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Abstract
Background Subcutaneous allergen immunotherapy
(SCIT) is the classic causal treatment method for IgEmediated allergic respiratory disease. A growing understanding of the fundamentals of immunological
mechanisms sets the path for further clinical improvement of this treatment. Innovations in SCIT comprise
both treatment schedules and new forms of allergen
extracts applied. Nonmodified allergen preparations
in the form of aqueous or physically coupled (semidepot) extracts, as well as chemically modified allergens
(allergoids) are currently on the market for SCIT in
Germany. However, to date the clinical documenta-
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tion of SCIT products in clinical studies is heterogeneous.
Methods A selective literature search was conducted
in PubMed and Medline, and recent publications in
German-language journals not available in these literature databases were also analyzed. This literature
search comprised original and review articles both in
German and in English.
Results SCIT is a long-established and well-documented treatment method for inhalant and insect
venom allergies, with its efficacy and safety demonstrated in both the adult as well as in the pediatric
population. In line with the German Therapy Allergen
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Ordinance (TAV) several products for SCIT are currently being investigated in clinical trials. Treatment
schedules are continuous year-round (perennial), preseasonal, and combined pre-/coseasonal. The initial
up-dosing phase can be performed with standard,
cluster or rush procedures. SCIT is particularly well
established for frequently occurring inhalant allergens such as pollen from grasses, Betula sp. (birch,
alder, hazel), house dust mites (Dermatophagoides
sp.), and insect venoms (bee and wasp venoms).
However, good data are also available for a number
of other therapeutic allergens, e.g., weed pollen such
as ragweed, mugwort, etc., molds, e.g., Alternaria,
Cladosporium, etc., storage mites, and animal dander
(e.g., cat). Moreover, further clinical investigations on
new indications such as treatment effects on e.g., oral
allergy syndrome or atopic dermatitis are currently
underway.
Conclusion When adequately administered by physicians with allergological expertise, SCIT preparations
are safe, well-tolerated, and clinically effective.
Keywords Allergic rhinitis · Insect venom allergy ·
Allergen immunotherapy · Subcutaneous
immunotherapy · SCIT
Abbreviations
AIT
Allergen immunotherapy
APC
Antigen-presenting cell
AR
Allergic rhinitis
ARIA
Allergic rhinitis and its impact on asthma
CpG-ODN CpG oligodeoxynucleotides
DCs
Dendritic cells
EAACI
European Academy of Allergy and Clinical Immunology
IFN
Interferon
IL
Interleukin
LC
Langerhan’s cell
LPS
Lipopolysaccharides
MPL
Monophosphoryl lipid A
MS
Medication score
OR
Odds ratio
PAMP
Pathogen-associated molecular patterns
PEI
Paul Ehrlich Institute
PRR
Pattern recognition receptors
QoL
Quality of life
RQLQ
Rhinoconjunctivitis quality of life questionnaire
SCIT
Subcutaneous immunotherapy
SLIT
Sublingual immunotherapy
SMS
Symptom and medication score
SS
Symptom score
TAV
Therapy Allergen Ordinance
TGF
Transforming growth factor
TLR
Toll-like receptor
Treg
Regulatory T cell
VlPs
Virus-like particles

Introduction
Besides allergen avoidance measure, allergen immunotherapy (AIT) remains the only causal treatment
options available for IgE-mediated allergic diseases
such as allergic rhinoconjunctivitis or allergic asthma.
The underlying mechanism of AIT include the induction of specific (blocking) antibodies as well as
tolerance-inducing cells and immunomodulators.
The activation of regulatory T cells (Treg) inhibits the
T cell-mediated activation of specific B and T-cells.
Treg cells migrate from the site of allergen application
into the lymph nodes and produce e.g., both interleukin (IL)-10 and transforming growth factor (TGF)β, aimed to blunt inflammation.
Since the pioneering achievements of Noon and
Freeman more than 100 years ago, both unmodified
(semidepot) extracts as well as chemically modified
extracts (allergoids) are currently marketed in Europe
by different manufacturers for subcutaneous allergen
immunotherapy (SCIT) [1].
Adjuvants in SCIT comprise e.g., aluminum hydroxide (Al(OH)3), microcrystalline tyrosine (MCT) or tolllike receptor (TLR)-4 agonist monophosphoryl lipid A
(MPL) and clinical efficacy has been demonstrated for
different of these innovative agents [2]. To date, adjuvanted products in AIT only are marketed for the
subcutaneous route. Further innovations not marketed already include e.g., CpG-oligodeoxynucleotides
(CpG-ODN), a class of synthetically produced singlestrand DNA oligonucleotides with a high CpG-motif
content or so-called virus-like particles (VIPs) as capsid proteins of viruses or bacteriophages. The latter do
not contain viral RNA or DNA and are therefore unable to replicate, and this principle has already been
investigated in preliminary studies [3, 4].
Clinical studies have also been conducted with recombinant grass pollen, birch pollen, and cat allergen
proteins for SCIT. As part of further developments,
these were further modified as hypoallergenic variants
by modifying their molecular folding. It is hoped that,
by reducing IgE binding sites, lower immunoglobulin E (IgE) reactivity will be achieved, which should
result in a reduction in the rate of adverse effects.
However, increases in immunological effectiveness by
means of other modifications are also conceivable.
A challenge is posed by the immense costs of developing new preparations, which—against the backdrop
of the considerable research efforts for the Therapy Allergen Ordinance (TAV)—hamper new innovations of
immunologically altered products to some extent.
Nevertheless, the following outlines some promising achievements and further paths in SCIT development.

Methods
A selective literature search was conducted in PubMed
and Medline, and recent publications in German-
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language journals not available in these literature
databases were also analyzed. This analysis included
original and review articles both in German and in
English. Synonyms as well as translations into English
were taken into account in the selection of suitable
search terms in the German language, with Boolean
operators AND, OR using truncations and wildcards
and the following selection of terms: allergic rhinitis;
bronchial asthma, venom, insect venom allergy, wasp
venom allergy, bee venom allergy, allergy; inhalant
allergy; immunotherapy, hyposensitization; desensitization; subcutaneous immunotherapy, sublingual
immunotherapy, therapeutic allergens.

Historical development of SCIT
Allergen immunotherapy (AIT) has been in use for
over 100 years and, from a historical perspective, is
based on the premise that a protective effect can be
achieved by administering small quantities of a harmful substance [5]. It was described for the first time in
history in relation to King Mithridates of Pontus, who
feared being poisoned [6].
A further source can be seen in Samuel Hahnemann’s homeopathy founded on the basic principle
of “similia similibus.” However, AIT’s most important
root lies in the principle of vaccination, as introduced
in 1798 by Eduard Jenner, who administered cow
pox (Vaccinia) in order to prevent small pox (Variola
vera) [6]. In 1807, Bavaria was the first state to enact a law making “preventive smallpox vaccination”
compulsory.
In 1911, the researchers Leonard Noon and John
Freeman (the latter continuing research following
Noon’s early death), succeeded in carrying out “prophylactic inoculation” with pollen extracts, which
resulted in a clear reduction in ocular and nasal
symptoms [7]. Noon and Freeman were influenced
by the experimental work of Alexandre Besredka, who
conducted similar experiments on animals using the
term “anti-anaphylaxis” [6].
The method subsequently spread in the wake of
the considerable immunological advances with active
vaccinations, as well as passive immunizations, such
that it can be found as a standard procedure in early
allergology textbooks dating back to the 1920s and
1930s [6].
Early prospective clinical studies were carried out
in the 1950s and are closely linked to the name
William Frankland [6]. Attempts were made in the
1970s to alter allergen extracts by means of chemical
modification using formaldehyde or glutaraldehyde
or by polymerization to produce so-called “allergoids”,
which were believed to be more effective with fewer
side effects [6]. At the same time, different adjuvants
were used, some of which were meant to act as depot
mediators as well as amplifiers of the immune response. Today, aluminum hydroxide, L-tyrosine, and
MPL are used in commercial extracts to this end. Fur-
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thermore, polyethylene glycol-coupled allergens and
nucleotides (CpG) have also been used as adjuvants
in studies [6].
For decades, subcutaneous administration was the
only accepted mode; indeed, a virtual “war of faith”
was waged at the various congresses, with fierce debates between the advocates of subcutaneous and
those of “oral hyposensitization.” At the end of the
1980s, the mode of oral administration was largely
abandoned and replaced by sublingual administration. A sufficient number of studies, some of which
were performed excellently, particularly for grass,
birch, ragweed, and house dust mites, are now available for sublingual immunotherapy (SLIT), both as
drops and tablets, and demonstrate its effectiveness.

Mechanisms of SCIT
The effect of AIT on allergen-specific TH2 cells and
Tregs appears to be crucial to modulating the immune
response.
Whilst of the three allergen-specific T-cell types
(TH1, TH2, and Treg), Treg predominates in healthy
nonallergic individuals, TH2 cells predominate in allergy sufferers [8]. However, T-cell tolerance is largely
mediated by allergen-specific Treg, which suppresses
the proliferation and cytokine production of peripheral T-cells against the respective allergen. There are
two main groups of Tregs: Firstly, the physiologically
occurring CD4+CD25+Foxp3+-nTregs that are formed
in the thymus and which trigger inhibition via a cell
contact-dependent mechanism; and secondly, the
induced iTregs such as the Tr1 cells, which are characterized by high production of IL-10 (in addition to
interferon (IFN)-γ). Peripheral T cell tolerance, by
inducing Treg, has been demonstrated as an essential
mechanism for the efficacy of SCIT [8]. CD4+-T cells
in the peripheral blood of SCIT-treated patients react less to the allergen as early as 1 week following
treatment initiation. Allergen-specific proliferation
and cytokine production were reduced and an increase in IFN-γ production consistent with a shift
in the TH1/TH2 equilibrium towards TH1 was induced [8, 9]. Moreover, SCIT also inhibits induction
of the important co-stimulatory molecule, inducible
co-stimulator (ICOS), which is particularly important
for TH2 effector cells [10].
However, the most important mechanism appears
to be SCIT’s induction of Treg [9, 11]. Allergen-specific IL-10- and TGF-ß-producing T cells of this kind
are detectable as early as 1 week after SCIT initiation
and even more so after 8 weeks [9, 12, 13]. The significance of these cells has now been demonstrated, and
the suppression of IL-10 and TGF-β by neutralizing
antibodies partially eliminates their effect [9, 12, 13].
The CD4+CD25+ nTreg in allergy sufferers are functionally impaired [8, 14, 15].
Patients in whom nTreg are completely absent
due to a mutation in the transcription factor Foxp3,
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which is important for nTreg (IPEX syndrome: immune dysregulation, polyendocrinopathy, enteropathy, X-linked), develop high serum IgE levels, marked
eosinophilia, and allergies.
SCIT primarily activates local antigen-presenting
cells (APC; e.g., dendritic cells, DC). They release in
particular IL-10 and TGF-ß. Both cytokines can have
a local anti-inflammatory effect and are able to inhibit
T-cell proliferation. In addition, the release of IL-10
serves to reinforce the production of blocking IgG antibodies. Upon activation of new—and boosting of
existing—antibodies that block the allergen-mediated
immune response, primarily IgG antibodies that are
able to prevent the binding of IgG allergen complexes
to B cells and DCs are formed.
The cytokines released locally also attenuate local
mast cell activity and the activation of other effector
cells that contribute to allergic inflammation.
It has been shown that SCIT leads to a reduction in
IL-4-dependent allergen-specific IgE production and
an increase in allergen-specific IgG production (particularly IgG4) [8, 9, 16]. The induced IgG antibodies compete with IgE antibodies for the epitopes on
the allergen, thereby exerting a blocking effect. This
blocking activity is independent of the quantity of IgG
antibodies [17]. However, the capacity of IgG antibodies to block IgE antibodies is subject to considerable
individual variation.
Following allergen exposure, antigen-presenting
cells (APC) are able to steer the immune response towards TH1, and thus towards immunotolerance [18],
and are likely crucial to the effect of SCIT.
SCIT not only reduces mucosal mast cells [19],
but also inhibits the release of numerous mediators
following allergen stimulation of basophils and mast
cells. The inhibition of mediator release is partly
IL-10-dependent; IL-10 also directly inhibits IgE-dependent activation of mast cells and their cytokine
production [8, 20].
As a result, inflammatory cells such as eosinophilic
and neutrophil granulocytes migrate to the affected
mucosa to a far lesser extent.

Quality of therapeutic extracts
AIT products are generally difficult to compare due to
their heterogeneous composition. To date, the characterization and standardization of allergen extracts has
been carried out according to company-specific standards. Even if the concentration of major allergens is
stated, this still does not permit a direct comparison
of preparations from different manufacturers, and no
direct conclusions on their potential efficacy can be
drawn, since uniform analytical methods are not used
to analyze major allergens and most allergen extracts
contain several major allergens (sometimes unavoidably).
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Performance of and treatment schedules for SCIT
Recommendations on the practical implementation
of SCIT are published in national and international
guidelines [1, 21–23]. Allergens in depot form are
primarily used for AIT with aeroallergens, with aluminum or tyrosine serving as allergen carriers, thereby
delaying allergen release.
In principle, native allergens or allergoids can be
used for SCIT. In terms of their three-dimensional
structure, allergoids are modified molecules or allergen multimers. The aim of modification is to
reduce IgE-binding epitopes (generally conformation
epitopes) while preserving T cell epitopes (generally
sequential epitopes).
Clinical studies on the efficacy of allergoids are
available for grass pollen [24–26], tree pollen [27], and
mite [28] extracts.
Allergoids usually have a shorter dose escalation
phase, with the maintenance dose being reached
within a few treatment days of treatment initiation.
Dose escalation schedules for native allergens are
generally significantly longer—up to 3 months in the
case of classic treatment (see below).
Depending on the preparation, treatment can be
carried out year-round or preseasonally; both treatment schedules are approved for some allergoids. The
study by Tworek et al., which shows perennial treatment to be significantly superior compared with preseasonal treatment in the third year of treatment, provides a useful comparison of the different treatment
schedules [29].
Essentially, there are a number of variations that
can be considered for the performance of different
SCIT treatment schedules:







Continuous, year-round (perennial) treatment
Preseasonal treatment (prior to the start of the
pollen season)
Combined pre-/coseasonal treatment (e.g., 4–6
months prior to and during the season)
Preseasonal short-term treatment with only a few
(e.g., 4–7) injections out of season

SCIT treatment is usually divided into two phases: the
(initial) build-up phase and the maintenance phase.
The maintenance dose should be found during the
build-up phase. Once the maintenance dose has been
reached in the build-up phase, injection intervals can
be prolonged to 4–8 weeks, depending on the preparation. SCIT is then performed with this maintenance
dose over a period of at least 3 years. The individual
characteristics of each preparation, as well as each
patient, must be taken into consideration. Individual
treatment schedules are now available for the various
allergens and for patients’ different treatment preferences; these schedules can be tailored, in consultation
with the patient, to his or her needs.
Preseasonal short-term therapy is the shortest form
of SCIT and is only used to treat inhalant allergies to
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pollen. In principle, it is a special form of the treatment discussed here, since it essentially corresponds
to a build-up phase without a subsequent maintenance phase. To this end, SCIT is initiated in a timely
manner prior to the start of the pollen season. Once
the patient’s maximum dose or individual maintenance dose is reached, this is only administered until
the onset of pollination. Treatment is then discontinued (depending on the preparation, between four and
seven injections are scheduled at weekly intervals).
As such, preseasonal short-term SCIT is particularly
suitable for pollen-allergic patients for whom lower
time requirements are a priority.
Cluster immunotherapy arose from the aim to
reach the maintenance dose in the shortest possible
period of time. Therefore, cluster immunotherapy
involves the administration of a series (=cluster) of
between two and three cumulative SCIT injections
per treatment day. This makes lower time demands
on the patient.
In the case of booster immunotherapy, a short dose
escalation schedule is used over a period of a few
weeks following previously completed SCIT several
years before. Therefore, SCIT is suitable for patients
who have already received AIT in the past and in
whom the effect has subsided and symptoms have recurred [30]. Ultra-short booster SCIT has been shown
to be effective in grass pollen-allergic individuals [30].

Efficacy of commercial SCIT preparations in clinical trials
Documentation on the clinical efficacy of SCIT in allergic rhinoconjunctivitis is based on numerous double-blind placebo-controlled (DBPC) studies; however, these are highly heterogeneous in terms of
scope and quality [1, 31]. A number of examples of
published DBPC studies on the most relevant inhalant
allergens in Central Europe are presented below. In
particular, the S2k guideline on AIT published in Germany refers to an excellent overview of the available
evidence on the AIT preparations obtainable in Germany, as well as SCIT preparations [1] as follows:
studies on TAV allergens published in this context,
as well as further information and study details,
are compiled in a table in the guideline Appendix,
which is updated biannually and published on the
homepage of the German Society for Allergology and
Clinical Immunology (Deutsche Gesellschaft für Allergologie und klinische Immunologie, DGAKI; http://
www.dgaki.de/leitlinien/s2k-leitlinie-sit/). As such,
it is always based on the current state of knowledge
and provides the reader with sufficient and evidence
based support in their decision to perform AIT, as
well as on the selection of preparations for SCIT. The
lack of comparability between preparations makes it
necessary to review each individual AIT preparation
in robust efficacy and safety studies [1, 31]. This puts
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prescribing physicians in a predicament that requires
them to be familiar with, and assess, the evidence.
The table provides the current approval status of individual products, an overview of studies approved by
the authorities (according to the European Medicines
Agency (EMA) registry: www.clinicaltrialsregister.eu),
and the number of publications that meet the following evidence criteria (modified to World Allergy Organization, WAO) [32]:
1. Standardized allergen extract with dose specification
2. Randomized DBPC study design
3. A combined symptom and medication score (SMS)
and/or two individual scores (symptom score (SS)
and/or medication score (MS)) are provided
4. Data on statistical analysis, statistically significant
outcome
5. Treatment efficacy is at least 20% higher compared
with placebo
A harmonization of AIT studies is sought at both a national and an international level [33]. However, the efficacy of the various allergen products can only really
be compared if different products are used directly in
the same study. It appears unlikely at present that
head-to-head studies of this kind will be conducted
in the foreseeable future.
Marketing authorisation can be obtained for AIT
preparations by applying to the relevant authorities.
AIT preparations that had already obtained official approval before the TAV came into force demonstrated
their efficacy in studies that met approval requirements at that time. These preparations do not need
to be re-assessed in new studies following the TAV
prerequisites, but retain instead their long-term marketability. Since the studies conducted in the past do
not meet the WAO criteria stipulated for inclusion in
the guideline tables, the table includes in particular
older authorized products for which no studies are
listed despite the fact that studies exist.
All the above considerations apply only to AIT with
frequently occurring allergens for which the TAV is
valid (species of the family Poaceae, with the exception of Poa mays; Betula sp., species belonging to
the birch genus; Alnus sp., species belonging to the
alder genus; Corylus sp., species belonging to the
hazel genus; Dermatophagoides sp., species belonging to the house dust mite genus; and bee venom
and wasp venom) [34]. For all other therapeutic allergens that do not fall into the above-mentioned
groups (e.g., weed pollen, e.g., ragweed, mugwort,
plantain, etc.; molds, e.g., Alternaria, Aspergillus, Cladosporium, etc.; storage mites; animal dander, e.g.,
cat), the current legal situation continues to make
provision for prescriptions as individual formulations
(so-called “named patient products”) even following
enforcement of the TAV.
Regulatory authorities chose this path for good reason: the studies with high patient numbers required
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for the approval of rare allergens are all but unfeasible
simply on the basis of the number of patients needed.
However, patients with allergies to rare allergens are
equally as entitled to cause-oriented AIT therapy as
are other patients. Preparations that are produced and
marketed as individual formulations according to § 21
Section 2, 1b of the German Medicinal Products Act
(Arzneimittelgesetz, AMG) remain available to these
patients for AIT.

Grass pollen
A DBPC study on 30 adolescent and adult grass pollen
allergy sufferers (15- to 35-year-olds) investigated
3-year SCIT with an unmodified grass pollen allergen
extract and an initial rush dose [35]. A statistically
significant improvement in conjunctival and nasal
symptoms during the second and third grass pollen
seasons compared with the placebo group was seen.
Another large DBPC study using the same SCIT product at different doses included over 400 grass pollen
allergy sufferers (United Kingdom Immunotherapy
Study Group, UKIS; [36]). The higher dose, which
is available in Germany, showed a significant improvement in symptom and medication scores in
the first grass pollen season compared with placebo.
Another DBPC study in adult patients also demonstrated efficacy [37]. A DBPC study conducted only
on 39 children (aged 3–16 years) with grass pollenrelated allergic asthma using the same SCIT product
showed that the asthma symptom and medication
score had significantly improved in the second grass
pollen season in the actively treated group compared
with the placebo-treated group [38].
A DBPC study on 154 adult grass pollen-allergic individuals investigated SCIT with a chemically modified allergen extract (allergoid) and a purely preseasonal schedule over a 2-year period and found statistically significant efficacy during the first and second grass pollen seasons [24]. Another study with the
same allergoid, which primarily investigated immunological mechanisms during SCIT in 15 adult patients,
additionally found a degree of clinical efficacy (secondary parameter) [39].
A controlled study over a 7-year period (3–5 years
SCIT, 1–2 years follow-up) with a grass allergoid revealed a significant (55%) reduction in the basophil
response as early as after 1–2 years of treatment. Even
after treatment completion, long-term clinical efficacy
due to sustained suppression of the allergen-specific
basophil response was demonstrated [40].
Yet another DBPC study on 121 grass pollen-allergic patients using a grass pollen allergoid showed
that SCIT using an up-dosing cluster protocol over
a 1-week period, followed by 1 year of treatment, is
safe and, what is more, associated with a significant
improvement in symptoms and anti-allergy drug requirements in the first grass pollen season [41]. Depigmented grass pollen allergoids were investigated in
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a DBPC SCIT study on 53 allergic patients, with significant clinical efficacy once again being demonstrated
in the first year of treatment [42]. Another DBPC study
investigating the same product, but with a rush dose
escalation (whereby the maximum maintenance dose
was already reached on the first day of treatment), followed by year-round treatment over a 2-year period,
showed a significant improvement in SS as well as MS
in the first and second grass pollen seasons in the actively treated group compared with placebo patients
[26]. That particular study also included adolescent
grass pollen allergic patients, in whom similar efficacy
was demonstrated compared with the group including
only adults. However, the difference compared with
placebo was not significant, which can be explained
by the lower patient number in this age group. A grass
pollen allergoid containing an MPL adjuvant was investigated in another DBPC study based on a purely
preseasonal treatment schedule (only four injections)
in 141 grass pollen-allergic patients; statistically significant efficacy was seen in the grass pollen season
following treatment [43]. Another DBPC study using
the same preparation in over 1000 adult grass pollen
allergy sufferers confirmed this result [25].
A total of 60 elderly patients (>65 years) with seasonal grass pollen-related allergic rhinitis received
3-year SCIT with another grass pollen allergoid in
a DBPC; a statistically significant difference in the
combined SMS was seen in the actively treated group
compared with the placebo-treated group in the third
grass pollen season [44].

Early flowering tree pollen (birch, alder, and hazel)
There are fewer studies on therapeutic extracts of early
flowering tree pollen compared with SCIT studies using grass pollen extracts.
As part of a DBPC study on 49 adult birch pollen-allergic patients [45], 2-year SCIT was performed using
an unmodified birch pollen extract (Betula verrucosa),
with a significant improvement in allergic symptoms
compared with the placebo group and significantly
reduced anti-allergic medication use being observed
as early as in the first birch pollen season. These differences were even more pronounced in the second
season. Another study using the same compound investigated the safety and efficacy of cluster up-titration followed by a maintenance dose at 8-week intervals over an 11-month period. During the grass
season, patients in the SCIT group exhibited significantly fewer rhinoconjunctival symptoms and significantly reduced anti-allergic drug requirements compared with the placebo group [46]. Another DBPC
study evaluated the clinical efficacy of preseasonal
short-term SCIT with seven injections of an unmodified mixed tree pollen extract in 111 patients [47]. During the birch pollen season, SCIT resulted in a significant improvement in nasal and bronchial symptoms
compared with the placebo group.
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Another DBPC study investigated a modified depigmented birch pollen allergoid in 61 pediatric, adolescent, and adult patients with birch pollen allergy [48].
SCIT was performed over a period of 18 months. Following treatment, a significantly reduced combined
SMS was seen in the active group compared with the
placebo group in the second birch pollen season observed, whereas no significant difference was seen between the groups in the first birch pollen season while
SCIT was still ongoing—and pollination was mild in
that particular year. Since the proportion of children
and adolescents was so low, no age group-specific
analysis was performed. SCIT using a tree pollen allergoid with an MPL adjuvant was carried out in a further
DBPC study on 84 adult patients sensitized to birch,
alder, and hazel pollen [49]. SCIT was performed as
preseasonal short-term treatment consisting of four
injections at 1-week intervals. A significant improvement in the combined SMS was seen in the treatment
group compared to placebo during the 4-week birch
pollen season that followed treatment. A DBPC on
62 patients demonstrated that 18-month SCIT with
a birch pollen allergoid resulted in a significant reduction in the clinical index score for ocular and nasal
symptoms during the birch pollen season [50].

House dust mites
House dust mite allergy is a worldwide problem. Mites
belonging to the Dermatophagoides genus are particularly relevant [51]. As a general rule, allergen extracts
can be produced from purified mite bodies or culture
extracts; the composition of extracts varies depending
on the raw materials used [52–54]. Analyses of commercially available extracts have revealed large differences in composition. The quantitative ratio between
Der p 1 and Der p 2 can vary considerably, and in
some extracts important allergens are actually missing [55]. There are no dose-finding studies for SCIT
using house dust mite extracts.
It was shown as early as in 1993 that the efficacy
of SCIT with a house dust mite extract depends on
the quantity of allergen injected. Although this study
was not placebo-controlled, a comparison was made
with a control group that did not receive injections.
The allergen quantities administered were reported to
be 10,000, 100,000, and 30,000 standard quality units
(SQ-U) [56]. On the basis of this data, the preparation
is still on the market at 100,000 SQ-U.
A five-arm dose-finding study tested a chemically
modified house dust mite extract (allergoid) at four
doses (6667, 20,000, 50,000, 100,000 AUeq/ml; AU,
allergy unit) over 12 months to analyze its effect on
titrated nasal challenge testing [57]. Results were
statistically significant for the three highest allergen
quantities.
A study on 136 patients evaluated five concentrations of a house dust mite allergen depot extract for its
efficacy in relation to titrated nasal challenge testing
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following 17 weeks of treatment [58]. The extract’s allergen concentration was given as skin prick test units.
Compared with nasal challenge prior to treatment,
a higher allergen concentration was required in all
treatment groups in order to trigger a reaction; a significant effect was demonstrated only at the fourth
highest dose.
A DBPC study with a mite allergoid documented
a significant (64%) improvement in SS in patients aged
over 65 years compared with baseline. At 24 months,
the SS reduction was 52% compared with the placebo
group [59].
An open prospective study on children with mite
allergy demonstrated a significant improvement in
asthma classification as well as a reduction in asthma
medication as early as after 8 months of treatment
with a mite allergoid. An improvement in quality of
life was also observed [60].
Numerous DBPC studies have investigated efficacy at the symptom and medication score level.
The results from studies on SCIT with house dust
mite allergens can be found in Table 1. Subcutaneous and sublingual immunotherapy with a house
dust mite extract were compared with each other in
a small study on 30 patients [61]. Each patient group
comprised 10 patients. A depot extract at a dose of
500 TU/ml (transducing units per ml) was administered subcutaneously, and the cumulative dose was
reported as 21,885 TU D.p. and 21,885 TU D.f.; an extract with 1000 TU/ml was administered sublingually
three times a week. The cumulative SLIT dose was
reported to be 86,866.5 TU D.p and 86,866.5 TU D.f.
The primary target parameters were SS and MS at
1 year. SCIT and SLIT significantly reduced SS and
MS compared with baseline. Only the reduction in SS
in the SCIT group was significant compared with the
placebo group.
In a DBPC study in 55 patients suffering from allergic rhinitis/rhinoconjunctivitis and asthma a one year
treatment with a depigmented polymerized allergen
extract of Dermatophagoides pteronyssinus showed a
statistically significant reduction of symptom score of
78% and medication score of 68%. These findings
were further substantiated by a statistically significant
improvement of the bronchial provocation test in actively treated patients [62].
In a DBPC study in 54 patients suffering from allergic rhinitis/rhinoconjunctivitis and asthma a one year
treatment with a depigmented polymerized allergen
extract of Mite Mix (50% Der. pter/Der. f) showed a
statistically significant improvement of the bronchial
provocation test. This finding was further substantiated by statistically significant reduction of the symptom score of 53.86% and medication score of 58.09%
[63].
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Table 1

Double-blind placebo-controlled studies on SCIT with house dust mite allergens

Author

Randomized patients
(n)/patients evaluated
(n)

Maximum dose

Duration

Primary target
parameter

Outcome

Metzger 1981 [64]

100/92

6000 PNU (tyrosine-adsorbed allergoid)

Five injections

SS, MS

Significant reduction in SS and
MS

Blumberga 2011 [65]

54/42

100,000 SQ-U

3 Years

Nonspecific BHR,
specific BHR

No effect on nonspecific BHR,
significant effect on specific BHR

Gallego 2010 [66]

64/54

100 HEPL (depigmented
allergoid)

1 Year

SS, MS

Significant reduction in SS and
MS

Riechelmann 2010 [67]

145/115

20,000 AU/ml (allergoid,
8 µg Der p 1, 30 µg Der p
2/ml)

1 Year

SMS

Significant effect compared with
placebo

Wang 2006 [68]

132/129

100,000 SQ-U

1 Year

Asthma symptoms and asthma
medication

Significant reduction in symptoms and medication use

Dokic 2005 [69]

40

Allergoid

2 Years

VAS

Significant effect compared with
placebo

Varney 2003 [70]

36/27

100,000 SQ-U (7 mg Der
p 1)

1 Year

SS, MS

Treatment SS: 58%, placebo SS:
30%, MS reduction not significant

Olsen 1997 [71]

31/23

100,000 SQ-U

1 Year

Asthma SS/MS

Significant reduction in SS and
MS

Ewan 1988 [72]

60/38

100,000 BU

3 Months

VAS

Significant reduction

Dose achieved, mean
17,000 BU

NPT

Ameal 2005 [62]

63/55

100 DPP/ml depigmented
Der pter allergoid

12 injections
1 year

SS, MS

Significant reduction of SS and
MS

Garcia-Robaina 2006 [63]

64/54

100 DPP/ml depigmented
Der pter/Der f allergoid

12 injections
1 year

BPT

Significant improvement of
PD20FEV1 in BPT

AU allergy unit, PNU protein nitrogen unit, BU biological unit, SQ-U standard quality unit, BHR bronchial hyperresponsiveness, SS symptom score, MS medication
score, SMS symptom and medication score, NPT nasal provocation test, VAS visual analogue scale, HEPL histamine equivalent prick leti, PNU protein nitrogen
units, DPP depigmented polymerized allergen unit, PD20FEV1 allergen dose producing a 20% drop of FEV1 compared to baseline, FEV1 forced expiratory volume
at 1 s

Storage mites
Cross-reactivity between house dust mites and storage
mites is low; the current literature reports only one
DBPC study on the efficacy of SCIT with a storage
mite extract.
The study investigated the efficacy of SCIT using
a Lepidoglyphus destructor extract (maximum maintenance dose of 800 standard treatment units, STU) in
35 patients [73]. Patients were treated over a 12-month
period. Sensitivity was determined at baseline and after treatment using skin tests, provocation tests, in
vitro tests, as well as symptom and medication scores
as efficacy parameters. A statistically significant effect
on skin sensitivity and provocation tests (conjunctival
provocation with allergen and nonspecific bronchial
provocation with metacholine) was observed. Patients
in the treatment group reported symptom improvement and reduced use of drugs effective against symptoms significantly more frequently compared with the
placebo group.

weed pollen are approximately the same. The prevalence of these plants is also on the rise in Germany
[74]; moreover, it is assumed that ragweed pollen allergy will increase dramatically in Europe due to climate changes [75].
Studies on AIT using ragweed pollen extracts have
been published (Table 1); in this regard, large studies
also meet the quality criteria stipulated for modern
studies.
A phase 2B trial evaluated the efficacy of a ragweed
pollen allergoid absorbed to tyrosine combined with
an MPL adjuvant. The study randomized 95 patients
to be treated with the test preparation, 40 to be treated
with the allergen without an adjuvant, and 93 to be
treated with placebo. Provocation in an environmental exposure chamber after four injections administered at weekly intervals had a significant effect compared with placebo, which was also superior to the
effect of the allergen alone [76]. The larger published
studies are summarized in Table 2.

Mugwort pollen
Ragweed pollen
Ragweed pollen allergy is an immense problem in the
US; sensitization prevalences to grass pollen and rag-
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Allergy to mugwort pollen certainly plays a role in
Europe, and cross-reactivity with ragweed pollen allergens is seen. A recent PubMed search also failed
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Table 2

Studies on SCIT with ragweed pollen

Author

Randomized patients
(n)/patients evaluated
(n)

Maximum dose

Duration

Effect on SS/MS

Outcome

Metzger 1981 [64]

100/92

6000 PNU (tyrosine-adsorbed allergoid)

Five injections

SS, MS

Significant reduction in SS and
MS

Norman 1982 [77]

66/53

Allergoid 500 U

1 Year

SMS

Significant reduction in SMS
using allergoid and allergen

Grammer 1987 [78]

81/68

125 AU/ml (polymerized
allergen)

15 Weeks

SS, MS

Significant reduction in SS and
MS

Iliopoulos 1991 [79]

41/21

1.92 µg Amb a 1

8 Months

SMS

Significant reduction in SMS

Brunet 1992 [80]

27

3000 PNU

9 Weeks

SS, MS, NPT

Significant reduction in SS and
NPT

Mirone 2004 [81]

32/22

7.2 µg Amb a 1

1 Year placebo-controlled,
then all patients treated

SS, MS

Significant improvement compared with placebo

Creticos 1996 [82]

77/64/53

4 µg Amb a 1 in the 1st
year

1 Year/2 years

Skin test, PEF,
Asthma medication

Improvement in PEF, significantly
fewer rhinitis symptoms in the
2nd year

Patel 2014 [76]

228/212

Allergen 500 U

10 g In the 2nd year
6000 SU-Q plus MPL

Rhinitis symptoms
Four preseasonal
injections

SS on provocation
in provocation
chamber (PP)

48% Improvement compared
with placebo

AU allergy unit, PNU protein nitrogen unit, U unit, SQ-U standard quality unit, SS symptom score, MS medication score, SMS symptom and medication score,
NPT nasal provocation test, PEF peak expiratory flow, MPL monophosphoryl lipid A, PP per protocol

to find any DBPC studies on SCIT with mugwort
pollen extracts in allergic rhinoconjunctivitis (keywords: “mugwort or artemisia and specific immunotherapy”).

Ash pollen/olive pollen
Olive pollen is an important inhalant allergen in the
Mediterranean region [83, 84]. SCIT using olive pollen
extract is occasionally recommended in Germany as
an option to treat patients with ash pollen allergy.
Although the efficacy of SCIT with olive pollen extracts has been investigated in studies, these were not
placebo-controlled [83, 84].

Parietaria pollen
In contrast to Mediterranean countries, allergy to
Parietaria pollen is currently of no significance in
Germany. Cross-reactivity with allergens in nettle
pollen has been described.
A DBPC study investigated the efficacy of a Parietaria pollen extract adsorbed onto aluminum hydroxide [85]. A total of 57 patients were randomized; following 2 years of treatment, 22 patients were evaluated. Maintenance treatment consisted of 20 BU (biological units) of allergen corresponding to 1.2 µg Par
j 1 administered subcutaneously. A significant effect
on SS and MS was seen following 2 years of treatment.
A DBPC study on 30 patients investigated the efficacy of SCIT with Parietaria pollen over a period of
34 months. Both the SS and MS increased significantly
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in the control group, while, in comparison, no significant changes to these parameters were seen in the
treatment group [86].
A DBPC on 35 patients with Parietaria pollen allergy received subcutaneous treatment for 1 year with
an alginate-conjugated Parietaria pollen extract [87].
Analysis of 31 patients revealed a significant reduction
in SMS.
A 1-year SCIT study using a Parietaria pollen allergoid (maintenance dose, 10,000 AUeq) demonstrated
a significant effect on SS and MS compared with
placebo. Altogether, the study was conducted over
a 3-year period. In the 2 final years, the original
placebo group also received active treatment and,
likewise, exhibited a clear improvement in SS and MS
[88].
A Parietaria pollen allergoid was tested in 40 patients over a 1-year period. All patients included in
this study received active SCIT in the second study
year. Preseasonal treatment consisted of administering a cumulative dose of 24,500 TU. Investigators
found a significant reduction in SS and a reduction
in MS in the first year following treatment initiation
[89].

Cypress pollen
Cypress pollen is an important aeroallergen in Asia
and Mediterranean countries. Due to the rising prevalence of cypresses in parks and gardens, patients in
Germany are becoming increasingly sensitized to cypress pollen.
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As part of a DBPC study, 40 European patients
were subcutaneously administered with a cypress
pollen extract (100 IR maintenance dose, maximum
of 16.2 µg Jun a 1) over a period of approximately
1.5 years. In all, 28 patients completed the study,
while 12 patients discontinued the trial due to side
effects, lack of efficacy, or personal reasons. A significant reduction in nasal symptoms was seen in
the second year. Ocular symptoms were significantly
reduced in both years. Although drug use was lower
in the treatment group compared with the placebo
group, the difference was not statistically significant
[90].

Cat allergen
A European study that investigated the frequency of
positive prick tests to a panel of nine aeroallergens
found that the prevalence of sensitization to cat allergen came third with 8.8%, after the frequency of
sensitization to house dust mite and grass pollen. No
large studies have been published on AIT with cat allergen.
A DBPC study on 28 patients with moderate to severe allergic rhinoconjunctivitis and asthma due to cat
allergen investigated the efficacy of SCIT using a native cat depot preparation [91]. During the build-up
phase, 11 injections were administered twice weekly.
The maintenance dose aimed for was 100,000 SQ-U
( 15 µg Fel d 1).
Intradermal testing and titrated conjunctival provocation with cat allergen were performed to investigate efficacy, followed by provocation testing (being in
a home with cats and a defined aeroallergenic cat allergen level). Compared with the placebo group, a significant reduction was seen in symptoms upon being
in a home with cats (reduction in SS from 61.6 ± 9.1
to 17.1 ± 7.6 points in the treatment group and from
64.7 ± 13.6 to 62.1 ± 10.0 points in the placebo group).
However, in addition to a reduction in sensitivity to
cat allergen in skin testing, a simultaneous reduction
Table 3

in sensitivity to house dust mite allergen was also seen
in the treatment group only—a phenomenon that defied explanation. Studies published on SCIT with cat
allergens can be found in Table 3.

New approaches using cat allergen
Fel d 1 is the predominant major cat allergen. The
intracutaneous administration of a mixture of overlapping Fel d 1 peptides was shown to be safe and effective in a phase 2 study: the efficacy of four 6-nmol
allergen injections was still evident at 1-year followup [94]. A phase 1 study on almost 1000 patients
revealed an approximately 60% effect in the placebo
group, which was comparable to that in the treatment
group. This outcome is currently the subject of discussion. This unusually high placebo effect is difficult
to explain [95, 96]. In that particular study at least,
the efficacy of the cat peptide was not demonstrated.

Dog allergens
There are no large studies on SCIT with dog allergen
in the recent literature.

Horse allergens
Similarly, no evidence on the efficacy of SCIT in horse
dander allergy can be found in the recent literature.

Mold allergens
Alternaria and Cladosporium are important outdoor
allergens worldwide. Penicillium and Aspergillus spp.
are considered relevant indoor allergens; Aspergillus
fumigatus colonizes the bronchial tract of asthma
sufferers and causes allergic bronchopulmonary aspergillosis [97].
The prevalence of sensitization is subject to geographic variation: in Europe, a positive skin test with
Alternaria and Cladosporium extract lies in the range

Studies on SCIT with cat allergen

Author

Varney 1997 [91]

Randomized patients
(n)/patients evaluated
(n)
28

Maximum dose

Duration

Primary target
parameter

Outcome

100,000 SQ-U  15 µg
Fel d 1

3 Months

SPT, conjunctival
provocation

Significant improvement in all
parameters compared with
placebo

Symptoms during
time spent in
a home with cats
Ohmann 1984 [92]

17

6.3 U

16 Weeks

Bronchial provocation with cat
allergens
Exposure test

Taylor 1978 [93]

10/10

0.8 mg Cat allergen

3–4 Months

Bronchial challenge with cat
allergen and histamine

Lower sensitivity in bronchial
provocation test with cat
allergens, but not with
metacholine
Lower sensitivity to cat allergen,
but not to histamine in bronchial
challenge test

U unit, SQ-U standard quality unit, SPT skin prick test
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Table 4

Double-blind placebo-controlled studies on SCIT with Alternaria alternata

Author

Randomized patients
(n)/patients evaluated
(n)

Maximum maintenance
dose

Duration

Primary target parameter

Outcome

Kuna 2011 [99]

50/45

5000 TU  8 µg Alt a 1

3 Years

SMS

63% Difference in SMS between
placebo and treatment groups
after 3 years

Tabar 2007 [104]

28/23

0.165 mg  0.1 µg Alt a 1

1 Year

Different parameters
investigated, primary
target parameter not
defined

Improvement of some parameters, both in the placebo and the
treatment group

Kilic 2011 [105]

16

?

1 Year

Bronchial challenge
with metacholine and
Alternaria

Significant improvement after
1 year

Horst 1990 [106]

24/18

2000 BU  1.6 µg Alt a 1

1 Year

SMS

Treatment resulted in
a significant improvement in all
parameters

Subjective score
Nasal challenge
BU biological unit, SMS symptom and medication score, TU transducing unit

of 0.2–14.4% and 0–11.9%, respectively, in 20- to 44year-olds. As such, mold spores represent an important group of inhalant allergens; however, the standardization of mold extracts is problematic. Depending on the culture medium used, cultured molds in
particular show rapid somatic mutations, which affect
their allergenicity. The range of allergens contained
in extracts depends largely on the extraction method.
Enzymes contained in extracts can destroy cellulosebased dialysis membranes in particular, thereby impairing the production process. If the focus is on proteins during isolation, important carbohydrate-rich
allergens may be lost during preparation [98].

Alternaria
The efficacy of SIT using Alternaria extracts has been
evaluated in a number of mostly small studies that
failed to meet current clinical study criteria (no DBPC
design, no underlying statistical model to estimate the
case number needed, use of nonstandardized extracts,
overly short follow-up period), with the exception of
one study by Kuna et al. as outlined below [99]. A 2014
review concluded that there is a lack of randomized
placebo-controlled studies demonstrating the efficacy
of SIT using mold extracts, in particular Alternaria and

Table 5

Cladosporium [98]. On the other hand, side effects,
including systemic reactions, were not uncommon in
open studies on SCIT with mold extracts [100–102].
A recent review also concludes that reliable studies
on AIT with mold extracts are lacking. At present,
therefore, only treatment with Alternaria alternata for
allergic rhinitis and/or bronchial asthma can be recommended, since standardized extracts are only available for Alternaria [103].
The largest published study with a monocentric,
prospective, randomized DBPC design investigated
the effect of perennial treatment over a 3-year period; 45 of the 50 originally randomized children and
adolescents with rhinoconjunctivitis and/or asthma
due to Alternaria allergy were analyzed [99]. Maintenance treatment comprised administering injections
of a maximum of 5000 TU/ml (8 µg/ml Alt a 1) every 4–6 weeks. The primary endpoint was combined
SMS. No significant difference was seen between the
placebo and treatment groups in the first year of treatment; in the second year, the difference was 38.7%
and in the third year 63.5%. This result is statistically
significant. The reduction in symptoms was associated with a significant improvement in quality of life.
No relevant side effects were reported. A recent Med-

Double-blind placebo-controlled studies on SCIT with Cladosporium

Author

Dreborg 1986 [107]

Randomized patients
(n)/patients evaluated
(n)
30/30

Maximum maintenance
dose

Duration

Primary target
parameter

Outcome

100,000 BU

10 Months

SMS

Significant improvement in BPT
compared with placebo

SPT, CPT
BPT
Malling 1986 [108]

23/22

100,000 BU

5–7 Months

SMS

Improvement in SMS compared
with placebo, but not in the
evaluation of SS and MS alone

BU biological unit, SMS symptom and medication score, SPT skin prick test, CPT conjunctival provocation test, BPT bronchial provocation test, SS symptom
score, MS medication score
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line search yielded the monocentric DBPC studies on
SIT using Alternaria extracts shown in Table 4.

A distinction is made between two basic procedures:


Cladosporium
Small studies have also been conducted with Cladosporium extracts. DBPC studies are summarized in
Table 5.

Aspergillus
There are no DBPC studies in the literature on the
efficacy of Aspergillus extracts for SCIT.

SCIT with insect venom
Numerous insect species are able to cause local or
systemic reactions with their sting. In central Europe,
Hymenoptera such as honey bees (Apis mellifera) and
wasps (in particular Vespula vulgaris and V. germanica) are the most frequent triggers of clinically relevant
reactions. Systemic anaphylactic reactions to insect
stings are potentially life-threatening.
Subcutaneous administration is to date the only evidence-based mode of use when performing AIT with
insect venom [109–111].
Ever since the experience gleaned by the working
group around Lichtenstein, SCIT is now performed
only with venoms from the above-mentioned insects
and no longer with whole-body extracts [112].
SCIT with bee or wasp venom should be performed
in patients that have experienced sting anaphylaxis involving respiratory and/or cardiovascular symptoms,
in adult patients with immediate-type systemic sting
reactions, irrespective of severity, as well as in patients
with individual risk factors [109].
Now that bee and wasp venom preparations are
available for diagnostic and therapeutic purposes,
Hymenoptera venom allergy can be treated highly effectively. Appropriate SIT protects virtually all patients
against repeat systemic sting reactions [109–111].
A recent systematic literature review and meta-analysis conducted by the European Academy of Allergy
and Clinical Immunology (EAACI) in 15 international
biomedical databases found 17 studies that met the
inclusion criteria. This analysis confirmed that insect
venom SCIT reduces the risk of severe sting reactions
(odds ratio (OR) = 0.08; 95% confidence interval (CI)
0.03–0.26). A meta-analysis revealed an improved
disease-specific quality of life (QoL) of 1.41 (95% CI
1.04–1.79) [110].
Aqueous allergen preparations as well as aluminum
hydroxide-adsorbed depot extracts that can be injected subcutaneously are available for SCIT with
insect venom [109, 111].
There is a wide range of treatment schedules for
SCIT initiation and dose escalation, whereby the
maintenance dose is reached within varying time
periods [109, 111].
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Rapid hyposensitization, whereby the maintenance
dose is reached within hours to several days (ultrarush SCIT schedule) or after 3–5 days (rush SCIT
schedule)
Conventional hyposensitization, whereby the maintenance dose is reached within weeks to months

Particularly in the case of patients at risk of severe
reactions, the build-up phase of hyposensitization
should be performed in an inpatient setting.
Systemic anaphylactic reactions and subjective
general symptoms may occur as side effects of SCIT,
particularly in the initiation phase; severe reactions,
however, are rare [109, 111]. Ultra-rush/rush SCIT
performed in the inpatient setting has the advantage
that the maintenance dose can be reached within
only a few days, following which patients generally
tolerate insect stings. The standard maintenance dose
is usually around 100 μg (200 μg in specific cases) of
insect venom [109, 111], injected at 4-week intervals.
Since the success of SCIT appears to be dose-dependent, patients for whom the usual maintenance
dose is insufficiently effective can generally still attain
full protection with a dose increase. As such, one can
consider choosing an increased maintenance dose of
200 µg every 4 weeks for patients with risk factors, particularly in the case of SCIT with bee venom [113].
In the case of concomitant wasp and bee venom allergy, SCIT using both insect venoms can be carried
out concurrently [109, 111].

Safety aspects of SCIT
A systematic review and meta-analysis performed by
the EAACI, and which included 160 studies on AIT,
analyzed not only efficacy as a primary endpoint, but
also secondary endpoints such as cost effectiveness
and safety aspects [114].
The investigators found considerable heterogeneity
in terms of the classifications used for reported side
effects in the randomized controlled studies analyzed.
In terms of the total number of side effects, a relative risk (RR) of 1.58 was found in the SCIT studies
analyzed and an RR of 1.68 in the SLIT studies analyzed, indicating a generally comparable safety profile
for the two modes of administration. An RR of 1.15
was found in the 15 SCIT studies in which treatmentrelated (allergic) systemic side effects were assessed in
a pooled analysis. With regard to local reactions, the
pooled analysis of nine SCIT studies yielded an RR of
2.21.
The EAACI guideline on AIT in allergic rhinoconjunctivitis [31], on which this systematic review and
meta-analysis was based, deems SCIT to be overall
safe. However, it also provides clear recommendations on the implementation of and adherence to the
relevant safety aspects.
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Efficacy of SCIT in specific indications
SCIT in oral allergy syndrome
Evidence on the efficacy of AIT using pollen allergens
to treat oral allergy syndrome (OAS) is insufficient
[115, 116]. Further studies will have to be awaited
before a conclusive assessment can be made [1, 116].
A randomized controlled study on 40 tree pollenallergic patients—20 treated with SCIT and 20 with
SLIT—demonstrated an improvement in OAS in some
patients [117]. A recent study on soy allergy sufferers
using a recombinant folding variant of Bet v 1 as an
allergoid described an increase in the triggering allergen dose in oral challenge following 1 year of subcutaneous treatment [118]. Unfortunately, due to poor
recruitment, the study failed to reach the case numbers needed to achieve the statistical power required
for the primary endpoint. The product is currently no
longer being evaluated by the company for approval.
Another recent study on 60 patients with birch pollenrelated apple allergy showed clinical efficacy for recombinant Mal d 1 (the major apple allergen), but
not for Bet v 1 [119]. In summary, SCIT for OAS is
currently only indicated in the case of corresponding
respiratory symptoms due to pollen allergens.

SCIT in extrinsic atopic dermatitis
A number of studies demonstrate the clinical effects
of SCIT in patients with atopic dermatitis (AD) and
corresponding type-1 sensitization to aeroallergens
[120]. A randomized double-blind dose-response
trial on SCIT in 89 adult patients with chronic AD
and house dust mite sensitization revealed a significant improvement in their SCORAD (scoring atopic
dermatitis) over the 1-year treatment period [121].
Another DBPC phase-II study (SCIT) on 168 adult
patients showed a significant SCORAD improvement
only in patients with severe AD [122].
A meta-analysis of the efficacy of AIT in AD investigated eight randomized controlled studies (two SLIT
and six SCIT studies). Although this revealed a positive effect [123], the validity of this meta-analysis is
limited due to the high heterogeneity of the studies,
some with low patient numbers. In conclusion, it is
clear from the current evidence that AD does not represent a contraindication to SCIT in the case of allergic
respiratory symptoms requiring treatment.

Documenting efficacy in daily practice
Particularly in the routine follow-up of treatment for
allergic respiratory diseases, real-life data are of considerable importance if reliable and comparable information on symptom severity before, during, and
after treatment is to be obtained also outside clinical
studies [124].
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In order to document and evaluate this type of data,
it is important that responses are not expressed in an
arbitrary manner, but rather that they are assigned to
a statistically measurable category. Any categorization of this kind must enable both an intra- and interindividual comparison of symptom severity. Visual
analogue scales (VAS) have proven their worth as an
instrument to assess the efficacy of AIT, since they
are seen by test subjects as a continuum in which the
same differences in symptom severity are assigned the
same intervals on the VAS scale [125].
Particularly in combination with modern communication technology, e.g., smartphone apps, they provide a valuable tool to document symptom severity
and treatment follow-up in allergic respiratory diseases; they are also well suited for this purpose due
to the fact that they are simple to use, save time, and
have low susceptibility to errors.

Special features of SCIT in childhood
In addition to the questions on the effective prevention and immunomodulation conferred by AIT, there
is also a discussion on AIT in children and the extent to which subcutaneous administration is tolerated in this patient group, or whether sublingual immunotherapy should be preferred as a general principle. From a pediatric perspective, the authors consider the following points worthy of discussion:
1. Treatment involving subcutaneous injections is
generally well accepted by children at school age
if it has been well explained and presented to the
parents and their children. Numerous other indications necessitate the use of sometimes frequent subcutaneous injections in children (diabetes, subcutaneous immunoglobulin administration, subcutaneous methotrexate injections). As
such, the monthly administration of subcutaneous
immunotherapy does not pose an insurmountable
hurdle. On the contrary, many pediatricians feel
that adherence is significantly better with subcutaneous compared with sublingual administration
[126]. Having to take a tablet regularly every day
often poses a greater challenge to children and adolescents in their daily routine than does the administration of one injection once a month.
2. The other aspect relates to documented efficacy in
clinical studies. If one considers the evidence on
SLIT and SCIT in childhood, one sees that a growing imbalance has developed here in recent years.
Evidence from large DBPC studies is shifting increasingly towards SLIT, since approval has been
sought only more recently for these newer products
and more up-to-date studies were put forward to
support the approval process. From the perspective
of the practicing allergist, however, it cannot be automatically inferred that SCIT is less effective than
SLIT. Clear advantages for SLIT in terms of evidence
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(“an effect was demonstrated”) do not automatically translate into a better effect. Meta-analyses
that indirectly investigated the efficacy of SCIT and
SLIT found no significant differences between the
two modes of administration in terms of degree of
efficacy. Studies that investigate the efficacy of SCIT
and SLIT head-to-head with comparable preparations are desirable.
Conclusion on the two previous points The decision
regarding which way of allergen application to favor in
children and adolescents needs to be made on an individual basis. In addition to data on clinical efficacy,
long-term effects, and tolerability, the treating physician’s personal assessment of compliance and adherence as well as the patient’s personal preferences need
to be taken into account. It is undisputed that suitable
recall systems need to be created for AIT performed
according to medical standards, in order to keep the
number of treatment discontinuations as low as possible. Only in this way can the potential of AIT to
prevent the progression of sensitization, clinical allergy, and the onset or chronification of asthma be
exploited to the full in younger patients as effectively
as possible.
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