*' Although the testing of IgG4 anti-
bodies is still considered irrelevant for the assessment of AIT
efficacy in clinical practice, it might bring an advantage for
monitoring both the molecular composition of the AIT prepa-
ration and the patient’s compliance.'®’

Molecular Allergology and Digital Health: from
guidelines to clinical practice

IgE sensitization and its clinical relevance

Establishing, even with extreme precision, genuine IgE sensi-
tization profiles to a pollen is not sufficient for AIT prescrip-
tion. A causal association between exposure to the suspected
allergen and allergic symptoms must be established before the
planning and administration of a long-term, demanding
treatment such as AIT. The occurrence of symptoms within
the pollen season is normally considered a sufficient condition
to start AIT.>°! However, the etiological diagnosis of seasonal
AR is difficult in polysensitized patients living in geographic
areas with overlapping pollination seasons.’*>**” Nasal chal-
lenge tests or controlled exposure in a pollen chamber is thus
useful to demonstrate that the contact with a pollen is able to
trigger allergic symptoms.”°! The implementation of these tests,
though, is mostly limited to ENT specialists and few centers
where they have to be performed under safe conditions.

Symptoms monitoring, pollen trajectories, and electronic diaries
Prospectively collected data are likely more reliable than a
retrospective clinical history, which may refer to a time point
several months before the doctor’s visit. The precise matching
of retrospectively collected clinical information to exposure
data is very difficult. By contrast, the prospectively assessed
symptom load can be easily matched to the daily pollen
concentration. Moreover, changes over time in disease severity
can be longitudinally matched to parallel variations in allergen
exposure. Hence, a clinical-environmental diary can be very
helpful in demonstrating the clinical relevance of a positive
serological biomarker. In this respect, standardized digital
questionnaires may serve as a facilitating tool to collect
symptom data as a marker of disease activity.

The recording of symptom scores (SS) or symptom medi-
cation scores (SMS) has been proven successful in clinical trials
regarding the efficacy and safety of AIT for many decades.’*?
During the last 15 years, several different scores were
developed to measure the severity of allergic rhinitis (AR).
Different disease severity scores tend to give similar results at
population level but can often produce heterogeneous slopes in
individual patients.”** A consensus has been recently found on
a “Combined Symptom Medication Score” (CSMS) that takes
into account the impact of medication on symptom manifes-
tation during the pollen season.®® Clinical diaries have been
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Figure 5 Trajectories of pollen counts vs symptoms - Symptom severity vs pollen counts in 2 patients with allergic rhinitis. Data on severity of
symptoms (collected using a smartphone app) are reported as the Rhinoconjunctivitis Total Symptom Score (RTSS) (A, Patient 1; B, Patient 2).
Pollen counts (grains/m3) were obtained from the pollen station of Ascoli Piceno. Data on skin prick test reactions to pollen extracts and on
serum IgE levels against major allergenic molecules are shown. We also measured the following serum IgE levels (kUA/L) against pollen
extracts: Patient 1, cypress 143, birch 226, olive tree 122, grass 404, pellitory 191, mugwort 96; Patient 2, cypress 2, birch 9, olive tree 24, grass
157 (Reused with the permission from Bianchi A, et al J Investig Allergol Clin Immunol. 2016%46).
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Figure 6 Electronic diaries for respiratory allergies—the screenshots are examples of electronic clinical diary APPs dedicated to allergic rhinitis and

asthma: allergy monitor, MASK-Air, Pollen.

long documented on paper, requiring considerable efforts,
time, and calculations for their interpretation. Therefore, the
use of paper symptom diaries was often sporadic in routine
clinical practice.®** Recently, the use of Internet-based infor-
mation platforms and the electronic format of disease severity
scores have made the monitoring of respiratory allergies much
easier and user-friendly.”*

Trajectories of allergic symptoms: objective diagnostic
biomarkers?
In the last decade, several groups have accumulated experience
in the use of mobile health (mHealth) technologies to monitor
allergic rhinitis and wheezing disorders in childhood.?**>%
While algorithms have been tested to help clinicians improve the
treatment of allergic rhinoconjunctivitis and select potential
candidate patients for an immunotherapy,>* other systems aim
at assessing individual disease severity over time,?*® which can
also be a useful tool for measuring AIT efficacy. Our group, on
the other hand, described cases of patients sensitized to multiple
seasonal allergens with overlapping pollination periods, in
which the selection of the eliciting allergen source for a targeted
AIT prescription was difficult to impossible. A diagnostic
solution had been offered by asking patients to register their
symptoms on a daily basis during the spring season using a
smartphone with a dedicated electronic clinical diary app. This
type of apps record the individual trajectories of disease severity
via different symptom scores (eg, the Rhinoconjunctivitis Total
Symptom Score (RTSS)) and allows their comparison with the
trajectories of locally relevant pollen counts. 2324

To show the potential use of prospective digital symptom
recording, Bianchi et al. described two clinical cases in which
SPT with allergenic extracts was positive (wheal diameter
>3 mm) in both patients for many pollen including olive and
timothy grass, whose pollination period in Ascoli, Italy, is
between April and June.?*® Representing a common scenario in
this region, molecular IgE results (UniCAP, Phadia, Sweden)
in both cases provided evidence of co-sensitization (cutoff
>0-35 kU/L) not only to the major allergenic molecules of olive
(Ole e 1) and timothy (Phl p 1, Phl p 5), but also to cross-
reacting molecules (Phl p 12, profilin; Phl p 7, polcalcin).**®

However, when comparing the RTSS and the pollen count
trajectories of the individual patients, the peaks of symptom
severity clearly differed. While the time of most severe
symptoms of the first patient coincided with the peak of olive
pollen counts, the second patient experienced more severe
symptoms during the peak period of grass pollen (Figure 1).
Based on these data the attending pediatrician changed her
initial idea of AIT prescription for olive pollen in the first
patient and for grass pollen in the second one. The prospective
and consistent recording of nasal and conjunctival symptoms
during the pollination period has therefore contributed funda-
mentally to the identification of the triggering pollen (olive
pollen in the first case; grass pollen in the second).?*

Conclusions

The use of in vitro antibody assays as biomarkers for allergen
immunotherapy in the area of respiratory allergies varies in
relevance according to the target of investigation. Testing IgE
antibodies specific for genuine and cross-reactive molecules can
be essential to consider a particular allergen source as the
putative cause of allergic symptoms. A causal association
between allergen exposure and symptoms may then be
demonstrated by individual prospective symptom and exposure
monitoring over time. This challenging data collection and
interpretation has recently been significantly facilitated by
mobile health technologies.
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Abstract

Allergen immunotherapy (AIT) is a disease-modifying treat-
ment for IgE-mediated allergic disease with effects beyond
cessation of AIT that may include important preventive effects.
The European Academy of Allergy and Clinical Immunology
(EAACI) published a clinical practice guideline for AIT
including the prevention of development of allergic diseases.
AIT reduces allergic rhinitis (AR) symptoms and concomitant
medication need in patients with AR and pollen allergy.
Additionally, there is now good evidence for an asthma
preventive effect for AIT in children with AR and pollen
allergy, primarily birch and grass. This has not been demon-
strated in other populations nor with other allergens such as
house dust mites. This effect is well documented to last until
2 years post-AlIT. Some studies suggest that it may last longer
depending on which asthma-outcome parameters are applied.
There is no sufficient evidence for AIT for prevention in healthy
individuals nor in populations with other allergic conditions.
Currently, the indications for AIT for prevention of allergic
disease are linked to those for treatment of pollen AR. As the
asthma preventive effect may reduce the burden and costs of the
disease, the AR severity at which AIT becomes indicated in
children and adolescents with AR and pollen allergy may be
reduced. The preventive potential of AIT should be included in
decision making for AIT and should be discussed with the
patients. The potential for prevention of new allergic conditions
in other populations needs to be investigated further.

Keywords

Allergen immunotherapy, allergic diseases, allergy, atopy,
prevention, sensitization, asthma, allergic rhinitis; atopic
dermatitis, atopic eczema

Abbreviations

AD - Atopic dermatitis (atopic eczema)

AIT — Allergen immunotherapy

AR — Allergic rhinitis / allergic rhinoconjunctivitis
ARIA — Allergic Rhinitis and its Impact of Asthma
HDM - House dust mite

RCT - Randomized controlled trial

SCIT - Subcutaneous immunotherapy
SLIT — Sublingual immunotherapy
SR - Systematic Review

Introduction

Allergic diseases are among the commonest chronic diseases and
include atopic eczema/dermatitis (AD), asthma, allergic rhinitis /
rhinoconjunctivitis (AR), food allergy, and venom allergy.>>' >
Allergic diseases can cause a considerable burden to individuals
with impaired quality of life**® and an economic burden to the
patients and the society.>>”>*® They frequently start in early
childhood, continue throughout adulthood, and are character-
ized by a high degree of comorbidity.?*! Family history of atopy
is a risk factor for development of allergic disease, and children
with sensitization and/or early manifestation (eg, AD and food
allergy) or later manifestation (eg, AR) of atopic diseases have a
higher risk for development of other allergic manifestations,
such as asthma.>®2°! In addition, childhood AD and AR are
strongly associated with persistence and severity of allergic
asthma into adulthood.?6*%3

Allergen immunotherapy (AIT) has been used for the
treatment of allergic diseases for more than 100 years. There
is good evidence for the clinical efficacy of AIT for AR, allergic
asthma, and moderate-to-severe venom allergy.!®®*! These
may even lead to a sustained reduction in symptoms and
requirement for symptomatic treatment beyond cessation of
AIT.1%91 Fyrthermore, AIT has the potential to induce
immunologic changes that result in immune modification.8->%4
It also has a potential preventive effect®®>%>2%7 in reducing the
risk of developing asthma in children with AR.?***"!" Accord-
ingly, AIT has recently been considered as a possible preventive
strategy in the treatment of allergic diseases.

This review is based on the European Academy of Allergy and
Clinical Immunology (EAACI) Systematic Review (SR)*° and
Guideline on Allergen Immunotherapy for prevention of allergic
disease published in 2017.3” The aim is to provide an overview
and to discuss the current evidence for the use of AIT for the
prevention of the development i) the first allergic disease, ii)
further allergic comorbidities in those with established allergic
disease, and iii) the development of new allergic sensitizations.

AIT for prevention of allergic diseases

Possible strategies for using AIT in the prevention of allergic
diseases

Strategies to prevent development of a new allergic disease by
AIT may vary for different populations and at different stages in
life. Such preventive strategies need to be pursued for different
scenarios. For example used in the EAACI Guideline are:
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1 Those planning pregnancy to take measures such as AIT to
reduce the risk of their child becoming allergic.

2 Healthy infants, children, and adolescents/adults.

3 Infants and young children with early manifestations of
allergy such as AD.

4 Older children / adolescents who manifest allergic disease
such as AR.

If AIT is to be recommended for the prevention of allergic
diseases, evidence is required that there is a relevant and
substantial beneficial effect on clinical outcomes for the individ-
ual. Furthermore, safety aspects related to AIT, the severity and
discomfort/risk of the disease to be avoided, quality of life,
patient experience, and health economics should be evaluated.
Thus, an optimal balance between benefits, harms, costs, and
other possible disadvantages should be achieved.

What is the evidence for using AIT for the prevention of allergic

diseases?

1 For those planning a pregnancy, to reduce the risk of their
child becoming allergic: There is only one very low quality,
case-control study. This compared children of at least one
allergic parent whose parents did or did not receive AIT at
least nine months before birth.>’> This study found a
significantly lower risk for developing any allergic disease
and asthma in children of allergic parents after AIT
compared with the controls. The authors hypothesized that
AIT in allergic parents might reduce the risk of allergies in
their offspring but this requires further investigation.
Currently, there is not sufficient evidence for or against
using AIT for allergic adults for the prevention of allergic
disease in their offspring.

2 For healthy individuals: Only two randomized controlled
trials (RCTs) investigated the effect of AIT in healthy
individuals on the risk for development of their first allergic
disease. A large (n = 111), low risk of bias RCT>"* found
no preventive effect of oral house dust mite (HDM) AIT on
AD, wheeze, and food allergy among infants with a family
history of allergic diseases at 1 year of age, whereas a small
(n = 29), high risk of bias study,?”* reported a reduced risk
of developing symptoms of pollinosis among asymptomatic
adults sensitized to Japanese cedar pollen in the SLIT
group. Thus, there is currently no good evidence for or
against the use of AIT for the prevention of the develop-
ment of first allergic disease in healthy individuals.

3 For infants and young children with early manifestations
such as AD: A recent SR* found only one low risk of bias
RCT. It investigated the effects of 12 months of daily SLIT
with a mixture of HDM, cat, and grass allergens for the
prevention of asthma and new sensitizations in 12- to 30-
month-old children (n = 50) with AD and food sensitiza-
tion.’”> Due to lack of a priori immunologic changes
indicating that the treatment was not delivering sufficient
allergen transmucosally to trigger immunologic recogni-
tion, recruitment was interrupted and the trial reduced to a
pilot study status. After 48-month follow-up, no differences
in asthma prevalence or new sensitization to aeroallergens
were seen between the two groups.?’® It can be concluded

that there is not sufficient evidence for AIT for the
prevention of the development of a first allergic disease in
individuals with AD at present. More studies are needed.

4 Older children/adolescents with manifest allergic disease
such as AR: The EAACI SR” identified six RCTs of
varying quality investigating the preventive effect up to two
years post-AIT with one or more of grass, birch, Parietaria,
and/or HDM allergens on the development of new asthma
in individuals with AR. The SR and meta-analysis”®
demonstrated a significant preventive effect of AIT on the
development of new asthma up to two years post-AlT in
patients with AR. Subgroup analyses showed that AIT with
either SLIT or SCIT was beneficial for those aged
<18 years but not >18 years and for pollen AIT only.
For HDM AIT, there was a non-statistically significant
impact despite an OR of 0.20, which may be because the
groups were too small. The results are supported by four
large-scale, real-life, retrospective, non-randomized stud-
ies”!?493276 pased on German and French longitudinal
prescription databases. These all report a preventive effect
of AIT with birch / grass pollen allergen on the progression
from AR to asthma.

For the long-term preventive effect, that is, two or more
years post-AIT, the EAACI SR* identified two high risk of
bias SCIT RCTs'*77 in patients with AR and birch/grass and
HDM allergy. Both showed a significantly lower risk for
developing asthma in the SCIT groups as compared to the
controls, up to seven,'*?782” and two years post-AIT.>”’
Asthma was diagnosed by clinical criteria by the investigators.
A large recently published low risk of bias RCT, the pediatric
Grazax Asthma Prevention (GAP) study,’®?** investigated the
effect of a three-year course of grass SLIT tablets on the
development of asthma in 812 children (age 5-12 years at
inclusion) with AR and grass pollen allergy but without any
signs of asthma. This study®® failed to demonstrate the
preventive effect of AIT on the development of asthma as
defined by very strict a priori criteria including reversibility to
beta-2-agonists (OR = 0.91; 95% CI [0.58 to 1.41])**% during
treatment and 2-year follow-up post-AIT. However, the
number of subjects with asthma symptoms or asthma medica-
tion usage was significantly lower in the SLIT group compared
to the placebo group during the entire five-year trial period, the
two-year post-AIT follow-up, and at the end of the five-year
trial period (OR 0.66; 95% CI 0.45 to 0.97; p < 0.036). In this
study, the preventive effect appeared to be strongest for the
youngest children.”®® Two high risk of bias non-randomized
studies, including one with grass pollen SCIT?’**’!" and one
with HDM SCIT,?*! in children with AR also suggested a long-
term effect up to 12 years post-AIT. As published in the SR,
the meta-analysis showed no overall evidence of reduction in
the risk of developing asthma long-term, at least two years
post-AIT. However, there was a high degree of heterogeneity
and the negative result was due to one RCT with very strict
diagnostic criteria for the primary outcome parameter but
where there was a significant reduction in asthma symptoms
and/or medication.® Thus, there are indications that there may
be a long-term preventive effect on the development of asthma
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symptoms and the use of asthma medication. Further confir-
matory studies are needed.

What is the evidence for using AIT for the prevention of new
allergic sensitizations
The EAACI SR identified six RCTs investigating the effects of
AIT on the risk of developing new sensitizations, up to two
years post-AIT. There were of varying quality, used with
varying allergens and formulations and showed inconsistent
results.?’>222% One low risk of bias RCT*"* looked at oral
HDM AIT for healthy infants at high risk of developing allergic
disease. It found a significant reduction in sensitization to any
common allergen in the active group compared with the placebo
group after 1 year but no difference in HDM sensitization.>”?
The other two low risk of bias RCTs found no effect of SLIT on
the development of new sensitizations in adult patients allergic
to peach®®? post-AIT and after SLIT with grass pollen or HDM
extract in monosensitized children.®* Another three RCTs of
moderate to high risk of bias***%¢ found a significantly lower
incidence of new sensitizations among children and adults with
AR treated with SLIT*>?%¢ and SCIT*** as compared to
controls. In the EAACI SR,” meta-analysis showed an overall
reduction in the risk of allergic sensitization but the sensitivity
analyses, excluding the two high risk of bias studies,?®>?° failed
to confirm this risk reduction.”® Due to the high degree of
heterogeneity, the results should be interpreted cautiously.

For a long-term effect at least two years post-AIT, the SR
identified two moderate®®” to high risk of bias RCTs. There
was no preventive effect of SCIT among children with
moderate-to-severe asthma followed into adulthood®” and in
adults with AR three years post-AIT>®® treated with a mixture
of aeroallergens and grass pollen allergens, respectively.
Another high risk of bias RCT?”” found less new sensitizations
among AR patients (>5 years old) treated with HDM SCIT
compared with controls two years post-AIT.?””

Thus, there is currently no good evidence for or against
preventive effect of AIT on the development of new sensitiza-
tions in any populations.

Safety

The safety issues of AIT for prevention have not been
separately investigated. This applies to safety of AIT related
to the indication and contraindications of AR.*!® SCIT is
occasionally associated with allergic side effects and should
therefore be administered in a specialist setting. Fatalities are
very rare and have not been reported with the use of SLIT.
Though the EAACI SR*! was not designed for the investiga-
tion of safety, it included 7 studies (6 SLIT and 1 SCIT) that
reported either no increase in generalized itching or no major
systemic side effects. In a recent meta-analysis about the
efficacy of grass pollen SLIT tablet in AR,* no episodes of
anaphylaxis was reported, despite seven treatment-related
severe adverse events treated with adrenaline being reported
in the RCTs. In recent real-life clinical studies of AIT, less
severe systemic reactions were reported with SLIT than with
SCIT, although the overall rate of adverse reactions is similar
in SCIT and SLIT.*%*! The safety profile for prevention is
regarded as being similar to that of AIT for treatment of AR.

Using AIT for the prevention of the development of new
allergic disease or sensitization requires the use of products and
schedules with a high level of safety, especially in healthy
individuals. However, if AIT is indicated due to treatment of
an already existing allergic disease, and the preventive effect
can be regarded as an additional effect meaning that the safety
profile should be considered within that context.

Products, SCIT or SLIT, and schedules
The products, doses, and AIT schedules used in the AIT
prevention trials vary. No high-quality trials compared differ-
ent AIT products, SLIT drops versus tablets, or pre/co-seasonal
versus perennial AIT in children. However, there is a subgroup
analysis in the EAACI SR* and two lower quality, real-life
non-randomized AIT treatment studies based on large German
longitudinal prescription databases.”'?’”® These suggest that
SCIT and SLIT with grass and birch pollen allergens are both
effective and that AIT for three or more years tended to have a
stronger preventive effect than AIT for less than three years.
The current evidence does not allow us to identify whether or not
SCIT and SLIT are superior in efficacy. The choice therefore
depends on availability, patients / family’s preferences, safety, costs,
routes, schedules, and patient adherence to the AIT treatment.
When evaluating the studies that address the potential of
AIT for prevention, the significant heterogeneity can be
explained by the different study design, study population,
products, and schedules used. Therefore, there is no “class-
effect” in AIT and an individual product-based evaluation of
the evidence for efficacy is recommended before treatment with
a specific product is initiated.>>¢1-87:92:267.292

Clinical implications and discussion

Many children with AR and pollen allergy benefit from AIT with
reduced AR symptoms and need for medication. Currently, AIT
is recommended for the treatment of patients with moderate-to-
severe pollen-induced AR not optimally controlled on antihis-
tamines and nasal corticosteroids.’> Additionally there is good
documented evidence for an asthma preventive effect for AIT in
children with AR and pollen allergy, primarily birch and grass.
This is not yet the case for other populations nor other allergens
such as HDM. This effect is well documented to last until 2 years
post-AIT. Some studies suggest that it may last longer depending
on which asthma-outcome parameter and study design is
applied. This longer-term preventive effect has been demon-
strated only for asthma symptoms and/or medication and not if
more strict criteria, such as demonstrated reversibility to
inhalation of a B-2 agonist, are applied. It remains to be
determined as to which asthma-outcome parameter is most
relevant clinically, a diagnosis based on demonstrated reversibil-
ity or on symptoms and medication use.

This asthma preventive effect has been demonstrated in
RCTs that included children with a history of AR, documented
pollen allergy and the need for medication often for at least one
previous season. Therefore, it can be assumed that they had
persistent symptoms. However, there are no exact data on
severity with children and adolescents included in these
prevention studies not necessarily fulfilling the proper severity
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indications for AIT for the treatment of AR.*** In the most
recent RCT (GAP study) including children older than 5 years,
it appeared that the preventive effect was strongest for the
youngest children.’® Consequently, it may be that in the future
the indication for AIT in children with AR can be extended to
milder disease. Furthermore, some patients with less severe AR
may prefer AIT to reduce medication use and avoid side effects
of other treatments, to obtain long-term efficacy and/or to
obtain the asthma preventive effect.

None of the studies on the prevention of the development of
asthmain AR included preschool children. Hence, there is currently
no good evidence for AIT for prevention in this age group.

Since the indication for AIT for the prevention of asthma is
linked to the indication for treatment of AR, the products,
schedules, and doses used should have proven effectiveness for
AR with the relevant allergen product. Therefore, only those
products with proven preventive capacities in the clinical
documentation and in line with the indication for AR should
be considered for use in allergy prevention.

The development of new sensitizations may impose a higher
risk for the development of further symptomatic allergies. So it
might be relevant to prevent the development of new sensiti-
zations. At present, there is no good evidence for a preventive
effect of AIT on the development of new sensitizations.

As described in the EAACI AIT Guideline for prevention,
there are many gaps in the current evidence. Crucially, there is
a lack of evidence regarding patient selection, such as optimal
age and characteristics for preventive AIT, and for the optimal
allergen preparation, mode, and duration of AIT administra-
tion. There is also a need to define standardized relevant
outcomes including asthma and quality of life for future
studies, which should be followed by an expert panel compris-
ing academia, industry and regulatory authorities. Impor-
tantly, future studies should address the cost-effectiveness of
such preventive strategies.

Conclusion

Apart from the well-documented clinical effect of AIT for the
treatment of AR and pollen allergy, there is now also good
evidence that AIT can prevent development of new asthma in
children with AR and pollen allergy, especially grass and birch,
at least up to two years post-AIT. Currently, there is no
evidence for an allergy preventive effect of AIT for other
populations and allergens.

Currently, the indications and contraindications for AIT for
prevention of allergic disease are linked to those for treatment
of pollen AR. This is documented IgE-mediated disease caused
by pollen allergens and not sufficiently controlled by antihis-
tamines and nasal corticosteroids. Meanwhile, the asthma
preventive effect may in the future reduce the level of severity
of AR required for the indication of AIT in children and
adolescents with AR and pollen allergy.

Before initiating AIT, a patient-centered discussion is
required with the patient / family covering the beneficial effects
on controlling AR symptoms as well as the asthma preventive
effect, disadvantages, potential harms, patients’ preferences,
patients’ adherence, and costs.
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Box 1: Key points

AIT for preventing the development of new asthma in
children with AR

Children/adolescents with moderate-to-severe AR and
grass/birch pollen allergy, not sufficiently controlled
despite relevant pharmacotherapy, benefit from treat-
ment with AIT with a sustained reduction in AR
symptoms and medication. Additionally, there:

— is a reduced risk for development of new asthma up
to two years post-AIT (moderate-to-high quality
evidence) with SCIT or SLIT

— are some data suggest that this benefit may persist
after two years post-AlT as regards asthma symptoms
and medication use

A beneficial preventive effect of AIT has not yet been
sufficiently documented for other populations or other
allergens such as house dust mite allergens.

AIT for three or more years seems to have a stronger
asthma preventive effect than AIT for less than three
years

The current evidence does not identify whether SCIT
or SLIT is superior in terms of efficacy, so this choice
depends on availability, patients / family’s’ prefer-
ences, safety, costs, routes, schedules, and patients
adherence to the AIT treatment and on the clinical
documentation of the respective AIT product in
clinical trials.

There is currently no good evidence for the use of AIT
in preschool children for prevention.

Only products registered with the indication for AR
(e.g. pollen allergy at present and maybe HDM in the
future) should be considered for use in allergy
prevention

Using AIT for preventive purposes should include all
normal safety recommendations as for treatment of
AR

AIT should only be prescribed by those with the
competencies to administer it; for SCIT and first dose
SLIT resuscitation equipment should be on site with
trained staff available.

The indication and initiation of AIT should always be
preceded by a patient-centered discussion with the
patient / family; this should consider the possible
benefits, harms, disadvantages, costs, preferential
route of AIT (SCIT vs SLIT) based on the individual
patient’s profile, preferences, and considerations for
AIT adherence

AIT is the only treatment option for IgE-mediated
allergic diseases with disease-modifying capacities.
Therefore, AIT may in the future be considered in
patients with milder AR, as AIT might modify the
natural disease history, including the long-term
effect in AR and the preventive effect on the
development of asthma; this is not achievable with
pharmacotherapy
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Abstract

Despite good pharmacotherapy and avoidance, many children
and adolescents continue to have troublesome symptoms from
rhinoconjunctivitis. In this review, we use the EAACI Allergen
Immunotherapy (AIT) for Rhinoconjunctivitis Guideline to
examine the evidence for AIT in children and adolescents. To
illustrate the evidence, two cases are considered. While there is
good evidence that AIT is an effective treatment strategy for
children and adolescents with AR, the evidence base is
heterogeneous. Not all products and formulations have been
shown to be effective. Before treatment is commenced with a
specific AIT product, it is recommended that clinicians
evaluate the evidence for its efficacy. In general, AIT for
rhinoconjunctivitis has a good safety profile but there are
differences for SCIT and SLIT. For individual children and
adolescents, there are often a number of potential approaches.
Choosing the most appropriate one will depend on the
available effective products, experience of the clinic, charac-
teristics of the patient, and the family’s preference. Evidence
gaps remain especially around optimum dosing schedules and
the long-term clinical effectiveness of AIT after an AIT course.

Abbreviations

AIT — Allergen immunotherapy

AR — Allergic rhinoconjunctivitis
SMD - Standardized mean difference
SLIT — Sublingual immunotherapy
SCIT - Subcutaneous immunotherapy
EPIT — Epicutaneous immunotherapy
ILIT — Intralymphatic immunotherapy
HDM - House dust mite

Introduction

Allergic rhinitis (AR) is an atopic condition affecting the upper
airways, often with associated conjunctival disease. Typical
symptoms include nasal congestion, sneezing, nasal itching,
and watery nasal discharge.”** Symptoms can be seasonal or

perennial. Diagnosis is confirmed by evidence of allergen-
specific IgE sensitization, with exposure to the index allergen
correlating with symptoms. Other triggers of rhinitis symptoms
include smoke, cold air, dust, and viral infections. Allergic
rhinitis is one of the most prevalent atopic diseases, affecting
around 15% of adolescents.”> Symptomatic allergic rhinitis is
associated with reduced quality of life and impaired school
performance,”® and in the adult population, costs due to lost
work productivity are higher than those incurred by asthma.>”?
Treatment centers around allergen avoidance, which can
reduce symptoms but is not always feasible,”’ and pharma-
cotherapy. Medications used include oral and topical antihis-
tamines, nasal corticosteroids, and leukotriene receptor
antagonists.”*>*** Nasal saline irrigation is also a treatment
option in children, which is safe, effective, and under-
utilized. 2 These treatments may have side effects, and
symptoms may promptly recur upon cessation of administra-
tion. Allergen immunotherapy (AIT) offers an alternative
treatment approach that leads to desensitization and long-term
benefits even after treatment is discontinued.’

This review is based on the European Academy of Allergy
and Clinical Immunology allergic rhinoconjunctivitis
immunotherapy guideline published in 2018. The literature
review was updated for the review.

General considerations

AIT should only be considered in children who remain
significantly symptomatic despite optimizing medical therapy
and avoidance measures’; symptoms should interfere with
daily life or sleep®®® (Box 1). Alternatively, it can be considered
in less severe cases to take advantage of the potential disease-
modifying effects to prevent asthma.’’” There should be
evidence of allergen-specific sensitization with either positive
SPT or specific IgE. Correct identification of the responsible
allergen is key to ensure the correct product is used.'® Some
driving allergens are easy to identify as they are strongly
seasonal, examples being tree and grass pollen. Where the
driving allergen is perennial, such as animal dander or house
dust mite, identifying the key allergen is more difficult.
Absolute contraindications include severe asthma, active
malignancy or active uncontrolled systemic autoimmune con-
ditions, and initiation of treatment during pregnancy’ (Box 2).
Relative contraindications in the pediatric population include
partially controlled asthma, primary and secondary immun-
odeficiencies, and a history of serious systemic reactions to
AIT.

We will discuss the current evidence on the efficacy of AIT
for AR, using two hypothetical cases as a framework.
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Tom, 14, and Rosie, 7, have both been referred for consid-
eration of AIT. They have severe allergic rhinitis and both
remain symptomatic despite maximal pharmacotherapy with
good adherence to treatment. Tom is symptomatic in the late
spring and early summer months and is sensitized to grass pollen
and house dust mite (HDM). Rosie suffers from perennial
symptoms, is sensitized to HDM, and also suffers from asthma.

Is there evidence that AIT would be of benefit for Tom and
Rosie?
A recent large meta-analysis concluded that there is substantial
evidence for the efficacy of AIT in AR, with significant
reduction in standardized mean differences for symptoms and
medication scores combined (SMD —0.49, 95% CI —0.69,
—0.30).'% The majority of studies included only adult partic-
ipants, resulting in overall weaker recommendations for the use
of AIT in children and adolescents due to a lack of evidence.’
There is still, however, evidence of benefit within this age
group. When combining SLIT and SCIT studies together SMD
for symptom scores in children was —0.25 (95% CI —0.46,
—0.05) showing evidence of benefit; SMD for medication
scores was 0.21 (95% CI —0.42, 0.01), suggesting there was a
benefit; and SMD for combined medication and symptom
score was —0.85 (95% CI —1.52, —0.17), showing a beneficial
effect of AIT.'” From a health-system perspective, SLIT and
SCIT are considered cost-effective in England, treatment cost
within both the pediatric and adult population being under the
cost-effectiveness threshold of £20000 per QALY (quality-
adjusted life years) as set by NICE (National Institute for
Health and Care Excellence).’?

Evidence therefore suggests that AIT will be of benefit to
Tom and Rosie. Is there any evidence to help us decide between
subcutaneous and sublingual immunotherapy for our patients?

Evidence for SCIT

Seasonal allergic rhinitis (Box 3)

Early studies on SCIT for seasonal allergens recruited small
mixed adult and pediatric populations. These double-blind,
randomized studies, using pre- and co-seasonal SCIT to grass
pollens, demonstrated an improvement in symptom scores
among the treated groups compared to placebo.?*3% A larger
study subsequently recruited birch and/or grass -pollen-allergic
children aged 6-14, randomizing them to either continuous
SCIT or placebo for three years.”’’”® At termination of
treatment, a significant improvement was seen in both rhinitis
and conjunctival scores in the SCIT group, a long-term
beneficial effect which persisted at both the five- and ten-year
follow-up (two and seven years off treatment).!*>?’° Other
studies have also reported long-term benefits to SCIT, with an
ongoing reduction in AR symptoms 12 years after discontin-
uation of treatment.”’® There is therefore moderate evidence
for the benefit of SCIT, either continuous, pre- or pre-/co-
seasonal, in the treatment of childhood seasonal AR, with
some evidence for long-term benefit. Evidence in adults is
stronger and based on a larger number of studies.'® Although
there is no specific pediatric evidence on optimum dosing
schedule, in an adult head-to-head trial of perennial versus pre-

Box 1
General indications in children and adolescents

AIT should be considered when all of these criteria are
met:

» Symptoms strongly suggestive of AR, with or without
conjunctivitis

» There is evidence of IgE sensitization (positive SPT and/
or serum-specific IgE) to one or more clinically relevant
allergen

» Experience moderate-to-severe symptoms which interfere
with usual daily activities or sleep despite regular and
appropriate pharmacotherapy and/or avoidance strategies

* AIT may also be considered in less severe AR where a
patient wishes to take advantage of its long-term effect on
AR and potential to prevent asthma with grass pollen AIT

 Standardized AIT products with evidence of efficacy in
the clinical documentation should be used

Box 2
General contraindications in children and adolescents

Absolute contraindications:

» Severe asthma

» Active malignancy

» Active uncontrolled systemic autoimmune conditions
* Pregnancy (initiation)

Relative contraindications:

 Partially controlled asthma

* Primary and secondary immunodeficiencies

» History of serious systemic reactions to AIT.

seasonal SCIT to grass pollen, perennial treatment showed
greater improvement in symptom scores after three years.>!

Perennial allergic rhinitis (Box 4)

High-quality exclusive pediatric data are lacking on the use of
SCIT to treat perennial allergic rhinitis. Recommendations are
based on adult studies, which are few and heterogeneous.
These small randomized placebo-controlled studies assessed
the effect of HDM SCIT, administered for either one or two
years, and demonstrated a reduction in AR symptom and
medication scores.****** A larger recent adult study showed an
improvement in AR symptoms and medication use after a year
of HDM allergoid SCIT.*** Continuous SCIT is therefore
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recommended for perennial AR due to HDM in adults;
recommendation for use in children is weaker.'® Evidence for
efficacy for HDM SCIT in children is extrapolated from adult
results and from small non-placebo-controlled studies demon-
strating benefit of SCIT compared to pharmacotherapy alone;
significant reduction in rhinitis scores was seen after three years
and small additional benefits noted if treatment was extended
for a further two years.3*>3%7

There is good evidence that Tom may benefit from SCIT for
his seasonal AR (Grade B for benefit on therapy and after
discontinuation) (Figure 7); however, evidence for the benefit
of HDM SCIT for Rosie is less robust (Grade C for benefit on
therapy).

Evidence for slit

Seasonal AR (Box 3)

Early small pediatric placebo-controlled trials demonstrated the
effectiveness of pre- and co-seasonal administration of grass
pollen allergoid SLIT?%*3% with improvement in rhinitis, chest,
and eye symptom scores. Subsequent larger randomized blinded
studies confirmed the beneficial effect of pollen SLIT, with noted
improvements in rescue medication use as well as symp-
toms. ®3197314 ST IT was beneficial in different populations when
administered pre-/ co-seasonally and was safe and well tolerated.
Continuous SLIT administration was also found to be effec-
tive.*315 In a direct comparison of continuous versus pre-co-
seasonal regimens, no significant differences were noted between
the protocols.®'® Long-term benefit has been found with reduc-
tion in symptom scores two years after cessation of grass pollen
SLIT.*®3!7 For seasonal AR to grass pollen, there is evidence of
benefit with SLIT using either tablet or droplet formula-
tions.*®3%8 313 Evidence suggests improved efficacy of treatment
when grass pollen SLIT is administered for three years.>*-313-317
In summary, there is evidence to strongly recommend the use of
SLIT for seasonal AR, either continuously or pre-co-seasonally
and either in aqueous or in tablet form, and a minimum of three
years of treatment is recommended.® The majority of SLIT
studies have, however, been performed with grass pollen
allergens, and there is only limited mixed adult and pediatric
evidence for effectiveness of other seasonal allergens, with
studies on birch pollen tablets, tree pollen drops, and cedar
pollen extract demonstrating benefit. 314318319

Box 3
Recommendations for immunotherapy for children and
adolescents with AR driven by seasonal allergens

» Continuous SCIT — short-term benefit (Grade B)

e Pre- and pre-/co-seasonal SCIT — short-term benefit
(Grade B)

* Modified (allergoids) and unmodified allergen SCIT
extracts — short-term benefit (Grade B)

* Continuous grass pollen SCIT — short- and long-term
benefit (Grade B)

* Pre-/co-seasonal or continuous SLIT — short-term benefit
(Grade A)

» SLIT with tablets for pollens — short term benefit (Grade A)

* SLIT aqueous solutions for pollens — short-term benefit
(Grade A in children)

* Continuous grass pollen SLIT tablets or SLIT solution —
long-term benefit (Grade A)

Taken from EAACI allergic rhinoconjunctivitis allergen immunotherapy
guidelines. Short-term benefit refers to when on immunotherapy while

long-term benefit refers to effect after immunotherapy stopped.

Perennial AR (Box 4)

Compared with seasonal AR, there is less evidence of benefit of
SLIT to perennial allergens, namely HDM. The formulation
used is particularly important. In two large mixed adult and
pediatric trials, the use of HDM SLIT tablets was effective in
reducing rhinitis symptoms after a year of administra-
tion,'>* 1% with improvements also seen in medication use
and quality of life.” Pooled data on adolescents from these
trials showed that treatment with HDM SLIT tablets resulted
in a 22% decrease in rhinitis symptoms and that it was safe and
well tolerated.*?® However, the aqueous formulation of HDM
extract has very limited evidence of benefit, with the majority
of pediatric studies failing to find improvement in symptom/
medication scores.>*!*** Long-term efficacy of HDM SLIT
has only been assessed in adults, where sustained benefit is seen

Level of evidence

Level | Systematic reviews, meta-analysis, randomized Grades of recommendation
controlled trials \

Level Il Two groups, non-randomized studies Grade A Consistent level | studies
.5+ cation: G- comtrol) \ Grade B Consistent level Il or Il studies or extrapolations

Level IlI One group, non-randomized (e.g., before and i from level | studies
after, pretest, and post-test)

Level IV Descriptive studies that include analysis of - Grade C Level IV studies or extrapolations from level Il
outcomes (single-subject design, case series) or lll studies

Level V. Case reports and expert opinion that include | GradeD  Level V evidence or troublingly inconsistent or
narrative literature, reviews, and consensus R . I & d l |
statements inconclusive studies at any leve

Figure 7 Linkage between level of evidence and grade of recommendation
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Box 4
Recommendations for immunotherapy for children and
adolescents with AR driven by perennial allergens
* Continuous SCIT — short-term benefit (Grade C)

* Both modified (allergoids) and unmodified allergen SCIT
extracts — short-term benefit (Grade B)

» SLIT with tablets for HDM — short-term benefit (Grade
A) and long-term benefit (Grade C)

* SLIT aqueous solutions for HDM cannot be recom-
mended for short-term benefit

Taken from EAACI allergic rhinoconjunctivitis allergen immunotherapy
guidelines. Short-term benefit refers to when on immunotherapy while
long-term benefit refers to effect after immunotherapy stopped.

a year after cessation of treatment.'>® In summary, there is only
evidence for the effectiveness of tablet SLIT in perennial AR,
with treatment lasting at least one year.’

When pooling all the pediatric SLIT data studies together, a
meta-analysis demonstrated a clear benefit to SLIT in reducing
both symptoms scores (SMD —0.42, 95% CI —0.63, —0.21)
and medication scores (SMD —0.6, 95% CI —1.12, —0.07)."°

Both Tom and Rosie are therefore likely to benefit from
SLIT (Grade A for benefit during and after therapy for
seasonal allergen); however, in Rosie’s case, only a HDM SLIT
tablet formulation with evidence of efficacy should be used
(grade A for benefit on therapy and grade C after cessation for
HDM tablet). A decision is made and Rosie will be given AIT
in the form of HDM SLIT tablets. How can we decide between
SCIT or SLIT for Tom?

SLIT or SCIT

When deciding whether to use SLIT or SCIT for the treatment of
childhood AR initial decisions should be based on the existing

evidence and on ensuring a treatment modality is chosen which
has demonstrated benefit for the allergen in question. A meta-
analysis has demonstrated that both SLIT and SCIT are effective
routes of administration, with SMD for symptoms and medica-
tion scores of —0.51 (95% CI —0.77, —0.26) for SCIT and —0.47
(95% CI —0.81, —0.12) for SLIT.'® Decisions should therefore be
based on patient co-factors, local availability, individual prefer-
ence, and safety. Both SCIT and SLIT have been associated with
systemic allergic adverse reactions but with very different
characteristics. SCIT may cause some mild local side effects but
is also associated with an approximate 1:2,000 risk of a moderate-
to-severe systemic side effect per injection.® In contrast, SLIT
usually causes local oral side effects for a few days or weeks on
initiation but is very rarely associated with moderate or severe
systemic side effects.> So consideration needs to be given to the
balance between efficacy and safety with immunotherapy (Fig-
ure 8). From a health-system perspective, studies have shown
mixed results and we are unable to conclude whether SLIT or
SCIT is more cost-effective.* It is important therefore to discuss
the pros and cons of the different treatment options with the
patient and family. This is summarized in Figure 9 and will be
explored in greater depth in a later article in the series. Whichever
modality is chosen, current recommendation is for a minimum of
three years of treatment with AIT.?

Following discussion, Tom opts for SCIT as his family is
worried about adherence to daily SLIT.

Other routes of administration

There has been developing interest in using alternative treatment
delivery strategies. Epicutaneous immunotherapy (EPIT) using
grass pollen allergens has shown moderate benefits!!32¢ when
administered pre-pollen season. A significant reduction in AR
symptoms was seen for the initial and subsequent pollen season,
with no effect on medication scores, and side effects included
significant local reactions. In the one published pediatric trial,
EPIT to grass pollen reduced AR symptoms and antihistamine
use compared to placebo”’ but numbers were small. The

Need to balance efficacy and safety

Figure 8 Balance between efficacy and safety with immunotherapy
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AIT should be considered if all are present:

= Moderate-to-severe symptoms of allergic rhinitis, +/— conjunctivitis, on exposure to clinically relevant allergen(s)

= Confirmation of IgE sensitisation clinically relevant allergen(s)

= |nadequate control of symptoms despite antihistamines and/or topical corticosteroids and allergen avoidance
measures and/or unacceptable side-effects of medication

Pros and cons of the various options need to be considered when choosing the best approach for each patient:

Y

Clinicians should:

=" Pre-, pre-/coseasonal and
continuous SCIT are effective in
short term for seasonal and
perennial AR
Pre/coseasonal SCIT therapy is
shorter but continuous SCIT may
be more effective
3.y continuous SCIT is effective
in long term for grass pollen-driven
AR

SCIT

= Need for injections (usually

= Consider availability of

monthly on maintenance, more
on updosing)

Need to be observed for at least
30 minutes in clinic after each
injection

Moderate-to-severe systemic
allergic reactions: =1:2000 chance
perinjection, less with allergoids
Frequent minor, local adverse
effects

clinical effectiveness
= Ensure availability of staff

and maintain regular
contact with patients on
SLIT

= Ensure good
communication and

facilitate good decisions

Pre, pre-/coseasonal and continuous
SLIT tablets or drops are effective in
short term for seasonal AR
Continuous SLIT tablet is effective
in short term for perennial AR
3-y continuous SLIT is effective
in long term for. grass pollen (tablets
or.drops) and HDM (tablets only)

® Noinjections

= Able to take at home after first dose

making on starting correct
therapy and maintaining

SO E T adherence
Need for observation in clinic

after first dose Discuss with patient:

Rare moderate to severe Efficacy of each approach
systemic reactions (<1:500 = Safety of each approach
chance over3y) = Cost of each approach

= Most experience minor, local = Need for adherence
adverse effects, usually self- s Frequendy of clinic visits
limited including travel
Need to remember to take daily = Which approach patients

doses at home feels is best for them

TN =

Figure 9 An approach to deciding the best AIT approach for different children and adolescents with allergic rhinoconjunctivitis. Reproduced from

Roberts G, et al, Allergy. 20183,

intralymphatic (ILIT) route has shown efficacy in small trials,
including in adolescent patients, with an improvement in self-
recorded symptoms after only three injections.***** However,
the majority of evidence comes from small pilot studies. Some
have reported very high rates of systemic side effects®*' and one
double-blind placebo-controlled trial demonstrated no bene-
fit.32 There is therefore currently not enough evidence to
support the use of either EPIT or ILIT for AR.

Patient factors

Rosie is 7 and has asthma for which she takes inhaled
corticosteroids. Will these factors prevent her from receiving AIT?

Co-existing asthma

Mild-to-moderate well-controlled asthma is not a contraindica-
tionto AIT.*'*>3!5Many of the published AR AIT study enrolled

N ——d

patients with co-existing asthma and improvement in asthma
symptoms is often seen following treatment. Recent adult studies
have enrolled participants with both poorly controlled allergic
asthma and AR and demonstrated a reduction in exacerbations
among the HDM SLIT-treated groups.>*® Equivalent pediatric
studies are currently underway. Currently, however, severe or
uncontrolled asthma remains a contraindication for AIT.? For
Tom, there is evidence that a three-year course of AIT can help
prevent the future development of asthma, and this should be a
consideration when deciding whether to commence children with
troublesome AR on AIT.®” Readers are directed to companion
articles in this series on the role of AIT in asthma and in allergy
prevention.

Patient age

The majority of pediatric trials involved older school-age
children and adolescents, with children aged five and over
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participating in a number of larger trials.>'®*'" Children
younger than five are seldom included in randomized trials
due to concerns regarding the potential safety of AIT in this
age group and about the ability to make an accurate diagnosis
of allergic rhinitis in this age group. Young children are also
likely to struggle with the repeated injections required for
SCIT. SLIT does appear to be safe in this age group,>**3%¢
with a similar side effect profile and rates to older children.
However, adherence can be poor, with nearly half discontin-
uing treatment within the first few months in one trial.*¥’
Decision to start AIT in these younger age groups is therefore
at the discretion of the treating physician and child’s family,
and age is not per se a contraindication.’

Tom is polysensitized—sensitized to both grass and HDM.
Is this a contraindication?

Polysensitization

Polysensitization is common, with over 50% of patients with a
respiratory allergy sensitized to two or more allergens.**%3% 1t
is important to differentiate between the polysensitized but
mono-allergic patient, where symptoms are due to only one
allergen, from the polysensitized and polyallergic patient, for
whom two or more allergens are driving the disease pro-
cess.*®33 For the mono-allergic individual, single allergen
immunotherapy is effective irrespective of sensitization status,
with similar treatment effects seen in mono- and polysensitized
patients,34° and therefore, AIT is recommended.® Studies have
demonstrated that AIT is safe in polysensitized and polyaller-
gic children.>****! For polyallergic individuals, immunother-
apy with a multiple allergen mixture has mixed evidence of
efficacy, with studies demonstrating either no effect,*** or
mixed effects with limited added benefit compared to mono-
therapy.>*!*43-3%5 Further complicating the picture is the large
number of different allergen mixtures used worldwide, most of
which have not been evaluated.*® With no definitive evidence
on best practice, approaches to the polyallergic patient vary
according to local protocol. These include the use of a single
allergen formulation targeting the most clinically troublesome
allergy; a mixture of two homologous allergens if the respon-
sible allergens are biologically related (eg, birch/hazel/nut
mixture) or separate AIT to non-related allergens administered
at least 30 minutes apart.>3%

Conclusion

There is good evidence that AIT is an effective treatment
strategy for children with AR that remain symptomatic despite
optimizing pharmacotherapy and allergen avoidance. How-
ever, the evidence is heterogeneous and not all products and
formulations have been shown to be effective. Therefore,
before commencing treatment with a specific product, it is
recommended that clinicians evaluate the evidence for its
efficacy.® For individual patients, there are often a number of
potential approaches. Choosing the most appropriate one will
depend on the available effective products, experience of the
clinic, characteristics of the patient, and the family’s prefer-
ence. Evidence gaps remain, in particular around optimum
dosing schedules and long-term clinical effectiveness of AIT,
and further research in these areas is warranted.
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Abstract

Allergic asthma is the most frequent phenotype among
asthmatic children. Allergen immunotherapy (AIT) is a highly
attractive therapeutic approach to allergic asthma due to its
disease-modifying effect and short- and long-term efficacy.
However, the evidence supporting AIT in children is weaker
than in adults. We performed a pragmatic review of current
evidence from a disease-severity perspective point.

Few studies have analyzed the role of AIT in preventing
asthma onset in children with allergic rhinitis. However, their
results are promising, especially as regard the ability of grass
AIT to decrease the risk of asthma symptoms or asthma-
medication use, both during and after AIT treatment.

Regarding mild-to-moderate asthma, several double-blind
placebo-controlled randomized trials (DBPCRTSs) have pro-
vided evidence on the efficacy of AIT, reporting a reduction in
symptom score, asthma-medication score, or a combination of
the two. However, disparities in outcome definitions and the
heterogeneity of interventions complicate analyses of pooled
data and prevent robust conclusions from being drawn. As for
severe asthma in children, very few studies have been
conducted due to the relative to absolute contraindication of
AIT. Recently, omalizumab was successfully used as pre-co-
treatment; alongside other strategies, this could be a means of
expanding the number of candidates for AIT.

New trial designs using sets of common outcomes or
enhancing the use of pragmatic clinical trials could help
overcome the difficulties facing DBPCRTSs in asthmatic chil-
dren.

Key words

Asthma, children, pediatric allergy, immunotherapy, AIT

Introduction/Background

Asthma is a complex disease in which the identification of
several pheno- and endotypes in adults**® is starting to be used
as a driver for therapeutic interventions, especially in severe
asthma.>*’ As most adult asthmatics had onset in childhood,**
further insights into pediatric asthma may help minimize the
population-wide impact of this disease.

Asthma is the most frequent chronic disease in children,**’
and substantial efforts have been made to determine its

different clinical patterns or phenotypes.>*® Mere sensitization
to airborne and food allergens, and, particularly, when
clinically relevant allergy is established, have been found to
be risk factors of future and more severe asthma in later stages
in life.¥'"3%% Studies with a mechanistic focus have revealed
two main endotypes: the less frequent T2-low asthma, charac-
terized by the presence of neutrophils in sputum and higher
expression of IL-17, and the more common T2-high asthma,
affecting from 50%>>*to 70%>>3 of children according to the
selection of endotype-biomarker, associated with such changes
as peripheral and sputum eosinophilia, high serum IgE, and
elevated fractional exhaled nitric oxide.*®

Therefore, both from a mechanistic and phenotypical point
of view, childhood asthma is often an allergy-driven condition
and thus should be approached from an etiological perspective
by employing immunotherapy, the only treatment shown to
modify the natural course of the disease. However, the paucity
of clinical trials on allergen immunotherapy in asthmatic
children,®” the contradictory results from meta-analyses
showing insufficient®>® versus good efficacy,®® and the positive
results of some real-life studies’ depict an unclear scenario in
which a pragmatic interpretation of the evidence on AIT
efficacy in pediatric asthma could be useful in guiding clinical
decisions.

AIT efficacy for asthma prevention

The evidence gathered on the natural course of respiratory
allergy has enabled the identification of subjects at risk who
might be good candidates for preventive interventions.
Research to date has shown that family history of atopy
increases the risk of allergy in newborns,*> that sensitization
can precede clinical manifestations by up to 5 years,”®® and
that allergic rhinitis is a precursor of asthma.”®® In a very
innovative study, Zolkipli et al.*® randomized 111 infants with
family history of atopy to receive either an oral HDM extract
for 12 months or placebo, to evaluate its preventive effect on
allergen sensitization and onset of allergic diseases. Unfortu-
nately, the results only showed effectiveness in avoiding
sensitization to any allergen, but not in preventing HDM
sensitization or allergy diseases such as eczema, wheeze, or
food allergy. So far, probably due to the multifactorial origin
of asthma, the only interventions generally accepted as being
effective for primary and secondary prevention are difficult to
implement and mostly consist of reducing exposure to smoke,
pollution, and dampness.>¢!-3¢?

According to the best available evidence,” the role of AIT in
asthma prevention is limited to secondary prevention, mini-
mizing the risk of disease onset in children with allergic rhinitis.
Adding to existing data for birch, grass, and mites suggesting
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this protective effect despite the various methodological
limitations of these studies,'*?*> Valovirta et al.>® recently
published a large double-blind placebo-controlled randomized
trial (DBPCRT) on the protective effect of high-dose sublin-
gual immunotherapy with a grass-pollen tablet in allergic
children without asthma to avoid the onset of asthma. A total
of 812 children (5-12 years) were randomized in a 1:1 ratio,
receiving active treatment or placebo for 3 years + 2 years of
follow-up without treatment. For the primary outcome,
consisting of a stringent asthma definition mostly based on
spirometric evidence of reversible bronchoconstriction, the
intervention showed no efficacy. However, for the highly
relevant secondary efficacy outcomes (ie, asthma symptoms,
medication use, and a combination of these), the treatment was
efficacious during active treatment and follow-up. The authors
also analyzed the number of patients needed to treat (NNT) to
prevent 1 additional child from suffering asthma symptoms
and using asthma medication during the 2 years of follow-up.
Interestingly, the NNT was 6 and 20 for children 5 and
12 years of age, respectively, suggesting that the treatment
offers added efficacy in younger patients due to their greater
tendency to present asthma symptoms and use medication.
Inherent limitations of retrospective studies notwithstanding,
two large real-life studies using data gathered from prescription
databases also evidenced the efficacy of grass tablets”' and birch
AIT (both SLIT and SCIT)* in decreasing the risk of asthma-
medication use in children and adults with allergic rhinitis.

AIT efficacy in mild-to-moderate asthma

The largest body of evidence on AIT for asthma draws its data
from children with mild-to-moderate asthma. Several meta-
analyses and systematic reviews support the use of AIT in
asthmatic children,®®!3*3% though others point to a lack of
consistent findings justifying its use.>*3%* Despite such discrep-
ancy, all reported significant methodological difficulties in
pooling data, affecting their ability to arrive at robust conclu-
sions. An absence of validated®*** and/or clinically meaningful
outcomes®® and the inability to include all suitable studies in
statistical analyses due to unavoidable outcome differences®®3¢*
are among the most relevant hurdles mentioned.

Illustrating some of the previously mentioned issues, in the
most recent EAACI meta-analysis,%” only 6 out of 13 studies
meeting the inclusion criteria established by the authors
provided data that could be pooled and qualified for quanti-
tative synthesis of efficacy. These 6 trials (Table 4) differ
substantially in the allergens studied (2 grass, 3 HDM, 1
Alternaria), the intervention duration (6 months to 3 years),
route of administration (SLIT and SCIT), and in the AIT
product (all different, though two studies used an HDM
extract from the same company, one in tablet form (according
to the authors),?®> and the other in drops.>*®

Regarding the outcome selected to reflect efficacy, none used
exacerbation-related or asthma-control outcomes as a primary
end-point, this despite current recommendations in the EMA
guidelines for the development of asthma treatment products.>®’
It can be argued that these 2 clinically meaningful variables may
not be sufficiently sensitive for detecting changes in mild-to-

moderate asthmatic subjects because exacerbations in these
patients occur less frequently than in severe asthmatics. How-
ever, the preferred primary outcome of efficacy is usually some
sort of symptom score (SS), medication score (MS), or a
combination of these (Table 4). Great discrepancy is seen in the
definitions of these two variables, likely as a result of the lack of
standardized, validated SS and MS. For the SS, Roberts
et al.*® evaluate 5 items and address difficulty with exercise, a
proven marker of uncontrolled asthma in children,*®® while
Kuna et al.*”® only use 3 clinical variables and do not include
exercise performance. Among authors distinguishing between
day- and nighttime symptoms, Lue et al.>*® use the same 4-point
scale without offering a detailed description of what should be
considered mild or severe, while Stelmach et al.’”' describe
severity of daytime symptoms as the impairment of daily
activities and for night symptoms use nocturnal awakenings as
the main rating criterion. There is a similar lack of consensus for
MS; indeed, some studies do not clearly report the scoring
system used>®33% or different points are assigned for the same
drug throughout all studies (Table 4). Though these differences
do not impact the internal consistency of each trial, they are
detrimental to the value of their pooled data.

In light of the limitations of meta-analyses, approaches
focusing on single-product studies may hold promise. The
pivotal study by Virchow et al.,*** conducted in a population
of 834 adults, showed the efficacy of a sublingual house dust
mite (HDM) tablet in reducing the risk of moderate-to-severe
asthma exacerbations compared to placebo. Similarly, a
previous study using the same product'*® offers evidence of
its efficacy in reducing the use of inhaled corticosteroids in
mild-to-moderate asthmatic patients. The findings of these two
studies were sufficient to be included in the GINA guidelines as
an add-on therapy for mite allergic asthma,*’* a milestone not
achieved before.

One of the most widely cited classical studies of pediatric
patients showing no effect of AIT on asthma is that of
Adkinson et al.,>* in which 121 children with moderate-to-
severe asthma were randomized to receive active SCIT or
placebo. The results failed to demonstrate an improvement in
the primary outcome (medication score) and in the secondary
end-points (symptom score and methacholine sensitivity). A
potential explanation for this result is that in most cases the
subjects received mixtures containing up to 7 allergens, which
likely prevented the individual therapeutic doses for each of
them from being reached. Another large DBPCRT showing no
efficacy is the one carried out by Pham-Thi et al*®® in a
population of 111 HDM asthmatic children undergoing high-
dose SLIT. After 18 months, actively treated subjects did not
exhibit significant improvement compared to children receiving
placebo in terms of symptom scores, use of medication, or lung
function. In the words of the authors, factors which may have
precluded significant differences were the underpowered nature
of the study and the inclusion of patients with very mild asthma.

Acknowledging that negative results can be attributable to a
lack of effect of therapy, most DBPCRTs confirm the efficacy of
AIT in different asthma outcomes. The steroid-sparing effect of
AIT was proven in the study by Zielen et al.’”® conducted in a
cohort of 65 HDM GINA II and GINA III asthmatic children.
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Table 4 Detailed information on design and outcome definition in clinical trials including only children in the 2017 EAACI meta-analysis
(DHAMI2017)

Intervention: extract
and treatment duration

Participant

Author, year  characteristics Definition of primary outcomes and secondary asthma-related outcomes

HUI 2014 90 mild to SCIT, Alutard SQ Primary outcome: not clearly stated
(A) moderate HDM (D.pt), 36 months Mean daily dose of ICS: scheduled reductions every 3 months if asthma controlled (no asthma
asthmatics, 5— symptoms over the previous 6 months)
14y SS: daytime symptoms: 0-3 (0 for no symptoms to 3 for enduring symptoms affecting routine activity);
nighttime symptoms: 0-4 (0 for no symptoms to 4 for sleeplessness)
Other variables: PEF
ROBERTS 39 moderate to SCIT, Alutard SQ Primary outcome: asthma symptom-medication score
2006 (A, B) severe grass- (grass pollen), 2 y SS: for 5 variables (wheezing, coughing, shortness of breath, tight chest, and breathing problems while
pollen exercising), score 0-3 for each symptom (0 for no symptoms to 3 for severe symptoms)
asthmatics, 3— MS: SABA: 0.5 points/dose; Budesonide: 50 pg 0.5 points/dose; Salmeterol: “budesonide score
16y doubled”; Oral prednisolone (dose not stated): 20 points/day
Other variables: bronchial provocation test, allergen titration, lung function, sputum eosinophilia, and
FeNO
LUE 2006 20 mild to SLIT, Staloral (D.pt, D.  Primary outcome: not clearly stated
(A, B) moderate HDM far), 6 months SS: daytime symptoms: 0-3 (0 for no symptoms to 3 for severe symptoms); nighttime symptoms: 0-3
asthmatics, 6— (0 for no symptoms to 3 for severe symptoms)
12y MS: budesonide, SABA, oral prednisolone as rescue medication (recorded). Details of scoring system
not provided
Other variables: FEV1 and PEF variation
PHAM-THI 111 mild to SLIT, “Stallergenes Primary outcome: SS (nocturnal and diurnal) and number of asthma-free days
2007 (A) moderate HDM tablets” (D.pt, D.far), ~ 88: daytime symptoms: 0-3 (0 for no symptoms to 3 for severe symptoms); nighttime symptoms: 0-3
asthmatics, 5— 18 months (0 for no symptoms to 3 for severe symptoms)
15y MS: SABA, Budesonide and prednisone tablets allowedDetails of scoring system not provided
Other variables: use of inhaled corticosteroids, asthma-free days (when SS = 0 and MS = 0), QolL,
PEF
STELMACH 50 mild to SLIT, Staloral (grass Primary outcome: SS and MS reductions
2008 (A) moderate grass pollen), 2 y SS: daytime symptoms: 0-3 (0 for no symptoms to 3 for symptoms that affected two or more daily
pollen activities); nocturnal awakenings: 0-3 (0 for no symptoms to 3 for disturbed sleep all or most of the
asthmatics, 6— night)
17y Medication score: use of SABA 0-3 (0 if not used, 3 for more than 3 times used a day)
Other variables: FEV1, FEF25-75%, PEF
KUNA 2011 50 mild to SCIT, Alergopharma Primary outcome: combined symptom medication score (sum of symptom and medication scores)
(B) moderate (Alternaria), 3 y SS: for 3 variables (cough, wheeze, and dyspnea), score 0-3 (0 for no symptoms to 3 for severe, hard-
alternaria to-tolerate symptoms interfering with daily activities and/or sleeping)

asthmatics, 5— MS: SABA 1 point (unclear if per use or per day), budesonide 6 points, Montelukast: 6 points, 5 mg.
18y Prednisolone: 4 points

Other variables: asthma symptoms VAS, QoL

A, included in symptom score forest plot; B, included in medication score forest plot; D. f, Dermatophagoides farinae; D. pt, Dermatophagoides pteronyssinus; FEF 25—
75%, forced expiratory flow at 25-75%; FeNO, fraction of exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; LABA, long-acting
beta agonist; MS, medication score; PEF, peak expiratory flow; Qol, quality of life; SABA, short-acting beta agonist; SCIT, subcutaneous immunotherapy; SLIT,
sublingual immunotherapy; SPT, skin-prick test; SS, symptom score; vy, years, HDM, house dust mite.

Subjects included in this research received subcutaneous

. . . . . AIT efficacy in severe asthma
immunotherapy over a 2-year period with an allergoid contain-

ing 7 and 6 ug of Der p 1 and Der p 2, respectively, per
maintenance dose, with actively treated subjects experiencing a
significant dose reduction of inhaled fluticasone; this steroid-
sparing effect was later supported by the findings of Hui et al.>”
In two different DBPCRTSs performed in grass-allergic asth-
matic children over 2 years, the use of high-dose AIT, that is,
SLIT*! and SCIT,*®® proved its efficacy to reduce symptom
scores among the active group compared to placebo.

In sum, although several other DBPCRTSs provide evidence
of efficacy in reducing symptom scores’8:321:366.370.374-376
asthma-medication scores,**!3¢37%377 o the combined symp-
toms and medication score,®>3%%36%378 (he evidence base on
AIT for pediatric allergic mild-to-moderate asthma is not
optimal.

It has been found that AIT produces the best results in
patients with more severe allergic rhinitis,>” and the same
could be expected with asthma. However, evidence concerning
AIT efficacy in severe asthma is quite limited because asthma
is one of the most frequently reported risk factors for systemic
reactions with SCIT,%**% especially when uncontrolled.®'-%2
This experience gathered from clinical trials and real-life
reports consistent with these findings were included in clinical
guidelines, leading severe asthma to become an absolute
contraindication for AIT administration for several years.
These have since been revised, and currently, only uncon-
trolled asthma is an absolute contraindication, while con-
trolled severe asthma has been downgraded to a relative
contraindication.*%3
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Due to the difficulties in performing clinical trials in children
and the relative to absolute contraindication of AIT in severe
asthma, very few studies have been carried out in this field. One
noteworthy exception supporting the efficacy of AIT in this
complex population is the work of Tsai et al.*® who
randomized 40 moderate-to-severe persistent asthmatic chil-
dren (5-14 years) to receive an HDM extract subcutaneously
or standard therapy (controls). After 6 months of follow-up,
no systemic reactions were recorded, and although both groups
significantly improved compared to baseline, only actively
treated subjects experienced greater improvement in symptom
and medication scores (p < 0.01).

To minimize risk, different treatment approaches have been
proposed for these patients,”®® such as the use of allergoids,
which have a safer profile than natural depot extracts,®’ or
sublingual immunotherapy, due to its extraordinarily good
safety profile.3*°

However, more attention has been given to omalizumab as
pre-co-treatment. Massanari et al.**®published a DBPCRT to
evaluate the effect of omalizumab on the tolerability of SCIT in
248 adults with at least moderate persistent allergic asthma
according to GINA. Fewer patients on omalizumab experienced
systemic reactions compared to those receiving placebo (13.5%
vs 26.2%, p = 0.017), and treated patients experienced fewer
respiratory-related systemic reactions (6 vs 24 out of 17 and 32
systemic reactions in active vs placebo, respectively), lending
further evidence of the protective effect of omalizumab, though
without providing any information on the efficacy of AIT.

Omalizumab was successfully used in a cohort of 17
pediatric patients (7-18 years) with severe uncontrolled allergic
asthma,®®” enabling 5 patients to resume AIT after the therapy
was discontinued due to adverse events, and the 12 remaining
subjects safely started a new treatment course. Additional
evidence supporting this protective effect was obtained from a
study of 6 severe persistent asthma patients (11-21 years) in
whom short-term use of omalizumab (1 year) facilitated the
tolerance of a high-dose SCIT HDM extract.**®

Interestingly, after 1 year of use, omalizumab was discon-
tinued and patients remained on HDM SCIT for a total of
25.5 months, with 5 patients experiencing a highly relevant
clinical improvement in baseline severity and medication use.

Currently, the insufficient evidence on AIT in pediatric
severe asthma does not allow it to be recommended in daily
practice. However, when used alone or in combination with
omalizumab, AIT has been successfully administered by some
authors, thereby encouraging further research.

Discussion

Childhood is the most vulnerable stage of life, and several
ethical, economic, and methodological issues affecting all fields
of medicine have limited the number of randomized controlled
trials in this population,®® resulting in a meager set of efficacy
data. Pediatric investigation plans™® have been created to
address this situation, though application in the field of AIT
has sparked criticism.>*' Among other measurements, these
plans establish that pediatric trials should include a placebo
group and be performed only after efficacy and safety in adults

has been shown. The delay that these added trials would
provoke when approving a treatment with proven efficacy in
adult populations and the withholding of disease-modifying
treatment from the placebo group are the main obstacles to
replicating the way the best evidence is built for adults.

Some authors suggest the use of head-to-head, non-
inferiority studies in children to avoid use of a placebo group®
and thus lessen these difficulties. In different areas of medicine,
the creation of a core outcome set (COS) has been proposed to
avoid heterogeneity.**°

These proposals aim to define a number of outcomes that
must be measured and reported in all trials focusing on specific
conditions. Doing so would facilitate data pooling from
different trials while improving knowledge with minimum
waste and intervention. Though some initiatives have been
undertaken in the field of asthma,’**3** no AIT-focused
proposals have emerged thus far. Another potential alternative
for improving evidence while bypassing the burdens of
DBPCRT is to upgrade the relevance of pragmatic studies in
guidelines, as these studies are being successfully used in other
areas of asthma.?*>% Such real-world research is undertaken
in less stringently selected populations than in randomized
controlled trials and provide a measure of intervention
effectiveness that could complement evidence from more
conventional studies previously conducted in adults.

Although the available data support the efficacy of AIT in
pediatric asthma, this knowledge base would benefit from
greater robustness. Several factors such as underpowered
studies, heterogeneity of efficacy outcomes, lack of clear
clinical significance of end-points, and the use of different
products are the main limitations hindering the clinical value of
pooled analyses. Given the great challenges posed by the
prospect of conducting large randomized placebo-controlled
trials in pediatric populations, defining and universally imple-
menting a set of common efficacy outcomes may be advanta-
geous to future grouped analyses, and pragmatic clinical trials
designed for the pediatric population may further help fill in
the gaps in current evidence.
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Abstract

Geographic diversity across Europe is reflected in heteroge-
neous and complex pollen allergy phenotypes, which hinder the
implementation of harmonized intervention strategies. More-
over, sociological aspects—such as different health insurance
systems and associated reimbursement policies—strongly influ-
ence prescription approaches. In the Northern and Central
areas of Europe, patients usually have a relatively simple
phenotype compared to Southern European patients, especially
in Mediterranean dry areas. Here, patients show the most
complex profiles, which makes both diagnosis and intervention
strategies complex. In the last years, an increased repertoire of
new diagnosis tools that have shed light on allergic phenotypes
have been developed and are being progressively incorporated
in daily clinical practice. However, the relatively high cost and
the lack of insurance coverage in many countries create the
need to define optimized use of molecular tools and associated
diagnosis algorithms. Food allergies associated with previous
pollen sensitization are in progression and have a clear
geographic distribution.

Here, we review the European scenario of pollen allergies,
describing relevant pollen gradients, the effect on pollen-
allergic patients and the recommended allergy practices for
diagnosis and treatment. It should be considered as a helpful
tool for the daily management of pediatric pollen allergy.

There is a need of developing better intervention strategies for
polysensitized patients living in Southern European regions as well
as to determine the role of allergen immunotherapy as a potential
preventive tool in respiratory allergy and related food allergies.

Introduction

Pollen sensitization of allergic patients usually starts early in life.
Pollen-allergic respiratory symptoms appear normally after
other allergic manifestations (food allergy, atopic dermatitis,
etc.). Pollens, together with mites, are the leading respiratory
allergic sensitizers. The induction of sensitization by pollen
allergenic species will depend on the local pollen exposure
repertoire, and the sensitization profile will be, in most cases,
increasingly complex during the life of the allergic patient, both
in number of allergen sources recognized and in the number of
allergens recognized in the allergen source.’”® Early intervention

during childhood with allergen-specific immunotherapy (AIT),
based on its prevention potential, has a unique positioning
within pharmacological intervention options; however, AIT
intervention will be influenced by the pollen exposome of the
area, as well as different sociological aspects with marked
differences between Northern and Southern Europe.

In probably one of the most comprehensive molecular
sensitization studies performed so far,>"% where a significant
proportion of pediatric patients was included, there were no
significant differences in the complexity of sensitization
phenotypes between adults and children. One interesting
take-home message arising from these studies is that, in
southern areas, sensitization complexity was much lower than
perceived, with clear dominance of grasses and olive allergy in
most of the territory. Only in the Mediterranean border and
semi-desertic areas (as Murcia and Alicante), patients dis-
played sensitization profiles with no clear pollen dominance.
This last area is the only area with a very complex sensitization
profile and multiple relevant pollen species, such as Salsola,
Parietaria, Cupressus, Artemisia, or Platanus. 00401

Allergic patients living in Northern and Central Europe present
as well a complex sensitization profile. Usually, grasses and birch
pollen allergy dominate the allergy sensitization landscape, but in
contrast to grasses and olive pollen, which have coincident pollen
seasons, grasses and birch have differentiated pollen seasons.
Moving to Central Europe and especially to the East, other allergies
—in particular Ambrosia, Artemisia, and ash tree pollen (which is
almost identical to olive)—appear. In fact, in a study similar to the
previous ones (Barber et al unpublished), allergic patients from
Vienna presented sensitization clusters not very different to the
ones found in Spain. However, perceived complexity might vary for
different reasons. One of the most confounding factors is the
sensitization prevalence to pan-allergens, especially profilin and
polcalcin. Sensitization to polcalcin is normally lower than 10% in
all studied areas. However, sensitization to profilin ranks from 5%
to 60%, being strongly associated with the intensity of grass pollen
counts in the area.*” In the last decades, a progressive increase in
profilin  prevalence among pediatric patients has been
reported.**>4% Interestingly, clinical reactivity to profilin is a good
model to understand how differential exposure levels to pollens
may lead to a diversity of clinical phenotypes, with effect in T-cell
reactivity,*® barrier disruption,**® and systemic biomarker signa-
tures.**® We need to understand how these differences in allergen
exposure levels affect pediatric patients, and how early intervention
may stop disease progression to severe phenotypes later in life. A
better understanding of these dynamics will allow new biomarker
strategies to define AIT intervention.>

Following adequate diagnosis algorithms, and a combina-
tion of in vivo and in vitro methods—which may include
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molecular allergology tools—are mandatory for deciding AIT
intervention strategy in pediatric-allergic patients**’ . A com-
prehensive clinical guide for allergy diagnosis has already been
published." Properly diagnosing children will lead, with a
careful anamnesis, to the determination of clinically relevant
allergies, which should constitute the basis for AIT prescrip-
tion. We will thus analyze the different aspects for AIT formula
selection in base to known geographic differences across
Europe.

Clinical aspects to consider for prescribing AIT to pollens

AIT of pollens in children aims to reduce rhinoconjunctivitis
and asthma during and after AIT discontinuation. In the last
years, extensive clinical trials programs performed in adults
and children with sublingual tablets have allowed to establish
that the effect (around 30% reduction in symptoms and
medication scores) is similar in both age groups,*®® that it is
allergen-specific, and that a vaccine with a particular allergen
has no clinical effect in allergic symptoms caused by unrelated
species.*” There is as well clinical evidence on the tolerability
of two simultaneous vaccines.*'® With regard to secondary
prevention in allergic children, this has been clearly proved in a
prospective five-year study, where grass-allergic children suf-
fering from rhinitis were treated sublingually aiming to prevent
asthma.®® Tt has been recently elucidated the sequence of
immunologic mechanisms associated with early, persistent, and
sustained effect, providing scientific support for continuous
administration of AIT for at least three consecutive years.*!!
Briefly, early effect is linked to desensitization mechanisms of
effector cells. A progressive development and fixation of a
memory T-cell regulatory response are linked to long-term and
sustained effect (at least two years after AIT cessation).

The EAACI Guidelines on Allergen Immunotherapy® in
allergic rhinoconjunctivitis summarize the above-mentioned
evidence and recommend best AIT practices. Documented
evidence supports single-allergen vaccines when possible, or the
use of two simultaneous vaccines. The duration of the therapy,
either SLIT or SCIT, is recommended to be three years to
achieve sustained effect. This aspect has been recently reviewed
as well by Penagos et al.”®

For regulatory reasons, clinical trials on pediatric patients
are performed after first evidence in adults; thus, the evidence
arising from pediatric trials is lower. However, combined
experience performed on the trials for grass sublingual tablet
registration both in adults and in children supports similar
clinical effect and underlying mechanisms.*'?

In the last two decades, multiple big clinical trials have been
performed both in adults and in children supporting the global
clinical development of allergen immunotherapy tablets. The
joined analysis arising from these studies supports efficacy in
allergic rhinitis both in adults and in children. Moreover, a
significant proportion of patients included were polysensitized
with similar clinical effect.*'® This fact indicates that selecting
clinically relevant allergens is pivotal for AIT clinical benefit.
The same authors state that SLIT tablet therapy has superior
or similar efficacy compared to conventional pharmacotherapy
for seasonal rhinitis.

A comprehensive view of the body of evidence of pollen AIT
is summarized in a recent publication on the pharmaceutical
development of the first globally registered AIT product.*'*

Maijor allergen sensibilization and AIT selection

Major allergens of an allergenic pollen are defined as the
protein components that sensitize most of allergic patients to
that pollen. In most of the pollen species (grasses, birch, olive,
etc.), major allergens sensitize more than 90% of the allergic
patients. These proteins are normally the most abundant
proteins in the pollen extract. The biologic standardization
procedure for allergy vaccines manufacturing uses a serum
pool obtained by mixing a limited serum repertoire of allergic
patients. The sIgE of major allergens dominates the sIgE
content of the pool. Based on specific potency assays, using this
pool, a biologic potency is assigned to a vaccine. In addition,
the content of the major allergen is measured.

The clinical development program of a vaccine is adjusted to
major allergen dose. In many cases, minor allergens will be
pan-allergens (profilins, polcalcins, nsLTPs, glucanases, etc.).
Patients sensitized only to species-specific minor allergens are
rare and no clinical evidence of the effect of AIT on them is
available. Moreover, dose of minor allergen can greatly vary
from batch to batch of the same manufacturer or between
different manufacturers. Barber et al**? described that in areas
of very high olive pollen exposure, 5% of the patients were
monosensitized to Ole e 7. The ratio of Ole e 1 (the major olive
allergen) and Ole e 7 in a vaccine might be between 2,2 and
50,*'” meaning a high variability in the administered dose, that
is mostly adjusted to major allergen dose.

For all these reasons, patients that are not sensitized to the
major allergen of a particular allergen source should not be
considered eligible for AIT, unless products controlled in
minor allergen dose are available.

Simple sensitization areas

As previously mentioned, in an important part of European
territory a limited number of pollen species dominate clinical
allergic pollen phenotypes. This is the case of areas dominated
by grass pollen, the combination of grass and birch pollen or
grass and olive. In epidemiological studies performed in
Spain,*® in the areas dominated by grass and olive pollinosis,
patients sensitized only to grasses, olive, or the combination of
both cover up to 95% of pollen-allergic patients. It seems that
the immune systems of allergic patients do not react to other
pollens present at much lower pollen count levels.

Clinical trials performed with allergic patients resident in
these areas support the equal efficacy level of single-allergen
vaccines in mono- or polysensitized patients.® In fact, the
molecular profile analysis of 1905 patients included in pivotal
clinical trials for grass tablet immunotherapy registration in the
United States revealed that 85% of the patients included in the
trial were polysensitized.”®

As a consequence, simple diagnosis/therapy algorithms
(Figures 10-12) can be suggested for the diagnosis/treatment
of pollen-allergic patients resident in these areas.
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Pollen dominant allergies: -Season of symptoms
-Clinical findings (rhinitis, asthma, food allergy..)
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Figure 10 Suggested algorithm for areas with high exposure to grasses and birch pollen

SOUTH EUROPE: Clinical history:

Pollen dominant allergies: -Season of symptoms

Grass and Olive -Clinical findings (rhinitis, asthma, food allergy..)

{ SPT and or IgE test J
Single Allergen positive response Various positive tests
Frequent dominant pollen allergies:
-Grass
-Olive

Component resolved diagnosis and correlation with clinical
history (recommended panel: Phl p1/5, Ole e 1, Phl p7, Phl p 12,
Parj2,Cupail,Artvi,Salk1,Plaal/2, Prup3,Ambal)

| |

Phl p1/5+ Phl p1/5+ Phl p1/5- Phl p1/5-
Profilin+ Olee 1+ Olee 1+ Ole e 1-
Others + Others+ Others + Others +/no IT

Single allergen AIT
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Olive AIT AIT

Figure 11 Suggested algorithm for areas with high exposure to grasses and olive pollen. Different major and specific major allergens for Parietaria,
Cypress, Artemisia, Salsola, Platanus acerifolia, and Ragweed are included in the algorism, as representative of frequent local pollens.
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Figure 12 Suggested algorithm for areas with three clinically relevant pollen species

Extreme exposure areas

In single-allergen-dominated areas, there are spots of extremely
high exposure. These areas have been extensively studied in the
case of olive and grass pollen.*7#4403418 patients exposed to
very high pollen levels show a more severe clinical phenotype
with particular clinical characteristics. Two areas in Spain—
Jaen/Cordoba for olive pollen and Extremadura for grasses—
have been identified so far. The best intervention strategy for
this type of severe phenotypes is not established. Affected
patients have particular clinical characteristics, such as severe
profilin-induced food reactions or sensitization to Ole e 7 as
markers for clinical severity.

Other extreme exposed areas can be identified, as Sicily for
pellitory, some areas of Finland for birch, or Barcelona for
Platanus acerifolia. Specific patient characteristics need to be
further investigated.

Complex sensitization areas

While in many areas of Europe pollens such as grasses,
birch, or olive dominate pollen exposome, in other areas
there is no clear pollen dominating allergic sensitization.
These areas are normally relatively dry (southeastern part of
Spain, southern Italy, or southern Greece, for example), and
patients show complex and variable sensitization profiles.**
As opposed to the other areas, it seems that, in the absence
of a dominant pollen, patients get sensitized to multiple
pollens that are present at relatively low concentrations. As a
consequence, patients are often polysensitized to multiple
pollens and pan-allergens. In an epidemiological molecular
study, it was demonstrated that patients sensitized

simultaneously to both pan-allergens (profilin and polcalcin),
duplicated the real number of sensitizations to major
independent allergens, and showed more years of disease
evolution.**

There is a lack of clinical trials performed in these types of
patients. Therefore, no clinical recommendation for AIT
intervention can be provided.

It is known that allergy in children will start with a limited
number of sensitizations.>>? Early intervention studies and
their potential effect in stopping allergic spreading might be an
obvious target for clinical trials in pediatric-allergic patients
living in these areas.

Pollen food-allergic phenotypes

A significant proportion of children with pollen respiratory
allergy develop food-related allergy. Mastrorilli et al*!®
described that 24% of children with pollen allergy presented
simultaneously food allergy associated with profilins, PR10,
and LTPs. Moreover, a significant proportion presented
simultaneous sensitization to more than one pan-allergen with
a more severe phenotype. These authors proposed five classes
of patients with different combinations of sensitization to the
three pan-allergens families. As a consequence, a careful
evaluation of food allergy phenotype in pediatric patients is
advisable.

PR10 and Profilins

Food allergies linked to pollinosis dominate food allergy
phenotypes in food-allergic adults. Cross-reactive allergens
between pollen and foods trigger these phenotypes''¥#!
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Three protein families, PR10, profilins, and non-specific lipid
transfer proteins (LTPs), are responsible of these phenotypes.
PR10 allergy is triggered by previous sensitization to birch pollen
major allergen Bet v 1. Profilin is present in all pollens, but food
allergy mediated by profilin is strongly associated with grass
pollen counts and is increasingly relevant with the increase of
grass pollen exposure levels.**”** The evidence of the potential
role of AIT as a therapeutic or preventive strategy for PR10 or
profilin-mediated pollen food allergy syndrome in children is
inconclusive. There is a lack of adequate clinical trials focused on
pediatric patients with pollen-associated food allergy.

Non-specific Lipid Transfer proteins (LTPs)

LTP allergy is an increasingly common allergic syndrome.*'¢ It

affects Southern European countries to a greater extent, but its
prevalence is also increasing in North and Central Europe.*?
Peach LTP, Pru p 3, is the leading LTP sensitizer. There are
cross-reactive pollen food LTPs,*! and, in fact, in areas with
high exposure to cross-reactive pollen LTPs, such as Artemisia
in Canary islands or Platanus acerifolia in Barcelona, LTP-
allergic subjects present a more complex phenotype.**

Sensitization prevalence in pediatric patients is higher than
in adults. In an epidemiological survey performed in pollen-
allergic patients,®*”*%® the prevalence of sensitization to LTPs
in children was 22%, duplicating the prevalence in adults. If we
consider that pollen allergy prevalence is around 20-25%, these
numbers mean that up to 5% of children living in the south of
Europe are sensitized to LTPs.

The cross-reactivity of Pru p 3 with pollen LTPs, and its
high prevalence, recommends that SPT (skin prick test) Pru p 3

diagnosis could be routinely tested in respiratory allergy. This
would allow to identify Pru p 3-sensitized children that cross-
react to other pollens with cross-reactive LTPs, as Artemisia or
Platanus. Art v 3 or Pla a 3 sensitization in the absence of Art v
1 or Pla a 1 or Pla a 2 recognition is normally associated with
Pru p 3 sensitization. Pru p 3 sensitization in the absence of
food allergy should be considered a mere risk factor and should
not lead to food avoidance measures. There is a commercially
available peach diagnostic with a good sensitivity/specificity
profile available, that is a Pru p 3-enriched peach peel extract
with very low content of other allergens (PR10 and profilin).3*®

In principle, intervention strategies in LTP food-mediated
allergy should be based on Pru p 3 intervention. There are
successful clinical trials in LTP allergy using a Pru p 3-quantified
peach extract vaccine.**>*** Moreover, Pru p 3 vaccines have a
clinical benefit in other LTP-mediated reactions (such as peanut
Ara h 9).*” This vaccine is commercially available in a limited
number of countries. Availability and accepted indication of AIT
extremely vary across Europe, from Countries such as the UK,
where AIT is publicly funded generally only for severe hay fever
impacting significantly on quality of life despite maximum
medication treatment, to other countries such as Spain where
AIT is extensively used on a named patient basis in milder cases.
Finding an adequate balance in allergen extract regulation across
Europe is urgently needed..”>***

Sociological aspects in the prescription of AIT to pollens

There are fundamental differences in the health reimbursement
systems for AIT across Europe. While in Northern/Central
Europe, AIT is practically fully covered, in Southern countries

SOUTH EUROPE:

No dominant-pollen Areas -Season of symptoms

Clinical history:

-Clinical findings (rhinitis, asthma, food allergy..)

[ SPT and or IgE test ]

Single Allergen positive response

!

Various positive tests

Component resolved diagnosis and correlation with clinical
history (recommended panel: Php1/5, Ole e 1, Phl p7, Phl p 12,
Parj2,Cupal, Artv1l,Salk1, Plaal/2, Prup3, Ambal)

Select a maximum of three allergens for AIT (consensus workshop). There are important regional
differences in the clinical relevance of the different allergens. (eg. Parietaria in Italy and Greece,
Salsola in SE Spain, Cypress in central Spain, Platanus in Barcelona, Ragweed in North Italy). No

clear AIT _reccomendation in the guidelines

Single allergen AIT

Figure 13 Suggested algorithm for areas with no dominant pollens. Whenever possible a maximum of two allergens should be formulated. There is
a consensus of a working group (37) supporting the use of three allergens, but there is no clinical evidence supporting this practice.
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this coverage greatly varies from one country to another. In
general, AIT is only partially covered. As a consequence, the
option of using simultaneously two individual vaccines in
polysensitized patients is normally not feasible.

Trying to overcome this fact, an interesting approach has
been a discussion following the Delphi method to explore
consensus based on expert opinions, carried out by a panel of
sixty-two Spanish allergists. Using this approach, a clear
consensus was met in the diagnosis and intervention strategies
for selecting AIT approach dealing with two main Spanish
pollen sources (grasses and olive). Interestingly, for real
polysensitized patients (those sensitized to more than two
major allergens of non-related species), it was not possible to
reach a consensus, exemplifying the difficulties of intervention
approaches with this type of patients.**

As an outcome of this work, the panel reached consensus in
several points: 1. SPT is not enough for accurate diagnosis. 2.
Molecular diagnosis is useful when the relevant molecules are
available. 3. AIT should be always evidence-driven. 4. Clinical
records and knowledge on allergen exposure in each area are
essential to select AIT composition. 5. Do not mix more than
three components in a single vaccine. 6. Each vaccine should
have its own clinical evidence.

Subcutaneous or sublingual?

Current scientific evidence supports both administration routes.
In a recent study, a direct comparison between the best
documented subcutaneous and sublingual vaccines for grass
allergy demonstrated similar efficacy.'> Moreover, in this
study, two years of administration for any of the two admin-
istration routes were not enough to induce sustained benefit,
supporting three years of administration, as previously men-
tioned. Sublingual AIT, however, shows a better safety profile.
This fact is a clear advantage for pediatric administration,
although adherence—especially in adolescents—is questioned.

Election between the two routes should be based on
sociological aspects, on the documentation level and allergen
availability in the vaccines (which vary from one allergen to
another) and the potential foreseen compliance of the patient.

Selection algorithms

These algorithms should be used together with other tools.
When possible, a detailed knowledge of local aerobiology is
advisable. Molecular epidemiological studies, if available, can
identify the relevant pollens in the area.*®® E-Diaries**® have
been as well proposed to discriminate clinical relevant from
clinically irrelevant sensitizations in genuinely polysensitized
patients, in particular for non-overlapping pollens. On the other
hand, nasal/bronchial/conjunctival provocation tests could be
helpful to discriminate overlapping pollens, but there is limited
access to quality extract for provocation in many Countries, and
multiple testing in pediatric patients might not be feasible.

In Figures 10-13, potential algorithms for AIT formula
election are shown. As previously discussed, for AIT selection
sensitization to major allergens and link to clinical sensitization
relevance is needed.

Key considerations for clinical practice

® Consider AIT only for clinically relevant allergic
sensitizers
If possible, use single allergen vaccines

e [f single allergen vaccines cannot cover clinically
relevant allergens, consider a maximum of three
allergens.

® Select products with documented clinical evidence
(safety/efficacy)

® Maintain the therapy for three years
Routes of administration should be considered based
on sociological aspects (compliance, etc.)

® Use the adequate diagnosis algorithms including
molecular diagnosis

Figures 10 and 11 show the simplest pollen areas. In these
areas, there are always one or two dominant pollen allergies.
Even if the patient is sensitized to other allergens, these pollens
will dominate clinical phenotypes and should be the therapeu-
tic preferred option.

In Figure 12, an area with three dominant pollens is
exemplified. Selection criteria for AIT are more complex, and
clinical anamnesis should guide the selection, especially if
pollen seasons are not coincident. The same criteria could be
applied to other areas with three dominant pollens, such as
central areas of Spain, for example, Madrid, with grass, olive,
and Cypress.

Figure 13 reflects a different scenario. In these areas, there
are multiple potential pollens, and it is difficult to identify a
clinically dominant sensitization. Molecular diagnosis tools are
needed, and optimum intervention approaches are to be
defined. There is a strong local variability. For example,
Platanus allergy is very relevant in Barcelona, while Salsola is
the leading allergy in Alicante or Murcia. Parietaria is probably
the most relevant pollen clinically in many parts of Italy and
Greece. Adaptation of diagnosis algorithms to each particular
region is recommended. Epidemiological studies and building
of sensitization maps*® are recommended as valuable tools to
identify relevant local allergens.

These algorithms are set to provide orientation. More
detailed use of molecular diagnosis and associated algorithms
strategies can be consulted in EAACI Molecular Allergology
User’s Guide. In general, the clinical relevance of a pollen will
be linked to the duration and intensity of the pollen season.
Besides, pollen sensitization should always be evaluated in the
overall sensitization profile of the patients. It should be
considered that other sensitizers—especially perennial allergens
such as mites, Alternaria or epithelia—often dominate children
allergic phenotypes.

Conclusions

The clinical management of pollen-allergic patients presents
many common features, as well as marked differences caused
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by the intensity, duration, and complexity of the different
pollen gradients.

There is no easy way of predicting the interaction between
different pollen gradients and allergic patients in a particular
territory, meaning that sensitization epidemiological studies as
the one performed in Spain®”**® would be needed to under-
stand sensitization dynamics.

In the last years, different epidemiological studies, focused
on sensitization patterns, have shed light on this complexity,
allowing the identification of different allergic phenotypes.

While most clinical trials have been focused on main pollen
allergies in patients resident in areas with relatively simple
phenotypes, there is a need to explore best intervention
approaches in polysensitized patients living mostly in Mediter-
ranean areas.

Food allergies associated with previous pollen sensitization
seem to be in progression, both in prevalence and in severity.
AIT intervention may be a logical strategy to prevent food
allergy development. Specific food allergy prevention studies
should be carried out in pediatric patients

Early intervention strategies, with a focus on secondary
prevention, appear as the most promising option for allergy
disease management

With the generalization of optimized diagnosis strategies
using molecular allergology, we have started to understand
patient sensitization dynamics and set the basis for future
research.

The diversity of allergic phenotypes makes these types of
allergy an unattractive business case for pharmaceutical
companies. Researcher-driven collaborative studies are prob-
ably the best option for improving etiological management of
complex allergic patients.
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Abstract

House dust mite (HDM) allergens are the most relevant
inducers of allergic disease worldwide. Furthermore, HDM is
the most relevant persistent allergen in childhood. Allergen
immunotherapy (AIT) to HDM is one of the most useful tools
available for treating respiratory disease due to HDM allergy.
It is a long-time treatment option for patients suffering from
allergic respiratory disease; however, it remains underused in
the pediatric population. To improve knowledge on
immunotherapy, the European Academy of Allergy and
Clinical Immunology has been working on guidelines to
homogenize recommendations with regard to AIT in children
and adults.

The aim of this review was to highlight the importance of
HDM allergy in children and to summarize current evidence of
HDM AIT for the treatment and prevention of allergic disease
in childhood.

The clinical efficacy of HDM AIT in allergic rhinitis is well
established. Broad evidence has shown that it results in a
reduction of symptoms and medication use, especially in
children experiencing moderate-to-severe symptoms despite
appropriate pharmacotherapy. The benefits of AIT in allergic
asthma are also well known, being particularly suitable for
patients with persistent asthma, normal lung function, and
concomitant allergic rhinitis. No evidence suggests AIT wors-
ens eczema or induces more frequent exacerbations.

Allergen standardization is of the upmost importance in
pediatric population to ensure effective and safe therapies. The
outcomes for future clinical trials need to be clearly defined and
standardized. With the use of precision medicine and e-health
knowledge, AIT could be prescribed in a more individualized
manner, hence improving adherence.

Abbreviations

AA — allergic asthma

AD - atopic dermatitis

AIT — allergen immunotherapy

AR - allergic rhinoconjunctivitis

ARIA — Allergic Rhinitis and its Impact on Asthma

DBPC — double-blind placebo control

EAACI - European Academy of Allergy and Clinical
Immunology

GINA — Global initiative for asthma guidelines
HDM - house dust mites

QoL — quality of life

SCIT - subcutaneous immunotherapy

SLIT - sublingual immunotherapy

SPT — skin prick test

Key words

House dust mite, allergen immunotherapy, asthma, rhinitis,
children

Introduction

House dust mite (HDM) allergens are the most relevant
inducers of allergic disease worldwide. Mite allergens sensitize
genetically predisposed individuals and induce symptoms such
as allergic rhinoconjunctivitis (AR), allergic asthma (AA), and
atopic dermatitis (AD).*****” The most relevant HDM aller-
gens worldwide are the fecal pellets of species Der-
matophagoides  pteronyssinus, — Dermatophagoides  farinae,
Euroglyphus maynei, and Blomia tropicalis.**®

HDM allergy has a profound impact in pediatric patients
and their families” quality of life (QoL). A meta-analysis shows
that in patients with AR and AA, QoL is more affected in
individuals with HDM perennial allergy than in those suffering
from seasonal pollen allergies.*>” HDM allergy also comes with
an important economic burden in direct costs for disease
management and indirect costs due to high levels of absen-
teeism.*?

Advances in the knowledge of mite molecular biology, a
better understanding of proteins allergenic properties and
cross-reactivities, provide key information for the accurate
diagnoses and immunotherapeutic approaches that can target
HDM allergy.**

Allergen immunotherapy (AIT) is a long-time treatment
option for patients suffering from allergic respiratory disease.
However, it remains underused in the pediatric population.
Children with allergic respiratory disease that is not controlled
by standard pharmacotherapy, including biologics, are an
important unmet need in everyday clinical practice. AIT could
benefit some of these patients, though comprehensive guideli-
nes that standardize and promote AIT use are needed.

The European Academy of Allergy and Clinical Immunol-
ogy (EAACI) has been working on guidelines to standardize
recommendations with regards to AIT in children and
adults.>® Furthermore, recent ARIA guidelines review path-
ways for the prescription of AIT and highlight the importance
of individualized care, persistence of symptoms despite appro-
priate medications, identification of relevant allergens, and
good-quality, efficacious extracts.**
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New approaches in respiratory allergic diseases such as
observing daily symptoms with mobile technology can help us
understand intra-individual variability of allergic multimor-
bidity and aid in the diagnosis and treatment of AR and AA.**°

The aim of this review was to highlight the importance of
HDM allergy in children and to summarize current evidence of
HDM AIT for the treatment and prevention of allergic disease
in childhood.

The importance of HDM allergy in childhood

The World Health Organization and the International Union
of Immunological Societies (WHO/IUIS) allergen nomencla-
ture subcommittee currently includes up to 65 D. pteronyssinus
and D. farinae allergens, as well as 14 allergens from Blomia
tropicalis.**' The serodominant groups are 1, 2, and 23 fecal
allergens for Dermatophagoides species.**

It is known that individual allergen components have
specific characteristics that allow them to contribute in
different ways to the overall allergenicity of the mite.**® The
main example is the group 1 allergens of Dermatophagoides
spp. named Der p 1 and Der f 1 for D. pteronyssinus and D.
farinae, respectively. These allergens are cysteine proteases that
can become enzymatically active and gain the ability to act as
adjuvants in Th2 inflammatory response.**>

Longitudinal studies confirm that HDM sensitization occurs
prior to polysensitization. Subjects with the broadest IgE sen-
sitization have significantly higher risk of mite-related AR and
asthma than unsensitized participants. Also, sIgE to Der p 1 or
Der p 23 at age 5 years or less predicted asthma at school
age 213

The moment in life a patient becomes sensitized is also
important. It has been proven that earlier sensitization to
HDM, specifically before 2 years of age, is associated with loss
of lung function at school age. The stronger the degree of
exposure to the HDM allergen, the more likely the child will
develop airway hyper-responsiveness. No such effects have
been reported with seasonal allergens.**>43*

The degree of sensitization is also relevant for different
allergic diseases. Asthmatic children sensitized to HDM rec-
ognized more allergens than non-asthmatic children with
HDM allergy. This is seen when comparing children with
HDM-allergic asthma and HDM-allergic children suffering
exclusively from allergic rhinitis. IgE levels to Der p 1, Der p 2,
and Der p 23 were significantly higher in asthmatic chil-
dren than in children without asthma.**®

Globally, it is known that over 80% of HDMe-allergic
patients are sensitized to group 1 and 2 allergens from D.
pteronyssinus and D. farinae species. Thus, it has been
suggested that a mixture of the two extracts made using both
feces and bodies can be appropriate in a large scale.*>® A more
personalized approach would be ideal, but is hard to achieve
due to higher costs in studies and production. The proper
understanding of HDM sensitization patterns in different
individuals will allow a more precise diagnosis and help
customize the immunotherapy that will best target each child’s
needs.

Allergy prevention and HDM AIT

It is known that children with AR have an increased risk of
developing asthma *7 and that AD and AR in childhood
correlate with AA persisting into adulthood.?®®> Thus, the
potential role of AIT in preventing the progression of allergic
disease has been an area of interest for decades.

Studies assessing the long-term effectiveness of AIT in
children with AR indicate that AIT might reduce the risk of
developing asthma. However, the preventive role of AIT has
been stablished for patients suffering seasonal pollen-driven
AR but not for those with HDM-driven disease.®’

For AR children sensitized to HDM, few studies have
evaluated long-term efficacy and possible prevention of
asthma. Longitudinal trials have been carried out using D.
farinae AIT drops in a Chinese cohort; however, they are
heterogeneous and lack clear outcomes.***

One of the most important weaknesses of most prevention
trials is the lack of concrete parameters by which asthma
outcomes will be measured. Studies to date are heterogeneous
and focus on demonstration of reversibility, active symptoms,
or use of medication. In order to safely and effectively
prescribe HDM AIT in children, the outcomes for future
clinical trials need to be clearly defined and standardized.®’

The potential preventive role of HDM AIT in healthy
individuals at risk of developing new allergic disease has also
been studied. In a proof-of-concept trial, oral AIT to HDM
given in infancy did prevent sensitization to other allergens.**
Nonetheless, no effect was seen in sensitization to HDM itself
and on the development of allergic diseases such as eczema,
wheeze, or food allergy.’”?

A recent study showed that patients treated preventively
with HDM AIT had higher 1gG4 epitope diversity to HDM
allergens compared to placebo with no change in IgE diversity.
These suggest a possible benefit in immunomodulation for
preventive AIT.>%®

More robust clinical studies are needed to stablish a true
prevention pattern. To date, there is no evidence to recommend
HDM AIT for the prevention of a first allergic disease in
healthy individuals.?’

HDM AIT routes of administration in children

HMD AIT products are commercially available via subcuta-
neous (SCIT) or sublingual (SLIT) administration. The later
can be either drops or tablets. Alternative routes such as
intralymphatic or epicutaneous have not been tested in a
pediatric population.’

AIT can be used in precision medicine as it takes into
account the different sensitizations and multimorbidty of each
individual child. Indirect evidence can support which patient
profile could benefit the most, from AIT such as those with
more severe and persistent allergy that can affect school
performance and educational milestones.**’

Allergen standardization is of upmost importance in pedi-
atric population to ensure effective and safe therapies. It is a
prerequisite for the production of reagents for allergen-specific
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diagnosis and intervention in allergic diseases to guarantee
potency, consistency in composition, and stability. 526

Recently, the Allergic Rhinitis and its Impact on Asthma
(ARIA) guidelines released evidence-based, simple care path-
ways for allergen immunotherapy prescription. It states that
AIT should be prescribed only by specialists and needs to be
individualized, based on the relevance of the allergen and the
persistence of symptoms despite adequate base medication.**
Extracts used must be of good quality and proven efficacy.””

To date, there is only one SLIT HDM tablet approved in
Europe, for adults aged 18 to 65 years. Important recommen-
dations for its use are as follows: (i) the patient should not have
had a severe asthma exacerbation within the last 3 months of
AIT initiation; (ii) in patients with asthma and experiencing an
acute respiratory tract infection, initiation of treatment should
be postponed; (iii) AIT is not indicated for the treatment of
acute exacerbations and patients must be informed of the need
to seek medical attention; (iv) HDM AIT should initially be
used as an add-on therapy to controller treatment and
reduction in asthma controllers should be performed gradually
according to management guidelines.®*#4

Several HDM SCIT products are available. There is
important heterogeneity between them in allergen extracts,
potency, adjuvants, and efficacy. General recommendations
when prescribing HDM SCIT in children include the following:
i) check prescription profile of AIT and match with patients
age and concomitant allergies, ii) make sure the patient asthma
is well controlled and assess with lung function test prior to
initiating SCIT, iii) a minimum of 30-minute observation in the
office is mandatory, iv) provider must have proper conditions
to administer SCIT, manage severe bronchospasm and ana-
phylaxis.®?

The standard course of both HDM SCIT and SLIT in
children is 3 years; little advantages are achieved with longer
therapies.>>%7

HDM AIT for treatment of allergic rhinitis in children

AIT is the only current treatment available that can have
disease-modifying effect; this aspect is of upmost importance in
children with AR. There is broad evidence of the clinical
efficacy of HDM AIT in treating AR. Both SCIT and SLIT
have been proven to reduce symptoms and medication use.?
See Table 5: Considerations in clinical practice.

HDM AIT should be considered in children experiencing
moderate-to-severe symptoms which interfere with usual daily
activity or sleep despite regular and appropriate pharma-
cotherapy.> AIT is not recommended for infectious or non-
allergic rhinitis.**’

A meta-analysis by EAACI highlights important hetero-
geneity in effectiveness between products.'® Thus, product-
specific evaluation should be made prior to prescription.’?

SCIT using unmodified or modified allergen extracts is
recommended for the treatment of perennial HDM AR in
children and provides short-term benefits.'"® Most data avail-
able are extrapolated from adult studies.’*>**! In the case of
HDM AIT, more studies are needed to evaluate long-term

Table 5 Key considerations for clinical practice

a Have knowledge of aeroallergen epidemiology in your
geographical region.

b Confirm clinical history of symptoms and exacerbations
when contact with HDM.

¢ Evaluate current clinical status including asthma control if
needed.

d Assess allergic status of patients (SPT, sIgE, component-
resolved diagnosis if needed).

e Make sure child is treated with appropriate pharmacother-
apy according to guidelines and avoidance measures when
possible.

effectiveness in children as well as exclusively pediatric
randomized, placebo-controlled data.'”

HDM SLIT tablet is recommended for the treatment of AR
in adolescents and adults.'>* There is low risk of systemic side
effects and studies have low heterogeneity.'® There is strong
evidence with regard to short-term efficacy up to one year.'>’
Longer treatment can be beneficial but is associated with more
side effects.'> Long-term benefit up to 3 years has been proven
in adults; a confirmatory pediatric study is needed.'>

There is no enough evidence to recommend SLIT aqueous
drops in AR treatment.*** This can be due to the different
allergen content and the volume administered in the drops.'®

For HDM AIT prescription, it is recommended to use single
allergen species or a mixture of well-documented homologous
allergens from the same biologic family.® The use of mixtures
of allergens of non-related biologic families is not recom-
mended.®” One small study using dual SLIT (HDM and grass
pollen) in children showed efficacy in treating patients with a
variety of sensitivities.***

There are limited trials that use HDM AIT in preschool
children, currently the age for beginning HDM AIT is 5 years.
The diagnosis of AR is more difficult to make at an early age
and special consideration can be given to children with clear
HDM-driven AR age 2-5 in specific cases. This could change in
the future if better prevention trials are carried out.?

Anti-IgE therapy has been used to reduce symptoms and
improve safety profile of AIT. There is no clear recommenda-
tion with regard to children with HDM allergy but could be
used in severe cases of AR and asthma. The appropriate
duration of the anti-IgE therapy is unclear.'**

When evaluating a polysensitized patient, the first step is to
determine if the allergy symptoms are triggered by a single
allergen (mono-allergic) or by multiple (polyallergic). In the
case of mono-allergic patients, HDM AIT can be prescribed
with a favorable outcome. In polyallergic patients, efficacy is
limited specially if the allergens triggering the symptoms are
not biologically related.> No studies have shown benefits in
AIT to multiple allergens in children.

HDM AIT for treatment of asthma in children

There is limited evidence that evaluates safety and efficacy in
HDM AIT for AA. Most studies were originally designed for
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AR and retrospectively analyze the impact on a subgroup of
patients with asthma.**

Multimorbidity is common in allergic disease, over 85% of
patients with asthma also have AR, and this AR also increases
the severity of asthma. A benefit of AIT is that it can act on
ocular, nasal, and lung symptoms at the same time proving an
integrated approach. ARIA guidelines also encourage the use
of HDM SLIT as add-on therapy in patients with AA and
concomitant moderate-severe AR not controlled by pharma-
cotherapy. However, they state that in patients with AR there
is no clear evidence that progression to AA will be pre-
vented.**’

There is substantial evidence recommending the use of SLIT
drops in AA as add-on treatment to decrease symptoms and
medication use in children which could potentially lead to a
steroid sparing effect %% The Global Initiative for Asthma
Guidelines (GINA) states the beneficial role of AIT in asthma
in cases where allergic sensitization plays a major role. SLIT
can be added in patients with AR and persistent asthma with
FEVI1 >70%. This recommendation is made for patients over
12 years of age who advance to Step 3 therapy.’’?

In a systematic review published by EAACI, it is confirmed
in the subgroup analysis, that SCIT is effective in children with
controlled HDM-driven allergic asthma as add-on treatment
for reduction of symptoms and medication scores. However,
there is important heterogeneity in HDM SCIT studies
including double-blind placebo control (DBPC) and non-
DBPC which use different extracts or allergoids, different
delivery systems such as lysosome-encapsulated allergen and
different end-points.®®44

A basic principle in AIT prescription is the fact that
uncontrolled asthma is a contraindication for AIT and
children’s lung function should be monitored before beginning
an AIT treatment.>®* Patients with moderate asthma are likely
to be the ones that benefit more from AIT; however, this needs
confirmation.®4%

There is lack of evidence that supports that HDM SCIT or
SLIT decreases exacerbations in children, improves lung
function, or improves airway hyper-reactivity.****

HDM AIT in atopic dermatitis in children

Several small trials and one multicenter study give insight into
HDM SCIT on AD. Patients initiated SCIT for respiratory

Table 6 Knowledge GAPS and future research needs

® The possible role of HDM AIT to prevent sensitizations and
the development of allergy in preschool children.

® Appropriately designed trials that explore asthma preven-
tion in children with HDM-driven AR undergoing AIT.

® Safety and efficacy of HDM AIT in preschoolers.

® Specific pediatric trials to confirm safety and efficacy of
HDM AIT products already used in adults.

allergy and a secondary outcome was the improvement of their
AD.** No evidence was seen that AIT worsened AD or
induced more frequent exacerbations.**® This evidence was
analyzed in a systematic review where SCIT had moderate
evidence as treatment for AD.*” Some trials have also seen
benefit with HDM SLIT.**

In an AD European consensus, HDM AIT is considered an
option in selected cases but no clear indication is given.
Hypothetically, patients with a positive atopy patch test and
corresponding history of eczema flares may be candidates for
AIT with the eliciting allergen. Nonetheless, larger trials
needed to confirm efficacy are needed.*’

Conclusions

HDM AIT is one of the most useful tools in treating allergic
respiratory disease in children. With the use of precision
medicine and e-health knowledge, AIT can be prescribed in a
more individualized manner and improve adherence.

Due to the efforts of international allergy societies, there are
now guidelines for the safe and effective use of HDM AIT in
children. However, it is important to highlight the need for
product-based evaluation on an individual basis for all AIT
prescriptions. Furthermore, there are still important knowl-
edge gaps and there is an urgent need for more robust evidence
in pediatric population (see Table 6: Knowledge gaps and
future research needs).
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Abstract

Allergen-specific immunotherapy (AIT) has proven effective to
treat respiratory allergy (ie, allergic rhinitis and asthma) both
in children and in adults. Even though AIT has been used in
clinical practice for over a century targeting different aeroal-
lergens, its clinical efficacy and safety have been demonstrated
in appropriate clinical trials only for selected pollens and house
dust mites. In contrast, there is very limited high-quality
evidence to support the use of AIT to less common aeroaller-
gens, such as furry animals, molds, and cockroach, especially in
the pediatric population, and data cannot be extrapolated from
trials targeting other allergens. Indeed, there is agreement that
the efficacy of AIT should not be considered as a class effect,
but proven for every single product.

The purpose of this review was to summarize high-quality
evidence from double-blind placebo-controlled randomized
controlled trials on the effectiveness and safety of AIT for furry
animals, molds, and cockroach, with a specific focus on studies
including children and adolescents.

Keywords

Allergen; Allergy; Allergic rhinitis; Asthma; Cat; Children;
Cockroach; Dog; Furry Animals; Immunotherapy; Molds.

Abbreviations

AIT - allergen-specific immunotherapy

AR - allergic rhinitis

DBPCRCT - double-blind, placebo-controlled, randomized
controlled trial

Key consideration for Clinical practice

® Acroallergen avoidance and drug therapy are the
mainstays of treatment for proven IgE-mediated respi-
ratory allergy (allergic rhinitis and asthma). However,
complete aeroallergen avoidance cannot be achieved
with current environmental control measures. Allergen-
specific immunotherapy (AIT) can be a potential add-
on treatment option when conventional management
strategies are unfeasible or ineffective, and specific IgE
sensitization plus a clear relationship between clinical
symptoms and exposure to that particular allergen has
been identified. Nonetheless, the evidence supporting

the use of AIT for furry animals, molds, and cockroach
in children is poor, and data on cost-effectiveness are
lacking. Specifically:

e Limited high-quality evidence supports the use of
AIT for cat allergy, mainly the use of subcutaneous
immunotherapy in adult patients.

® There is no clear clinical evidence of AIT effectiveness
for dog allergy, likely due to the lack of standardized
extracts and variability in sensitization profiles.

e There is insufficient evidence on the efficacy and
safety of AIT to other furry animals, such as horses,
rodents, and rabbits.

® Low strength evidence supports the use of AIT for
mold allergy, mainly the use of subcutaneous
immunotherapy with Alternaria extracts. Data for
taxa of fungi other than Alternaria and Cladospo-
rium are non-existent.

® C(linical efficacy of AIT for cockroach is currently
under investigation. Lack of standardized cockroach
extracts for AIT due to the lack of immunodominant
allergen(s) and highly variable sensitization profiles of
allergic patients.

Knowledge gaps and future research

There is a need for double-blind, placebo control random-
ized trials, using standardized allergen extracts, common
clinical outcomes scoring systems, and adequately powered
sample sizes including children and adults, assessing both
clinical efficacy and cost-effectiveness of AIT for furry
animals, molds, and cockroaches.

Introduction

As children tend to spend most of their time in indoor
environments, increasing exposure to indoor aeroallergens other
than house dust mites, such as animal dander, molds, and
cockroach, can significantly contribute to the development of
allergic sensitization and persistent respiratory allergy.*° 4>
Allergen avoidance and pharmacotherapy represent the main-
stays of treatment for proven IgE-mediated respiratory allergy.
However, complete aeroallergen avoidance cannot be achieved
with current environmental control measures.****%? Addition-
ally, a significant number of patients continue to experience
allergic symptoms on exposure to these inhalant allergens despite
effective pharmacological therapy. Where conventional man-
agement strategies are unfeasible or ineffective, allergen-specific
immunotherapy (AIT) can be a potential treatment option.?*®
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AIT is a recognized effective therapy for respiratory allergy
both in children and adults, with a unique potential ability to
modify the natural course of the disease and induce long-term
clinical benefits, that can persist for years after discontinuation
of treatment.>*° Despite these advantageous features, there are
a number of unmet needs regarding AIT, specifically in terms
of discrepancy in allergen standardization methods, hetero-
geneity in study design (ie, patient selection, sources and types
of allergenic extracts used, administration protocols, symptom
and outcome scoring systems, duration of treatment), safety
aspects, preventive effects, adherence, and cost-effectiveness.*>>

In addition, it should be noted that the majority of high-
quality randomized controlled trials have proven the efficacy
and safety of AIT for pollens and house dust mite allergy.'®®
Therefore, meta-analyses results tend to reflect the positive
outcomes of AIT for these selected aeroallergens and should be
interpreted with caution as for the extrapolation to other
inhalant allergen sources. In this regard, there is agreement
that the efficacy of AIT should not be considered as a class
effect, but more correctly identified for every single product.??

Despite being used in clinical practice for many years, there
is limited high-quality evidence supporting the use of AIT to
less common aeroallergen sources, such as furry animals,
molds, and cockroach, especially in children.?¢%439452 The
purpose of this review is to summarize such evidence in the
pediatric population, by focusing on higher order data from
double-blind placebo-controlled randomized controlled trials
(DBPCRCTs) (Tables 7-9).

Methods

MEDLINE/PubMed was searched using the following subject
headings, “rhinitis,” “rhinoconjunctivitis,” ‘“‘conjunctivitis,”
“asthma,” “allergy,” “immunotherapy,” “allergen
immunotherapy,” in combination with one of the following
terms, “cat,” “dog,” “horse,” “pet,” “furry animal,” “animal
dander,” “mold,” “fungus,” “fungi,” “Alternaria,” “Cladospo-
rium,” and “cockroach.” The search strategy was limited to
human studies on immunotherapy from any period, that were
randomized, and included a controlled population. Articles
cited in selected studies were also included after being reviewed
for appropriateness. When no or very limited evidence was
found in children, evidence available in adults was reported.

”

Immunotherapy for allergy to furry animals

Over the past decades, the prevalence of sensitization to furry
animals, in particular to cats and dogs, has increased in
Westernized societies, where household pet ownership is
common.*®® In these countries, specific IgE sensitization to
cat or dog can affect over 25% of the atopic population and it
tends to progressively increase with age.****° Sensitization to
major allergens from cat (Fel d 1) or dog (Can f 1) during early
childhood increases the risk of developing allergic respiratory
symptoms in adolescence, with multiple sensitizations to cat or
dog allergens conferring the highest risk.*>

Environmental avoidance of furry animals may not be
emotionally acceptable to pet-owning households and cannot

be completely achieved given the ubiquitous presence of such
allergens also in homes, schools, and public environments
where no pets are present.*® For patients with allergic
respiratory diseases driven by animal dander, who are not
well controlled on adequate allergen avoidance and pharma-
cotherapy, current guidelines and consensus documents rec-
ommend considering AIT with standardized extracts of
documented quality.>**° However, reproducible evidence of
clinical efficacy for dog AIT is missing and high-quality studies
showing the effectiveness of cat AIT are very limited.

Cat allergy

There are a few DBPCRCTs on AIT to cat allergy, which have
mainly evaluated subcutaneous immunotherapy (SCIT) in
adult patients and have shown mixed results in terms of
clinical and immunologic efficacy by using different allergen
extracts and administrations 1regimens.45 7

Compared with placebo, SCIT with cat extract has demon-
strated to induce significant improvement in patient-reported
symptom-medication scores and/or in allergen-specific provo-
cation tests (conjunctival, nasal, and bronchial), but not in
non-specific bronchial reactivity, in adults with asthma and
allergic rhinitis (AR) after 12 months of treatment.*>”~4¢! Only
2 DBPCRCTs have evaluated the effect of SCIT in children
and adolescents with asthma and cat allergy, showing signif-
icant improvement in allergen-specific bronchial reactivity after
12 months of active treatment ***** (Table 7). Regarding
immunologic changes, SCIT with cat extract has demonstrated
to induce a reduction in skin test reactivity and a dose-
dependent increase in allergen-specific IgG and IgG4, with an
optimal maintenance dose containing 15 pg of Fel d 1 462464

Only 2 high-quality studies have examined the effect of
sublingual immunotherapy (SLIT) with cat extract.*®34%6
Nelson et al. ** included 41 adults and reported no significant
difference in symptom scores and nasal blockage index after
105 days of active SLIT compared with placebo. In a more
recent DBPCRCT, Alvarez-Cuesta et al.*® examined 50
monosensitized adults to cat dander, also including one
adolescent, and found a significant reduction in total and
nasal symptoms scores and skin test reactivity in the active
SLIT group (who received a cumulative dose of 17.1 ng of Fel
d 1) compared with placebo after 1 year of treatment.

There are limited safety data on AIT for cat allergy. This is
due to the limited number of studies and the heterogeneity in
allergenic products and protocols of administration used. As
for other aeroallergens, systemic reactions were more fre-
quently during SCIT than SLIT, affecting both children and
adults.*>” Although the majority of the systemic reactions were
mild, anaphylactic reactions requiring epinephrine occurred
during SCIT with cat extract (Table 7).

Recently, to improve the safety and efficacy profile of AIT in
patients with cat allergy, new approaches such as using Fel d 1
T-cell epitopes and alternative routes of delivery have been
attempted. Of note, none of these experimental studies have
included pediatric subjects. Intradermal injections of Fel d 1 T-
cell epitopes seemed at first a promising approach, with long-
term clinical benefit.**’ However, in a recent phase III trial, the
same immunotherapy product failed to demonstrate significant
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Table 9 Summary of double-blind placebo-controlled-randomized controlled trials of allergen immunotherapy to cockroach in the pediatric age

Target maintenance

Participants  Allergic AIT dose/major allergen  Treatment Main safety
Author Allergen n (age, y) disease type  content Duration Main efficacy results results
Wood Cockroach 89 (5-17 y) ARC or SLIT  High Dose 3 months T Increase in cockroach  AIT group:LR
(2014500502 Asthma @ 7370 BAU (no clinical s-IgE level for both the  in 6 subjects
(mild) (0.84 mL)/twice response high and low-dose receiving low
daily assessed, active group dose LR in 1
® Blag 1202 only Increase in cockroach subject
ng/dose biomarkers)  s-IgG levelin the high-  receiving high
® Bla g 216.8 dose active groupi s- dosePlacebo
ng/doselLow dose IgG and s-IlgG4 for the  group:LR in 1
@ 3685 BAU low-dose active subject
(0.42 mL)/daily groupi s-lgG4 for the
@® Blag 150 high-dose active
ng/dose group)  blocking
@® Blag24.2 antibody response for
ng/dose both high and low-

dose active groups

AIT: allergen-specific immunotherapy; ARC: allergic rhinoconjunctivitis; BAU: bioequivalent allergy units; GR: generalized reactions; LR: local
reactions; SLIT: sublingual allergen immunotherapy; s-IgE (specific IgE); s-IgG (specific IgG).
+: Statistically significant improvements (p < 0.05) in the AIT vs. control groups.

+: No significant difference in the AIT vs. control groups.

benefit compared with placebo in cat allergic adult patients.**®
In the first human DBPCRCT, 3 intralymphatic injections of
recombinant Fel d 1 at increasing doses 4 weeks apart showed
a good safety profile and significantly increased nasal tolerance
to cat extract and cat-specific [gG4 levels in 12 adults with AR
due to cat allergy.”®® Nevertheless, intralymphatic
immunotherapy remains an experimental treatment.

Dog allergy

Available high-quality studies on AIT in patients with dog
allergy are limited to 3 DBPCRCTs, which have evaluated the
effect of SCIT with dog extracts in children and adults with
asthma and have reported poor results in terms of clinical
efficacy *° (Table 7).

Valovirta et al. ’**7! looked at 27 children and adolescents
with asthma and dog allergy. After 1 year of treatment, those
patients in the active SCIT group reported a significant
increase in the conjunctival tolerance to dog extract and the
dog-specific 1gG level, but no difference in allergen-specific
bronchial reactivity and symptom scores compared with
placebo.

Sundin et al.**®*%? examined the clinical and immunologic
effects of SCIT with cat or dog dander extracts in 41 children
and adult with cat- or dog-induced asthma. After 12 months of
treatment, the 7 patients in the dog allergen-treated group had
a significant improvement in immunologic parameters, but no
difference in symptom score and bronchial reactivity compared
with placebo. Conversely, the parallel cat allergen-treated arm
showed a clinically significant reduction in cat-specific bron-
chial reactivity as well as significant immunologic responses
compared with placebo. Following the first year of AIT, the
trial was unblinded, and 4 participants in the placebo group
with dog allergy were offered SCIT for 3 years. In the final 11

patients receiving SCIT with dog extract, no significant
improvements were noted after 2 and 3 years compared with
the measurements recorded after 1 year of treatment, as well as
in the long-term follow-up 5 years after the completion of the
study.*”>*7* The authors concluded there was no clear clinical
evidence to support the efficacy of SCIT with dog extract,
although the study was underpowered to detect a difference in
the predefined end-points and there was no placebo group after
the first year of study with which to compare follow-up results.

A subsequent trial by Haugaard et al.**® evaluated whether
the lack of efficacy of SCIT with dog extract could be due to
concomitant cat allergy, for which patients were not receiving
AIT in previous studies. This study enrolled 24 adolescents and
adults with asthma, of which 12 were allergic only to cat, 2
were allergic only to dog, and 10 had both cat and dog allergy.
The latter group was treated with both cat and dog extracts.
However, participants with dog allergy, who received
12 months of SCIT with dog extract with or without cat
dander extracts, reported no reduction in dog-specific and
unspecific bronchial reactivity compared with placebo.**’

Regarding safety, overall SCIT with dog extract was well
tolerated in these studies, with a reported rate of systemic
reactions between 0% and 0.3%.%°

The lack of clinical efficacy of AIT for dog allergy has been
attributed to the poor quality of the allergenic extracts used in
earlier studies and to the variability in sensitization patterns to
dog allergens.*® So far, there is paucity of evidence regarding
the optimal maintenance dose of AIT to dog required to induce
clinical benefits. In a recent study, Lent et al. used a new
acetone-precipitated dog extract for SCIT and showed a dose-
dependent change in immunologic parameters, with the dose
containing 15 pg Can f 1 per 0.5 mL maintenance dose
producing the most relevant response. However, no significant
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changes in symptoms scores were reported after this AIT.*”
Despite Can f 1 being a major dog allergen, it is not always the
immunodominant allergen in individual patients. Recently, a
prostatic protein found only in male dog urine, named Can f 5,
has been identified as a new major allergen, with some dog
allergic individuals being selectively sensitized only to this
component.469

Other furry animals

Currently, there is insufficient evidence on the efficacy and
safety of AIT to other furry animals such as horse, rodents,
and rabbits. Available evidence is limited to a few open and
small studies of SCIT for horse [34] and laboratory animal
allergy [35], mainly including adults, whereas high-quality
studies are lacking.

Immunotherapy for mold allergy

Fungal allergy is a relatively common condition among
individuals with respiratory allergy. The estimated prevalence
in Europe is about 5% based on skin tests sensitizations to
molds, with a large geographic variation between Nordic and
Mediterranean countries.*’® In the latter, prevalence can be as
high as 20% among patients attending an allergy clinic for
respiratory symptoms.479

There is a well-documented relationship between sensitiza-
tion and exposure to fungi from the genera Alternaria,
Cladosporium, Penicillium, and Aspergillus and risk of devel-
oping and worsening of allergic respiratory diseases. Moreover,
patients allergic to molds tend to have a more severe course of
asthma or AR.*!' Alternaria is the fifth most frequent
sensitizing aeroallergen in Europe, after house dust mites,
grass pollen, cat, and birch pollen.*”®

There is limited high-quality evidence of clinical efficacy of
AIT in mold allergy, which has addressed only Alternaria
and Cladosporium allergy. Some of the published studies
have major limitations, such as open design,****! lack of
placebo control group,®**% Jack of long-term follow-
ups, 34 and use of allergen extracts without proper
standardization.**®*° The difficulty in producing standard-
ized allergenic extracts is due to complexity, variability, and
stability of fungal allergen sources, which significantly
hampers the use of AIT for mold-allergic patients.*!
Recently, Di Bona et al. have conducted a systematic review
which included 7 RCTs on AIT with Alternaria (3 without a
placebo control group) and 2 RCTs on AIT with Cladospo-
rium, comprising a total of 268 patients (99 adults and 169
children). By using the GRADE approach, these authors
have found low strength evidence supporting the use of AIT
with fungal extracts for the treatment of respiratory allergy,
due to inconsistencies in trial results, small sample sizes
(median 27 patients per trial), and moderate-to-high risk of
bias in almost all the studies evaluated.**°

Alternaria alternata

There currently are 5 DBPCRCTs evaluating the efficacy of
SCIT for respiratory allergy to Alternaria, 4 of which also
included children and adolescents (Table 8).

Horst et al. **° used a standardized extract in 24 patients (5-

56 years) monosensitized to Alternaria with AR, with or
without asthma. After 1 year of SCIT with a maintenance dose
containing 1.6 pg of the major Alternaria allergen Alt a 1
(corresponding to a cumulative Alt a 1 dose of 47.1 pg per
year), the actively treated group showed significant improve-
ments in symptoms (rhinoconjunctivitis and asthma) and
medication scores, tolerance to Alternaria-specific nasal chal-
lenge, and immunologic parameters compared with placebo.

In a subsequent study, Tabar et al.**® used a different
standardized extract containing a lower concentration of Alt a
1 (maintenance dose with 0.1 pg of Alt a 1, corresponding to a
cumulative Alt a 1 dose of 1.23 pg per year) in 28 patients (7-
29 years) monosensitized to Alternaria with mild AR and
asthma. They found no significant differences in symptoms and
severity of rhinoconjunctivitis and need for medications
between the two groups throughout the 1-year study period.
Although respiratory symptoms and peak expiratory flow
significantly improved in the actively treated group compared
with placebo after 6 months, these differences lacked signifi-
cance after 12 months of treatment. However, the underpow-
ered sample size, the very low maintenance dose of Alt a 1 in
the extract used, and the mild nature of allergic diseases at
baseline could have contributed to the overall lack of efficacy
of SCIT in this study.

The landmark SCIT trial with Alternaria extract was
conducted by Kuna et al..>’® who used a high-dose depot
extract (cumulative Alt a 1 dose of 65.6 pg per year) for 3 years
in 50 children and adolescents only allergic to Alternaria and
with moderate-to-severe allergic rhinoconjunctivitis and/or
intermittent or mild-to-moderate asthma. They showed SCIT
to be effective in improving symptom-medication scores and
related quality of life progressively from the second year of
treatment onward. This could suggest that studies with longer
treatment duration (as recommended by Guidelines *2°®) might
have shown better efficacy results.

Prieto et al. **! were the first to evaluate the efficacy and
safety of SCIT with purified natural Alt a 1 in 39 adults with
respiratory allergy associated with Alternaria exposure. After
1 year of treatment, with a maintenance dose of 0.2 pg/month
(corresponding to a cumulative Alt a 1 dose of 2.7 pg per year),
the active treatment group reported a significant increase in
allergen-specific IgG4, but showed no significant improvement
in bronchial hyper-responsiveness to direct and indirect stim-
uli, and in markers of allergic airway inflammation compared
to placebo.*”! Considering the good safety profile of this SCIT
product, the authors recently evaluated the efficacy and safety
of a higher maintenance dose of purified Alt a 1 (ie, 0.37 pg,
corresponding to a cumulative Alt a 1 dose of 4.99 mg/year)
compared to either the previously tested dose or placebo in 111
subjects (aged 12-44 years) with allergic rhinoconjunctivitis
with or without mild-moderate controlled asthma and
monosensitized to Alternaria.**> After 1 year of treatment,
the per-protocol analysis showed a significant improvement for
the primary outcome (ie, patient-reported nasal-ocular symp-
tom-medication score) in the high-dose, but not in the low-dose
active group, compared with placebo. An intention-to-treat
analysis was only possible for the secondary outcome (ie, Alt a
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1 specific-IgG4/IgE ratio) which was significantly increased in
both active groups, with the high-dose group reporting greater
results. Of note, the safety profile was good and similar across
the 3 treatment groups.492

With regard to SLIT, there currently is only one
DBPCRCT, which used a standardized extract in 27 patients
(aged 14-42 years) with Alternaria-related moderate-to-severe
AR plus intermittent asthma. The intervention lasted
10 months (corresponding to a cumulative dose of 60 pug of
Alt a 1), with the SLIT-treated group showing a significant
reduction in symptoms, medication intake, and skin test
reactivity compared with the placebo group.*s’

Regarding safety, both SCIT and SLIT with Alternaria
extracts were generally well tolerated in these studies, with
some mild general adverse reactions in the SCIT-treated

0
groups.**

Cladosporium herbarum

Two DBPCRCTs conducted more than 30 years ago have
studied the efficacy of SCIT with Cladosporium extract in
asthmatic children and adults.*®** Despite showing some
level of improvement in respiratory reactivity **® and symp-
tom-medication scores *® after active treatment, the rate of
systemic adverse reactions was significant in both studies.
Notably, in the study by Malling et al.,**® all 11 actively
treated subjects had episodes of asthma during the AIT build-
up phase, with 3 of them reporting anaphylactic reactions.

Immunotherapy for cockroach allergy

Cockroach sensitization is a significant contributor to asthma
morbidity among children living in low-income urban areas of
the United States, who are exposed to high levels of cockroach
allergens in their homes, as compared to non-sensitized or non-
exposed children.** Cockroach allergen exposures and sensi-
tization based on skin prick testing have also been reported in
some European urban populations, with some studies suggest-
ing a clinical relevance of such sensitization in children.***4%
However, a recent study using serum IgE-component testing
showed that isolated true sensitization to cockroach-specific
molecules was rare in Central Europe (0.6% of cases).**
Home-based environmental control interventions have
proven to be useful in reducing the exposure to cockroach
allergens and associated asthma morbidity.*”” However, such
control strategies are difficult to maintain, and exposure may
continue in other indoor environments such as schools.** In
this regard, cockroach AIT could potentially make a difference
in the treatment of asthmatic patients who are sensitized and
exposed to high levels of cockroach allergens. However, the
lack of cockroach immunodominant allergen(s) and the highly
variable sensitization profiles to cockroach antigens among
individual patients have hindered the production of standard-
ized extracts for AIT that contain all the relevant allergens,*®
hampering the potential of AIT to provide full clinical benefit.
There currently is only one DBPCRCT on the clinical efficacy
of AIT for cockroach allergy, which used SCIT with aqueous
crude extracts from American cockroach in 42 adults with asthma,
AR, or both. After 1 year of treatment, the active group showed a

significant increase in cockroach-specific IgG4 and an improve-
ment in both non-specific bronchial reactivity and symptoms
scores, but not in medication scores, compared with placebo.*”’

More recently, Wood et al. > reported the results from 4
phase I/1I pilot studies, which were designed to assess the safety
and immunologic responses related to SLIT and SCIT with
German cockroach extract. Two of the studies focusing on
SLIT had a randomized, double-blind design and one of them
included children with perennial AR, mild asthma, or both
(Table 9). Overall, SCIT was found to be immunologically
more effective than SLIT, especially in cockroach-specific IgG4
and blocking antibody responses, and considered to be more
likely to produce clinical benefit. The subsequent phase II1
study on clinical efficacy of SCIT for cockroach allergy is

currently ongoing.>”!

Conclusion

At present, there are limited high-quality data to support the
use of AIT for furry animals, molds, and cockroach, both in
children and in adults with respiratory symptoms due to these
allergens. The available evidence on the effectiveness of AIT
with cat extract is based on a few DBPCRCTs with SCIT,
which included a limited number of patients, primarily adults.
These studies showed mixed clinical and immunologic efficacy
outcomes and used different allergen products and adminis-
tration protocols. Very low-quality evidence supports the use
of SLIT with cat extract. High-quality studies have failed to
confirm AIT effectiveness for dog allergy. Of note, most such
studies on cat and dog AIT were conducted over 20-30 years
ago. To date, there are no high-quality studies addressing the
efficacy and safety of AIT to other furry animals such as
horses, rodents, and rabbits.

With regard to AIT for mold allergy, low-quality evidence
supports the effectiveness and safety of SCIT for Alternaria-
related respiratory allergy in children and adults, whereas very
low-quality data support the use of SLIT with Alternaria
extracts and SCIT with Cladosporium extracts. AIT for
cockroach allergy has demonstrated to induce significant
immunologic improvements, although clinical efficacy is cur-
rently suggested only by an individual study, which does not
permit a conclusive evaluation. There is a strong need for large,
well-designed DBPCRCTs, using consistently standardized
allergen extracts, common clinical outcomes scoring systems,
and properly powered sample sizes including both children and
adults before a clear recommendation can be made on AIT for
all these aeroallergens sources. Efforts should also be made to
assess cost-effectiveness of AIT, which is currently not known.

Future research on immunotherapy to furry animal, molds,
and cockroach should take into account the molecular com-
plexity of these allergens, and work toward safer and more
effective products tailored to individual patients’ sensitization
profiles.
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Abstract

Up to 95% of the general population is stung at least once in
their lifetime by a Hymenoptera species. Hymenoptera stings
are the second leading cause of anaphylactic reactions in
childhood. Hymenoptera venom allergy presents in the form of
large local reactions (LLRs) and systemic sting reactions
(SSR). The only causal treatment is venom immunotherapy
(VIT), which protects up to 84% of patients allergic to
honeybee venom and up to 96% of patients treated with vespid
venom from further SSR. Honeybee venom allergy is more
frequently seen in children but severe SSR are less common
than in adults.

VIT is indicated in children (>5 years) following a systemic
sting reaction that exceeds generalized skin symptoms. In
children with only cutaneous symptoms, VIT is not routinely
performed. However, decision on VIT has to be made
individually concerning special conditions, for example, bee-
keeping parents or concomitant diseases or medication.

It has been shown by several studies that the VIT protocols
and venom doses used for adults can be used for children as
well: Independent of the up-dosing protocol used, patients
should be treated with a maintenance dose of 100 pg for at
least 5 years. The long-term immune tolerance induced by VIT
is greater in children compared to adults, and only 5% relapsed
up to 20 years after stopping VIT. However, further studies
investigating the clinical effectiveness and the optimal duration
of VIT in children are needed.

Introduction

Hymenoptera stings are the major cause of anaphylaxis in
adults in Europe and North America® % and the second
leading cause of anaphylactic reactions in childhood, after food
allergy.®™* Studies indicate that 56.6 to 94.5% of the general
population has been stung at least once in their lifetime by a
Hymenoptera species.’”® Hymenoptera venom allergy (HVA)
is generally caused by stings of vespids of the genera Vespula

(Vespula germanica and Vespula vulgaris), Vespa (Vespa crabro;
hornet), and Polistes and of apids of the genera Apis (Apis
mellifera; honeybee) and Bombus (eg, bombus terrestris; bum-
blebee).*"” In central and northern Europe, stings from vespids
and honeybees are the most prevalent, whereas stings from
Polistes and Vespula are more frequent than honeybee stings in
the Mediterranean area.’”® Data from the European network
of severe allergic reactions indicate that 70.6% of insect sting
anaphylaxis was caused by wasps (Vespula spp.), 23.4% by
honeybees, and 4.1% by hornets.”* The clinical presentations
of Hymenoptera venom allergy are large local reactions
(LLRs) at the sting site and systemic sting reactions (SSR).
In general, a LLR has been defined as a swelling exceeding a
diameter of 10 cm that lasts for more than 24 hours.”® In
SSR, mild symptoms usually manifest as generalized skin
symptoms including flushing, urticaria, and angioedema.
Typically, dizziness, dyspnea, and nausea are examples for
moderate reactions, while anaphylactic shock and loss of
consciousness and/or cardiac or respiratory arrest all define
severe SSR.’” Severe reactions are life-threatening and have
been attributed to fatalities. Although the reported frequency
of fatalities is low with 0.03 to 0.48/million inhabitants/year,’
Hymenoptera sting mortality may have been underestimated
due to unrecognized stings in unexplained causes of death. The
mortality rate of children is unknown but probably lower than
in adults.

All patients with HVA are advised to carry an emergency kit
comprising of Hj-antihistamines, corticosteroids, and depend-
ing on their previous SSR, an adrenaline autoinjector.®’ The
only treatment that can potentially prevent further systemic
sting reactions is venom immunotherapy (VIT), which is
reported to be effective in 77-84% of patients treated with
honeybee venom and in 91-96% of patients treated with vespid
venom.>1%3!1 A systematic review for the European Academy
of Allergy and Clinical Immunology (EAACI) allergen
immunotherapy guidelines confirmed that VIT is effective in
reducing subsequent SSR in both children and adults and that
this treatment modality can have a significant beneficial impact
on disease-specific quality of life (QoL).”!

Clinical aspects

The rate of self-reported SSR in European epidemiological
studies is up to 3.4%,%'*"3 while LLRs occur in 0.9 to
20.5%3'4315 of children stung by a Hymenoptera species. The
prevalence of 2.8% of asymptomatic sensitization has been
reported in an Italian study, evaluating questionnaires and
skin-prick tests in primary schoolchildren.>'® In 68% of
children with a history of allergic reactions to insect stings,
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Table 10 Clinical differences between children and adults with
insect venom allergy

In children

538,540

Levels of total IgE and specific IgE are higher.
Honeybee venom allergy is more frequently seen. >
Severe systemic sting reactions are less common.>*
VIT failure is less frequently observed. #0371
The longg-term immune tolerance induced by VIT is
greater.”>®
Atopic diseases appear to be a risk factor for severe sting
reactions.”

skin symptoms were the only clinical manifestation and
systemic reactions rarely affected the cardio-circulatory sys-
tem.”!” Risk factors for severe systemic reactions after
Hymenoptera stings have been reported previously: Graif
et al. investigated a population of adolescents aged 13-14 years
and found that children with atopic diseases (asthma, allergic
rhinitis, atopic eczema) had a significantly higher rate of severe
reactions than non-atopic. Compared to 24.8% of non-atopic
children, 36.9% of children with an atopic disease reported an
allergic reaction to an insect sting. Therefore, it was concluded
that atopic diseases should be considered as risk factors for
reactions of any severity.’'® These results were confirmed by
Yavuz et al. who found that severe reactions were related to
mild eosinophilia and concomitant atopic diseases. Female sex
was a risk factor as well; however, the study comprised of 76
children of whom 75% were boys.’'’ Differences between
children and adults are listed in Table 10.

Indications and Contraindications

According to the guidelines on allergen immunotherapy of the
EAACI, VIT is indicated in children following a systemic
allergic reaction exceeding generalized skin symptoms with a
documented sensitization to the venom of the culprit insect.®!
In general, routine diagnostic investigation of HVA is based on
the patient’s personal history including the classification of the
type and grade of reaction, skin testing, and/or the detection of
specific IgE (sIgE) antibodies in serum™° and/or the basophil
activation test (BAT).®" Component-resolved diagnosis (CRD)
was considered to significantly improve the diagnosis of insect
venom allergy. However, it is still evolving and currently of
limited use.”?"*?> The diagnostic tools in children are not
different from those used in adults.’>

Children with previously mild SSR, which were limited to
the skin, do not necessarily require VIT>'7** since it has been
shown that children with this type of reaction have only a 10%
risk of re-developing systemic reactions.’>* However, particular
situations of increased risk of re-stings should be considered
when deciding on VIT. Special conditions (eg, if parents are
beekeepers, concomitant diseases, or medication) may justify
VIT also in cases of mild SSR.°* For a summary, see
Figure 14.

In contrast to former assumptions, an important number of
children do not outgrow allergic reactions to insect stings. The

risk of a subsequent SSR in patients who do not receive VIT is
significantly higher in those with a history of a moderate to
severe reaction than in those with a previous mild (cutaneous)
reaction.”*® If VIT is considered, special conditions have to be
considered. However, most of the recommendations originate
from adult populations: Cardiovascular and organ-specific
autoimmune disease must be stable and ACE inhibitor and/or
beta-blocker treatment may be continued if required, after
informing the patient about potential risks. Malignant disease,
multisystem autoimmune disease, and age <5 years are con-
traindications to VIT. However, successful VIT in children
under four years has been reported.’?” Therefore, if the SSR
were severe, VIT may also be performed in children <5 years,
when the child is likely to be cooperative.®!

Treatment protocols

VIT consists of an up-dosing phase and a maintenance phase,
which is necessary to ensure a persistent effect of VIT.
Different up-dosing protocols are available: The conventional
protocol, where venom preparations are administered weekly
with increasing venom doses until the maintenance dose of
100 pg is reached in, at the earliest, 15 weeks, can be
administered in outpatient clinics.’*® With rush®**3? and
ultra-rush®**3¢ protocols, maintenance dose is reached much
faster: Using rush protocols, patients receive several injections
with increasing venom doses on consecutive days until the
maintenance dose is reached after 5 days. With the ultra-rush
protocol, patients reach the maintenance dose within a few
hours, after receiving several injections. Both rush and ultra-
rush protocols are only performed in hospitals during an
inpatient stay. That these protocols are also safe for children
has been demonstrated in several studies.’*”*! Cluster proto-
cols (several injections per day, usually 1-2 weeks apart) are
another alternative to conventional protocols.>***# In general,
conventional protocols appear to be best tolerated, while rush
and ultra-rush protocols are more frequently associated with
side effects.**

The recommended starting dose for up-dosing protocols
ranges from 0.001 to 0.1 pg. However, it has been shown that a
starting dose of 1 pg is safe in adults and children.®*® The
recommended interval for the maintenance dose is 4-6 weeks for
aqueous preparations and 6-8 weeks for depot preparations.’>
Two studies demonstrated an efficacy of 50 pug maintenance
doses in children and therefore favor the use of reduced doses to
improve safety and decrease treatment costs.****’ However,
given the clear dose dependency of VIT,**® the fact that children
tolerate 100 pg doses well leads to the recommendation to use a
maintenance dose of 100 pg in pediatric patients as well. >
340549 A dose of 200 pg is recommended for patients (usually
adults) who did not tolerate a sting challenge or a field sting
while on 100 pg maintenance VIT.>*

Systemic side effects and their risk factors

Side effects are generally mild and respond well to anti-allergic
treatment.*®>° VIT-related side effects in children have been
shown to be at least as high as in adults.’** The most important
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Incidentially detected sensitization

Local reactions up to 10 cm

No VIT

Unusual reactions

LLR

(>10 cm, >24 h)

No VIT

Usually no VIT

Generalized skin

Exceptions: eg, parents
are beekeepers,

symptoms concomitant diseases,
or medication
Moderate
SSR symptoms VIT 3(-5) years
(eg, dizziness, dyspnea,

nausea)

Severe
symptoms
(eg, severe shortness

of breath, loss of
consciousness)

VIT 5 years

Figure 14 Recommendations for venom immunotherapy (VIT) for children. VIT is recommended in children who suffered from systemic
reactions exceeding generalized skin symptoms (adapted from Sturm et al.%??). LLR: large local reaction; SSR: systemic sting reactions

risk factor is treatment with honeybee venom: It has been
reported that there is a 3.1- to 6-fold higher risk for systemic
side effects due to treatment with honeybee venom compared
to vespid venom.>*>>**3% Rapid dose increase during the up-
dosing phase is an established risk factor as well. 345!
Whether mastocytosis and/or elevated tryptase levels are a
risk factor has been controversially discussed in the past.?**33%
354 Although the debate is ongoing, patients treated with ACE
inhibitors and beta-blockers are not considered to have a
higher risk of adverse events.**3>3¢ Importantly, severe
initial sting reactions,**>3%>%" positive skin tests at low test
concentrations, and high specific-IgE levels®>*%%%7 are not
regarded as risk factors for adverse events.

Duration of VIT

Termination after about one or two years leads to a relapse in
22-27% of cases, both adults and children,®> and several
studies conclude that a minimum of a five-year treatment is
superior for long-term effectiveness.’®® % Fiedler et al.
reported that among 40 children treated with mean 3-year
VIT, 50% developed another systemic sting reaction at a
median follow-up of 13 years.** Therefore, it is suggested that

even in pediatric patients, VIT duration should be at least
5 years.>®®

Effectiveness

VIT induced long-term protection in most children: 84.4% of
patients treated with honeybee venom and 94.1% of patients
treated with vespid venom were fully protected at accidental re-
stings: 32 of 54 of patients treated with bee venom and 17 of 34
patients treated with vespid venom were re-stung by the
respective venom.>*’” These findings confirm previous studies
that patients treated with honeybee venom are at higher risk
for treatment failure and relapse compared to those, who were
treated with vespid venom.***-366¢7 Ejshty-nine percent of
adult patients treated with honeybee VIT tolerated sting
challenge already one week after reaching the maintenance
dose. Those patients, who were not protected with 100 pg of
venom, tolerated sting challenges immediately after reaching
the increased maintenance dose of 200 pg.’®® Whether this
applies for children as well remains to be investigated.
Golden et al. reported that in children with systemic
reactions with cardiovascular or respiratory involvement, the
risk of re-developing anaphylaxis was 32% in untreated
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children compared to 1-3% of those treated with VIT.**® In
another study, 62% of allergic, untreated children tolerated
subsequent stings, whereas 18% developed severe systemic
reactions.>®

Most effectiveness data are obtained during VIT, and there
are only few reports on the outcome following VIT withdrawal
for more than five years: 7-7.5% of patients treated with vespid
venom relapsed after 7 to 10 years,”**>%” while 15.8% had re-
sting reactions after stopping honeybee VIT.>® In children, the
long-term effect is superior compared to adults since only 5%
with moderate to severe reactions relapsed after up to 20 years
after stopping VIT.>%¢

Conclusions

Honeybee venom allergy is more frequently seen in children
but severe systemic reactions are less common than in
adults.’®* Treatment with VIT is recommended in children
who suffered from systemic reactions exceeding generalized
skin symptoms.®! In children with only cutaneous systemic
reactions, VIT is not routinely performed®->>*37 since it has
been shown that children with this type of reaction have only a
10% risk of re-developing systemic reactions.’>® However,
some children may have an increased risk of re-stings (eg,
children of beekeepers) and VIT may be considered in these
patients even in cases of skin symptoms alone.>*® In general,
VIT appears to be more effective in children compared to
adults®?*3%571 and it rapidly reduces the risk of future

systemic sting reactions from 50-70% without VIT to 1-2%
under VIT.¢

Summary

Children with HVA are diagnosed and treated in much the
same way as adults. In contrast to former assumptions, an
important number of children do not outgrow allergic
reactions to insect stings.’>® Due to a lack of studies including
a sufficient number of pediatric patients, most recommenda-
tions for children are derived from adults. It has been shown
that the common used up-dosing protocols are safe in children
and that the long-term immune tolerance induced by VIT is
greater than in adults. However, most effectiveness data are
obtained during VIT, and therefore, there is still a gap in the
evidence for the clinical effectiveness of VIT in children and the
optimal duration of VIT. In addition, the effect of VIT on
health-related quality of life should be investigated further.
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Abstract

There is an increasing prevalence of allergic rhinitis and asthma
induced by common allergens in children. Allergen
immunotherapy (AIT) has been used over 100 years and has
been shown to be effective in the treatment of allergic
respiratory disease. Pharmacotherapy with topical corticos-
teroids is effective in the control of symptoms with improve-
ment of lung function in allergic asthmatics and rhinitis but it
does not modify the natural course of the disease. Allergen
immunotherapy, involving the administration of increasing
concentrations of allergen extract, is currently accepted as the
only treatment modality that has the potential to modify the
course of allergic disease.

This review exclusively focuses on AIT in children with
allergic rhinitis and/or asthma and discusses the efficacy and
safety of subcutaneous immunotherapy (SCIT) and sublingual
immunotherapy (SLIT) in children based on randomized
controlled trials. Efficacy and safety of SCIT versus SLIT
were compared based on evidence presented from randomized
head-to-head comparative trials performed in children. Over-
all, based on currently published studies, there is an acceptable
evidence of efficacy and safety for both SLIT and SCIT in well-
selected children with allergic rhinitis and well-controlled
asthma sensitized to pollen and house dust mite. More research
on optimal regimen, efficacy, and safety of allergen
immunotherapy in children is needed as definitive studies are
lacking.

Keywords

Allergy, asthma, dust mite, immunotherapy, rhinitis, subcuta-
neous, sublingual

Clinical vignette

An 8-year-old boy has a history of nasal blockage all year
around for the last 4 years. He has persistent clear-watery
nasal drainage and becomes troublesome with constant sneez-
ing, nasal itching, and cough during the autumn and winter
seasons. He developed shortness of breath and wheezing
episodes at least 3 times a year for the last 2 years. He misses

5-7 of school days per year due to asthma and rhinitis
symptoms. He has been on daily oral antihistamines, nasal
steroids spray, and intermittent use of inhaled corticosteroids
and salbutamol as needed with little benefit. There is no history
of hospital admission or systemic steroid use. He has one
sibling who has atopic dermatitis and has maternal atopic
history. Allergy testing was positive for house dust mite only.
Dust mite prevention measures were taken with little improve-
ment. How should this case be managed?

Introduction

Allergic rhinitis and asthma are currently the most common
chronic respiratory disease in childhood worldwide with
increasing prevalence rates reported in both developed and
underdeveloped  countries.?*>*’>  Pharmacotherapy  with
inhaled and nasal corticosteroids is effective in the control of
symptoms with improvement of lung function in allergic
asthmatics and rhinitis, but it does not modify the natural
course of the disease.’”>>’* Allergen immunotherapy (AIT),
involving the administration of increasing concentrations of
allergen extract, is currently accepted as the only treatment
modality that has the potential to modify the course of allergic
disease.”® Allergen immunotherapy has been shown to reduce
allergic rhinitis (AR) and asthma symptoms and medication
usage, prevent asthma development in patients younger than
18 years of age with grass pollen—induced AR, and increase
quality of life, with a sustained long-term effect.>87-24257>
Recent GINA guideline suggests AIT to be considered in mild-
moderate well-controlled asthmatics as an intervention in
management of asthma.’’¢

Subcutaneous immunotherapy (SCIT) has been shown to be
effective in reducing asthma symptoms scores, medication
usage, and improve allergen-specific and non-specific bronchial
hyper-responsiveness.'* Similarly, it has been shown to be
effective in controlling seasonal and perennial AR symptoms
and reduction of medication use.'*® This route of administra-
tion can occasionally be associated with adverse events
including severe reactions which may be life-threatening, hence
needs to be administered in a specialist setting.'*® Sublingual
immunotherapy (SLIT) appears to be associated with a lower
incidence of systemic reactions. Long-term, SLIT results in the
reduction and in a long-term treatment as an adjunct to
pharmacotherapy results in the reduction of both duration and
dose of nasal and inhaled corticosteroids, and successful
discontinuation along with an improvement of rhinitis and
asthma symptoms, and lung functions.®'"757® Sublingual
immunotherapy is commonly associated with local adverse
events including itching and swelling in the mouth, which
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occasionally might persist for several weeks. Otherwise, SLIT
in both AR and asthmatics has a very good safety profile in
post-marketing surveillance of large cohorts and clinical trials
involving children.”®37

Both SCIT and SLIT have been shown to have disease-
modifying effect for both seasonal and perennial allergen-
induced asthma. Two years of treatment with grass pollen
SCIT in a randomized double-blind placebo-controlled trial
was associated with a substantial reduction in asthma
symptoms and medication requirement, and bronchial
hyper-reactivity compared to placebo.’® A significant ster-
oid-sparing effect of AIT in asthmatic children was observed
after 2 years of house dust mite (HDM)-SCIT treatment
when compared to pharmacological therapy in randomized
control trial (RCT).>”® Several previous double-blind, pla-
cebo-controlled trials of sublingual grass pollen, and HDM
tablet immunotherapy'>®*% produced similar results showing
persistent improvement in rhinitis and asthma symptoms and
reduction in inhaled corticosteroids usage. There is evidence
that both SCIT'* and SLIT***®! can prevent asthma
development and progression in children. The aim of this
review was to compare the efficacy and safety of SCIT and
SLIT in children with asthma and/or AR based on published
data. For this purpose, search engines were used to search for
Cochrane meta-analysis and systematic reviews as well as
head-to-head RCTs investigating the efficacy of AIT for AR
and asthma in children.

Allergen Immunotherapy in Allergic Asthma

Evidence from cochrane meta-analyses for allergic asthma in
children

There are two recent Cochrane reviews that compared AIT with
placebo in asthmatic patients. Abramson et al'*® assessed the
effect of allergen SCIT in asthmatics. A total of 88 trials were
included comprising of both adults’ and children pooled data.
There was no subanalysis performed for the pediatric age group
in this meta-analysis. Overall, a significant reduction in asthma
symptoms with standard mean difference (SMD) (-0.59; 95% CI,
—0.83 to —0.35) and medication requirement (SMD, —0.53;95%
CI, —0.80 to —0.27) was found in subjects receiving SCIT
compared to controls with significant heterogeneity between
studies (I = 90% and I> = 66.9%, respectively). A subanalysis
found significant reductions in symptom for both seasonal
asthma (SMD, —0.61; 95% CI, —0.87 to —0.35) and perennial
asthma (SMD, —0.48;95% CI, —0.96 to —0.0). Bronchial hyper-
reactivity which has been recognized as a hallmark of asthma was
reduced following allergen SCIT (SMD —0.35;95% CI, —0.59 to
—0.11). Normansell et al**? evaluated the efficacy of SLIT in
asthmatics, which included 52 studies published up to March
2015 meeting the inclusion criteria with a total of 5077
participants to compare. Of the 52 studies, 25 recruited children
only. There was a general trend that suggested SLIT being more
efficacious compared to placebo, with reduction in bronchial
hyper-reactivity (SMD, 0.69; 95% CI, —0.04 to 1.43) but the
quality of evidence was found to be low. Authors concluded that

selected studies used unvalidated outcomes including symptoms
and medication scores contributing to the low quality of
evidence.

Adverse events reported in these Cochrane reviews were
extracted for both local and systemic reactions in relation to
SCIT" or SLIT>*? compared to the corresponding placebo.
Local reactions were reported in 16 trials and 32 trials
reported systemic reactions comparing allergen SCIT with
placebo in asthmatics. The relative risk (RR) was 1.4 (95%
CI, 0.97 to 2.02) for local reactions and 2.45 (95% CI; 1.91 to
3.13) for systemic reaction. The incidence of systemic reac-
tions per patient was estimated at 5% to 7% with 0.06% to
1.01% estimated incidence per injection.'*® Authors conclude
that allergen SCIT in asthmatics is not without risk of
significant systemic reaction. On the other hand, SLIT
adverse events in asthmatics were reported in 22 studies
comprising of 2560 participants comparing with correspond-
ing placebo.”® In this SLIT Cochrane review that assessed
adverse events using risk difference (RD) analysis, serious
adverse events were uncommon in asthmatics treated with
allergen SLIT (RD 0.0012; 95% CI, —0.0077 to 0.0102) with
no difference with placebo.

Evidence from systematic reviews and meta-analyses for allergic
asthma in children
Recent comprehensive systematic review conducted by Dhami
et al® on efficacy and safety of allergen SCIT and SLIT
compared to placebo for allergic asthma identified 98 RCTs in
both children and adults. Total of 30 RCTs involving allergen
SCIT and 30 allergen SLIT were analyzed for clinical efficacy
in children. Allergen extracts included in the analyses were
grass, trees, HDM, cat, dog, molds, latex, and weeds.
Improvement of symptoms scores was observed for both SCIT
and SLIT compared to placebo (SMD, —0.58; 95% CI, —1.17
to —0.01). When compared to SLIT in children, SCIT was
found to be more efficacious in controlling asthma symptoms
(SMD, -1.64; 95% CI, -2.51 to —0.78). Allergen
immunotherapy in asthmatic children was found to improve
medication requirement compared to placebo (SMD, —0.49;
95% CI, —0.98 to 0.00) (Figure 15). On subanalyzing individ-
ual allergens, both AIT-HDM (SMD, —2.10; 95% CI, —3.29 to
0.91) and tree pollen (SMD, —1.08; 95% CI, —1.79 to —0.37)
were found to be more efficacious in perennial and seasonal
asthma, respectively. On indirect comparison, subgroup anal-
ysis of AIT safety found that there was a higher risk of local or
systematic reaction for SCIT RR =2.22, (95% CI, 1.48 to
3.33) than SLIT RR = 1.49, (95% CI, 1.13 to 1.98). Authors
concluded that both SCIT and SLIT reduce symptoms and
medication scores in allergic asthma with modest increased risk
of adverse events.®

Rice et al’’’ recently reported results of a thorough
systematic review using grading scheme that extracted data
from 28 RCTs and 12 non-RCTs conducted in children with
allergic asthma for clinical efficacy and safety of AIT (25
SCIT trials, 15 SLIT). They found a moderate Strength of
Evidence (SOE) that SCIT reduces long-term asthma med-
ication requirement; however, they reported that SLIT
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reduces medication requirement with low SOE compared to
controls. There was insufficient data from SCIT or SLIT to
grade asthma symptoms as studies included did not use
validated questionnaire.’”” Local and systemic reactions were
reported more frequently in both SCIT and SLIT. Authors
concluded that in asthmatic children, SCIT is effective in
reducing asthma medication use and that adverse events are
common in both SCIT and SLIT, but anaphylaxis is
reported rarely.

Lin et al®®® conducted systematic reviews on SLIT only
for the treatment of allergic asthma and rhinitis. After
identifying 8156 potentially relevant trials, a total of 63
SLIT-RCTs with 5131 participants were included for the
comprehensive systematic review. Twenty trials (n = 1814
patients) included children only while 17 included both
adults and children, and 26 enrolled adults only. The
majority of studies evaluated efficacy of SLIT on HDM-
induced asthma. The strength of evidence that SLIT is
efficacious in reducing asthma symptoms in children was
found to be high with more than 60% of studies reporting
greater than 40% improvement compared to controls. There
was a moderate grade evidence showing SLIT decreases
medication requirement in asthmatics when compared to
control. Local adverse events were more frequent in SLIT
patients compared to placebo with rare systemic adverse
events. There were no fatal reactions or death in SLIT-
treated patients. Authors concluded that SLIT is associated
with reduction in asthma symptoms and medication use.

Compalati et al systematically reviewed the efficacy of
HDM-SLIT in perennial respiratory allergic diseases.’®* A
total of eight RCTs (n = 220 children) were included to analyze
SLIT efficacy on HDM-induced asthma symptoms. There was
a significant reduction in asthma symptom (SMD, —1.09; 95%

CI —1.96 to —0.22) and medication requirement (SMD, —1.86;
95% CI, —3.34 to —0.38) (Figure 15). Authors concluded that
SLIT in HDM allergy is effective in children with prospect of
modifying the natural history of allergic diseases.

All reviews recommended the need of large homogeneous
trials with head-to-head studies comparing SLIT and SCIT in
children.

Evidence from head-to-head SCIT vs SLIT trials in
children with allergic asthma

Head-to-head RCTs comparing efficacy and safety of SLIT
versus SCIT in children with asthma are very limited. There are
only 3 RCTs conducted in children with allergic asthma that
compared head-to-head the efficacy and safety of SCIT versus
SLIT36-385-587 (Table 11). Of these, 2 were open labe] 06385387
and one was double-dummy placebo-controlled trial.>*

Eifan et al’® included 48 children with mild-to-moderate
HDM-allergic asthma in this randomized open-label trial.
After one year of treatment, there was significant reduction in
asthma symptoms, medication requirement, and skin reactivity
to HDM in both SCIT and SLIT compared to controls. This
clinical efficacy was maintained in both SCIT and SLIT after
3 years of treatment with persistent reduction in asthma
symptoms and medication use.**® There was no difference
when head-to-head comparison was made between SCIT and
SLIT regarding clinical efficacy. Two cases of systemic reaction
were observed in the SCIT group during up dosing phase with
one needing adrenaline administration. Otherwise, there were
no adverse reactions observed in the SLIT or control group
during the study.

Yukselen et a randomized 30 children with mild-to-
moderate HDM-induced asthma in double-blind, double-

1586
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Table 11. (Continued).
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ARMS: Allergic Rhinitis Medication Score; ARSS: Allergic Rhinitis Symptom Score; Der f: Dermatophagoides farinae; Der p: Dermatophagoides pteronyssinus; RCT: randomized controlled

study; SCIT: subcutaneous immunotherapy; SLIT: sublingual immunotherapy.

dummy single-centered trial comparing SLIT versus SCIT.
Compared with controls, a significant reduction in medication
requirement was observed in the SCIT-treated group only but
not SLIT. There was no difference when head-to-head com-
parison was made between SCIT and SLIT regarding clinical
efficacy. No systemic adverse reactions were reported in any of
the groups. Keles et al®®” conducted an open-labeled random-
ized prospective study comparing 4 arms of treatment. They
compared a novel mode of treatment which includes combi-
nation of SCIT for updosing followed by SLIT for mainte-
nance (SCIT plus SLIT), SCIT only, SLIT only, and control
group in mild-moderate HDM-induced asthmatic children.
There was a significant reduction in asthma symptoms and
medication use in SCIT, SCIT plus SLIT, and SLIT groups
compared to controls.

Allergen immunotherapy in allergic rhinitis

Evidence from cochrane meta-analyses for allergic rhinitis in
children

There are 2 Cochrane meta-analysis published that compared
the efficacy of AIT with placebo in AR patients.®1%
Radulovic et al®' published their findings in 2010, in which
they performed a subgroup analysis of 15 SLIT-RCTs
comprising of 1392 treated AR children. In this subanalysis,
the efficacy of sublingual drops and tablets in seasonal rhinitis
(grass pollen, weed, and trees) using different regimens
including pre-, co-seasonally, or whole year and the efficacy
of SLIT with HDM were pooled and analyzed. The authors
showed a significant reduction in AR symptoms (SMD, —0.52;
95% CI, —0.94 to —0.10) and medication requirements (SMD,
—0.16; 95% CI, —0.32 to 0.00) in SLIT-treated patients
compared to placebo. Studies were found to be homogenous
for medication score (I* = 36%) and a substantial heterogene-
ity for symptom scores (I =92%). There were no further
Cochrane reviews on efficacy and safety of SLIT on AR
published thereafter. Calderon et al'*® did not perform
subgroup analysis in children in the Cochrane meta-analysis
on SCIT for AR as there were no RCTs of SCIT conducted
exclusively in children with AR prior to meta-analysis.

Evidence from systematic reviews and meta-analysis for allergic
rhinitis in children

In the most recent meta-analysis by Dhami et al,'® both SCIT
and SLIT were found to improve AR symptoms compared to
placebo (SMD, —0.65; 95% CI, —0.86 to —0.43) and (SMD,
—0.48; 95% CI, —0.61 to —0.36), respectively. However,
significant heterogeneity was reported in SCIT (I* = 62%)
and SLIT (I* = 69%) studies mainly due to different regimens,
dose, and extract used. On subgroup analysis, 12 SCIT and
SLIT studies were performed in children with AR. Allergen
immunotherapy was found to reduce AR symptoms (SMD,
—0.25;95% CI, —0.46 to —0.05, > = 54%) with mild benefit on
reducing medication requirement (SMD, —0.021; 95% CI,
—0.42 to 0.01, > = 25%). When comparing modes of treat-
ments in children with AR, SLIT had strong evidence of efficacy
over placebo in reduction of rhinitis symptoms and medication
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requirement (SMD, —0.42; 95% CI, —0.62 to —0.21, P=0%
and SMD, —0.59; 95% CI, —1.12 to —0.07, F* = 38%). It is
important to note that in this subanalysis, only five clinical trials
were involved (2 HDM, 2 grass pollen, 1 Parietaria judaica
pollen) with 183 patients in the SLIT active treatment arm and
183 patients in the placebo group. Interestingly, no subgroup
analysis was performed on the effect of SCIT on AR symptom
and medication scores in patients younger than 18 years of age,
although there are head-to-head studies comparing SCIT and
SLIT with active pharmacotherapy in pediatric age.>*®>%5-3%7

In a systematic review and meta-analysis performed by
Dretzke et al,.* the effect of AIT on seasonal rhinitis was
assessed by indirectly comparing SCIT versus SLIT. On
subgroup analysis in children, there were no differences
between SCIT and SLIT for reduction of AR symptom,
medication requirements, and improvement in quality of life.
Lin et al’® analyzed 12 studies involving 1065 rhinitis children
comparing SLIT and placebo by grading the strength of
evidence as high, moderate, low, and insufficient based on the
risk of bias and the magnitude of effect in the involved studies.
Authors reported a moderately strong evidence supporting
SLIT as efficacious in improving rhinitis symptoms and
medication use in children, but it is important to note that a
meta-analysis could not be conducted as the outcomes in
different studies were reported heterogeneously.>®?

In another meta-analysis performed by Di Bona et al
involving both children and adult data, the efficacy of SCIT,

SLIT tablet, and SLIT drops for grass pollen—induced
seasonal AR was compared indirectly. SCIT was found to
be significantly effective for symptom improvement (SMD,
—0.92; 95% CI, —1.26 to 0.58) and medication requirement
(SMD, —0.58; 95% CI, —0.86 to —0.30).>%® The authors
reported a higher degree of evidence for SCIT efficacy in
terms of symptoms and medication requirement when com-
pared to a moderate to low degree of evidence of efficacy for
SLIT drops (SMD, 95% CI, —0.25; —0.45 to —0.05 and
—0.37; —0.74 to —0.00, respectively) and SLIT tablets (SMD,
95% CI, —0.40; —0.54 to —0.57 and —0.30; 0.44 to —0.16,
respectively).

Compalati et al®* analyzed 5 RCTs comprising of 235
children comparing the effect of HDM-SLIT and placebo in
AR children. They found no difference from placebo in
perennial rhinitis symptom reduction and medication require-
ment. Authors suggested that significant SLIT efficacy found
only for asthma symptoms but not for rhinitis might be due to
insufficient sample size of subgroup analysis. Kim et al’®
included the studies published until 2012 comparing SCIT and
SLIT with placebo and found a moderate to strong degree of
benefit of SCIT in reducing rhinitis medication requirement
with weak to strong degree of benefit for rhinitis symptoms to
SLIT. Authors concluded that due to few numbers of studies
and some inconsistent results, the strength of evidence was low
to support superiority of SCIT over SLIT in reducing AR
symptoms and medication use.

Table 12 Adverse events reported in head-to-head prospective randomized controlled studies including children and adolescents with allergic

rhinitis and asthma

Allergen Treatment
Study extract Patients (n) Age Drop-out  duration Build-up Maintenance
Eifan Der p, 16 SCIT SCIT (7.0 £ 2 patients 3 years Two grade 3 & 4 systemic None None
AQ?930 Der f 16 SLIT 1.8) (SCIT, reactions, one local
16 Control SLIT (6.5 + SR) swelling of 7 cm
1.6)
Control 7.6
+2.0)
Yukselen  Der p, 10 SCIT SCIT (10.9 &+ 1 Patient 2 years Local reaction in None Local
A3 Der f 10 SLIT 3.2) (active 2 active & 2 placebo reaction,
10 Placebo SLIT (9.2 + SLIT, 3 active,
3.4) LR) 2 placebo
Placebo
(10.1 £ 2.7)
Keles S°2  Der p, 11 SCIT SCIT (7.1 £ 2 Patient 1 year Two grade 3 systemic None None
Der f 13 SLIT 1.8) (SCIT) reaction None in
14 SLIT (8.6 + SCITPUssLIT
SCITPHsSLIT + 2.1)
12 Control SCITPsSLIT
(8.2 +£1.4)
Control (7.9
+2.8)

AR: Allergic rhinitis; Der f: dermatophagoides farinae; Der p : dermatophagoides pteronyssinus; HDM: house dust mite; IT: immunotherapy; LR:
local reaction; SCIT: subcutaneous immunotherapy; SLIT: sublingual immunotherapy; SR: systemic reaction.
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Evidence from head-to-head SCIT vs SLIT trials in children with
allergic rhinitis

There are several head-to-head RCTs comparing the efficacy
and safety of SCIT versus SLIT involving either only adults or
adults, children, and adolescents with AR.'>%%7%2 In this
review, RCTs that included children only**®%%-%7 will be
discussed in detail (Table 11).

Eifan et al®®® compared the efficacy and safety of SCIT
versus SLIT with the control group in a prospective random-
ized trial of HDM-sensitized rhinitis children. This was the first
prospective study comparing the efficacy of SCIT and SLIT in
a single center in children. At the end of first year, AR
symptoms decreased by more than half in both SCIT and SLIT
compared to controls (p =0.01 and p = 0.03, respectively)
suggesting that both SCIT and SLIT are effective for control-
ling AR. Allergic rhinitis medication requirement was signif-
icantly reduced only in SLIT. Karakoc-Aydmer et al**® re-
assessed at the end of 3 years of treatment and found persistent
reduction in AR symptoms in both modes of AIT compared to
controls. Significant reduction of AR medication requirement
in both SCIT and SLIT groups was observed compared to
controls at the end of 3 years of treatment. There was no
difference in clinical efficacy between SCIT and SLIT when
compared head to head at the end of 3 years. The main
limitation of these prospective studies in children was the low
number of participants in each treatment arm and the absence
of a placebo group. This is mainly due to ethical reasons, as it is
difficult to design long-term SCIT involving trials using
double-blind placebo control methodology in pediatric age
group. Nevertheless, the methodology used in recent trials
allowed to make a thorough comparison of the two
immunotherapy modalities with that of pharmacotherapy
alone in a prospectively randomized manner for the 3 years
of treatment in pediatric patients for the first time.

Yukselen et al’® reported the first double-blind placebo-
controlled trial comparing head-to-head SCIT and SLIT in
HDM-AR with/or without asthma. Standardized SLIT drops
(D.pt. and D.f; 50:50, mite extracts, Novo-Helisen Oral,
Allergopharma) were taken at increased doses daily for
12 weeks and the maintenance dose was 3 times/week as 28
drops of 1000 TU/ml of was self-administered at home.
Standardized D.pt. and D.f. (50/50) mite extracts (Novo-
Helisen Depot, Allergopharma) were used for SCIT
(Table 11). Induction phase continued 12 weeks with weekly
injections followed by the maintenance phase with repeated
injections every four weeks. The cumulative dose for SLIT and
SCIT is presented in Table 11. Allergic rhinitis symptoms and
medication requirement decreased significantly in SCIT but not
in SLIT group when compared to placebo. Authors concluded
that HDM-SCIT was more effective in reducing AR compared
to HDM-SLIT. Keles et al®®’ introduced a novel regime of
SCIT plus SLIT group in which SCIT was administered in the
build-up phase and SLIT in the maintenance phase and
compared head to head with SCIT only, SLIT only, and
controls. At the end of one year of treatment, they found AR
symptoms were improved in 88%, 36%, and 94% in SCIT
only, SLIT only, and SCIT plus SLIT groups, respectively

compared to controls with similar efficacy for medication
requirement. There was no significant change at 4 months and
Ist year of treatment in SLIT only group in terms of both AR
symptoms and AR medication requirement suggesting that
building up with injections and then maintenance via sublin-
gual route might augment the efficacy of AIT in maintaining
the control of rhinitis symptoms. Therefore, authors concluded
that the successive administration of SCIT and SLIT is more
efficacious than SLIT alone in controlling rhinitis symptoms.

In summary, these results of head-to-head comparison in
children with AR and asthma showed that SCIT is superior to
SLIT in symptom reduction and medication use in the first year
of treatment but this difference disappears at the end of three
years of treatment. Administration of SLIT in the maintenance
phase following SCIT in induction phase might be an option to
augment the efficacy of SLIT particularly for the first year of
treatment.

Evidence of safety and tolerability of SCIT versus SLIT in
children

In the head-to-head SCIT versus SLIT trials, local adverse
events were reported in both SCIT- and SLIT-treated children
with similar numbers seen in placebo group but resulted in
withdrawal in active SLIT group due to troublesome symp-
toms>®® (Table 12). There were systemic adverse events involv-
ing the respiratory system occurred in the active SCIT group
during the induction phase®®® leading to treatment discontin-
uation. No systemic symptoms reported in the SLIT group.

In a recent large-scale study, the adverse systemic reactions
of AIT in children and adolescents were assessed via a
prospective survey among physicians.’>® Since this was an
observational, non-interventional study, the mode of treat-
ments using AIT (SCIT, SLIT drops, and SLIT tablets) was
not proportionally selected. A total of 19699 SCIT and 131550
SLIT doses were administered of which the estimated fre-
quency of systemic side effects with SCIT and SLIT was 0.11%
and 0.004%, respectively. Ninety percent of SCIT reactions
were seen with natural extracts and during induction phase,
and nearly 80% of reactions with SLIT were seen with SLIT
drops involving mostly respiratory system. Overall only three
cases were defined as anaphylaxis and all were due to SCIT.
The discontinuation rate due to adverse reactions in children
was found to be one in five with no differences in between the
two AIT modalities.>”*

In a pooled double-blind placebo-controlled analysis of
safety of 5-grass pollen tablet, 2 phase-11I studies included 312
children and adolescents.>®* There was no serious drug-related
adverse event in both active drug and placebo groups.
However, 4.5% in active and 1.3% in placebo group prema-
turely discontinued from the study due to adverse events. In
another multicenter open-label study, the adherence rate for
children and adolescents taking SLIT grass pollen tablet was
reported as 97.1% after 1 month, 92.1% after first season,
92% after 2 years, and 83.1% in intention-to-treat analysis
after 3 years of treatment in a real-life setting.>®® There are
exist some safety data about SCIT or SLIT separately;
however, large-scale head-to-head comparative studies for
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SCIT and SLIT are needed in pediatric patients in order to
evaluate adverse events in relation to adherence and its impact
on clinical efficacy.

Recommendation and unmet needs

The child described in the vignette presents with typical
perennial severe rhinitis symptoms and co-existing mild inter-
mittent asthma. Treatment with dust mite prevention and long-
term pharmacotherapy had little benefit in controlling his
symptoms and improving his quality of life including school
attendance. According to the current international recommen-
dations, allergen immunotherapy should be considered in cases
where pharmacotherapy alone is not effective. Sublingual or
subcutaneous immunotherapy are to be considered in this
child’s management as current guidelines®”>® agree that AIT
(SCIT or SLIT) is not contraindicated in children with mild-to-
moderate well-controlled allergic asthma with co-existing
allergic rhinitis and should be considered in controlled HDM
driven asthma.

When selecting either SCIT or SLIT, the main points to be
considered should be the availability of products, cost, safety
and convenience. Currently, both mode both treatments are
widely available in local hospitals in most European countries
and UK. Sublingual allergen immunotherapy has been shown
to be safe and convenient, allowing patient’s self-administra-
tion with a consequent reduction of the indirect costs. Both,
SCIT and SLIT are effective in treating allergic rhinitis with or
without asthma induced by aeroallergen and to be recom-
mended for a minimum duration of 3 years.

There remains an unmet need to perform an adequately
powered study in children to evaluate the optimum duration,
regime of treatment and starting age, as well as the preventive
effects of different modes of treatment including tablets, SCIT
and SLIT drops, and age of treatment.

Conclusion

There is an acceptable evidence that treatment of allergic
asthma and rhinitis with AIT is proved to be effective and
clinically safe in studies with limited sample size. Quality of
evidence in children studies was found to be moderate-high for
SCIT and low-moderate for SLIT. The relative efficacy of
SCIT and SLIT with different allergens remains to be
determined. It is important to note that the results of the
meta-analysis should be interpreted with caution as the quality
of evidence being limited to small studies, substantial hetero-
geneity of study protocol and an overall low grade of evidence
that does not allow firm conclusions. Further studies in
children and adolescents with sound methodological quality,
adequate sample size, and outcome observations lasting longer
than 2 years are needed to address remaining uncertainties.
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Abstract

Allergen immunotherapy (AIT) is currently a well-established
treatment in the clinical management of allergic respiratory
diseases and is considerably relevant for the pediatric popula-
tion in light of the AIT potential to modify the natural history
of the disease. AIT should be offered to any child with
moderate-severe allergic rhinitis starting from 5 years of age,
further to an adequate risk-benefit assessment which includes
adherence. An earlier age and mild disease could be considered
based on an individual evaluation. Both subcutaneous AIT and
sublingual have a good efficacy and safety profile with safer
outcomes for SLIT compared to SCIT. Only standardized
products with documented evidence of clinical efficacy should
be used. Patients and families should be appropriately
informed of the AIT protocols and possible side effects as
well as of the duration of 3 up to 5 years. A summary of key
evidence with relevance to clinical practice is presented as well
as knowledge gaps and future research needs.

Keywords

allergen-specific immunotherapy; allergic rhinitis; children;
IgE-mediated allergic diseases; prevention; sublingual
immunotherapy; subcutaneous immunotherapy

Abbreviations

AIT — Allergen immunotherapy

AR - allergic rhinitis

SCIT - subcutaneous immunotherapy
SLIT - sublingual immunotherapy
WAO — World Allergy Organization

Impact statement

Allergen immunotherapy is currently the only active treatment
for IgE-mediated respiratory diseases. AIT has a unique ability

to modify the natural history of the disease; this is of
considerable relevance especially in childhood. A critical
pragmatic approach is provided with a specific focus on the
pediatric population.

Introduction

Allergen immunotherapy (AIT) is recognized as a clinically
effective and safe therapy for allergic respiratory diseases. It has
a unique ability to modify the natural history of the disease. For
this reason, childhood has been proposed as the best time
window for intervention, both in terms of treatment and
prevention. AIT was introduced in clinical practice more than
one century ago by Noon.'”® Unfortunately, it was initially
performed with allergen extracts of poor quality and definition.
Over the years, AIT has evolved in several aspects: from the
allergen content to vehicle and adjuvant, from the route and
schedule of administration to the production, distribution, and
documentation.®!% Altogether, these changes have led to a
remarkable improvement both in the efficacy and in safety
profile of the treatment. Today, AIT is accepted and routinely
prescribed worldwide in respiratory allergies.

In clinical practice, the conventional routes of administration
are currently only subcutaneous immunotherapy (SCIT) and
sublingual immunotherapy (SLIT). Others, such as the epicu-
taneous and intralymphatic routes, are under investigation.’
SCIT is usually administered as a depot adsorbed on aluminum
hydroxide or tyrosine. Both unmodified and modified extracts
may be used. SCIT schedules are heterogeneous, as they differ in
the number of injections per visit, number of visits per week,
and the rapidity with which the patient reaches the maintenance
dose. Depending on the specific product, conventional SCIT
schedules involve at least one injection up to three per week
during a build-up phase that lasts a variable number of weeks,
followed by a maintenance phase, during which injections are
given every two up to six weeks over a period of years. The use
of SLIT is more recent: The first report in a randomized clinical
trial dates back to 1986>7(that is 75 years later the first SCIT
report '%®), and the first use of SLIT in tablet form was reported
in 2001. After those early trials, SLIT has rapidly gained
scientific credibility and broad clinical application. SLIT may be
administered either as fast-dissolving tablets or drops to be
retained under the tongue for at least one minute and then
swallowed. In seasonal allergic rhinitis (AR), SLIT is recom-
mended to be taken either continuously or pre-/co-seasonally,
starting at least two months (better four months) before the
commencing of the pollen season.’
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When to consider AIT?

Indications - AIT is recommended in allergic rhinitis/
conjunctivitis with/without allergic asthma, with an evidence
of specific IgE sensitization toward clinically relevant
inhalant allergens.® Since it is an allergen-specific treatment,
the identification of the allergen(s) driving patient’s symp-
toms is the first imperative step in order to select correctly
the allergen product to be used for the specific patient.
Especially in polysensitized patients, the first-line tests (ie,
skin prick test and levels of IgE toward allergen extracts)
may be insufficient to clearly identify the key inhalant
allergen driving allergic symptoms. Molecular diagnostics
may help in discriminating primary sensitizations from cross-
reactions and, therefore, in selecting the allergen(s) to be
used. Nasal or conjunctival provocation testing has been
proposed to prove in loco the clinical relevance of the
allergic systemic sensitization. However, they are currently
mainly confined to research setting. Only standardized AIT
products with documented clinical evidence of efficacy
should be used when available '*3%° (‘product-specific
evaluation’) as there is no class-effect in AIT.>>¢7

In terms of indications, the severity of AR symptoms
represents a crucial point. Currently, AIT is recommended in
patients with moderate-to-severe AR symptoms according to
ARIA classification.>® However, AIT may also be considered
in patients with less severe allergic rhinitis who wants to take
advantage of its long-term effects, including the potential of
AIT in preventing asthma 579032

The use of AIT in asthma has been a matter of debate owing
to the lack of trials designed to investigate AIT in asthma,
especially in pediatric population. Most data derive from
studies designed for AR in which some participants also
suffered from asthma,® and some clinically relevant aspects
(eg, pulmonary function, intake of inhaled steroids, rate of
exacerbation, and coexistence of infections) were not always
assessed nor reported. Based on current literature, uncon-
trolled and severe asthma remains an absolute contraindication
to the prescription of AIT.**°3% Some studies specifically
designed for asthma, although in adults, found that AIT can
decrease the need of inhaled corticosteroids for asthma control
and, more importantly, that AIT can lower the rate of asthma
exacerbations.>*333373 Furthermore, the most recent Global
Initiative for Asthma Management document included, for the
first time, SLIT as a possible add-on therapeutic option in
asthma treatment of adults with concomitant AR to house dust
mites.>’

Concerning the age, there is limited evidence in preschool-
ers. 334335600 1t has been established by expert consensus that
AIT in a child can be started at 5 years of age for safety
reasons However, AIT can be considered in children younger
than 5 years of age on individual basis. This should take into
account several factors, including the effect on the quality of
life, the expected acceptance, and adherence to AIT.

In order to schematically provide a guide to healthcare
professionals delivering AIT to children with allergic respira-
tory diseases, practical considerations and a procedural algo-
rithm are shown in Table 13 and Figure 16, respectively.

Table 13 Practical considerations for healthcare professionals
delivering AIT to children with allergic respiratory diseases

Training and facilities e Expertise in the diagnosis and
differential diagnoses of AR and
allergic asthma by history and
supporting SPT or specific IgE
testing.

e Training in recognition and
management of severe allergic
reactions including anaphylaxis.

e Availability of equipment and
trained personal to manage severe
allergic reactions.

e Training in administration of
specific AlT products.

e Facilities to observe patient for at

least 30 minutes with SCIT

injections and initial dose of SLIT.

Effective communication with

patients and his/her family about

practicalities of AIT, expected
benefits and potential adverse
effects.

e |dentification of clinical
contraindications to AlT.

e Select an AIT product with

documented evidence for efficacy

and safety, for the patient's
specific presentation, wherever
possible.

Start AIT with SLIT for seasonal

allergic diseases at least 2, and

preferably 4, months before the
pollen season. For SCIT, the
updosing period should be finalized
before start of the relevant season.

e Preferably start AIT for perennial
allergic disease when allergen
exposure is lowest and avoidance
measures are in place.

e Dose reductions (usually 50%) or
split doses for adverse effects,
intercurrent iliness, or delayed
dosing as recommended by
Summary of products for SCIT.

e Dose interruption with oral lesions
and other issues as recommended
by Summary of products
characteristics for SLIT.

e Facilities to regularly follow-up
patient promoting adherences to
therapy and watching for adverse
effects.

Assessing patient and .
deciding on best approach

Undertaking AIT °

Adapted from Roberts et al.®

Contraindications - Before commencing AIT, clinicians
should carefully evaluate any patient-related absolute or
relative contraindication (Table 14). This should include
children’s and caregivers’ preference and likely adherence
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The child has signs/symptoms of rhinitis
(conjunctivitis)/asthma

¥

- IgE sensitization to relevant allergens?
- Symptoms consistent with allergen exposure
and IgE allergen-specific sensitization?

YES ‘

- age (=5 years)

- contraindications

- preferences

- severity of the disease

- enviromental allergen avoidance

Assessment of risk/benefit ratio:

- symptomaticdrug intake and benefit

NEGATIVE
FORAIT

» ‘ AIT excluded

POSITIVE FORAIT 4

his/her family about:

side effects
* Gettinginformed consent

* Adequate communication to the child and

- AIT protocols (route, schedules, duration)
- Appropriate management and potential

NO
» I AIT excluded

YES ;

- Adherence
- Benefitsand side effects

- Lack of benefits?

* Start AIT & Regular re-assessement:

- Required treatment modifications
* Mandatory re-assessment after 1 year of AIT:
- Unacceptable adverse events?

YES

d

Stop AIT

no ¥

At least 3 years of therapy.
Selected patients may warrant longer therapy

Figure 16 Algorithm on the clinical approach of allergen immunotherapy (AIT) in children suffering from allergic respiratory diseases.

given the need for 3-5 years of treatment. Therefore, any
medical or social condition that might prevent patients from
attending frequent clinical visits or taking SLIT drops daily
represents an absolute contraindication. Although most data
come from case reports and case series of severe adverse
events and not on higher quality studies, uncontrolled
asthma is recognized as an absolute contraindication as well
as any active not controlled severe systemic autoimmune
disorder or active malignant neoplasia. A careful revision of
the summary of product characteristics is mandatory in
order to consider specific contraindications for individual
preparations.

Efficacy

There are many studies investigating the efficacy and safety of
AIT in the medical literature.'®®°! Nevertheless, the interpre-
tation of current evidence remains challenging because of the
heterogeneity among studies. The results of individual studies
are difficult to compare because studies have used different
populations, different methods (eg, diagnostic criteria; aller-
gens, formulation, and strength of products used; schedules;
dose; route of administration; duration of the intervention),
and different outcomes. Additionally, many studies have
small sample size and miss adjustment for confounders.
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Table 14 Current contraindications to AIT in children

Absolute
contraindications ® Uncontrolled or severe asthma
® Active, severe systemic autoimmune
disorders (unresponsive to treatment)
® Active malignant neoplasia
® Poor adherence
Relative
contraindications @ Partially controlled asthma
® Beta-blocker therapy (local or systemic)
® Systemic autoimmune disorders in remission
or organ specific
® Severe psychiatric disorders
® Immunodeficiencies
® History of serious systemic reactions to AIT

Furthermore, not all AIT products in current use have
sufficient data to support their efficacy in clinical practice.
For all these reasons, the current guidelines recommend
strongly an individual product-based evaluation of the
evidence for efficacy before treatment with a specific product
is initiated.>**’

AIT is a good example of the need for stratification and,
therefore, proposed as potential model for the so-called
“precision medicine”. This fits the expression: “the right
treatment for the right patient at the right time”. Therefore,
the correct identification of the key allergen(s) driving the
symptoms is pivotal likewise the identification of good respon-
ders to the treatment. In this perspective, specific relevant
factors able to affect AIT efficacy should be evaluated carefully.

Especially in areas with a high biologic complexity, such as
the Mediterranean one, a major problem is the high number of
polyallergic patients, even in the pediatric population.
Recently, the European guidelines® have suggested that poly-
sensitized patients who are polyallergic for taxonomically
related homologous allergens can be recommended to receive
either a single allergen or a mixture of homologous allergens
from that biologic family that covers all the major allergens.
Patients who are polyallergic for non-homologous allergens
may be recommended to start AIT with either the allergen
responsible for most of their AR symptoms or separate
treatment with the two clinically most important allergens.

Adherence to the treatment is another important issue able
to affect the efficacy of such a long treatment working on the
immunologic system. Therefore, it is an obligatory element to
be considered before commencing AIT (see above “Contraindi-
cations”).

Other allergen factors may relevantly influence AIT efficacy,
such as standardization of allergen products; allergenic mix-
ture; and specific allergens. When possible standardized aller-
gen products should be used both for diagnosis and for AIT in
order to select properly both the eligible patient and the most
suitable and effective treatment. In terms of allergen mixtures,
the European Medicines Agency (EMA) recommends to mix
only homologous allergens (that are usually taxonomically
related) and to not include allergens with enzymatic activities
(eg, house dust mites).®*> For some less common allergens, the

so-called orphan allergens data are overall lacking and clinical
decision should be taken on individual basis.

For how long should AIT be prescribed?

Currently available data suggest that AIT (both routes SCIT
and SLIT) should be used for 3 to 5 years in children to achieve
a significant clinical efficacy. This may also modify the clinical
history of allergic respiratory diseases and prevent its evolu-
tion. Therefore, the recommended duration for either SCIT or

SLIT is at least 3 years 80148603 apnd probably five years for

venom.®!

A clinical improvement (both in terms of symptoms decrease
and in terms of drug intake) can be reasonably expected
already in the first year of therapy. Several causes should be
considered when the treatment fails, such as wrong diagnosis,
too short duration of therapy, inadequate dosage, inadequate
adherence.*®® In this context, patients treated with SLIT, who
take the dose at home, should be evaluated every 3- 6 months
in order to: verify the clinical benefit of SLIT, to ensure the
adherence to treatment, to consider when indicated stopping
AIT treatment. Once a clinical benefit is ascertained, SLIT
should be continued for a period of at least three years. After
three years of treatment, AIT can be prolonged for additional 2
or more years, based on the outcomes of the treatment upon
informed decision of the family and the patient. Therefore, the
total duration of AIT (ie, 3 to 5 years or even more) must be
established on individual basis. Given the potential of AIT to
modify the natural history of the disease, it might be more
profitable to commence AIT in the first phase rather than in the
late course of the allergic disease when non-reversible damages
are present and the progression cannot be modified. Relief of
allergic symptoms and long-lasting efficacy are two goals that
can be obtained in allergic children. Namely in order to achieve
successful results, it is important to begin AIT during child-
hood when bronchial asthma is often less severe, and children
show one or few sensitizations.®**

Safety

The safety profile of both SCIT and SLIT in the pediatric
population has been thoroughly evaluated in most of the
clinical studies.®™** It has been shown that both SCIT and
SLIT are safe and well-tolerated treatments in children with
AR and adequately controlled allergic asthma.

SCIT-In the subcutaneous route, most reactions are local
reactions at the injections site: redness, itching, or swelling.'” In
children, local reactions in the arm(s) could be particularly
uncomfortable. Local measures (eg, cooling or topical gluco-
corticoids) or oral antihistamines are helpful for these reac-
tions. In case of enlarged local reaction (redness/swelling
>10 cm in diameter), clinicians should consider to adapt the
next dose according to the summary of product characteristics.
Systemic reactions (eg, asthma, angioedema, generalized
urticarial, anaphylaxis) have been described in around 2% of
all SCIT patients. Although very rarely, fatal or near-fatal
systemic reactions due to SCIT have been reported.°®For this
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reason, all SCIT injections should be administered by experi-
enced and trained healthcare professional in clinical setting
with all facilities to attend any severe adverse event, including
severe anaphylaxis.®>'*%7 Over 80% of adverse reactions occur
within 30 minutes after SCIT injection.®*** Therefore, it is
recommended to perform clinical observation of the patient for
at least 30 minutes after the injection in the clinic.?

SLIT: only one appears to have a better safety profile than
SCIT; reported systemic adverse events are generally fewer and
less severe. Possibly this difference may be explained, at least in
part, by the amount of immunologically active allergen. In fact,
although the total amount of allergen in SLIT is usually
classically 50- to 100-fold the doses used for SCIT, sublingually
administered allergens are diluted and flushed away by saliva,
so that the actual amounts of allergens that finally penetrated
the mucosa and encountered antigen-presenting cells including
dendritic cells have to be estimated much lower than the
initially administered amounts.®®In addition, tonsils may play
a role in induction of allergen-specific T-cell tolerance as
demonstrated by in vivo existence of Bet v 1-specific Treg cells
in human tonsils®”and dendritic cells have been shown to be
more tolerogenic in the oral mucosa than in the skin.®'%®!"
Anaphylaxis was described anecdotically and no fatality, due
to SLIT which has been reported in about three decades of
clinical use. A high frequency of local adverse reactions has
been reported with SLIT usually limited to the oral mucosa.®®?
However, other reactions have been recorded with SLIT, such
as asthma, urticaria, abdominal pain.®®* A risk for eosinophil
esophagitis (EoE) has been recognized and currently EoE
should be considered a contraindication for SLIT. It is
recommended to observe patients for at least 30 minutes after
only the first dose by staff able to manage anaphylaxis in clinic.
Other SLIT doses (that are the majority) are administered—
usually daily—outside the clinical setting, without medical
supervision. Therefore, specific instruction should be provided
to patients regarding the management of adverse reactions
(mostly local), unplanned interruptions in treatment, and
situations when SLIT should be temporarily withheld (eg,
oropharyngeal infections, acute gastro-enteritis, asthma exac-
erbations).

In order to standardize the system of reporting AIT adverse
events, the World Allergy Organization (WAQ) position
papers recommend a consistent use of systemic Reaction
Grading and Classification *’and SLIT Local Reactions
Grading System.®'> Even when AIT is suitable for children
with allergen rhinitis and well-controlled mild-to-moderate
allergic asthma, absolute and relative contraindication plus risk
factors (Table 15) should be always considered.

Any window for prevention?

In the era of the so-called “allergic pandemic”, prevention
represents one of the major concerns, especially in pediatrics. It
is known that the clinical expression of respiratory allergies
tends to change over time, according to a “natural history”, the
so-called “atopic march”. In the typical sequence, allergic
rhinitis often precedes the onset of asthma and, therefore, it

Table 15 Risk factors for systemic reactions during AIT

Current allergy symptoms and potential allergen exposure
Current infections

Mast cell disease

Previous systemic reaction to SCIT or SLIT

Uncontrolled or severe asthma

A high degree of sensitization

Excess dose escalation during initiation

Beta-blockers use

Poor injection technique

Overdose of allergen extract

Lack of adherence in following manufacturer’s recommen-
dation for dose reduction when change to new production
batch

® High-intensity physical exercise

Adapted from Pfaar et al.?®”

can be considered a risk factor for the development of allergic
asthma 613614

In addition, there is often the tendency to develop new
sensitivities along time.°'> Therefore, as AIT is the only
disease-modifying treatment in allergic diseases, the potential
preventing effects of AIT have been suggested and investigated
for the prevention not only of the development of allergic
comorbidities in patients with established allergic diseases, but
also the development of first allergic disease in not-sensitized
children and pregnant mothers and in still healthy children
with allergic sensitization. Certainly, alongside efficacy,
another pivotal issue to be considered is the safety profile,
especially in the context of prevention in healthy individuals.
However, there is overall lack of evidence on this topic. The
recent European guidelines suggest that a three-year-long
course of subcutaneous or sublingual AIT can be recom-
mended for children and adolescents with moderate-to-severe
AR due to grass or birch pollen in order to prevent the onset of
allergic asthma for up to two years post-AlIT cessation in
addition to its sustained effect on AR symptoms and medica-
tion,>78:285:381.605.616 A fow trials suggest a preventive effect on
the onset of asthma symptoms and medication use as long as
10 years of follow—up.sg‘]“s’285 However, data are scarce for
AR triggered by house dust mites (with just one study in
adults) or other allergens different from grass/birch.28%605-617
Because of inconsistent results, at this moment AIT cannot be
recommended for the prevention of new sensitizations, nor in
patients with allergic rhinitis and/or asthma nor in healthy
individuals.®”-2"3283618 There is lack of evidence also about the
role of AIT in preventing the onset of allergic diseases in
individuals with early-life atopic manifestation (eg, atopic
eczema and food allergy) and in healthy subjects (with or
without atopic sensitization).”’>?”> However, there are good
data providing evidence for the prevention of the development
of asthma in children with allergic rhinitis and pollen allergy up
to 2 years after the end of the treatment.*®'*>>’® Further well-
designed clinical trials are needed to better clarify the value of
AIT as disease-modifying treatment in the prevention of
allergic diseases
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Current gaps and future perspectives

Several studies have evaluated AIT; however, there is broad
heterogeneity among them, which underlines the importance of
improvement in harmonization of clinical trial design.®* This
heterogeneity affects the robustness of the current evidence.
For instance, studies differ in the populations evaluated. This
deserves some consideration. For instance, children with atopic
heredity have a higher risk of developing allergic disease(s).
Furthermore, children with IgE sensitization and/or early
manifestations of atopic diseases (eg, atopic dermatitis and
food allergy) have a higher risk for developing other allergic
manifestations (eg, asthma).®’®®! The age of the study
population is another pivotal factor as the phenotypic expres-
sion may change with age and some manifestations may even
disappear spontancously.'®®?® To compare the results of
individual studies is made more difficult because of the
heterogeneity not only of the population investigated, but also
of methods of analysis, outcomes (eg, diagnostic criteria;
allergens, formulation, and strength of products used; sched-
ules; dose; route of administration; duration of the interven-
tion), and outcomes’ report.”> Furthermore, many studies
have small sample size and missing adjustment for con-
founders. The regimen of administration and the amount of
the maintenance dose as well the protocols of administration
are not standardized; c) the description and classification of
side effects is variable among studies; quality of life and
evaluation of health economics are overall missing. Moreover,
the content of major allergen(s) remains largely variable among
manufacturers, the availability of AIT products differ among
countries and not all AIT products used provide sufficient data
to support their efficacy in clinical practice. Therefore, an
individual product-based evaluation of the evidence for efficacy

is strongly recommended before treatment with a specific
product is initiated.>**” To recognize the gaps in the current
evidence is a preliminary and mandatory phase in order to
stimulate in the near future the development of longitudinal,
prospective, well-designed studies with the final goal of a
“precision medicine/prevention”, tailored on the specific indi-
vidual characteristic of the patient.?**
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Abstract

Allergen-specific immunotherapy (AIT), administered subcu-
taneously (SCIT) or sublingually (SLIT), is an effective
treatment for IgE-mediated allergic diseases, in particular,
rhinoconjunctivitis with or without asthma. Long-term treat-
ment with AIT is associated with persistent clinical benefits
following discontinuation. Although AIT is the only disease-
modifying treatment, it is associated with several challenges
that include poor patient compliance due to the protracted
duration of treatment to induce a state of tolerance and the
potential risk of anaphylaxis.

The clinical efficacy and safety of AIT can be enhanced when
it is administered in combination with adjuvants. Characteristics
of the ideal adjuvant include a robust safety profile, enhancing
immunogenicity, and an ability to absorb allergens in a depot,
hence reducing allergenicity and severe unwanted reactions. To
date, aluminum hydroxide, microcrystalline  tyrosine,
monophospholipid A, and calcium phosphate are used as
adjuvants for AIT. However, while aluminum hydroxide
remains the most widely used adjuvant in AIT, it is also
associated with a significant unwanted immunologic response
such as induction of type II pro-allergic inflammation, high-
lighting the current unmet needs of other novel adjuvants in
AIT in adults. An even more significant unmet need is observed
in children due to the lack of long-term clinical studies. This
review focuses on the mechanisms of action of current adjuvants
used in conjunction with AIT in adults and children and how
they can be either beneficial or detrimental to health. Moreover,
novel adjuvants that are in the early stages of experimental
medicine or clinical trials are thoroughly reviewed.

Abbreviations

AIT — Allergen-specific Immunotherapy
AA — Alum Aluminum
APC — Antigen-presenting cells

CaP — Calcium phosphate

DCs — Dendritic cells

HDM - House dust mite

MCT - Microcrystalline tyrosine

MPL — Monophosphoryl lipid A

SCIT — Subcutaneous allergen immunotherapy
SLIT — Sublingual allergen immunotherapy
TLR - Toll-like receptors

VLP - Virus-like particles

Introduction

Allergen-specific immunotherapy (AIT) administered either by
subcutaneous (SCIT) or by the sublingual (SLIT) route, is the
only disease-modifying therapy with long-lasting clinical ben-
efit in patients with allergic rhinitis with or without
asthma.!>%623-625 persistence in the clinical benefit of AIT is
associated with the induction of allergen-specific tolerance and
is achieved by regulation of the innate and adaptive immune
compartments. This can involve deletion and/or anergy of Ty2
and allergen-specific T2 (Ty2A) cells resulting in immune
deviation toward a Tyl-mediated response,’®%” or their
suppression through the induction of T and B regulatory
cells.'0%:178:628:629 Nforeover, regulation of B cells during AIT
results in the induction of allergen-specific 1gG, 1gGy, or IgA
blocking antibodies, which can attenuate IgE-mediated FceRI
and FceRII pro-allergic responses. 7630

Since the inception of AIT by Leonard Noon in 1911,
numerous approaches to enhance the safety and efficacy of
AIT have been developed, resulting in the treatment regimens
used in current clinical practice. A vital component of these
regimens are adjuvants, a group of compounds that can be co-
administered with the allergen extract to enhance antigen-
specific immune responses for poorly immunogenic therapies
and confer safety. The use of adjuvants in conjunction with
AIT induces a potent and longer-lasting immune response to
AIT, which can be achieved at a shorter treatment duration.®*!
Adjuvants can enhance the efficiency of AIT and allow the
administration of lower doses.

Currently, four adjuvant compounds are clinically used in
adjunct to AIT: aluminum hydroxide (alum), microcrystalline
tyrosine (MCT), monophosphoryl lipid A (MPL), and calcium
phosphate (CaP). While alum, MCT, and CaP are known to
modulate antigen presentation, MPL is thought to act as a
direct immunomodulatory agent. In this review, we evaluate
the current use of these adjuvants in conjunction with AIT in
adults and children. We explore the mechanisms of action of
these adjuvants and how they can be either beneficial or
detrimental to health. Finally, novel adjuvants that are in the
early stages of experimental research or clinical trials will also
be thoroughly reviewed (Table 16).
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Table 16 Adjuvants currently used in AIT

Adjuvants Mechanisms of action Advantages Disadvantages Level of evidence
Aluminum - Depot effect - Widely used as an adjuvant - Formation of granuloma at Phase [V
hydroxide administration site
(alum) - Inflammasome activation - Highly efficacious - Induction of TH2 immune
(NALP3/NLRP3) response
- Enhance antigen uptake and - Long-term safety (ie
presentation to APCs neurotoxic effects)
- Potential acute and long-
term toxicity
- Lack of biodegradability
Monophosphory! - TLR-4 agonist that acts as a - Immunomodulatory properties - Expensive Phase /111
lipid A (MPL) direct immunomodulator
- Enhance allergen uptake - Well tolerated in children and - Transient and local side
adults in short-course treatment effects at injection site
Microcrystalline - Depot effect - Biodegradable - Cannot be used in tyrosine  Phase /Il

tyrosine (MCT) - Inflammasome activation

- Safe and well tolerated

metabolism disorders

- Highly efficacious

Calcium - Depot effect - Naturally present and
phosphate biocompatible
(CaP) - Inflammasome activation

(NALP3)

- Well tolerated by most patients

Small number of
human studies

- Local side effects at site of
administration

- Lower adjuvant efficacy
compared to alum

Aluminum salts

Aluminum salts (alum) remain the most prevalently used form
of adjuvant in vaccines and AIT formulations, with its first
documented use dating back to the early 20th century,®
followed by a successful application in humans in the 1930s.
Alum then remained the only adjuvant used in human
medicines for approximately 70 years.®**%% The history of
alum as an adjuvant in AIT spans an equal period of time, with
its first use in an allergy setting demonstrating an enhanced rate
of sensitization to ragweed pollen in guinea pigs that were
administered with the allergen precipitated with alum.®*®
Interestingly, this did not interfere with the de-sensitizing
properties of AIT, due to the capacity of the adjuvant to limit
rapid absorption and this depot effect highlighted a potential
therapeutic use. Today, the adoption of alum in AIT varies
depending on the location. In the United States, formulations
for AIT containing alum are rarely adopted, with the allergen
often administered in a soluble form. However, in Europe, the
majority of AIT products for SCIT contain allergen adsorbed
to alum.®®” The clear advantage of alum in SCIT preparations
is the enhancement of safety through a limitation in the rate of
systemic exposure.®*® Outside of the context of AIT, alum has
an equally excellent safety record,®* although recently the
long-term consequences of continuous alum exposure have
been brought into question—primarily regarding its lack of
biodegradability within humans. Another cause for concern
with alum is its widespread use despite a lack of full knowledge
of its mechanisms of action. The first observation of these
mechanisms was made in the 1950s with the observation of
granuloma formations containing antibody-producing cells at
the site of administration.®*® Further studies have since tried to

633

identify several key factors mediating alum activity, although
the full mechanisms continue to remain elusive.

The induction of a robust adaptive immune response
following provocation requires the involvement of antigen-
presenting cells (APCs) becoming activated. Alum has been
observed to enhance both antigen uptake and presentation in
human APCs,**' with a similar observation in mice of
prolonged antigen accumulation and presentation within
dendritic cells (DCs).**> However, these findings remain a
subject of controversy as a lack of both antigen presentation
and activation following alum stimulation in mouse DCs has
also been observed.**

It has long been observed that alum is a robust inducer of a
Ty2-mediated response, which is arguably counter-intuitive for
AIT. A fundamental discrepancy in these observations is that
many studies were conducted in animal sensitization models.
While this is undoubtedly insightful, the primary outcome of
AIT is de-sensitization and so more studies investigating alum
as an adjuvant in de-sensitization would be more enlightening.
Nonetheless, the potential for Ty2 stimulation was first
observed to be regulated by IL-4 and IL-1,°** although IL-1
was subsequently found not to be required.®* Additionally, in
the absence of 1L-4%%¢ or IL-13,°” alum favored induction to a
Tyl response, although IL-5 is still induced. In addition to the
promotion of Ty2 cells, the potential of alum to promote
antigen-specific IgE and IgG, has also been an area of interest.
De-sensitization models have also observed promotion of IgE
and IL-4 responses in mice treated with alum and anti-
gen.®*3%4% While the mechanisms of Ty2 induction are not yet
fully understood, it has been demonstrated that 1L-18%° and
natural killer T cells®®’ can mediate this alum response
(Figure 17).
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Figure 17 Comparison of the actions of alum and MCT. Alum administration leads to immediate activation of the inflammasome and recruitment of
APCs. Inflammasome activation can lead to granuloma formation and the formation of a depot for sustained release. Downstream of this, enhanced
antigen presentation by APCs promotes activation of Th1 and Th2 cells. Additionally, activated eosinophils can prime naive B cells to produce IgE
and IgG. MCT administration leads to inflammasome and depot formation but not a granuloma as it is biodegradable. Mechanisms are largely similar

to alum with preferential induction of Th1 over Th2 and IgG over IgE.

A crucial final mechanism in alum-mediated responses is in
the induction of inflammasome and, in particular, the role of
NALP3/NLRP3. This essential protein within the inflamma-
some can be activated as a consequence of lysosomal degra-
dation following alum uptake,®*” resulting in the production of
IL-1, IL-13, and IL-18.°* While NLRP3 has been shown to
play a role in inducing a T2 response, a study has revealed
that alum can induce Ty2 responses independently of
NLRP3.* The role of the inflammasome in antibody pro-
duction is also controversial, with studies advocating that
NLRP3-deficient mice have either functional®® or dysfunc-
tional antigen-specific antibody production to alum.®*® Other
mediators induced by alum also include uric acid,*”’” DNA
released from necrotic cells,"*®* HMGBI, calreticulin, and
HSP70 659:660

While the mechanisms by which alum is induced require
further investigations, its potency as an adjuvant is evident. It
is more efficacious than other adjuvants such as tyrosine®®! and
calcium phosphate.®®® Additionally, the safety conferred is
beneficial, and alum is utilized in AIT preparations in Europe
although not in the United States.®*’

The primary concerns with aluminum are the potential
neurotoxic effects following continuous administration during
development as part of routine vaccinations,’®* and its lack of
biodegradability. A rat model of immunotherapy assessing
retention of aluminum revealed little to no systemic exposure,
although a high level of retention at the dose site up to 180 days
was observed. More recently, a study comparing SCIT
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formulations has observed that alum accumulated in the bones
of rats following a single injection. It was suggested, however,
that were this translated to humans as a full SCIT regimen, the
accumulation of alum may lack clinical relevance.®®* In the
context of pediatric administration, where additional alum
containing vaccines are likely to be administered, this proposed
lack of clinical relevance may not apply. There was also an
interesting observation of differences in plasma levels despite
SCIT formulations containing comparable (1 mg/mL vs
1.13 mg/mL) alum concentrations suggesting that the manu-
facturing process may be a key determinant of systemic alum
release. Whether this has long-term consequences is uncertain
as aluminum is non-toxic and non-essential for biologic
processes.®®> A separate study reported persistent itching
nodules as a rare (<1%) side effect of injections containing an
aluminum adjuvant, potentially leading to the development of
contact hypersensitivity to aluminum.®®

It is currently the case that alum remains the most common
adjuvant for AIT regimes, despite the inconclusive knowledge
on its mechanism of action and safety considerations over long-
term use and accumulation. Furthermore, it remains a concern
that there are comparatively few studies directly comparing
AIT formulations containing alum and those without, with
studies primarily highlighting the benefits of alum versus
alternative adjuvants. One such study, however, identified no
clear difference in efficacy or safety between allergen extracts
that were adsorbed to aluminum hydroxide and those that were
not.°”  Future recommendations among the scientific

77



community differ between recommending its adoption®*” or
increasing the rate of research into alternatives so that it can be
discontinued.®*® Despite this, research into alum use in AIT
continues with investigations into its effects in allergoid
preparations where its activity was unaffected®® or determining
new optimum allergen: adjuvant ratios.®® It seems the case that
until an adjuvant with similar if not enhanced characteristics
becomes widely available, it is likely here to stay.

Monophosphoryl Lipid A and other Toll-like receptor
agonists

Toll-like receptors (TLRs) are essential components of innate
immunity and live, or attenuated whole organism-based
vaccines are robust at stimulating them to provide an immune
response. Unlike alum, MCT, and CaP, TLR agonists act as
immunomodulators that directly activate innate immunity,
leading to subsequent induction of the adaptive immune
system. TLRs are predominately present on APCs but are

also present on most cells of the immune system. They are
capable of recognizing extracellular stimuli such as bacterial
lipopeptides or the genetic material of bacteria or viruses that
have entered the intracellular compartment®”® (Figure 18).
This initiates a downstream signaling response, through either
the adaptor proteins MyD88 or TRIF, leading to the produc-
tion of inflammatory cytokines through the activation of
transcription factors such as NFxB, AP-1, or IRF3/7."!
There is currently one adjuvant in clinical use for AIT that
targets TLRs—monophosphoryl lipid A (MPL), which targets
TLR4. MPL is a component of lipopolysaccharide (LPS)
isolated from the bacterial species Salmonella Minnesota R595
that has been de-toxified for administration to animals and
humans.%’? Tt is utilized for AIT in the formulation Pollinex
Quattro®, a formulation of allergoids for grass or birch pollen
adsorbed to MCT and administered with MPL. The com-
pound is well tolerated and efficacious in a pre-seasonal short
course of AIT in both adults”'®® and children.®”**"* The
compound is also under ongoing investigation in clinical trials
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Figure 18 Toll-like Receptors. TLRs can be classed as recognizing extracellular stimuli (TLR2/1, TLR2/6, TLR4, TLR5) or intracellular stimuli (TLR3,
TLR7, TLR8, TLR9). Recruitment of the adaptor protein MyD88 for all TLRs except TLR3, which signals through TRIF, leads to activation of

transcription factors NFkB, AP-1, and interferon response factors (IRFs) 3 and 7. This leads to the production of inflammatory cytokines, regulatory
cytokines such as IL-10 and type | interferons depending on the stimulus.
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for uses outside of grass SCIT. Outside of SCIT, MPL
containing SLIT has revealed efficacy in reducing nasal
challenge scores in a phase I/Ila trial.®”> There was also a
promising phase IIb trial where efficacy has been demonstrated
in allergoids to ecither ragweed'®® or birch.”® While it is
certainly clear that MPL containing AIT regimens are bene-
ficial against placebo, there is yet to be a direct comparison
with AIT lacking the agonist and it remains unclear if MPL is
providing more efficacy than the previous Pollinex-R formu-
lation that contained only allergen and tyrosine, and a
comparative study would be needed to evaluate this. Interest-
ingly, in the phase I/Ila trial with MPL as an adjuvant in
SLIT, a dose-dependent effect of MPL was documented, with
increases of specific IgG and smaller IgE increases than those
on lower doses of MPL.®”> The most recent phase III clinical
trial data on birch pollen for Pollinex Quattro, however,
revealed no difference in in-season symptom scores between
treatment and placebo arms, despite differences in
immunoglobulin production between the groups, raising fur-
ther questions about the efficacy of MPL in AIT.

The primary mechanisms of MPL are the induction of Ty1-
mediated response to the allergen,®””*’® which is arguably
more favorable to AIT than the Tyx2 response induced by
alum. Additionally, there is a desirable induction of IgG; and
IgGy4 over IgE.67%674-676.67 Upstream of this response, MPL
has also been observed to enhance allergen uptake® as well as
activating T and B cells,®®" including T regulatory cells®”* and
reducing DC-mediated Ty2 development.®®? There are con-
cerns with the use of MPL however, as TLR4 activation can
promote Ty2 responses, as well as Tyl and expression of
TLR4 is observed to be enhanced in the nose during
symptomatic seasonal allergic rhinitis. TLR4 agonists can
enhance cytokine release for both Tyl and Ty2 mediators
following allergen challenge®? and so arguably the route of
administration may need to be a key consideration.

Interestingly, MPL has primarily been used with MCT or
derivatives and not alum. Alum has been previously shown not
to require TLR signaling and co-administration may enhance
the efficacy of AIT. In a mouse model, co-administration of
alum with a TLR4 agonist reduced Ty2-mediated responses
while maintaining efficacy,*®* suggesting a potential future use
of alum/TLR adjuvants.

Outside of TLR4, other agonists targeting alternative TLRs
are being investigated, with compounds targeting TLR9 and
TLR7 making it to a clinical trial for use in immunotherapy
regimens.

TLRY agonists

TLRY recognizes bacterial DNA (Figure 18) and has been
investigated for potential immune-modulating activity when
administered as an adjuvant in AIT. Clinical trials for AIT
have not progressed beyond phase II despite promising data.
The TLRY agonist oligodeoxyribonucleotide immunostimula-
tory sequence of DNA (AIC) was administered in conjunction
with ragweed allergen before the season and reduced nasal
symptom scores, IL-4+ basophils, and IgE production.'”® This
form of therapy was observed to have an increase of T
regulatory cells within the nasal mucosa,*®> a property also

exhibited by TLR4. Other trials have investigated the use of A-
type CpG molecules that have been packaged into virus-like
particles (VLPs) for stability. The phase I/Ila trial with
CYT003-QbG10 revealed the efficacy and safety of the
compound in association with enhanced IgG and transient
increases in IgE.%®® The phase IIb trial also demonstrated
efficacy in reducing symptom and medication scores.®®” Within
food allergy, nanoparticles containing CpG/peanut have been
administered to mice via oral AIT and have revealed efficacy in
decrease T2 responses and enhancing IgG,, while decreasing
IgE/IgG, levels.®®® Further trials and investigations in humans
may yield TLRY as a promising adjuvant for AIT, due to its
strong Ty l-inducing anti-allergic capacity.

TLR7
TLR7 primarily recognizes single-strand (ss) RNA from
viruses but can also be targeted therapeutically with a class
of small molecules called imidazoquinolines. Compounds
from this group, such as imiquimod, are currently used
therapeutically in certain circumstances to target melanoma.
A novel imidazoquinoline compound, GSK2245035, has been
demonstrated to suppress allergic activity in in vitro human
assays®™ and has been well tolerated in early-phase clinical
trials, 690:691

Another agonist—AZD8848 has demonstrated a capacity to
reduce allergic symptoms to allergen challenge in allergic
rhinitis.®> When administered before allergen challenge, this
was again demonstrated with a promotion of interferons to
reduce allergic responsiveness.®”> Interestingly, an antedrug
approach was utilized to limit systemic exposure of this IFN
response, although this was shown to be insufficient following
multiple doses.®®* The capacity of TLR7 to robustly suppress
allergic responses is desirable; however, limiting systemic effects
remains priority before it may become a viable adjuvant.

Microcrystalline tyrosine

Microcrystalline tyrosine (MCT) was initially developed for
use in the treatment of allergy with AIT. Superior for its
biodegradable nature, MCT is an ideal adjuvant with a depot
effect, greater safety profile and has been associated with an
ability to enhance the immune response, with comparative
efficacy to alum.®%>¢*3%% The high efficacy of MCT was also
demonstrated in other models that include influenza vaccine in
a ferret model.®”” Unlike MPL, MCT does not involve the
activation of TLR4 pathway,** but instead signals through a
similar downstream pathway as alum, involving a caspase-
dependent secretion of IL-1B from cultured human mono-
cytes®*® (Figure 17). Despite mechanistic similarities with
alum, studies in mice showed that MCT has a better safety
profile and induced fewer anaphylactic reactions, I1L-4, and IgE
production. Furthermore, MCT was able to enhance IgG
production®?® and increase production of Ty1 cytokines (IFN-
v) and the immunomodulatory cytokine IL-10.%%

A study evaluating the induction of IgG, following AIT using a
non-adjuvanted US product (Hollister-Stier®, Spokane, WA, US)
was reported as more potent in inducing I1gG4 antibodies when
compared to European products with MCT (Tyrosine®, Allergy
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Therapeutics, UK) or alum (Novo-Helisen®, AllergoPharma,
Germany).® The study, however, involved only patients who did
not have adverse side effects, ruling out any conclusions on the
safety profiles of the different adjuvants. Finally, preclinical and
clinical studies in humans have confirmed that MCT is safe as an
adjuvant whereby no genotoxicity, teratogenicity, mutagenicity,
or carcinogenicity was observed. A good local and systemic
tolerability in adults was also observed.”®

Calcium Phosphate

The use of calcium phosphate (CaP) as an adjuvant in vaccines
against various infectious diseases dates back to the 1980s.7"!
Studies have revealed that CaP is well tolerated in humans and
possess a better efficacy than alum when used as part of a
booster vaccine for diphtheria.m2 Since then, CaP has been
approved as an adjuvant by the World Health Organization,
and in the context of AIT, CaP is used as a depot adjuvant,
though to a much lesser extent than alum.®®® CaP is currently
marketed in Europe as a component of SCIT allergy vaccines
in combination with certain allergen extracts such as grass
pollen and mite.”

Human studies illustrated that CaP can adsorb antigens,
does not induce production of IgE and can increase production
of 1gG.7%? The ability of CaP to adsorb antigens meant that
they facilitate the uptake by phagocytic cells and can enhance
immunogenicity of protein allergens, while favoring strong IgG
responses. For this reason, CaP has been proposed as a
potential replacement to aluminum-based adjuvants. More-
over, it has recently been speculated that CaP particles
promote a more balanced immune response, when compared
to alum which often introduce a predominantly T2 immune
response.’”> CaP has also been shown to induce the NALP3
inflammasome, resulting in the secretion of IL-1p and IL-18
cytokines. Despite their promising properties, early animal
studies showed contradicting findings in which CaP induced
local adverse effects and lower adjuvant efficacy when com-
pared to alum.®®? Further studies are undoubtedly required to
further validate the safety of CaP.

Novel Adjuvants

Nanoparticles

In more recent years, various studies have been underway to
identify novel adjuvants with better efficacy and safety than the
adjuvants currently used in AIT. One example includes
nanoparticles that can be utilized as an adjuvant or delivery
system in AIT. Utilizing nanoparticles will provide an extra
layer of protection for the allergen from degradation therefore
achieving high concentration at the site of action and increas-
ing immunogenic properties. To complement this, they can
prevent allergen recognition by IgE from basophils or mast
cells, reducing allergenicity and thus the risk of adverse
events.”* The potential use of nanoparticles as adjuvants was
also illustrated in animal models of oral immunotherapy
against food allergen.”%>7%¢

Virus-Like Particles

Other candidates being evaluated as adjuvants for AIT include
virus-like particles (VLPs) and liposomes. VLPs, generated
through high copy numbers of a viral capsid protein, can
conjugate to allergens which can then be recognized as
pathogen-associated molecular pattern (PAMPs) by the human
innate immune system.®® A previous study involving the
administration of a Der p 1 VLP conjugates to healthy subjects
resulted in the induction of specific IgG.”"” A similar obser-
vation was also seen when conjugates of house dust mite
(HDM) allergen and VLP were administered into HDM
subjects.®®® More recently, VLPs containing TLR-9 agonist
QbG10 was shown to improve asthma symptoms and reduce
medication use in a double-blind and randomized study,”®®
highlighting the idea that allergen may not be needed
altogether for AIT. While VLP application in AIT has been
shown to be well tolerated in humans,”® ongoing clinical trials
involving peanut allergy vaccine are still underway to further
validate their efficacy.

Liposomes

Fewer studies have been invested in evaluating the use of
liposomes as adjuvants in AIT. Composed of lipid bilayers,
liposomes, like nanoparticles, can encapsulate allergen and act
as an adjuvant and delivery system.”” Despite disappointing
observations in previous studies for the use of liposomes in
AIT, a more recent randomized, double-blind, placebo-
controlled trial showed that house dust mite allergen extract
encapsulated in liposomes was efficient in increasing specific
I1gG, IgG,, and IgG, blocking antibodies in patients with
allergic asthma.”'® This finding was also accompanied by a
reduction in numbers of eosinophils in local target organs as
well as improved clinical scores in patients receiving active
treatment. However, further studies to evaluate the safety
profile of liposomes are still required to warrant its use as a
potential adjuvant in AIT.

Probiotics

The majority of studies involving adjuvants currently used in
AIT and novel candidates have been performed in murine
models and human adult subjects. Less is known about their
use in children, especially the safety and efficacy aspect. The
use of several immunopotentiators and their effect when
administered with AIT has previously been studied in children
with little success. Intradermal administration of Bacillus
Calmette-Guérin (BCG) in parallel with SLIT in children
who are asthmatics to mite allergens did not yield any positive
clinical impact.”"" A lack of clinical improvement was also seen
when children with HDM allergy were treated with steroids
with or without vitamin D3 during SCIT treatment.”'? Further
studies are still required to also identify if probiotics such as
lactic acid bacteria, which have been shown to decrease atopic
dermatitis in children, can be used as adjuvants to treat allergic
patients.”'* More recently, a double-blind placebo-controlled
trial to investigate the co-administration of probiotics and
peanut oral immunotherapy in peanut-allergic children
reported the treatment to be efficacious, through improved
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peanut-specific IgE levels and IgG4 levels and sustained
unresponsiveness as shown through skin prick tests.”'* A
study investigating the role of oral Clostridium butyricum
administration as part of SCIT to treat allergic asthma revealed
an enhanced suppression of Ty2 cytokines and IgE serum
levels as well as promoting B regulatory cells.”'® Interestingly,
comparisons were made against conventional AIT and the
bacterium alone, and it was observed the combination of the
two provided the most effective treatment, with no adverse
safety concerns. While encouraging, study numbers utilizing
this approach are limited and the successful use of probiotics in
AIT would depend on the optimization of the route of
administration and selection of a suitable bacterial strain, as
strain specificity has shown to be important.”'®

Conclusions

While allergen-specific immunotherapy remains to be the only
curative treatment of allergic diseases, several drawbacks that
include long treatment duration and risk of anaphylaxis
persist. To tackle this issue, allergy research has focused on
the development of potent adjuvants that can enhance or
modulate the immune response with lower dose allergen

administration. In recent years, a significant development on
novel adjuvants with great potential and superiority beyond
the conventionally used alum has surfaced. Other adjuvants,
currently used in the market (MCT, MPL, and CaP) as well as
novel adjuvants (nanoparticles, liposomes, and VLPs), have
shown promising features that include either greater efficacy in
modulating the immune response, reducing unwanted adverse
reactions or facilitating allergen delivery to allow shorter
updosing phases. Despite these advances, there is still a lack of
one ideal adjuvant that fulfill all of the aforementioned criteria,
highlighting the need for further research to continue this
search.
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