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1  |  INTRODUC TION

Asthma is a heterogenic disease characterized by chronic inflam-
mation of the lower airways resulting in a reversable airflow lim-
itation. It is affecting approximately 350 million patients globally, 
with a projected increase to 400 million within the next 30 years.1–3 
The pathogenesis is complex, resulting in different phenotypes,3–5 
with T2-driven inflammatory pathway in the majority of the cases. 
Allergic asthma is one of the more common phenotypes with aller-
gic rhinitis (AR), atopic dermatitis and/or food allergy as frequent 
comorbidities.6–11

Assessing the role of a relevant allergy in asthma pathophysi-
ology is an important diagnostic step in the disease work-up12 be-
cause patients might benefit from allergen immunotherapy (AIT) 
as add-on intervention to pharmacological treatment. Remarkably, 
no diagnostic tools or algorithms have been developed to discrimi-
nate between allergic asthma and asthma with allergic sensitization 
only. The diagnosis of allergic asthma relies on the combination of 
allergic sensitization together with a detailed clinical history show-
ing typical symptoms of asthma induced by (relevant) allergen ex-
posure. According to the European Academy of Allergy and Clinical 
Immunology (EAACI) guidelines13 a diagnosis of house dust mite 
(HDM)-driven allergic asthma includes (i) evidence of allergic sen-
sitization to HDM and (ii) history confirmation of HDM exposure as 

the main driver of asthma symptoms and control. In individual cases, 
sequential assessments of symptoms over a 1-year period might be 
needed to confirm the diagnosis of allergic asthma.13 In specialized 
settings nasal or bronchial allergen provocation is an option for 
cases with unclear history.13,14

Allergen immunotherapy (AIT) is an effective treatment for 
AR with or without asthma.15–27 Approved administration routes 
are administration via a subcutaneous route (SCIT) or sublingually 
(SLIT) either as drops or tablets.28,29 AIT has disease modifying 
properties and confers long-term clinical benefit after cessation of 
treatment.20,21,27,30–35 In a meta-analysis published in 2017, AIT was 
found to improve asthma symptoms and reduced the need for res-
cue medications.36 The Global Initiative for Asthma (GINA) update of 
2017 included HDM SLIT tablets as a recommendation for patients 
with HDM-allergic asthma who remain inadequately controlled with 
pharmacotherapy.3 This recommendation remained unchanged in 
the consecutive updates, with GINA 2021 adding SLIT tablets to 
traditional controller options for adolescents and adults with HDM-
driven asthma associated with allergic rhinitis and inadequately 
controlled on low-medium dose ICS.3 Also, the EAACI guidelines 
recommend AIT in patients with HDM-driven allergic asthma.13,37 
In 2022, GINA planned to review the evidence for AIT for asthma in 
both SCIT and SLIT with subsequent update of recommendations if 
needed. These changes in international recommendations implicate 

Abstract
Introduction: In allergic asthma patients, one of the more common phenotypes might 
benefit from allergen immunotherapy (AIT) as add-on intervention to pharmacological 
treatment. AIT is a treatment with disease-modifying modalities, the evidence for ef-
ficacy is based on controlled clinical trials following standardized endpoint measures. 
However, so far there is a lack of a consensus for asthma endpoints in AIT trials. The 
aim of a task force (TF) of the European Academy of Allergy and Clinical Immunology 
(EAACI) is evaluating several outcome measures for AIT in allergic asthma.
Methods: The following domains of outcome measures in asthmatic patients have 
been evaluated for this position paper (PP): (i) exacerbation rate, (ii) lung function, 
(iii) ICS withdrawal, (iv) symptoms and rescue medication use, (v) questionnaires 
(PROMS), (vi) bronchial/nasal provocation, (vii) allergen exposure chambers (AEC) and 
(viii) biomarkers.
Results: Exacerbation rate can be used as a reliable objective primary outcome; how-
ever, there is limited evidence due to different definitions of exacerbation. The time 
after ICS withdrawal to first exacerbation is considered a primary outcome measure. 
Besides, the advantages and disadvantages and clinical implications of further do-
mains of asthma endpoints in AIT trials are elaborated in this PP.
Conclusion: This EAACI-PP aims to highlight important aspects of current asthma 
measures by critically evaluating their applicability for controlled trials of AIT.

K E Y W O R D S
allergen immunotherapy, allergy, asthma, clinical outcomes, subcutaneous, sublingual

Correspondence
Jasper Kappen, Department of 
Pulmonology, STZ centre of excellence 
for Asthma, COPD and respiratory allergy, 
Franciscus & Vlietland, Rotterdam, 
The Netherlands.
Email: j.kappen@franciscus.nl

 13989995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.15817 by T

est, W
iley O

nline L
ibrary on [31/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:j.kappen@franciscus.nl


    |  3KAPPEN et al.

a potential upgrading in AIT use for personalized management of al-
lergic asthma including new clinical studies.3

As AR is widely considered as a treatable trait in allergic asthma, 
treatment and reducing symptoms of all traits is advised.38 In that 
perspective, AIT can be seen as a treatment optimising a trait in an 
individual patient. It is still, however unclear how to interpret the 
outcomes of the AIT treatment, especially in relation to asthma 
control.

While recommendations for the standardization of clinical out-
comes used in AIT trials for AR have been defined,15 to date, there is 
no consensus on how to quantify clinical outcomes of AIT on asthma. 
According to the European Medicines Agency (EMA) ‘Guideline on 
the clinical investigation of medicinal products for the treatment of 
asthma’ published in 2015,39 AIT is started 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 in controller med-
ication). Lung function, composite scores, number of exacerbations 
or reduced need for controller medication are considered as pri-
mary endpoints. Regardless of the choice of the primary efficacy 
parameter, the applicant should provide a definition of a clinically 
meaningful effect in the primary efficacy endpoint and the basis for 
choosing this value.39 This is consistent with ICH-E9 guidance (1999) 
on ‘Statistical principles on clinical trials’ which emphasizes that pri-
mary parameters should ‘be the variable capable of providing the 
most clinically relevant and convincing evidence directly related to 
the primary objective of the trial’.40

Asthma control, defined by GINA, as well as by the American 
Thoracic Society (ATS)/European Respiratory Society (ERS), should 
be assessed in two domains; current symptom control and future 
risk of adverse outcomes, exacerbations and loss of lung func-
tion.3,41,42 Current control can be assessed by patient reported 
outcome measures (PROMs) such as symptom scores and validated 
questionnaires such as Asthma Control Questionnaire (ACQ)-5. For 
future risk of adverse outcomes, the risk for exacerbations is of 
major importance. This is, however, linked to several risk factors 
including an exacerbation in the previous year, poor adherence, or 
incorrect inhaler technique.3,41 Asthma outcome measures quan-
tifying asthma control in AIT trials might have different relevance 
compared to those reported in real life by patients with allergic 
asthma.3,41,43,44

For proper reviewing of the effectiveness of AIT in patients with 
allergic asthma, as well as planning future trials for the development 
of novel products for AIT, a consensus on quantification of clinical 
outcome of AIT on asthma control is crucial.45 In clinical practice 
such a consented position can be used in patient selection, identi-
fication of responders and criteria to continue or stop treatment.

The EAACI Immunotherapy Interest Group (IT IG) has set up a 
task force (TF) on ‘Standardisation of clinical outcomes used in aller-
gen immunotherapy in asthma’.

The aim was to (i) define primary and secondary clinical end-
points which can be recommended for future clinical trials of AIT 
in allergic asthma (ii) identify unmet needs and (iii) advise on their 
applicability in current daily practice.

2  |  METHODOLOGY

2.1  |  Taskforce

After the initial meeting in Lisbon, June 2019, the primary objectives 
of the TF were confirmed: (i) collect and review clinical outcome data 
on the effects of AIT for asthma, (ii) consent on clinical outcome 
measures for clinical research and daily practice, (iii) identify unmet 
needs for current and future clinical outcome measures.

In total, eight domains of possible outcome measures were iden-
tified (Box 1), subgroups of the TF reviewed and drafted the specific 
domains including advantages and disadvantages of the outcomes, 
while unmet needs were identified and recommendations have been 
proposed.

Following a consensus meeting, the TF committee was respon-
sible for drafting the EAACI TF position paper, which was circulated 
to all TF members for critical review.

2.2  |  Review of literature and level of evidence

Literature was retrieved from PubMed using the following MESH 
terms: immunotherapy, allergic asthma, desensitization, outcomes, 
allergy. Additional articles were identified by cross checking the ref-
erences of relevant papers. The following search limits were applied: 
only studies published in English language, published after 1995 and 
available on PubMed. Only studies with a placebo or untreated al-
lergic control group were included. No limitation was set on the type 
of products for AIT.

3  |  RESULTS

3.1  |  Exacerbation rate

GINA 2022 recommends HDM SLIT as one add-on therapy option 
to decrease the number of asthma exacerbations in patients with 
HDM-driven asthma, highlighting a focus on this outcome.3 GINA 
also recommends the assessment of asthma control which includes 

BOX 1 Domains of outcome measures

Domain

1.	Exacerbation rate
2.	Lung function
3.	ICS withdrawal
4.	Symptoms and rescue medication use
5.	Questionnaires (PROMS)
6.	Bronchial/nasal provocation
7.	 Allergen exposure chambers (AEC)
8.	Biomarkers
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both symptoms and future risk of adverse outcomes. Hence the 
number of exacerbations as a primary endpoint is highly relevant. 
However, although previous clinical trials of AIT in asthma evalu-
ate symptoms/medication use, so far very few have used exacerba-
tions as primary outcome, with variable definitions.13 The lack of a 
uniformly used definition of the severity of exacerbations (severe/
moderate/mild) limits its applicability as an outcome. For severe 
and moderate exacerbations, the accepted used definitions refer to 
the joint ATS/ERS consensus statement, ‘severe exacerbations urge 
for immediate action … to prevent … hospitalization or death’.41 For 
moderate exacerbations a temporary intensification of treatment is 
needed to prevent a severe exacerbation. A definition of a mild ex-
acerbation was considered not justifiable.41 Overall, definitions in-
clude variable items, that is, most commonly the use of short-acting 
beta-agonists (SABAs) and systemic corticosteroids, unscheduled 
doctor's visits and hospitalization.41,46,47

In a 2015 Cochrane review on SLIT in asthma,48 the authors 
noted that there was a lack of data on important clinical outcomes 
such as exacerbations. More recently, Dhami et al.36 undertook a 
comprehensive assessment of AIT in asthma, where six trials49–54 
used an exacerbation endpoint, defined variably. Overall, in these 
six studies, limited evidence for the reduction in exacerbations was 
found with the respective SLIT-products, no effect on the reduction 
in exacerbations was found with the respective SCIT-product.36 
Additionally, as noted in the recent EAACI AIT guidelines,13 there 
are other issues when using exacerbations as AIT clinical outcomes, 
including their infrequent rate in the target population, their differ-
ent response to specific interventions,55 and the definition of the 
endpoint itself for example number of exacerbations versus num-
ber of patients with at least one exacerbation versus time to first 
exacerbation.

3.1.1  |  Advantages

•	 Exacerbation rate is an outcome both used by GINA and by EAACI 
Guidelines. For the add-on SLIT HDM tablets in HDM-driven 
asthma this outcome has been confirmed in a clinical trial.54

•	 Exacerbations can be used for a reliable objective primary out-
come; especially for severe and, to a lesser extent, moderate 
exacerbations.

•	 Exacerbation rate is considered as a clinically relevant outcome.

3.1.2  |  Disadvantages

•	 Limited evidence due to different definitions of exacerbation 
endpoints.

3.1.3  |  Unmet need

•	 Uniformly use of accepted ATS/ERS definition of an endpoint 
of exacerbations and severity applicable in clinical studies, for 

example, the number of exacerbations, time to first exacerbation, 
patients with at least one exacerbation.

3.1.4  |  Clinical applicability

•	 Number of exacerbations is the most robust outcome to measure 
future risk.

3.2  |  Lung function

Pulmonary function tests (PFT's) are commonly adopted for the di-
agnosis and treatment monitoring of asthma and other respiratory 
diseases. For asthma management, GINA 2021 recommends assess-
ing symptoms as well as progressive loss of lung function and/or 
fixed airflow limitation.

GINA 2023 also highlights the relevance of lung function testing 
for identifying patients eligible for SLIT administration as an add-on 
treatment only in inadequately controlled HDM-allergic patients 
with FEV1 > 70% of predicted.

Spirometry is an objective and reproducible test which can be eas-
ily performed during clinical assessment and which can be valuable for 
monitoring of the response to treatment. A recent meta-analysis by 
Dhami and coworkers included 25 studies, of variable quality, assess-
ing the efficacy of AIT on several lung function parameters.36 Collected 
evidence showed a positive effect on indirect small airways endpoints 
(i.e. FEF 25%–75%), but no clear improvements in FEV1 or PEF.

Clinical trials so far conducted assessing lung function as primary 
or secondary outcomes for AIT are substantially heterogeneous and 
therefore prevent pooling data from different studies and coming 
to clear conclusions. In most studies adults or adolescents are ad-
dressed. In the meta-analysis by Abramson et al.,56 20 out of the 
88 included studies provided results regarding lung function with 
overall findings resulting inconclusive when compared to placebo.

Therefore, lung function measures when used as outcomes in 
AIT studies of asthma should be standardized to enable a conclusive 
assessment of the impact of this treatment on this parameter. Direct 
measures of small airways function in a standardized manner like 
Impulse oscillometry system (IOS) are recommend for that matter.

3.2.1  |  Advantages

•	 PFT's are recommended by GINA 2021 for assessing asthma con-
trol and future exacerbation risk.

•	 Indirect evidence of improvement on small airways function 
achieved with add-on AIT.

3.2.2  |  Disadvantages

•	 No clear-cut effect of AIT on FEV1, data are substantially hetero-
geneous, therefore not applicable.
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•	 In asthma patients lung function can vary on a daily basis.
•	 Available only in a specialized setting (secondary/third care).

3.2.3  |  Unmet needs

•	 Implement direct measures of small airways function in a stan-
dardized manner: for example, IOS, forced oscillation technique 
(FOT), multiple breath washout, etc. as well as effect on (the 
prevention of) FEV1 (decline over time), in line with other non-
bronchodilator controllers.

3.2.4  |  Clinical applicability

•	 Spirometry is often available in clinical practice, especially in spe-
cialized settings.

3.3  |  ICS decrease and/or withdrawal

The treatment of allergic asthma, both in adults and children, relies 
on the use of inhaled corticosteroids (ICS) combined with broncho-
dilators in order to achieve and maintain asthma control. AIT may 
add to the anti-inflammatory activity of ICS to improve asthma con-
trol and decrease the risk of exacerbations. Hence, ICS decrease 
and/or withdrawal protocols under AIT with asthma exacerbations 
and/or asthma control assessments as primary endpoints seem a 
logical approach in evaluating the effect of AIT in allergic asthma in 
clinical trials.

In a randomized double blinded placebo controlled (DBPC) AIT 
study, Virchow et al.54 used the time to the first moderate or se-
vere asthma exacerbation as primary endpoint during a 6-month ICS 
reduction/withdrawal period. This study showed that the addition 
of HDM SLIT tablets extended the time period to first moderate 
or severe asthma exacerbation during ICS reduction of 9%–10% at 
6 months. This improvement was primarily based on the AIT effect 
on moderate exacerbations. A second study with a similar design 
could not reproduce the results in the primary outcome, the post 
hoc analysis for salbutamol responders, however, was positive.57 In 
another HDM-SLIT tablet trial, the primary endpoint was the lowest 
ICS dose needed to maintain adequate asthma control.58 The dif-
ference in the decrease of ICS dose between active and placebo at 
the end of the trial assessment period was in favour of the treat-
ment group. A post hoc analysis showed that subjects with a daily 
ICS dose of 400–800 μg and partly controlled asthma at random-
ization experienced a significantly higher treatment benefit for the 
highest dose in terms of ICS dose reduction and quality of life (QoL) 
as compared to the rest of the trial population. Another randomized 
controlled trial (RCT) with HDM-SLIT drops evaluated as the primary 
efficacy outcome asthma control after a well-defined ICS dose step-
down.59 Although asthma control was achieved by a slightly greater 

proportion of patients in the AIT treated group compared to the 
placebo group, the primary efficacy criterion was not met because 
of a higher-than-expected asthma control rate in the whole study 
population.59 In view of the wide range of ICS daily doses used by 
the patients, a post hoc analysis by asthma severity was performed. 
Unsurprisingly, this revealed significant clinical benefits in actively 
treated subjects with moderate, persistent asthma at baseline with 
better achievement of asthma control and QoL, and a greater mean 
reduction in ICS use. In an open RCT in children with asthma, SCIT 
with a mite allergoid added to pharmacotherapy allowed a reduc-
tion in the ICS dose needed to maintain disease control compared 
with pharmacotherapy alone.60 In a randomized DBPC trial of HDM 
SCIT the minimal ICS dose for asthma control was evaluated. A sta-
tistically significant decrease in ICS dose was only observed in the 
highest dose SCIT group.61

3.3.1  |  Advantages

•	 ICS withdrawal is a useful endpoint evaluating the effect of AIT in 
allergic asthma in clinical trials.

•	 ICS decrease under AIT is in alignment with all asthma guidelines 
recommending to reduce medication (ICS) once asthma control is 
achieved.

•	 ICS decrease is an endpoint is of clinical relevance; both decrease 
of medications, lowering risks for side effects.

3.3.2  |  Disadvantages

•	 The effect on future risk of exacerbations is however unknown.
•	 Assessing ICS use can be difficult with the intermittent ICS 

treatment in fixed combination with fast-acting beta-agonist, 
as currently recommended by GINA for the control of mild 
asthma.

3.3.3  |  Unmet needs

•	 A guidance for clinical practice to safely reduce ICS should be 
developed.

•	 The lowest minimal acceptable dose of ICS achieving the balance 
between safeguarding asthma control and future risk and the risk 
of adverse events should be validated prospectively for different 
age groups and degrees of asthma severity.

3.3.4  |  Clinical applicability

•	 ICS reduction has a good acceptance and should be promoted as 
a main goal of adding AIT to asthma controller medication in indi-
vidual patients with allergy-driven asthma.
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3.4  |  Symptoms and rescue medication use

Because both decreased symptoms and medication use can be used 
as surrogates for asthma control,41 standardising an endpoint includ-
ing these two components is not a straightforward process. SCITs 
efficacy in reducing asthma symptoms and rescue medication use 
has been already reported in a 2010 Cochrane review.56 The meta-
analysis by Dhami et al.36 provided considerable evidence that ad-
ministration of AIT to patients with allergic asthma can improve 
medication scores. However, the authors warned that their findings 
need to be interpreted with caution given that most trials were ‘at 
high or unclear Risk of Bias’ in relation to this outcome; although 
subgroup analysis confirmed the beneficial effect for the respective 
SCIT-products used in the analyzed studies, it was questionable for 
the respective SLIT-products in the included studies. The Cochrane 
meta-analysis from 201056 confirmed that SCIT can significantly re-
duce medication requirements. Unfortunately, there was heterogene-
ity seen there too which may be partly due to the different scoring 
systems used.56 Therefore better-designed studies using validated 
clinical outcomes13 are needed, including symptoms and medication 
use, standardization is obviously required. Abramson56 observed that 
medication needs reported as categories showed a significant homo-
geneity as compared to medication scores, possibly translating into a 
more clinically useful outcome. Better standardization of outcomes 
in clinical settings in line with clinical guidelines (e.g. GINA), is not 
straightforward, because asthma outcomes recommended by health 
authorities might not be completely comparable to those reported by 
patients in real life.13,41 Moreover, for symptoms and medication use 
as a combined outcome score a clinically relevant threshold expressed 
as minimal clinically important difference (MCID) has not been deter-
mined yet.

3.4.1  |  Advantages

•	 Data on the decrease in rescue medication scores in asthma after 
AIT are relatively consistent.

•	 Data are easy to gain (short recall period for patients/caretaker).

3.4.2  |  Disadvantage

•	 Different definitions used in symptoms and rescue medications 
scores.

3.4.3  |  Unmet need

•	 Standardization and validation of symptoms and medications 
scores should be correlated with asthma control.

3.4.4  |  Clinical applicability

•	 Pending its standardization, symptoms and medication score can 
be valuable tools both in clinical trials and for daily practice for 
monitoring patients with asthma receiving AIT on top of control-
ler medication.

3.5  |  Questionnaires (Patient-Reported Outcome 
Measures [PROMS])

Questionnaires for Health-related Quality of life (QoL) evaluation 
and questionnaires assessing asthma control form an essential part 
of the medical evaluation to assess the impact of a given disease on 
a patient. PROMs can be captured by standardized/validated ques-
tionnaires which are easy to use tools to collect data and serve as 
endpoints in both clinical trials and daily practice.62 Asthma Control 
Questionnaire (ACQ)-5, Asthma Control Test (ACT) and Asthma 
Quality of Life Questionnaire (AQLQ) and Paediatric Asthma Quality 
of Life Questionnaire (PAQLQ), evaluate disease control and func-
tional status, as well as physical, occupational, emotional and so-
cial aspects in patients with asthma.63,64 The visual analogue scale 
(VAS) is a psychometric test widely used to measure the perception 
of symptom severity and disease control in patients with allergic 
rhinitis.65 Furthermore, the Control of Allergic Rhinitis and Asthma 
Test (CARAT) is the first questionnaire to concomitantly assess the 
degree of control of both asthma and rhinitis, by addressing clinical 
issues such as upper and lower airway symptoms, sleep interference, 
physical activity limitation and the need to increase medication 
dose.66

Asthma control and QoL questionnaires have been adopted in 
several studies testing the safety and efficacy of both SCIT and SLIT 
in asthmatic patients with allergic asthma. In most published RCTs, 
questionnaires were only considered secondary outcomes.36,67

Questionnaires can be effectively used in AIT studies, due 
to their simplicity, which translates into reproducibility and high 
patient acceptance. Additionally, they assess social and psycho-
logical factors, including the ability to undertake the normal daily 
activities, as well as the exposure to psychological stress factors 
which may have considerable impact on treatment response. They 
also represent one of the most affordable strategies for gather-
ing quantitative and easy-to-analyse data. Importantly, question-
naires also represent a major instrument among PROMs to take 
into consideration the patient's preferences and feedback, favour-
ing a participatory and personalized medicine approach. For these 
questionnaires, the minimal clinical important difference (MCID) 
has been defined, allowing to assess the clinical relevance of dif-
ferences between AIT and placebo treatment. Thus, they deserve 
high consideration for characterising patients' features and inter-
preting study findings.
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    |  7KAPPEN et al.

However, it should be taken into consideration that question-
naire results might be susceptible to recall bias and personal inter-
pretation. Considering that individual patients may have different 
understanding of single or multiple questions, results might be 
skewed by subjective approach. Furthermore, the current lack of a 
single questionnaire to comprehensively address all relevant aspects 
of asthma and allergy in relation to AIT administration, requires the 
adoption and administration of different tests.

3.5.1  |  Advantages

•	 Patient-reported outcomes measures can be used to assess a pa-
tient perspective on disease control for the evaluation/monitor-
ing of therapies.

•	 Patient-reported outcomes measures can assess AR symptoms in 
allergic asthmatics and may reflect on safe exposure and improve-
ment of symptoms not always directly related to asthma.

•	 Patient-reported outcomes measures questionnaires are vali-
dated and extensively used in both research settings and clinical 
practice.

3.5.2  |  Disadvantages

•	 In most studies PROMs questionnaires have been considered as 
secondary outcomes as they are not included as primary endpoint 
parameters in EMA guidelines. Furthermore, they may be ham-
pered by recall bias and subjective factors that cannot be con-
trolled (personality type, religious and cultural beliefs, etc.).

3.5.3  |  Unmet needs

•	 Validation of questionnaires that addresses asthma control in re-
lation to AIT.

•	 Real-time data collection via validated health applications (Apps).

3.5.4  |  Clinical applicability

•	 ACQ-5, ACT, AQLQ and PACLQ are well-established question-
naires in asthma management.

•	 CARAT addresses concomitantly asthma and rhinitis control.

3.6  |  Bronchial/nasal allergen provocation

Allergen challenge (AC) is a valuable tool which is capable of inducing 
airway inflammation by triggering the T2-pathway resulting in the 
recruitment and activation of effector cells. For many decades, ACs 
have been used in studies to assess the effectiveness of (targeted) 

pharmacotherapies as well as AIT in allergic airway disease, includ-
ing asthma and allergic rhinitis in both adults and children. The most 
commonly applied airway ACs for this purpose comprise nasal al-
lergen challenge68–72 and inhaled allergen challenge.68,73–79 Less 
frequently used allergen challenges comprise the conjunctival prov-
ocation test80 and repeated low-dose allergen challenge.14,81,82

Allergen challenges mimic the acute and in some models also 
the more chronic features of allergic airway disease in a controlled 
manner, linking clinical and pathophysiological characteristics to 
the underlying mechanisms and consequently allowing to study the 
effect of targeted interventions on these features, as well as their 
interrelationships.73,79,82,83 In the context of AIT, ACs also have 
the advantage of assessing the target of the intervention, that is, 
allergen-driven inflammatory pathways. Application of an allergen 
challenge as an efficacy-evaluation tool in AIT studies may help to 
shorten the overall study duration in contrast to, for example, sea-
sonal exposure which usually extends over at least two seasons.

As with all disease models, the major drawback of ACs is their 
‘laboratory’ nature in which standardized allergen extracts are being 
administered in compositions and doses under controlled circum-
stances. Therefore an AC may not fully reflect the everyday real-
ity where other triggers such as air pollution can also be relevant. 
Furthermore, ACs are complicated by the strict subject inclusion (es-
pecially in asthmatic patients) and continuation criteria, the need to 
avoid potential interference of intercurrent exposure to other aller-
gens in multi-sensitized subjects, the demanding and lengthy nature 
of the procedure, the extensive safety and monitoring demands as 
well as the specific requirements. In addition, the reproducibility and 
validity of several read-outs of the ACs, for example, airway sam-
pling techniques and biomarkers, is also determined by the input/ef-
fort of the participating subjects (e.g. sputum induction), variability 
and dilutions of the biomarkers (e.g. eosinophils in nasal lavage and/
or sputum and exhaled biomarkers in exhaled breath condensate), 
experienced research staff and well-equipped facilities.71–73,79

In experienced hands, standardized allergen challenge tests 
have been shown to yield an excellent intra-subject reproducibility 
which makes them extremely suitable for cross-over studies with 
pharmacological interventions allowing to detect a meaningful dif-
ference in several key outcome measures in a limited number of sub-
jects.72,73,79,84 Safety precautions required by the specific challenges 
need to be taken into account—depending on the allergen challenge 
protocol and study population.72,73,79,85 The latter is very relevant 
for bronchial allergen challenge models which should be performed 
in specialized centers only.

3.6.1  |  Advantages

•	 Allergen challenge is a validated disease model allowing to study 
interrelationship between allergen-induced inflammatory re-
sponses and clinical and pathophysiological features in allergic 
airway disease. Good within-subject reproducibility.
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8  |    KAPPEN et al.

•	 Help to predict clinical response to therapy.
•	 Enable assessment of symptoms specifically to provoking allergen 

with a focus on improving asthma and rhinitis on exposure, thus 
demonstrating that asthmatics can be safely exposed to provok-
ing allergens without necessarily affecting overall control.

3.6.2  |  Disadvantages

•	 Complex and lengthy procedure needing an experienced research 
staff and well-equipped facilities, not always available in clinical 
setting. This is particularly important for bronchial challenge tests.

•	 Limited availability of standardized test allergens for nasal and 
bronchial provocation test.

•	 Laboratory models: topical defined allergen administration differs 
from natural exposure.

•	 Not yet accepted by the competent authorities as outcome pa-
rameters for the primary endpoint of pivotal (Phase III) clinical tri-
als, as hybrid studies are still missing to show correlation between 
symptom relief under AIT in field exposure versus provocation in 
chamber exposure (see also domain vii).

3.6.3  |  Unmet needs

•	 Standardization of challenge protocols and clinical validation of 
challenge models.

3.6.4  |  Clinical applicability

•	 Due to the complexity and demanding nature of the procedure as 
well as potential safety issues applicability in a clinical setting is 
limited, especially for bronchial ACs.

3.7  |  Allergen exposure chamber (AEC)

Allergen exposure chambers have been developed worldwide aim-
ing to standardize and control surrounding climate parameters 
such as temperature and humidity and also to challenge allergic 
patients with a specified amount of allergens to ensure a repro-
ducible methodological setting.83 However, so far an extrapolation 
from clinical effects of interventions demonstrated in an AEC to 
the situation under natural allergen exposure is very limited and 
further (hybrid) trials are needed for a better technical and clinical 
validation of the different AEC facilities worldwide.83,86,87 EAACI 
has recently reported on the technical details of different AEC facil-
ities worldwide aimed to promote harmonization and comparabil-
ity across facilities.88 Multiple clinical endpoints can be measured 
in AECs, both subjective and objective.83 The former encompass 
nasal, conjunctival and bronchial symptoms, whereas the latter in-
clude nasal or bronchial functional tests and biosamplings.83

Using AEC, asthma symptoms have been used as secondary end-
point in one and in one single-centre RCT on long-term effects of AIT 
with sublingual HDM in patients with allergic rhinitis with/without 
allergic asthma.89,90 Patients with uncontrolled/partly controlled or 
severe asthma were excluded from the trial. A dose-dependent trend 
for efficacy on asthma symptoms during standardized exposure has 
been demonstrated. However, no statistical analyses were per-
formed for asthma symptoms in this trial. Safety during AEC proce-
dures must be guaranteed especially in asthmatic patients. Protocols 
have defined a threshold of more than 20% decrease in FEV1 or 
more than 25% decrease in PEF compared to pre-challenge baseline 
values at baseline and after AIT treatment of 16 and 24 weeks.

3.7.1  |  Advantages

•	 Reproducible procedure (temperature, humidity, allergen expo-
sure) excluding further contamination (allergens, toxins).

•	 Real-time measurements of symptoms and objective parameters.
•	 Enable assessment of symptoms specific for provoking aller-

gen with a focus on treatment effects with regard to improving 
asthma and rhinitis on allergen exposure.

3.7.2  |  Disadvantages

•	 Specialized facilities needed (fixed, but mobile chambers could be 
an alternative).

•	 Early phase asthmatic reactions with a risk of late phase asthmatic 
reactions.

•	 Extrapolation to natural exposure unknown. Therefore not yet ac-
cepted by the competent authorities as outcome parameters for 
the primary endpoint of pivotal phase III clinical trials.

3.7.3  |  Unmet needs

•	 Clinical validation.
•	 Standardization of safety criteria especially in asthmatic patients, 

including stopping-rules.

3.7.4  |  Clinical applicability

•	 Not applicable in clinical practice because of complex and costly 
procedure.

3.8  |  Biomarkers

Identifying biomarkers capable of predicting treatment efficacy 
in allergic asthma is an area of intense investigation. Biomarkers 
for AIT efficacy can facilitate the identification of treatment 
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responders and patients at risk of disease relapse who may require 
booster treatment to maintain immune tolerance.91,92 However, 
no prognostic and predictive biomarker of AIT efficacy in allergic 
asthma patients with the potential to follow-up the cessation of 
treatment is available.91 As long as biomarkers are not validated 
and not correlated to the clinical outcome, they can only provide 
supportive information in dose finding studies, but are not feasible 
for determining a suitable therapeutic dose.93 Furthermore, objec-
tive measurements such as paraclinical parameters (e.g. changes 
in allergen-specific IgE and IgG levels, cytokines, other inflamma-
tory markers) can give additional information but are no surrogate 
markers and cannot replace the measurement of clinical symp-
toms in pivotal studies.93

Elevated serum specific IgE (sIgE) levels as part of the allergen 
sensitization profile are currently one of the inclusion criteria for AIT 
administration in allergic asthmatic patients.13 Some studies report an 
increase in sIgE levels following the first 2 years of AIT followed by a 
gradual decrease after the third year of treatment, possibly mirroring 
AIT effects with initial desensitization of effector cells with subse-
quent induction of immune tolerance.92,94,95 However, this is contra-
dictory to similar studies, which demonstrated either an increase or 
no alteration in serum HDM-sIgE levels compared to respective pla-
cebo groups.53,96 There is also a notable heterogeneous readout in 
total IgE (tIgE) levels and sIgE:tIgE ratios among allergic patients in AIT 
studies.97 For example, whereas some studies report that the sensi-
tivity and specificity to predicting clinical response are highest under 
the curve of the sIgE:tIgE ratio, other studies demonstrate that the 
sensitivity and specificity under the curve of tIgE are higher.98,99

In AR patients, AIT is associated with a 10- to 100-fold increase 
in the concentration of local and systemic IgG1 and IgG4; this has 
not been reproduced across all clinical studies in allergic asthmatic 
patients.54,95,100 IgG4 antibodies are uniquely dynamic and partake 
in ‘Fab arm exchange’, resulting in asymmetric bispecific antibodies 
with reduced abilities to crosslink allergen and activate downstream 
effector cell responses.101–103 Moreover, elevated serum IgG4 func-
tions as a ‘protective allergen neutralising antibody’ associated with 
IgE-blocking activities.100 For instance, allergen-specific IgG4 com-
petes with allergen-specific IgE for allergen-binding, inhibiting IgE-
mediated cross-linking of FcεRI receptors on effector cells, reducing 
their activation and subsequent degranulation.100 Allergen-specific 
IgG4 also prevents IgE-allergen complexes binding to FCεRII (CD23) 
expressed on B cells, investigated through an IgE-facilitated antigen-
binding (FAB) flow cytometry-based bioassay.104 However, although 
IgE-FAB and immune-solid phase allergy chip (ISAC) can reliably de-
termine the quantities and blocking functionality of IgG antibodies, 
these are limited to specialized laboratories and are thus not easily 
applicable in the clinical setting. A conclusive relationship between 
increased serum sIgE, reduced sIgE/IgG4 ratios and IgG4 protective 
functions to clinical efficacy scores has yet to be determined. IgG2 
antibody are also induced following AIT. Most recently, it was shown 
that following 1-year sublingual AIT, HDM-specific serum IgG2 re-
sponses were elevated in treatment responders compared to low 
responders.105

Type 2 (T2) inflammation in (allergic) asthma is associated with 
elevated levels of blood eosinophils and fractional exhaled nitric 
oxide (FeNO)106; both biomarkers are used in the diagnostic workup, 
choice of treatment modality and monitoring of treatment re-
sponse.3,107,108 Limited data are available on the response of FeNO 
and eosinophil levels after AIT. However, some studies have con-
sistently reported a decrease in (seasonal) levels of both blood eo-
sinophils and FeNO after AIT treatment in asthma patients.109–112 
Studies correlating FeNO and blood eosinophils with clinical out-
come of AIT in asthma patients are necessary to elaborate on the 
applicability of these biomarkers.

3.8.1  |  Advantages

•	 Biomarkers have the potential to identify treatment responders 
and non-responders.

•	 Measurement of immunological biomarkers alongside clinical out-
comes provides insight into AIT mechanisms.

3.8.2  |  Disadvantages

•	 Often, biomarkers fail to demonstrate consistent trends during 
and following AIT across studies, meaning their physiological im-
portance and correlation to clinical outcomes is difficult to assess. 
(Therefore not yet accepted by the competent authorities as out-
come parameters for the primary endpoint of pivotal (Phase III) 
clinical trials.)

•	 Specialized laboratory equipment and skills are required for many 
of the sophisticated biomarker assays and are therefore not ac-
cessible at a clinical setting.

3.8.3  |  Unmet needs

•	 Establish the applicability of FeNO and blood eosinophils as pre-
dictive/monitoring biomarkers of AIT in asthma.

•	 Standardized assays including reference ranges to measure bio-
markers, for example, sIgE/IgG4 ratios to allow the comparison of 
outcomes across studies.

•	 Studies investigating clinical and immunological parameters to 
validate the utility of individual biomarkers in AIT.

3.8.4  |  Clinical applicability

•	 FeNO and blood eosinophils are validated point-of-care bio-
markers which can predict treatment response to treatments 
along the T(h)2 pathway and readily available in most asthma 
clinics.

•	 Stratification of patients based on validated biomarkers allows a 
personalized approach in the management of allergic asthma.
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4  |  OTHER CONSIDER ATIONS

4.1  |  Real-world evidence

The majority of the evidence is derived from RCTs randomising 
volunteers fitting with very strict inclusion and exclusion criteria 
only and being conducted in a highly controlled clinical setting with 
optimal clinical infrastructure. As a result, the data derived reflect 
the best case situation of an ideal world scenario, but are usually 
not representative for clinical practice routine under real-world 
conditions.44

To overcome the gaps arising from these limitations evaluation 
of treatment effects and safety under real-world conditions is re-
quired. As suggested in a recently published EAACI position paper 
gaining real-world data would provide additional data on treatment 
effectiveness in asthmatics of all age groups, all comorbidities and 
demonstrate safety in larger groups. As longer treatment periods are 
evaluated realistic responder profiles are revealed including possible 
effects on comorbidities.113 Prospective observational effective-
ness studies as well as database cohort analyses provide valuable 
new insights often not retrievable by RCTs, provided that quality 
criteria are carefully predefined and followed.114 The same method-
ological standards as for RCTs need to be applied as determined in 
the consort statement, however without randomization. Reviewed 
the real-world evidence (RWE) on immunotherapy effectiveness in 
respiratory allergies from 14 evaluable studies concluded that six 
studies revealed unique information not retrievable from RCTs in 
terms of long-term effects up to 20 years after treatment discon-
tinuation, new sensitizations, asthma development and symptom 
and medication use reduction, respectively.114,115 None of the stud-
ies evaluated, met all of the quality criteria set as a prerequisite for 
guideline development with 11 out of the 14 showing lacks in results 
reporting including confounders. In the REACT study, a retrospec-
tive cohort analysis, data from a German Health Insurance database 
from 2007 to 2017 were analyzed to obtain an estimate of AIT treat-
ment effects in patients with AR with and without asthma.27 It has 
be shown that AR and asthma medication prescriptions, including 
both asthma controller and reliever, were reduced as compared to 
the matching control groups. In the AIT group, a significant reduc-
tion of asthma exacerbations next to asthma treatment reduction 
was demonstrated as well as improvement in associated factors like 
pneumonia with antibiotic prescriptions, hospitalizations and dura-
tion of inpatients stays.27

Systematic RWE generation is a new field of research and cur-
rently we do not have enough published evidence to conclude on the 
most reliable parameters.

4.2  |  Follow-up on outcome measures

Digital health includes eHealth (electronic health) and areas such 
as the use of advanced computer sciences. eHealth comprises sev-
eral components, including electronic health records, telehealth 

and mHealth (mobile health) that is segmented into mHealth apps, 
mHealth services and medical devices.116 Although mHealth is still 
in development and trials should be carried out, mHealth-based 
tools are promising for the assessment of AIT efficacy. Moreover, 
although AIT efficacy is classically measured using daily symptom-
medication scores, mHealth allows for newer and disrupting 
approaches.

Biomarkers that reflect biological processes are essential for 
monitoring the health of patients, including clinical signs, biological 
assays, mHealth outcomes, genomic indices and others that can be 
objectively measured and used as indicators of pathophysiological 
processes.117 Combined symptom-medication scores represent the 
primary outcome for the assessment of rhinitis efficacy in AIT. Using 
the MASK-air® app,118,119 a new digitalized combined symptom-
medication score (CSMS) has been developed and validated for al-
lergic symptoms in 17,780 patients with rhinitis (conjunctivitis and 
asthma).120,121 This CSMS was shown to be more relevant in AIT 
than the classical VAS global allergy symptoms.121,122 A similar score 
has been developed for asthma (Sousa-Pinto, in preparation). These 
scores have the potential to compare the daily control of the disease 
with pollen counts and pollution. These data, however, are currently 
limited available in limited places. In asthma, an attempt to include 
rhinovirus exposure is in development. Combining eHealth scores 
with environment may help to reduce the large placebo effect of AIT 
since only exposed patients may be analyzed.

It is recommended to assess two types of biomarkers in order 
to asses disease control. In rhinitis, this dual approach is feasible 
using eHealth. Tests such as the CARAT to assess rhinitis control 
for 4 weeks and have been digitally validated.123,124 Second, the 
daily CSMS, an mHealth biomarker, can be used to asses the daily 
rhinitis control. In asthma, electronic questionnaires to assess con-
trol for a period of 1–4 weeks are also available125 (e.g. ACQ-5, or 
CARAT123,124). There is a validated daily control test available in sev-
eral countries based on MASK-air®. Such a tool would allow a rapid 
analysis of results and could provide alerts to patients and physicians 
for uncontrolled disease. Although the allergy CSMS has been vali-
dated in AIT, the asthma one has not.121,122 Moreover, providing the 
dual approach needs to be tested in AIT.

5  |  DISCUSSION

Clinical outcome measures in asthma studies consist of establishing 
current asthma control and future risk of exacerbations. Symptom 
control and medication use have a central position in international 
guidelines for the management of asthma.3,41 Clinical studies often 
use the number of exacerbation as primary outcomes, with lung 
function measures (FEV1) and symptoms scores as secondary out-
comes. Biomarkers related to T2 inflammation in asthma are impor-
tant in personalized medicine approach in severe asthma patients 
used in determining the asthma phenotype as well as in the selec-
tion of biological treatment (i.e. patient stratification and predic-
tion).3,107 Furthermore, clinical application of biomarkers, especially 
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eosinophils and FeNO in the evaluation of treatment response of 
asthma seem promising.126–131

So far, there is no consensus in clinical guidelines on outcome 
measures for AIT in allergic asthma, whereas for AR a recommenda-
tion on standardization of clinical outcomes to be used in AIT trials 
exists. As AIT is more frequently used as an add-on disease modify-
ing treatment in allergic asthma, the need for a consensus on clinical 
outcomes is currently becoming more relevant.

Although GINA and EAACI both recommend SLIT with HDM-
extracts to decrease the exacerbation rate in mild/moderate HDM-
driven asthma,3,13,37 the evidence for AIT with other products is 
still contradictory. It should be noted that studies lack a uniformly 
accepted definition of exacerbations, varying from number of exac-
erbations to time to first exacerbation. In clinical practice exacerba-
tion reduction has the potential to be a relevant outcome measure, 
provided that exacerbations are properly and uniformly registered 
according to the ATS/ERS consensus statement on exacerbations 
should be used.41 However, more data are needed to establish 
outcome parameters of exacerbations in AIT research. It should 
be noted that exacerbations, using the current definition, are rare 
events and therefore can only make sense in large trials, powered 
accordingly. Attempts have been made to define and use more fre-
quent events increasing sensitivity.132,133

Although PFT's (FEV1) are recommended by GINA to use for as-
sessing asthma control and future risk there is no consistent effect 
of AIT on FEV1. However, a positive effect of AIT on small airways 
disease was shown, therefore small airway measurements by IOS are 
a potential outcome measure rather than FEV1.36

The minimum but optimal ICS dose in order to achieve asthma 
control and prevent future risk plays a central role in asthma man-
agement.3 As AIT potentially adds to a reduction of T2 inflammation 
it is expected that a lower dose of ICS is sufficient, several support-
ing data are available.58–61 Therefore, ICS use is a potential outcome 
measure for AIT in asthma which is also applicable for the clinical 
setting. If used in the right clinical context it may differentiate re-
sponders from non-responders. ICS withdrawal has been used in a 
randomized DPBC trial in HDM SLIT assessing time to first exacer-
bation as primary endpoint and can be used in future clinical trials.54 
Evidence on reduction of rescue medication scores is relatively con-
sistent, standardization of these scores is however needed.

Reduction in symptom scores is correlated with the efficacy of 
SCIT shown in a 2010 Cochrane review,56 data seem to be consis-
tent. As many studies use different scores, there is again the need 
for standardization and validation of universal and objective symp-
tom scores. Pending standardization both symptom scores can be 
a valuable tool in the clinic for regular monitoring the patients with 
asthma receiving AIT.

Patient-reported outcomes measures such as ACQ and AQLQ 
questionnaires are widely available and used in both clinical settings 
as well as secondary outcome measures in clinical trials. They can 
however be influenced by recall bias and other subjective factors 
such as personality type, religion or cultural beliefs. So far, no cor-
relations between with AIT has been shown. As questionnaires are 

easily applicable in clinical and research settings, CARAT, a com-
bined score of the upper and lower airways is advised.

Both nasal/bronchial provocation and AECs are outcome mea-
sures that require highly qualified staff and safety measurements. 
They are therefore valuable tools offering reproducible data, but 
limited to specialized clinical settings.

Biomarkers and AIT are subject of intense investigation and 
debate. To date, there are no validated and generally accepted 
candidate biomarkers that are predictive or indicative of a clinical 
response to AIT. Although several studies include biomarkers as sec-
ondary outcomes, current guidelines do not include biomarkers in 
the recommendations for clinical AIT trials or clinical response. A 
2017 overview suggested allergen-specific sIgG4 as a biomarker for 
compliance and identified sIgE/tIgE ratio and IgE-FAB as candidate 
biomarkers for clinical outcome.91 Asthma related T2-biomarkers, 
FeNO and eosinophils have the potential to be biomarkers to 
evaluate the effect of AIT as add-on treatment in allergic-asthma 
patients.109–111 Correlation with clinical response still would be nec-
essary for the implementation of FeNO and eosinophil levels as sur-
rogate biomarkers.

Allergen immunotherapy in asthma patients should be assessed 
as optimising one of the treatable traits in an individual patient re-
sulting in an improved quality of life. In some but not all cases asthma 
control (exacerbation rate, medication use) will improve as well. 
Outcome measures, when used in a clinical setting, should therefore 
be adapted to the individual treatment goal for the patient. Enabling 
them to be safely exposed (with markedly reduced symptoms) to al-
lergens to which they are sensitized and allergic. It may or may not 
improve their ‘asthma control’ exacerbations or reduce their inhaled 
steroids. This can be the case in perennial allergies. For HDM it is 
more difficult to demonstrate improved HDM exposure symptoms, 
whether or not asthma overall will improve depends on how much of 
the asthma is due to HDM allergy.

Systematic RWE is a relatively new field that can assist in select-
ing the most reliable representative parameters in a clinical setting; 
however, currently too little published evidence is available to draw 
conclusions. eHealth has the potential to be a viable tool for the fol-
low-up of outcome measures and possibly assist in interpreting RWE 
data.

6  |  CONCLUSIONS

Exacerbation rate can be used as a reliable objective primary out-
come, although there is limited evidence due to different definitions 
of exacerbation. Furthermore, the endpoints for allergic asthma 
and AIT are often more subtle. It is therefore advised that symptom 
scores and medication use (ICS and reliever medication reduction) 
are used as clinical outcomes in AIT in asthma patients. All are clini-
cal applicable and easy to use, there is however the urgent need for 
standardization for use in clinical trials. ACQ5/AQLQ and CARAT 
are well-established PROMs questionnaires, however, validation ad-
dressing asthma control in relation to AIT is an unmet need. After 
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ICS withdrawal the time to first exacerbation can be captured as pri-
mary outcome measure.

FeNO and eosinophil levels (evaluated in clinical context) have 
the potential to become surrogate biomarkers of clinical response. 
Additional studies are needed to confirm and to interpret their as-
sociation with the clinical response to immunotherapy. A summary 
of clinical outcomes of AIT in patients with asthma is presented in 
Figure 1.

Finally, future systemic RWE data are needed to analyze the sug-
gested outcome measures, novel eHealth tools can support these 
evaluations.
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