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INTRODUCTION 

Aim

The International consensus (ICON) statement on allergen immunotherapy 
(AIT) is a concise document authored by a multinational group of experts 
reviewing the pertinent literature and summarizing the key statements 
for AIT. The document combines the best scientific evidence with expert 
opinion consensus and is developed to serve as the resource for health 
care professionals managing patients with allergic diseases. The document 
also provides rationale for providing better access to AIT based on the 
public health and pharmaco-economical analyses, which can be used 
by policymakers. It is adaptable for all countries worldwide, allowing 
for modifications based on the regional availability of diagnostic and 
therapeutic interventions. 

Methodology of the ICON on AIT

The current board of iCAALL and the participating organizations formed 
the working committee on the basis of the regional representation, 
expertise in the field, and previous participation in the AIT guidelines. 
The members of the committee proposed the most relevant areas and 
selected the documents for critical review. The major documents are 
listed in Table 1. Many task force reports and consensus documents of 
the EAACI AIT Interest Group as well as key scientific papers were also 
considered. Each member was responsible for the preparation of text. A 
draft was subsequently compiled and circulated (in January 2015) among 
the authors for comments and corrections. The governing boards of the 
participating organizations then approved the final draft. 

Current status of AIT

AIT was introduced by Leonard Noon 103 years ago and is the only 
potential disease-modifying treatment for allergic individuals. Significant 
progress has been made in terms of proving its efficacy and safety both 
for respiratory allergy and for venom hypersensitivity and recent data look 
promising also for AIT as a disease-modifying treatment for food allergy 
and of atopic dermatitis. However, AIT remains underused mainly due to:

a) lack of agreement between documented efficacy, 
b) insufficient data on its cost-effectiveness, 
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Box 1: Nomenclature and Terms 

Anaphylaxis = immediate systemic reaction often occurring within 
minutes and occasionally as long as an hour or longer after exposure 
to an allergen.

AIT = allergen immunotherapy = procedure inducing tolerance to a 
specific allergen by repetitive administration of an allergen

AR = allergic rhinitis = inflammation of nasal mucosa induced upon 
exposure to an allergen together with the proof of immunological 
sensitization to that allergen

Allergic asthma = typical symptoms of asthma (wheezing, cough, dyspnea, 
chest tightness) induced upon exposure to an allergen together with 
the proof of immunological sensitization to that allergen

Build-up phase = period of AIT where increasing amounts of the allergen 
are given until a maintenance dose is reached

Cluster immunotherapy = an accelerated build-up schedule that allows 
reaching the maintenance dose more rapidly

CSMS = combined symptom and medication score = standardized 
method that balances both symptoms and the need for anti-allergic 
medication in an equally weighted manner

Homologous allergen groups = Allergen extracts prepared from different 
species, different genera or different families, and finished products 
which are derived from these allergen extracts and for which clinical 
experience already exists and fulfill the criteria provided by European 
Medicines Agency

LR = local reaction – inflammatory response confined to the contact 
site 

OIT = oral immunotherapy = oral route of allergen administration to 
induce tolerance

OFC = oral food challenge = provocation test used for the diagnosis of 
food allergy

PIP = pediatric investigation plan = development plan aimed at 
ensuring that appropriate pediatric studies are performed to obtain 
the necessary quality, safety and efficacy data to support the 
authorization of a medicine for use in children

SR = systemic allergic reaction triggered by AIT vaccine administration
SCIT = Subcutaneous immunotherapy = subcutaneous, injectable route 

of allergen administration 
SLIT = Sublingual immunotherapy = sublingual (drops or tablets) route 

of allergen administration
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c) differing proportion and educational level of physicians taking care of 
allergic subjects, 

d) lack of awareness of AIT in general population and non-allergy/
immunology trained population

e) scattered availability of regimens and/or products for application, 
f) varying selection of potential responders (1).

Historically, AIT was given by subcutaneous injection (SCIT), but in the past 
25 years there has been a substantial increase in the use of sublingual 
immunotherapy (SLIT). In part this has been driven by issues concerning the 
safety of SCIT: in the 1980s, a number of fatal adverse reactions were reported 
(2), which led to restrictions on the use of SCIT in some parts of Europe, and 
stimulated the exploration of safer routes of administration. Practical and 
logistic considerations have also favored the introduction of SLIT since many 
patients cannot easily commit time to attend for injections. Standardization 
of allergen extracts has also improved significantly. Several novel approaches 
are under investigation. They utilise the recombinant antigen technology to 
produce modified proteins and peptides, the intradermal or epicutaneous 
applicaton of immunodominant peptides or approaches to enhance the 
desirable immune response to the allergens with decreased side effects using 
adjuvants or by stimulating the innate immune system are under development 
aiming to reduce the risk of anaphylaxis and hence allow more rapid up-dosing. 
While this is a desirable objective, most of these approaches are still in the 
early phases of clinical trials. Assessment of cost-effectiveness has been 
difficult, mainly because of problems in assessing efficacy. 

Increasingly, healthcare payers and regulators are asking for greater detail of 
what clinical benefit can be achieved, and to that end; we need better systems 
for defining benefit, not just in statistical terms, but in terms of what is relevant 
to individual patients. Harmonization of scoring systems is desirable, but it 
is more important to validate these in terms of patient relevant outcomes. 
A WAO Task Force proposed a 20% effect over placebo as a reasonable cut 
off of clinical efficacy for clinical trials (3). Recently, an EAACI Task Force 
recommended a homogeneous combined symptom and medication score 
(CSMS) as the primary outcome for AIT effectiveness, which provides as a 
simple and standardized method that balances both symptoms and the need 
for anti-allergic medication in an equally weighted manner (4). On the other 
hand, reliable systems of allergen exposure are needed to assess the AIT 
induced allergen-specific tolerance. In this context the environmental exposure 
chambers provides a very promising approach (5).
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METHODS OF AIT 

Routes of administration 

Subcutaneous injection has been the predominant method of administration. 
Over the last 2 decades, sublingual application of the extracts has 
increased and is now the dominant approach in several European countries 
(6). Additional approaches to that AIT under active investigation include 
epicutaneous and intra-lymphatic administration (7, 8). 

Administration regimens

The conventional schedule for SCIT employing unmodified allergen 
extracts consists of a dose build-up by injections once weekly followed by 
maintenance dose injections at four or eigth week intervals. Fewer build-up 
injections are possible, using modified allergenic extracts such as allergoids 
or addition of adjuvants. 

The build-up phase can be shortened by employing cluster or rush schedules. 
During a cluster schedule, multiple injections (usually 2-3) are given on 
non-consecutive days. In a rush protocol, multiple injections are given on 
consecutive days, reaching maintenance typically in 1-3 days. A direct 
comparison showed no increase in systemic reactions and a more rapid 
achievement of symptomatic improvement for the cluster schedule (9). Rush, 
on the other hand, even with use of premedication, is associated sometimes 
with an increase in systemic reactions, but can also be well-tolerated (2, 10, 
11). In SLIT the build-up period is either shortened or not needed. 

Duration of treatment 

The customary duration of AIT is 3-5 years. Prospective studies of SCIT 
with grass pollen extract for allergic rhinitis (AR) (12) and house dust mite 
(HDM) extract for patients with asthma (13) suggest that three years of 
AIT produces prolonged remission of symptoms after discontinuation. 
A prospective study of SLIT with HDM extract in patients with AR 
demonstrated remissions lasting 7 and 8 years respectively with three or 
four years of active treatment (14). 

Special considerations

 � Polysensitized patients. The majority of patients with AR or allergic 
asthma seen by specialists are polysensitized. Not all of these sensitivities 
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are clinically important. Moreover, AIT is equally effective in mono- and 
polysensitized patients if the relevant allergen is selected (18). 

 � Mono-allergen immunotherapy versus allergen mixes. Virtually 
all of the published randomized, controlled studies of both SCIT 
and SLIT are with single allergen extracts. These studies dominate 
the meta-analyses that indicate both SCIT and SLIT are effective 
treatments for AR and allergic asthma. There is conflicting evidence for 
the effectiveness of allergen mixes (15, 16, 17). 

 � Selection of allergens used for AIT. Relevant allergens are major 
contributors to the safety and efficacy of allergenic extracts used for 
AIT. Most of the available data addresses mites, selected pollens and 
animal dander, while less is known for the efficacy and safety of mold 
or cockroach allergens. The selection of the relevant allergen is usually 
based on the combination of history with the result of the skin prick 
test or the in vitro testing. Component resolved diagnosis might prove 
useful for excluding cross-reactive allergens.

 � Multiple AIT products. An alternative to allergen mixes for both SLIT 
and SCIT is the administration of multiple allergen extracts at different 
times during the day or different locations (18).

SPECIFIC CLINICAL INDICATIONS FOR AIT 

Allergic Rhinitis

 � Indications and efficacy. According to the ARIA (Allergic Rhinitis 
and its Impact on Asthma) guidelines (19, 20) AIT is indicated for the 
treatment of moderate-to-severe intermittent or persistent symptoms 
of AR, especially in those who do not respond well to pharmacotherapy. 
Allergen extracts are available for grass, tree, and weed (i.e. ragweed) 
pollens; house dust mites; mold and animal dander. Standardized 
extracts should be used in clinical practice since the efficacy and safety 
of AIT strictly depended on the quality of the extracts. 

Recent systematic reviews have consistently shown that AIT can 
achieve substantial clinical results by improving nasal and ocular 
symptoms and by reducing medication need (21-25). AIT also 
improves the quality of life, prevents the progression of AR to asthma 
and reduces new sensitizations (26-28). Clinical efficacy persists after 
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discontinuation of AIT (29, 30). All the outcomes of AIT in AR lead to a 
clear pharmacoeconomic advantage over other therapies (31).

 � Contraindications and side-effects. SCIT requires that injections 
should be performed by trained personal in clinical settings that are 
equipped to manage any possible systemic adverse reactions or 
anaphylaxis. Systemic reactions are quite rare when AIT is performed 
following proper recommendations on safety (32-34). AIT is 
contraindicated in patients with medical conditions that increase 
the patient’s risk of treatment-related severe systemic reactions, 
such as those with severe or poorly controlled asthma or significant 
cardiovascular diseases (e.g., unstable angina, recent myocardial 
infarction, significant arrhythmia, and uncontrolled hypertension) 
and should be administered with caution to patients receiving beta-
blockers or ACE-inhibitors (47). Chronic nasal inflammatory responses 
and nasal polyps are not a contraindication for AIT. 

 � Measuring clinical outcome. Symptom and medication scores are the 
recommended measure of efficacy for RCTs, in particular the CSMS. For 
clinical practice the visual analogue scale (VAS) or the newly developed 
rhinitis control tests may be more helpful. However, standardized and 
globally adopted measures of AIT efficacy in randomised controlled 
trials (RCTs) are still lacking (4).

 � Duration of treatment. The recommended duration of AIT for AR is 3 
years, both in SCIT and SLIT. Evidence from a long-term open controlled 
study suggest that 3-year course of SLIT might be not sufficient for a 
long-term protection (35). 

 � Pediatric considerations. SLIT is shown to be safe and effective even 
in children as young as 3 years of age (23-25). A meta-analysis of SLIT 
in children reported significantly reduced symptoms and medication 
scores (36). However, criteria for new well-designed and well-
powered studies in children are requested by EMA within the pediatric 
investigations plan (PIP), with emphasis on long-term efficacy. 

Allergic Asthma 

The pathological process of the airways inflammation in asthma is not 
invariably associated with atopy. Within the allergic asthma subgroup the 
pathophysiology is very complex and includes several disease variants 
(33). Various endotypes have been described, which define intrinsically 
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distinct pathogenetic mechanisms. Endotyping asthma could eventually 
lead to an individualized management, including the selection of asthmatics 
responding best to AIT (37).

Current asthma therapies can effectively control symptoms and the ongoing 
inflammatory process but do not affect the underlying dysregulated immune 
response (38). Thus, they are very limited in controlling the progression of 
the disease.

 � Indications and efficacy. The current ARIA guidelines (19, 20) 
give both SCIT and SLIT a conditional recommendation in allergic 
asthma due to moderate or low quality of evidence. According to the 
Global Innitiative for Asthma (GINA) report updated in 2014 (39) the 
efficacy of AIT in asthma is limited (level A evidence) and compared 
to pharmacological and avoidance options the benefit of both SCIT 
and SLIT must be weighed against the risk of side effects and the 
inconvenience and cost incurred by the prolonged course treatment 
(level D evidence). 

Few specifically designed studies evaluated AIT in asthma, and 
only one had a formal sample size calculation (40). In addition, no 
consensus exists on the optimal endpoints with pulmonary function 
or asthma exacerbations or asthma control assessed as primary 
outcome only sporadically. Several double-blind, placebo-controlled 
trials and meta-analysis (potentially hampered by the heterogeneity 
of the trials included) have confirmed that both SCIT and SLIT are 
of value in allergic asthma associated with AR. An effectiveness and 
safety review conducted by the FDA (41) showed moderate-to high 
(somewhat weaker in children) evidence for efficacy of both SCIT and 
SLIT in asthma, with weak evidence for assessing the superiority of 
either route. One Cochrane review (42) reported a significant reduction 
in symptom scores, medication usage and allergen-specific airway 
hyperreactivity (AHR), and a limited reduction in non-specific AHR. 
The effects on lung function were not consistent among trials. The 
most recent systematic review up to May 2013 concluded that SCIT 
significantly reduces asthma symptoms and medication usage (43). As 
most of the published evidence for SLIT comes from studies primarily in 
rhinitis patients, they are not adequately powered. A systematic review 
on SLIT reports strong evidence for improvement in asthma symptom 
versus the comparator, but only moderate evidence for decrease of 
medication use for asthma (44). 
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A potential steroid-sparing effect of AIT is of utmost importance to 
avoid potential side effects of inhaled corticosteroids (ICS) in asthma. 
For both SCIT and SLIT a reduction of ICS dose needed to maintain 
asthma control was demonstrated (40, 45, 46).

Ongoing phase 3 confirmatory double-blind placebo-controlled (DBPC) 
trials with both SCIT and SLIT in perennial HDM allergic asthma will 
provide more robust evidence (data from ClinicalTrials.gov, EU Clinical 
Trials Register, Japan Pharmaceutical Information Center: Clinical 
Trials Information).

 � Contraindications and side effects. Severe or uncontrolled asthma 
is the major independent risk factor for both nonfatal and fatal adverse 
reactions and thus a major contraindication for both SLIT and SCIT (18, 
47, 48). All patients undergoing AIT should be observed typically for 
at least 30 minutes after injection to ensure proper management of 
systemic reactions (47). 

 � Measuring clinical outcomes. Most of the clinical trials evaluated 
clinically relevant parameters such as symptom and medication score 
(with an emphasis on the corticosteroid sparing effect) and lung 
function. According to the European Medicine Agency, clinical trials on 
AIT in asthma start as add on therapy, which has to be considered in the 
evaluation of the primary endpoint (e.g. evaluation in the context of a 
stepwise reduction of controller medication). Lung function, composite 
scores, number of exacerbations or reduced need for controller 
medication could be considered as primary endpoints.

 � Duration of treatment. The duration of AIT is still a matter of debate. 
A recent study in asthmatic children showed that that 3 years of SCIT 
is an adequate duration for the treatment of asthma in HDM-allergic 
subjects (49). 

 � Pediatric considerations. A systematic review evaluating the 
evidence regarding the efficacy and safety of SCIT and SLIT for 
the treatment of pediatric asthma and allergic rhinoconjunctivitis 
concluded that SCIT reduces symptoms and medication scores, while 
SLIT can improve asthma symptoms (34). A meta-analysis of SLIT in 
children reported a moderate effectiveness on asthma symptoms and 
medication intake (50). New well-controlled studies are requested by 
EMA within the pediatric investigations plan (PIP). 
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Atopic Dermatitis 

 � Indications and efficacy. There is still controversy about the potential 
role of AIT as a therapeutic intervention for patients with atopic 
dermatitis (AD) and aeroallergen sensitivity. Case reports and smaller 
cohort studies showed some positive effects of AIT on the skin condition. 
A large dose finding phase II study in HDM-sensitized AD patients (51) 
showed a significant SCORAD decrease after 8 weeks and the effect was 
maintained over one year including lower glucocorticosteroid use. A 
recent meta-analysis proved moderate-level evidence of efficacy (52). 
However, the largest prospective placebo-controlled study included in 
this meta-analysis showed efficacy only in severely affected patients 
(SCORAD >50) (53). A recent systematic review using the GRADE 
system reported improvement in clinical symptoms (54). Serious 
methodological shortcomings were noted, such as many dropouts, small 
study, incomplete descriptions of randomization, blinding, allocation 
concealment, and data analysis not by intention to treat principle. The 
only SLIT study, performed with HDM allergens in children with AD 
described a positive outcome only in patients with mild to moderate AD 
(55). 

 � Contraindications and side effects. There is no contraindication 
for AIT in patients with respiratory allergic diseases (allergic 
rhinoconjunctivitis, mild allergic asthma) associated with AD. Eczema 
is not worsening during or after AIT (56, 57).

Food allergy

The first case of oral immunotherapy (OIT) to treat food allergy reported 
in the Lancet in 1908 (58) offers an accurate description of an episode of 
severe anaphylaxis upon exposure of the child to egg. The demonstration 
that large amounts of egg can be tolerated after gradual desensitisation 
followed by long term maintenance with continued consumption of egg 
raises the question on how long OIT needs to continue (58). These issues 
are more pertinent than ever with a growing number of publications and 
research into immunotherapy for food allergy. 

Early studies of SCIT to peanut were discontinued due to the high rate of 
anaphylactic reactions. More recently, studies using OIT or SLIT to peanut, 
milk and egg have shown promise (59-65). Recently, a first safety trial has 
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been performed using a hypo-allergenic mutant of fish parvalbumin in SCIT 
for the treatment of fish allergy (66). 

OIT using raw food or heat modified food appears to be more effective then 
SLIT (67). A high proportion of patients were able to pass an oral food 
challenge (OFC) after 1-4 years of OIT with a 20 to 100–fold increase 
in threshold reactivity and high maintenance doses (300-4000 mg) 
of the food protein are ingested on a daily basis. However, the rate of 
systemic reactions (SR) requiring epinephrine observed with up to 25% 
of participants especially using raw food is still too high for recommending 
OIT in daily practice. In SLIT, the doses are much lower (<10 mg/day), the 
safety profile is better, but the threshold of reactivity reached at the end of 
the treatment is usually lower, impacting on efficacy. Although increased 
food specific IgG and decrease in basophil activation are observed during 
immunotherapy, there are currently no biomarkers to predict the response. 
Efficacy can only be demonstrated through sequential oral food challenges 
(OFCs). A good response is associated with a longer AIT duration and 
a larger amount of food tolerated. Associated treatments, such as 
omalizumab, may reduce adverse reactions and improve efficacy (68). 

Food immunotherapy man induce desensitization that would require 
continuous therapy. Whether food immunotherapy can induce long-term 
tolerance in which therapy can be discontinued indefinitely is unknown. Two 
studies have shown sustained unresponsiveness to egg and peanut after 
OIT in only 28% and 50% of cases (67, 69, 70). In another peanut OIT 
study (71), only 3 out of 7 patients that were successfully desensitized 
after 3 months of treatment withdrawal remained unresponsive for an 
additional 3 months. There is evidence that children who tolerate baked 
milk and egg may outgrow their food allergies independent of attempted 
therapeutic measures (72, 73). An improvement in quality of life has been 
suggested but the risk-taking behaviour encouraged by the false-sense of 
security provided by the treatment was not evaluated. 

Due to the risk of adverse reactions, including anaphylaxis, EAACI 
guidelines do not recommend food AIT for routine clinical use (level III, 
grade D). The procedure should be performed only in highly specialised 
centres, with expert staff and adequate equipment and in accordance with 
clinical protocols approved by local ethics committees (73, 74).
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SAFETY OF AIT 
Adverse reactions associated with AIT can be local or systemic. Local 
reactions (LR) are fairly common with both SCIT (erythema, pruritus and 
swelling at the injection site) and SLIT (oro-pharyngeal pruritus and/or 
swelling), affecting up to 82% of SCIT (47) and 75% of SLIT patients (75). 
Gastrointestinal symptoms associated with SLIT can be classified as local 
(if only associated with oromucosal symptoms) or SR (if occuring with 
other systemic symptoms). 

Most SLIT LRs occur shortly after treatment initiation and cease within days 
to a few weeks without any medical intervention. Although the overall dropout 
rate in double-blind, placebo-controlled trials was similar to placebo (76), 
drop-outs due to adverse events were significantly greater in the SLIT group. 
A 3-grade classification system for SLIT LR based on the patient’s subjective 
accounting was developed by a WAO taskforce with the intent of improving 
and harmonizing the surveillance and reporting of the safety of SLIT (77). 
Treatment discontinuation due the LR (grade 3 reaction) is one of the major 
determinants of the LR severity grade in this classification system. With this 
same aim, a previous WAO Document proposed a Grading System for SCIT 
(78).

LR were “deemed not bothersome at all or only slightly bothersome” by 
82% of SCIT survey respondents, with only 4% indicating they would stop 
SCIT because of the LR (79). 

LR are not predictive of subsequent systemic reactions with either AIT 
route (80, 81). No study found that increased frequency of large SCIT LR 
increases the risk for future systemic reactions (82).

SCIT SR can range in severity from mild to life-threatening or fatal 
anaphylaxis. The incidence of SCIT SR varies depending on the induction 
schedule, augmenting factors, premedication, and the degree of 
sensitisation. In most surveys, the rate of SR with non-accelerated SCIT 
induction is approximately 0.1 to 0.2% of injections and 2 to 5% of 
patients (78, 83). A 5-grade classification system, based on reaction 
severity and the organ system(s) involved was developed in 2010 for 
reporting of AIT SR (SCIT and SLIT) (81). In a 4-year AIT safety survey that 
included 23.3 million injection visits, the SR rate was consistently 0.1 % 
of injection visits, with 97% of the SR being classified as mild or moderate 
in severity (83, 84). The incidence of severe SR was approximately 1 in 
one million injections, which is similar to previous surveys (85). There 
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was one confirmed SCIT-related fatality in this survey. In previous surveys 
there was an estimated rate of 3 to 4 SCIT-related fatalities per year, which 
translated into a fatality rate of 1 in 2 to 2.5 million of SCIT injections (82). 
Risk factors for SCIT SR include symptomatic asthma, prior SCIT SR, and 
high degree of skin test reactivity (47). Other potential risks factors for 
SCIT SR, such as administration during height of pollen season, updosing 
schedule (cluster vs. conventional), and treatment phase (maintenance vs. 
updosing), have been suggested but none have been clearly established 
(83, 86). Symptomatic or poorly controlled asthma was identified as a 
contributing factor in most fatal and near-fatal SCIT SR (83). It has been 
suggested that better safety measures, especially regarding asthma 
assessment before SCIT injections, may be a factor in the reduced fatality 
rate in the most recent AIT survey (87). 

Compared with SCIT, the SLIT SR rate is significantly lower and severe SR 
are relatively uncommon. In a comprehensive review of 104 SLIT studies 
published through October of 2005, the SLIT SR rate was 0.056% of 
doses administered, 14 probable SLIT-related serious adverse events, 
which translated into 1.4 SAE per 100,000 SLIT administered doses (75). 
To date, there have been no confirmed reports of SLIT-related fatalities 
but SR of a severity to be categorized as anaphylaxis have been reported 
(48). In a few of the anaphylaxis cases, the subjects had experienced a SR 
in an earlier SCIT treatment course, two of whom had SR with their first 
SLIT dose (88). No clear predictors for SLIT SR have been established. 
Unlike SCIT, the incidence of SR does not appear to be related to induction 
schedule, allergen dose, symptomatic asthma or degree of sensitisation. 
Since SLIT is administered in a setting without direct medical supervision 
specific patient instructions should be provided regarding management 
of adverse reactions and the clinical scenarios when the administration 
of SLIT should be postponed (asthma exacerbation, acute gastroenteritis, 
stomatitis or esophagitis, etc.). SLIT for environmental pollen has been 
associated with the onset of eosinophilic esophagitis (EE) (89). In addition, 
OIT for food allergy may trigger EE (90).

SLIT’s more favourable safety profile allows for administration outside of 
a medically supervised setting, whereas SCIT’s greater risks recommend 
administration only in a medically supervised setting with appropriate staff 
and equipment to identify and immediately treat anaphylaxis (43, 91). 
This recommendation is consistent with United States licensed allergenic 
extract package insert’s black box warning (92). 
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Box 2: Unmet needs for AIT

 � better defining of homologous allergen groups
 � standardization of rare allergens
 � shorter duration of AIT
 � evaluate the effect of booster therapy courses as for other 

vaccines
 � large multicenter studies with novel products both in SCIT and 

SLIT
 � large multicenter studies within the pediatric investigation 

program evaluating efficacy and safety in younger children and 
optimal age for treatment initiation

 � use for primarly and secondary prevention
 � biomarkers to select responders and evaluate the efficacy 

objectively
 � improved safety profile
 � harmonization and validation of clinical outcomes
 � strong cost-effectiveness analysis adjusted to socio-economical 

differences within and between conutires
 � guidelines that consider the socio-economical differences and 

health policies between regions and countries
 � standardization of products between companies

CONCLUSIONS AND UNMET NEEDS
AIT is effective in reducing symptoms of allergic asthma and rhinitis and 
potentially modifies the underlying course of disease. Studies on AIT in the 
treatment of AD and food allergy could broaden the indications. However, AIT 
remains underutilized due to lack of awareness, limited access to specialist 
care, reimbursement policy, long duration and concerns regarding safety 
and effectiveness (Fig. 1). The major barrier for the further development of 
AIT especially for the new technologies is the capacity to perform one or 
more phase 3 confirmatory DBPC trials per allergen source. Several unmet 
needs have been identified (Box 2).
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SWOT

Box 3: Key messages

 � Better selection of responders based on an endotype-driven 
strategy is desired to increase both efficacy and safety

 � High-quality studies are needed to answer questions regarding 
optimal dosing strategies, the disease-modifying potential and 
cost-effectiveness over the standard of care

 � AIT achieves substantial clinical results in AR by improving nasal 
and ocular symptoms and reducing medication need, improving 
the quality of life, preventing the progression of AR to asthma 
and reducing new sensitizations

 � SLIT and SCIT can be used in mild and moderate asthma 
associated with allergic rhinoconjunctivitis provided that asthma 
is controlled by pharmacotherapy

 � A measurable clinical benefit on asthma symptoms and a steroid 
sparing effect is expected 

Long-term reduction of healthcare 
costs 
Disease modifying effect
Sustained effect and possible curing of 
the disease
Well-defined immune 
mechanisms 
GMP-standard vaccines

High initial costs 
Time and resource investment 

Long duration of treatment
Regional differences in practice 

parameters and lack of 
harmonization

Wider application can 
decrease incidence severity 
and costs of managing allergic 
diseases and improve quality of life
Advances in biotechnology offer novel 
tools for treatment improvement
Combination with biologicals will 
improve efficacy and safety

Reimbursement policy
Low awareness of payers and 

regulators of the significant AIT 
potential for cost-reduction and  

quality of life improvement

Figure 1. Strengths, weaknesses, opportunities, and threats (SWOT) analysis for 
AIT.
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Box 3: Key messages (continued)

 � AIT cannot be presently recommended as single therapy when 
asthma is the sole manifestation of respiratory allergy

 � Medical conditions that reduce the patient’s ability to survive the 
systemic allergic reaction or the resultant treatment a relative 
contraindications for AIT. Examples include severe asthma 
uncontrolled by pharmacotherapy and significant cardiovascular 
disease

 � There is no contraindication for AIT in patients with respiratory 
allergic diseases (allergic rhinoconjunctivitis, mild allergic 
asthma) associated with AD. 

 � AIT may have positive effects in selected, sensitized patients 
with AD; the best evidence is available for house dust mite AIT

 � Patients with a positive IgE tests and corresponding history 
of eczema triggered by a clearly defined allergen are potential 
candidates for AIT in AD

 � For food allergy an EAACI systematic review of the literature 
highlighted a large heterogeneity in the protocols used by 
different research groups in terms of preparation of food 
allergens, up-dosing, maintenance dose and OFC procedure; 
there is therefore no single established protocol that has been 
shown to be both effective and safe in large multicenter studies. 

 � Currently there is agreement that while immunotherapy to foods 
is an important area of research, it is not yet ready for clinical 
practice 

 � Some risk factors for SCIT induced severe SR have been 
identified but none have been clearly established for SLIT.

 � Both SLIT and SCIT have acceptable safety profiles, if 
administered under the appropriate circumstances. SLIT’s more 
favourable safety profile allows for administration outside of a 
medically supervised setting, whereas SCIT is recommended 
only in a medically supervised setting with appropriate staff and 
equipment to identify and immediately treat anaphylaxis

 � Consistent use of the uniform classification systems for grading 
AIT (SLIT and SCIT) systemic and local reactions both in clinical 
trials and surveillance studies will allow better comparisons and 
best practices for all AIT treatments.
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INTRODUCTION
This paper represents the second part of the international consensus 
(ICON) document on allergen immunotherapy (AIT), an effort of the 
International Collaboration in Asthma, Allergy and Immunology (iCAALL) 
that includes EAACI, AAAAI, ACAAI, and WAO. There are other papers 
that outline international or national guidelines, positions, or consensus 
statements on the current knowledge on AIT. In this document, we offer a 
critical appraisal of major evidence on AIT mechanisms, recommendations 
on allergen standardization, regulatory issues, pharmacoeconomics, and 
barriers to and facilitators of future developments in AIT. The governing 
boards of the participating organizations approved the final draft.

MECHANISMS OF IMMUNOTHERAPY
Allergen-specific immune response involves a series of complex mechanisms. 
These include the structural features and dose of the allergen, route and 
timing of its exposure, existence of innate immune response stimulants 
within the allergen and micromilieu, and the genetic susceptibility of the host 
(1, 2). Effective AIT sequentially activitates multiple mechanisms (Fig. 1), 
ideally resulting in multifaceted clinical improvement. Depending on the AIT 
protocol, desensitization to allergen, allergen-specific immune tolerance, and 
suppression of allergic inflammation appear within hours. This is followed by 
allergen-specific Treg and Breg cell generation and regulation of allergen-
specific IgE and IgG4, and establishment of immune tolerance (Fig. 1A). AIT 
in particular targets type II immunity cells, including Th2 cells, type 2 innate 
lymphoid cells (ILC2), and type 2 cytotoxic T cells. The third produce IL-4, IL-
5, and IL-13, which induce mast cell, basophil, and eosinophil activation; as 
well as IgE antibody production (3, 4) (Fig. 1 B). 

Early desensitization

The literature indicates the administration of AIT leads to very early 
decreases in the susceptibility of mast cells and basophils to degranulation, 
in spite of the presence of elevated allergen-specific immunoglobulin (Ig) 
E (5). This effect appears to be similar to the one observed when these 
two immune cell types are rapidly desensitized in anaphylactic reactions 
to drugs (6). Several mechanisms have been proposed to explain why mast 
cells and basophils become unresponsive to environmental proteins, even 
in the presence of specific IgE. A number of studies have investigated the 



34

involvement of basophils in the very early induction of allergen tolerance 
and the so-called desensitization effect of venom immunotherapy (VIT) 
(7-9). Rapid upregulation of histamine type 2 receptors within the first 6 
hours of the build-up phase of VIT was observed, which suppressed high 
affinity IgE receptor (FcεRI)-induced activation and mediator release of 
basophils (7), and histamine receptor 2 has strong immune regulatory 

Figure 1. Cellular and molecular changes during AIT. A) The differentiation of naïve 
T cells after allergen presentation in the presence of innate immune response sub-
stances that trigger pattern recognition receptors (PRR) and vitamins, monoamins 
that control the cellular differentiation as well as co-exposed substances with the 
antigen and status of the cells and cytokines in the microenvironment, naïve T cells 
can differentiate into T-helper (Th)1, Th2, Th9, Th17, and Th22 types of T cells. 
Based on their respective cytokine profiles, responses to chemokines, and interac-
tions with other cells, these T-cell subsets can contribute to general inflammation. 
The increase in Th1 and Treg cells play a role in counterbalancing other effector 
cells. The balance between allergen-specific effector T cells (particularly Th2) cells 
and IL-10- producing Treg cells is decisive for the development or suppression of 
allergic inflammation. Treg cells and their cytokines suppress Th2-type immune 
responses and contribute to the control of allergic diseases in several major ways. 
Similarly the induction of IL-10-producing B reg cells play an essential role in sup-
pressed of IgE and induced of IgG4. B) The suppression of peripheral innate lym-
phoid cells (ILC) especially type 2 may contribute to Th2 suppression and immuno-
logical tolerance induced by AIT. 

A
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activities on T cells, dendritic cells and basophils (10). Overall, mast cells 
and basophils express many targets for future enhancement of the efficacy 
of AIT as well as the development of novel biomarkers (11, 12).

T cell tolerance

Allergen immunotherapy (AIT) induces a major change in allergen-specific T 
cell subsets. The proportion of IL-4-secreting T helper (Th) 2 cells decreases; 
meanwhile, IL-10-secreting inducible T regulatory (Treg) cells specific for the 
same allergenic epitope increase in number and achieve function similar to the 
immune status observed in non-allergic healthy individuals. This appears to be 
one of the milestones in the development of peripheral tolerance to allergens 
(1, 13). A significant correlation exists between improvement of symptoms 
and the increase in inducible Treg cell numbers during immunotherapy (14, 
15). Inducible Treg cells are composed of two sets: FOXP3 positive(Forkhead 
box protein 3) adaptive Treg cells and FOXP3 negative but IL-10-producing 
type 1 regulatory (Tr1) cells (16). Studies investigating the role of different 
types of Treg cells during AIT have shown overlapping effects of different Treg 
cell subsets for the induction of T cell tolerance (17, 18). Secretion of IL-10 
and TGF-beta and expression of cytotoxic T lymphocyte antigen-4 (CTLA-4) 
and programmed death-1 (PD-1) protein on T cell surfaces are also important 
for the suppressor activity of inducible Tregs. Additionally, the runt homology 
domain transcription factors (RUNX) 1 and 3 both have an effect on TGF-beta-
mediated FOXP3 expression of inducible Treg cells in humans. 

Figure 1. continued

B
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Various mechanisms may underlie AIT’s induction of an allergen-specific 
Treg cell response (19, 20). It has been recently suggested that the 
target organ and site of immune tolerance induction during SLIT may be 
the tonsils (21). This could hold true even in patients with tonsillectomy 
because the procedure removes only the pharyngeal tonsils, while 
preserving the lingual and palatine tonsils. Plasmacytoid dendritic cells 
(pDC) with a high percentage of Treg cells were co-localized in human 
palatine and lingual tonsils. The ability of pDCs of human tonsil cells to 
generate CD4+CD25+CD127-FOXP3+ functional Treg cells further supports 
the concept of tolerogenic function of DC (20). Similar to mechanisms of 
AIT, in high-dose antigen exposure of beekeepers, IL-10-secreting Treg 
cells inhibited proliferation of PLA-specific effector T cells seven days after 
the beginning of bee venom season (22). Blocking CTLA-4, PD-1 and IL-10 
receptors inhibited this suppressive effect. Mouse models to mimic these 
effects are being developed and prolonged desensitization schedules have 
been proposed to study immune tolerance-inducing activities (23). 

Another important recent study investigated the mechanisms underlying 
the way in which allergen tolerance can be broken in healthy individuals. 
The authors indicate stimulation of allergen-specific T cells with certain 
toll-like receptors (TLR) and proinflammatory cytokines can induce in 
vitro CD4+ T cell proliferation in peripheral lymphocytes. In this context, 
stimulation with IL-1β, IL-6, TLR-4, TLR-8 of myeloid DC breaks allergen-
specific CD4+ T cell tolerance (24). Viral infections may play a role in 
immune tolerance-breaking roles by using the above mentioned or other 
molecular mechanisms. The infection of the respiratory epithelium with 
rhinovirus can antagonize tolerance to inhaled antigen through combined 
induction of TSLP, IL-33, and OX40 ligand (25). 

B cell tolerance

The phenotypical expression of B regulatory cells (Breg) plays a role in 
allergic disease. Distinct from IL-10-secreting DCs, IL-10-secreting 
allergen-specific Breg cells were shown to exist in bee venom tolerant 
beekeepers and bee venom allergic individuals who had undergone VIT (26) 
They were characterized as CD73-CD25+CD71+ B cells, with a suppressive 
function on antigen-specific CD4+ T cells and the capacity specifically to 
produce IgG4. This work is supported by data showing that single IL-10 
overexpression in human B cells is sufficient to induce a regulatory role of 
B cells (27). In addition to the direct role of Breg cells, Treg-derived IL-10 
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stimulates B cells to undergo class switching towards the production of 
IgG4 antibodies in the presence of IL-4, whereas IL-4 alone induces IgE 
production (28). Human B cells can regulate CD4+ T-cell plasticity to create 
flexibility in the effector T-cell response (29). As a tolerogenic antibody, 
allergen-specific IgG4 competes with allergen-specific IgE with the same 
specificity for allergen binding, thus preventing the release of mediators 
from mast cells and basophils. There is further possible formation of IgE-
allergen-IgG4 complexes that bind to both the FcγRIIb and FcεRI inhibiting 
the IgE receptor (30). IgG4 antibodies of different specificities can exchange 
their immunoglobulin heavy chain through a process referred to as Fab arm 
exchange. This process leads to the formation of bi-specific, functionally 
monovalent IgG4 antibodies that are unable to crosslink allergens (31). 
Furthermore, IgG4 is unable to fix complement and has limited affinity for 
activating Fcγ receptors (32). AIT is known to induce a transient increase 
in serum IgE levels in the early course of treatment, despite its protective 
clinical efficacy. The ratio of allergen-specific IgE to functional IgG4 
antibody may be useful in monitoring AIT, as the IgE blocking activity of 
IgG4 appears to correlate with clinical AIT outcome (33, 34). 

Regulation of innate lymphoid cells

Type II ILCs play a role in allergic responses via the secretion of IL-5 and 
IL-13, and ILC2s may be studied in human peripheral blood (3, 4). ILC2s 
may have a role in the development of adaptive type 2 responses to local, 
but not systemic, antigen exposure (35). ILC2s can also be demonstrated 
in induced sputum in children (36). AIT has been shown to regulate innate 
lymphoid cells, and seasonal increases in peripheral ILC2 are inhibited 
by subcutaneous grass pollen immunotherapy (37). Circulating ILC2 
responses are increased in asthma but not in allergic rhinitis (38). 

STANDARDIZATION OF ALLERGEN EXTRACTS 

Allergen standardization (AS) is a prerequisite to providing reagents for 
the diagnosis of and allergen-specific intervention in atopic diseases. 
Established methods for AS measure potency, ensure consistency in 
composition, and demonstrate stability. Molecular technologies have 
accelerated the characterization of allergen preparations providing optimal 
reagents for advanced AS (39). 
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Box 1: Effective AIT triggers multiple mechanisms, which 
are sequentially activated (Fig. 2)

AIT induced immune tolerance controls
 � acute phase of the allergic reaction
 � chronic events leading to inflammation and remodeling 

Figure 2. Rapid desensitisation: very early decreases in the susceptibility of 
mast cells and basophils to degranulation is observed. Mediators of anaphylaxis 
(histamine and leukotrienes) are released during AIT without inducing a sys-
temic anaphylactic response. Several mechanisms have been proposed such as 
up-regulation of histamine type 2 receptors and decreased effector cell function 
as reflected by a decrease in allergen-stimulated surface expression of CD63. 
Early changes in basophil sensitivity predicts symptom relief with AIT. Immune 
tolerance involves the gradual increase in T and B regulatory cells and tolerogenic 
antibodies. Long term tolerance induced by AIT involves changes in memory T and 
B cell compartment, the Th1/Th2 shift, function of the effector and structural cells 
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Allergen standardization and regulatory framework

European manufacturers use “In-house Reference Preparations” (IHRP) 
and create their own allergen extract units accordingly (40). The European 
Medicines Agency (EMA) recently adopted a guideline on production and 
quality of allergen products (http://www.gmp-compliance.org/guidemgr/
files/GUIDELINE ON ALLERGEN PRODUCTS PRODUCTION AND QUALITY 
ISSUES.PDF). Homologous allergens are now based on sequence identity 
among allergenic proteins rather than taxonomic relationships between 
allergen sources. This guideline complements existing documents for 
development and marketing authorization of products for AIT in Europe. The 
Food and Drug Administration (FDA) provides guidance for United States 
of America (USA) manufacturers. Vaccines standardized for potency in the 
USA include Hymenoptera venoms (five species), cat hair and pelt, dust 
mites (Dermatophagoides farinae and pteronyssinus), and pollen from eight 
grass species and short ragweed. For each standardized extract, reference 
materials from the Center of Biologics Evaluation and Research (CBER) are 
used to determine potency, forming the basis of IHRP calibration.

Biological allergen standardization (in-vivo)

The Nordic method, commonly used in Europe, considers 10,000 BU/
mL (biologically standardized units) as equivalent to an allergen dose that 
elicits a wheal equal (in mm2) to that elicited by 10 mg/ml histamine-
dihydrochloride. In vivo testing consists of titrated skin prick tests with 
5-fold allergen dilutions averaged in at least 20 moderately to highly 
sensitized allergic subjects. The ID50EAL (intradermal dilution for 50 
mm sum of erythema determines the bioequivalent allergy units) method 
is used in the United States (41). The dilution of extract that on average 
produces a 50 mm induration (sum of lengths and width) (D50) is assigned 
an arbitrary potency of 10 000 BAU/mL (bioequivalent allergen unit). 
Extracts with a mean D50 of 14, which falls between the 13th and 15th 
3-fold serial dilution of the reference extract, are arbitrarily assigned the 
value of 100,000 BAU/ml. An extract with a mean D50 falling between the 
11th and 13th dilutions is labeled 10,000 BAU/ml.

Biochemical and immunological standardization (in-vitro)

Various qualitative and quantitative biochemical methods provide 
information on extract composition (42). Newer methods, e.g., mass 
spectrometry can be expensive and technically challenging, but can offer 

http://www.gmp-compliance.org/guidemgr/files/GUIDELINE ON ALLERGEN PRODUCTS PRODUCTION AND QUALITY I
http://www.gmp-compliance.org/guidemgr/files/GUIDELINE ON ALLERGEN PRODUCTS PRODUCTION AND QUALITY I
http://www.gmp-compliance.org/guidemgr/files/GUIDELINE ON ALLERGEN PRODUCTS PRODUCTION AND QUALITY I
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extremely powerful approaches to analysis of allergenic proteins, including 
detection of isoforms. Total potency is measured by IgE-binding inhibition 
or effector (i.e. basophil) cell assays. Manufacturers usually combine 
different methods for AS and establish various in-process control measures 
for robust and reproducible allergen extract production. 

CREATE project and follow-up

A WHO/IUIS initiated and EU-funded (FP5) project for the Development 
of Certified Reference Materials for Allergenic Products and Validation 
of Methods for their Quantification (CREATE) established comprehensive 
information on purified or recombinant forms of important major allergens 
(Bet v 1, Phl p 1, Phl p 5, Ole e 1, Der p 1, Der p 2, Der f 1, and Der f 2) 
and explored immunoassays for their quantification (43, 44). A follow-up 
project, supported by the Biological Standardization Program (BSP) of the 
European Directorate for the Quality of Medicines (EDQM), performed a 
proficiency trial (BSP090) for ELISAs of Bet v 1 and Phl p 5a (45-47). After 
approval by the European Pharmacopoeia Commission (EPC) these assays 
will become mandatory for allergen manufacturers in IHRP calibration. 
In 2012, both major allergens were introduced by the EPC as biological 
reference materials, http://crs.edqm.eu/db/4DCGI/View=Y0001565 and 
http://crs.edqm.eu/db/4DCGI/View=Y0001566, and the future will likely 
bring important additions. 

PHARMACOECONOMICS  
AND COST-EFFECTIVENESS OF IMMUNOTHERAPY
The costs of allergic diseases are substantial, and AIT is a treatment 
modality that may alter the natural course of disease. In the long run of 
health economics, immunotherapy has the potential to result in cost-
savings due to decreased loss of workdays and lower drug costs, although 
it is not to be expected that the costs will be fully offset by savings in anti-
allergic medications during the first years of therapy. Economic studies 
have been published on the cost-effectiveness of immunotherapy, primarily 
from Europe and the USA.

Costs of AIT and standard treatment (ST)

Retrospective analyses have shown that subcutaneous immunotherapy 
(SCIT) affects health care expenditure (48-50). In comparing costs, pre- 

http://crs.edqm.eu/db/4DCGI/View=Y0001565
http://crs.edqm.eu/db/4DCGI/View=Y0001566
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and post-SCIT treatment among 3048 Medicaid-enrolled children with 
allergic rhinitis, SCIT produced a 12% reduction (48). An 18-month 
period of SCIT resulted in associated costs that were reduced by 33% 
as compared to those incurred by pediatric controls (49). A prospective 
observational Parietaria SCIT study revealed a cost reduction of 48% in 
the third year of treatment, and of 80% 3 years after AIT concluded (51). 
A ragweed immunotherapy trial of 2 years in asthma patients showed 30% 
reduction in medical costs in the immunotherapy group versus placebo but 
these savings did not offset the increased costs due to immunotherapy 
(52). A one-year SLIT observational study showed a reduction in the costs 
of symptomatic drugs for 22% for patients with rhinitis and 34% for 
patients with rhinitis and asthma. When the costs of SLIT were included, 
the costs in the SLIT group were 73% higher (53). Another SLIT HDM 
study in asthmatics compared 2-year treatment with SLIT plus ST with ST 
only, followed by 3 years ST only. The savings in the fifth year amounted 
to 23% (54). 

Cost-effectiveness (CEA) and cost-utility analyses (CUA). 

Economic analyses of both benefits of treatment and its financial cost are 
important in addressing the question of whether one outweighs the other. 
CEA studies express the costs in a monetary units and effects in a physical 
unit (symptom-free days, occurrence of asthma exacerbations, and so 
on). CUA evaluates the effects of treatment in terms of health related 
quality of life (i.e., quality-adjusted life years; QALY). An incremental 
cost-effectiveness ratio (ICER), defined as costs divided by benefits, can 
be calculated to estimate the costs of a certain gain. A gain of 1 QALY 
at a threshold of £ 20,000-30.000 is considered acceptable: https://
www.gov.uk/government/uploads/system/uploads/attachment_data/
file/191504/NICE_guide_to_the_methods_of_technology_appraisal.pdf.

Several CEA studies have demonstrated that SCIT and SLIT are economically 
advantageous (55-58). A German study based on data from the literature 
in a decision tree model reached break-even within a duration of 6-8 years 
and net savings at 10 years (55). A French study, also based on a decision 
tree model, used the number of improved patients and the number of 
asthma cases avoided as determination of outcome. The incremental 
costs-effectiveness ratios (ICERS) were lower for SCIT (583 Euro and 597 
Euro for dust-mite and pollen allergy) than those for SLIT (3938 Euro and 
824 Euro) (57).

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191504/NICE_guide_to_the_m
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191504/NICE_guide_to_the_m
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191504/NICE_guide_to_the_m
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The cost-effectiveness of SCIT was confirmed by 2 CUAs and those of SLIT 
by 4 CUAs derived from randomized clinical trials with sublingual grass 
pollen tablets (52, 54, 59-61). Another CUA based on a post-hoc analysis 
of two SLIT studies indicated that an ICER below the threshold of £ 20.000 
could be achieved in patients with medium or high outcomes in their 
symptom scores (62). One CUA evaluated treatment with different grass 
pollen products (Oralair™, Grazax™, Alutard™ depot). From the German 
health care perspective (cost-utility ratio vs symptomatic treatment; 
incremental costs, QALYs, and willingness-to-pay) the analysis resulted in 
dominance of Oralair™ (63). 

Recently, a cost-effectiveness model was constructed based on MD data 
from the Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) via 
meta-analyses and indirect comparison meta-analyses. Up to year 6, 
ICERS (cost per QALY) ranged from £28,650 (year 6) to £57,883 (year 
3) for SCIT compared with standard treatment (ST), and from £27,269 to 
£83,560 for SLIT compared with ST. Thus, with increasing time, both SCIT 
and SLIT were found to be approaching cost-effectiveness thresholds of 
£20,000–30,000 (64). 

In conclusion, the majority of pharmacoeconomics studies support the 
viewpoint that AIT gives value for the money, with cost-effectiveness within 
6 years of treatment initiation. However, heterogeneity in methodology 
limits the interpretation of the studies. Data are obtained from small 
studies, retrospective databases, prospective observational studies, 
randomised trials, and literature searches. It is difficult to extrapolate the 
results from one healthcare setting to another and there is considerable 
variation in cost-effectiveness across countries (65). In addition, trials do 
not reflect real-life context, with non-compliance as a strong bias for the 
economic analyses. Finally, many pharmacoeconomics studies have been 
sponsored by or associated with manufacturers. Large prospective and 
independent cost-effectiveness studies using a study design that provides 
a more realistic model are required. Moreover, there is a lack of economic 
data in other areas of the world outside Europe or United States.

REGULATORY ISSUES 
Although Noon and colleagues introduced AIT more than a century ago, a 
high degree of heterogeneity among countries on the regulatory aspects 
of this therapeutic option remains (66). In Europe, the majority of products 
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for AIT have been marketed for decades as named-patient products (NPP), 
primarily responsible for meeting requirements of Good Manufacturing 
Practice (GMP) (67). Thus, NPP for AIT are commercially available and 
GMP-compliant, even if they are “named-patient”, a term that refers to 
their prescription for a specific allergic individual (42).

For these NPPs, information on clinical efficacy is not necessarily based on 
the documentation required by regulatory agencies for providing marketing 
authorization (MA), while numbers of adverse reactions are mainly 
assessed via voluntary reports by producers, allergists, and patients. 

In the last decade, the Directive 2001/20/EC and the amended Directive 
2003/63/EC published important regulatory guidance, proposing central 
specifications for allergen-products in both diagnostics and AIT (42, 67). 
Under these regulations, allergen products are classified as medicinal 
products. Given that they have the capacity to modify the immune system 
and since they are produced with an industrial process, they require a 
marketing authorization similar to all medicinal drugs. The European 
Medicines Agency (EMA) and national health authorities of the individual 
member states serve as regulatory agencies. Attaining marketing 
authorization for allergen-products is feasible via national or centralized 

National authorization

The allergen product is only approved for 
marketing in the respective European 
country in which the application has 
been submitted.

The approval may be expanded to other 
European member states in a ‘mutual 
recognition’ procedure if the identical 
dossiers are submitted to these 
countries (62)

EU-wide registration

The application is submitted to the 
EMA who nominates two EU countries 
as rapporteur and co-rapporteur for 
review and evaluation (33,62).

The application contains a development 
plan documenting the quality, safety, 
and clinical efficacy of allergen products 
as outlined in the EMA-guidance 
(CHMP/EWP/18504/2006; 2008) 
(64) and a pediatric investigational 
plan (PIP) (58).

The central authorization allows MA in all 
EU member states 

The central procedure must be 
followed for recombinant allergen 
vaccines and other products based on 
biotechnological processes (62

Table 1. Obtaining an MA in EU countries
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procedures as well as through mutual recognition (42, 67-69). In a national 
authorization, the allergen product is only approved for marketing in the 
respective European country in which the application has been submitted. 
However, the approval may be expanded to other European member states 
in a ‘mutual recognition’ procedure if the identical dossiers are submitted 
to these countries (68). Another possibility for EU-wide registration of 
medicinal products is the centralized procedure, where the application 
dossier is initially submitted to the EMA as coordinating regulatory 
authority (42, 68). The EMA determines two representative European 
countries as rapporteur and co-rapporteur in reviewing and evaluating 
these dossiers. The central authorization allows marketing authorization 
in all EU member states. The central procedure must be followed for 
marketing authorization for recombinant allergen vaccines and other 
products based on biotechnological processes (68). Other countries, such 
as the USA, currently follow a different set of procedures (69).

The quality, safety, and clinical efficacy of allergen products under 
these authorization processes are required to be documented through 
a straightforward development plan as outlined in the EMA-guidance 
on the “Clinical Development of Products for Specific Immunotherapy 
for The Treatment of Allergic Diseases“ (CHMP/EWP/18504/2006; 
2008). Applicants receive scientific advice from EMA or from the national 
competent authorities on the pre-clinical and clinical phases of the 
development of the respective allergen products (42). In addition to the 
development plan, the applicant must submit a pediatric investigational 
plan (PIP) before an application for MA may be submitted to the EMA. 
Available at http://www.ema.europa.eu/docs/en_GB/document_library/
Regulatory_and_procedural_guideline/2009/11/WC500015814.pdf 
2009.

BARRIERS AND FACILITATORS FOR AIT

In spite of the facts that AIT represents a well-established, evidence-based 
therapy and there has been great progress in both vaccine development 
and means of application in recent years, a number of key barriers and 
facilitators should be noted (Table 2). 

http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/11/WC5
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/11/WC5
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Barriers

The application of AIT 
is limited in many areas 
due to low awareness of 
AIT potential

World-wide acceptance and increased awareness that AIT 
reduces long-term costs and burden of allergies and 
potentially changes the natural course of the disease.

Regulations on AIT Regulations on AIT have profound effects on allergy 
practice, allergen manufacturers, and research 
programs. Especially in the EU allergy vaccines should 
undergo registration as all other drugs. There is a 
need for a standardized approach between regulatory 
agencies from different regions of the world.

Adherence to AIT The demand of prolonged treatment over several years 
may impair patients’ adherence

Facilitators

Evidence-based 
documentation

Standardization, validation and consensus on the clinical 
outcome measures for clinical trials. Identification and 
validation of biomarkers for AIT monitoring. 

Environmental exposure chambers as suitable surrogates 
for natural allergen exposure(66,67).

Validated tools for assessing effectiveness of AIT in real life 
– postmarketing studies. 

Guidelines and 
recommendations

Standardization of guidelines and recommendations at the 
global and national society levels is necessary.

Better selection of 
patients

Diagnostic tools for better identification of clinically relevant 
patient’s sensitization profile for a proper vaccine selection. 

Proper use of component-resolved diagnosis to identify 
potential responders and non-responders.

More convenient AIT 
regimens

Validation of different regimens (preseasonal, perennial), 
mode of updosing, duration of therapy, maximal dose, 
cumulative dose in terms of efficacy and safety.

Novel approaches Existing evidence of efficacy and safety of novel approaches 
should be confirmed in independent phase 3 DBPC trials.

Pharmacoeconomics More evidence on the overall cost-saving effects of AIT 
application. 

Limit the high costs of current treatment and clinical 
development. 

Joint commitment Coordinated actions among regulators, industry and the 
scientific environment to find solutions that properly 
answer the health expectations of the allergic patients

Table 2. Barriers and facilitators for better use of AIT
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Box 2: Improving the efficacy and safety of vaccine-based 
AIT by targeting allergen specific T and B cells and by- 
passing IgE binding

 � Hypoallergenic recombinant allergen derivatives and 
immunogenic peptides 

 � New adjuvants and stimulators of the innate immune response, 
 � Fusion of allergens with immune modifiers and peptide carrier 

proteins, 
 � New routes of vaccine administration 
 � Combination of AIT with immune response modifiers including 

anti-IgE (omalizumab)

FUTURE OF AIT
Recent advances in immunology and bioengineering enable ongoing 
modifications of AIT (2, 70). Still, the quality level of current evidence 
for these advances can be variable and includes conceptual studies in 
experimental models, proof-of-concept clinical studies with a limited 
number of subjects, and large-scale multicentre clinical studies. 

The most promising approaches to improve efficacy and safety of vaccine-
based AIT include bypassing IgE binding and targeting allergen-specific 
T and B cells using hypoallergenic recombinant allergen derivatives and 
immunogenic peptides, new adjuvants and stimulators of the innate 
immune response, the fusion of allergens with immune modifiers and 
peptide carrier proteins, and as new routes of vaccine administration 
(24, 71-73). Similar approaches are being undertaken in the AIT of food 
allergy, and some progress has been made through the development 
of AIT encompassing 3 major forms of treatment: oral, sublingual, and 
epicutaneous immunotherapy (74). 

The cloning of allergen proteins and genetic engineering have enabled the 
production of vaccines that have well-defined molecular, immunologic, and 
biological characteristics, as well as modified molecular structure (allergen-
fragments, fusions, hybrids and chimeras (71, 72). These approaches 



47

open the possibility of enhancing the tolerogenic T cell dependent-signal 
with the administration of higher doses of preparation with a low risk of 
anaphylaxis. Clinical trials with recombinant allergen preparation primarily 
for grass pollen, birch pollen and house-dusts mites showed good clinical 
efficacy compared to placebo. Because they do not show significantly 
better effect than natural extracts, however, the pharmaceutical industry 
has stopped development due to the problematic justification of the high 
costs of vaccine development and licensing (75, 76). Large multicentre 
clinical studies with peptide-vaccines for cat- and birch allergy are currently 
underway. 

The application of more powerful adjuvants might be easier and economically 
justified. Detoxified lipopolysaccharide (MPL-A), CpG oligonucleotides, 
imidazoquinolines and adenine derivatives, all of which activate innate 
immune response, are the most suitable candidates for allergy vaccination 
with more effective induction of specific Th1 differentiation (77). Studies 
are being performed with 1,25—dihydroxi-vitamin D3 as an additive to 
increase Treg responses by affecting DC for their tolerogenic properties 
(78). Novel research provides an enormous number of immune stimulators 
and methods for coupling with allergens; however, both proof of concept and 
controlled large clinical studies are yet to be performed (71, 72, 77, 78). 
Another approach includes allergen covalently coupled to carbohydrate-
based particles for targeting DC with enhanced adjuvanticity or the use of 
a carrier protein, such as the Pre-S domain of hepatitis B virus fused to two 
non-allergenic peptides (79). A good safety profile, a significant decrease 
in the risk of anaphylaxis, and improved rescue medication scores was 
also reported for the combination of AIT with immune response modifiers 
including anti-IgE (omalizumab) (80, 81).

In the treatment of allergic rhinitis and asthma, both SCIT and SLIT show 
efficacy in reducing symptom scores and medication use, improving quality 
of life, and inducing sustained disease-modifying effects based on changes 
in specific immunologic markers (2). Work is ongoing for new routes of 
administration such as the intralymphatic and epicutaneous routes (82). 
In addition, extending SLIT to other allergens in randomized phase 3 trials 
to develop new products is being pursued, as are schedules and efforts 
to shorten the duration of AIT (83, 84). Direct head to head studies 
comparing novel routes with SCIT are strongly needed (82, 85).
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CONCLUSIONS

This portion of the ICON document provides a comprehensive overview 
of AIT mechanisms, recommendations for standardization, and 
pharmacoeconomics. In addition, we have critically appraised barriers to 
and facilitators of further study and provided perspective on what waits on 
the AIT horizon (Box 3). 
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Abbreviations
AAAAI = American Academy of Allergy, Asthma and Clinical 

Immunology
ACAAI = American College of Allergy, Asthma and Clinical 

Immunology
AD = Atopic dermatitis
AIT = allergen immunotherapy
AR = Allergic rhinitis
AS = allergen standardisation
Breg = B regulatory cells 
BAU = bioequivalent allergen unit
BU = biologically standardized units
CBER = Center of Biologics Evaluation and Research 
CEA = cost-effectiveness analysis
CREATE = Certified Reference Materials for Allergenic Products 

and Validation of Methods for their Quantification 
CTLA-4 = cytotoxic T lymphocyte antigen-4 
CUA = cost-utility analysis
D50 = dilution of extract that on average produces a 50 mm 
erythema (sum of lengths and width) 
DC = dendritic cells
EAACI = European Academy of Allergy and Clinical Immunology
EDQM = European Directorate for the Quality of Medicines 
EMA = European Medicines Agency 
EPC = European Pharmacopoeia Commission 
EU = European Union
FDA = Food and Drug Administration 
FOXP3 = Forkhead box protein 3
FcεRI = high affinity IgE receptors
GMP = good manufacturer practice
HDM = House dust mite
iCAALL = International Collaboration in Asthma, Allergy and 

Immunology
ICER = incremental cost-effectiveness ratio
ICON = international consensus
Ig = immunoglobulin
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Abbreviations

IHRP = In-house Reference Preparations
IL = interleukin
ILC = innate lymphoid cell
LR = Local reaction
MA = marketing authorization
NNP = named-patient products 
OIT = Oral immunotherapy
PD-1 = programmed death-1
PIP = pediatric investigational plan
QALY = quality-adjusted life years
RUNX = runt homology domain transcription factors
SCIT = subcutaneous immunotherapy
SLIT = sublingual immunotherapy
SR = Systemic reaction
ST = standard treatment
TGF = transforming growth factor
Th = T helper cells
TLR = toll-like receptors
Tr1 = type 1 regulatory cells
Treg = T regulatory cells
USA = United States of America
VIT = venom immunotherapy
WAO = World Allergy Organisation
WHO = World Health Organisation
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