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Background: Allergen immunotherapy (AIT) has been thoroughly documented in
randomized controlled trials (RCTs). It is the only immune-modifying and causal

trials. treatment available for patients suffering from IgE-mediated diseases such as allergic
rhinoconjunctivitis, allergic asthma and insect sting allergy. However, there is a
Correspondence high degree of clinical and methodological heterogeneity among the endpoints in
Prof. Dr. med. Oliver Pfaar, Department of clinical studies on AIT, for both subcutaneous and sublingual immunotherapy (SCIT
Otorhinolaryngology, Head and Neck Sur- and SLIT). At present, there are no commonly accepted standards for defining the
gery, Center for Rhinology and Allergology optimal outcome parameters to be used for both primary and secondary endpoints.

Wiesbaden, University Hospital Mannheim, Methods: As elaborated by a Task Force (TF) of the European Academy of
Wiesbaden, Germany. Allergy and Clinical Immunology (EAACI) Immunotherapy Interest Group, this
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Position Paper evaluates the currently used outcome parameters in different
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L . RCTs and also aims to provide recommendations for the optimal endpoints in
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future AIT trials for allergic rhinoconjunctivitis.
Results: Based on a thorough literature review, the TF members have outlined
recommendations for nine domains of clinical outcome measures. As the primary
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DOI:10.1111/all.12383 outcome, the TF recommends a homogeneous combined symptom and medica-
tion score (CSMS) as a simple and standardized method that balances both
Edited by: Thomas Bieber symptoms and the need for antiallergic medication in an equally weighted man-

ner. All outcomes, grouped into nine domains, are reviewed.

Conclusion: A standardized and globally harmonized method for analysing the
clinical efficacy of AIT products in RCTs is required. The EAACI TF highlights
the CSMS as the primary endpoint for future RCTs in AIT for allergic rhinocon-
junctivitis.
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Allergen immunotherapy (AIT) represents the only immune-
modifying and causal treatment available for patients suffer-
ing from respiratory allergies (1, 2). The efficacy and safety
of any therapeutic allergen product must be demonstrated by
randomized controlled trials (RCTs) that follow the guidance
in ‘Good Clinical Practice: Consolidated Guidance’ (ICH E6)
adopted by the ICH in 1996 (3).

In accordance with the ICH E9 guidance on ‘Statistical
Principles for Clinical Trials’, clinical studies should define
primary parameters as follows: ‘capable of providing the
most clinically relevant and convincing evidence directly
related to the primary objective of the trial’ (4). In 2000,
the US Department of Health and Human Services Food
and Drug Administration (FDA) published a draft guid-
ance document on outcome parameters in clinical develop-
ment programs for drug products in allergic rhinitis (5).
This was followed, in 2008, by the ‘Guideline on the Clini-
cal Development of Products for Specific Immunotherapy
for the Treatment of Allergic Diseases’ by the European
Medicines Agency (EMA; 6). In this guideline, the EMA
Committee for Medicinal Products for Human Use
(CHMP) emphasizes that in AIT trials, the primary end-
point has ‘to reflect both, symptom severity as well as the
intake of rescue medication’ and recommends the following
outcomes as possible secondary endpoints: total symptom
score, total medication score, individual symptom scores,
Health-Related Quality of Life (HRQL; validated question-
naires), symptom load on a visual analogue scale (VAS),
symptom-free days, physician- and patient-rated clinical
global improvement and provocation tests (CHMP/EWP/
18504/2006; 2008; 6).

There is a large and inevitable clinical and methodological
heterogeneity on the outcome parameters used among clinical
studies on AIT, including both subcutaneous and sublingual
immunotherapy (SCIT and SLIT, respectively; 7). The EMA
guideline states that, at present, no symptom scores (SS) or
medication scores (MS) have been validated for clinical trials
in AIT and that any proposed method must be scientifically
justified (6).
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Due to the lack of a validated method for combining SS
and MS, and without strict consensus/direction from acade-
mia or regulatory authorities, a large number of different
methodologies for calculating combined scores presently exist
leading to difficulties when comparing results between studies
(Appendix S1; based on 7 and 8).

The European Academy of Allergy and Clinical Immuno-
logy (EAACI) Immunotherapy Interest Group (IT IG) has
conducted a Task Force (TF) on ‘Recommendations for
the standardization of clinical outcomes used in AIT trials
for allergic rhinoconjunctivitis’. The aim was (i) to collect
and evaluate current clinical measures of efficacy (clinical
outcomes) used in clinical trials of AIT and (ii) to recom-
mend a consensus position from a panel of experts regard-
ing the optimal clinical outcomes supporting the future
registration of products in AIT for allergic rhinoconjuncti-
vitis (ARC).

Methodology

A first workshop on ‘outcomes in AIT” was held in Madrid
on 10 and 11 March 2012. The primary objectives were (i) to
review the current methodologies for (both primary and sec-
ondary) outcome measures in AIT clinical research aimed to
provide comparisons of clinical data published, (ii) to investi-
gate the different methodologies published in terms of valida-
tion, (iil) to consent promising outcome measures for clinical
research on AIT and (iv) to comment on the status of differ-
ent outcome measures and develop further unmet needs.
Based on this work, the second and third TF meetings were
held in London (UK) on 2 June 2012 and in Geneva (CH)
on 18 June 2012. These meetings involved methodologists
and expert advisors from the Paul Ehrlich Institute (PEI),
Langen, Germany, and from the EMA, London, UK. Sub-
groups of the TF drafted sections on the background, advan-
tages, disadvantages and current critical issues as well as on
the unmet needs and recommendations for possible out-
comes. During a final 2-day workshop on the 9 and 10 of
March 2013, the sections were thoroughly discussed and
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revised. After this consensus meeting, the TF committee was
responsible for drafting the Position Paper (PP) in a final
form, which was circulated once again to all TF members for
critical review.

The PP consists of recommendations elaborated by the
workshop participants for nine domains of clinical outcome
measures in AIT for ARC: (i) total symptom scores (TSS),
(i) MS, (iii) combined symptom medication score (CSMS),
(iv) HRQL, (v) VAS, (vi) well and severe days, (vii) global
assessments and patient satisfaction, (viii) rhinitis control and
(ix) allergen provocation tests. Health economic outcomes
were not considered within the scope of this paper.

European Academy of Allergy and Clinical Immunology is
solely responsible for this PP, which does not represent an
official document of any governmental agency such as the
PEI or the EMA.

Results
Total symptom scores

Individual ARC patients are affected by nasal and ocular
symptoms (2). Ideally, the interpretation of symptom scores
requires a qualitative and quantitative recording of the rele-
vant allergen exposure. The onset and duration of allergen
exposure may vary significantly, from week to week, season
to season (e.g. pollens) and over the annual period [e.g.
house dust mites (HDM), animal danders].

The most frequently used primary efficacy criterion for
symptom severity is the mean total rhinoconjunctivitis symp-
tom score (RCSS) over a specified period related to the expo-
sure of allergens (e.g. the entire pollen season to be precisely
defined for grass pollen AIT and a selected period of HDM
exposure or direct exposure to animals). The mean total RCSS
is based on the daily evaluation of six to eight individual rhini-
tis and conjunctivitis symptoms, usually on a four-point scale.

Advantages

® There exists a well-defined terminology for two symptoms
in the eye (ocular itching/grittiness/redness and ocular
tearing) and for four symptoms in the nose (nasal itching,
sneezing, rhinorrhoea and nasal obstruction; 5, 6).

® The 0-3 symptom score accepted by the FDA and the
EMA is simple and easy to use (5, 6). The score is:
0 = no symptoms (or signs); 1 = mild symptoms (sign/
symptom clearly present, but minimal awareness; easily
tolerated); 2 = moderate symptoms (definite awareness
of sign/symptom that is bothersome but tolerable);
3 = severe symptoms (sign/symptom that is hard to tol-
erate; causes interference with activities of daily living
and/or sleeping).

Disadvantages and current critical issues

® The mean total RCSS may include from six to eight
symptoms and this may lead to discrepancies between
studies and variable effect sizes.

® At present, no psychometric validation for the mean
RCSS has been published.

Pfaar et al.

e From the patient’s perspective, the current terminology
for rhinoconjunctival symptoms may not be useful uni-
versally and could be interpreted differentially (e.g. by
country-specific differences).

® Because there is no consensus on the grading of symptom
severity, different numerical scales have been used, mak-
ing intersurvey comparisons difficult.

® A mean of daily RCSS calculated for long periods (for
instance, the total season) may result in low scores,
thereby underestimating the contribution of days with a
high RCSS.

Unmet needs and recommendations

® We recommend the use of a homogeneous terminology
for nasal and, when appropriate, conjunctival symptoms
using the four to six organ-related categories as the ‘daily
symptom score’ (dSS; Table 1a).

® We recommend that the dSS ‘alone’ may be used as a
secondary parameter, as it does not take into account the
impact of any concomitant (antiallergic) drug use. How-
ever, it should be combined with the need of rescue medi-
cation as a primary endpoint. Separated nasal and
conjunctival scores may be useful as secondary endpoints
when predefined and justified for the respective question
of AIT trials.

Medication scores

For ethical reasons due to the long duration of RCTs, rescue
medication should be prescribed to every patient in all AIT
natural exposure prospective RCTs (6, 9). Allergen immuno-
therapy reduces symptoms as well as the use of medication in
the allergic individual (2). Because the use of rescue medica-
tion has an impact on symptom severity/scores, it must be
recorded on a daily basis as the MS (6, 9).

Advantages

e The MS is an indicator of AIT efficacy.

® The MS could be used as part of the assessment of the
pharmacoeconomic impact of the disease.

Disadvantages and current critical issues

e Published RCTs often lack a homogeneous MS, particu-
larly in terms of:
o the precise medications used,
o the indication used (stepwise or on a patient demand

approach),

o the scoring for each medication (Appendix S1).

® Patients may respond to rescue medication differently due
to individual variation in drug metabolism and/or phar-
macotherapy response.

Unmet needs and recommendations

® Rescue medication use is mandatory, but should be sim-
plified and standardized. Although thorough comparative
data on pharmacotherapy potency are lacking, a stepwise
approach for rescue medication use is recommended as
follows [Table 1b, modified from Canonica et al. (9)]:
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Table 1 The Task Force recommendation providing (a) a homogeneous terminology for nasal and conjunctival symptoms using the six
organ-related categories in the daily symptom score (dSS), (b) a stepwise use of rescue medication summed in the daily medication score
(dMS) and (c) a scoring system for a combined symptom and medication score (CSMS), which is based on an equal weight of the dSS and

of the dMS (based on and modified from 5, 6, 9, 13)

a) Symptom score

0 = no symptoms

1 = mild symptoms (sign/symptom clearly present, but minimal awareness;
easily tolerated)

2 = moderate symptoms (definite awareness of sign/symptom that is
bothersome but tolerable)

3 = severe symptoms (sign/symptom that is hard to tolerate; causes
interference with activities of daily living and/or sleeping)

Nasal symptoms (Score 0-3)
ltchy nose 0-3
Sneezing 0-3
Runny nose 0-3
Blocked nose 0-3
Conjunctival symptoms Itchy/red eyes 0-3
Watery eyes 0-3

(Total) daily symptom score (dSS)*

0-3 (max score is 3, i.e. 18 points/divided by 6 symptoms)

b) Medication score

Oral and/or topical
(eyes or

nose) nonsedative H1
antihistamines (H1A)

Intranasal corticosteroids 2
(INS) with/without H1A
Oral corticosteroids 3

with/without INS,
with/without HTA
(Total) daily medication score (dMS)

0-3 (max score is 3)

¢) Combined symptom and medication score

CsSMS dSS (0-3) + dMS (0-3)

0-6

*Max score 18/6 (i.e. 4 nasal symptoms, max score 12 and 2 conjunctival symptoms, max score 6) is optimal for studies of seasonal pollino-
sis. This could possibly be modified for studies of perennial allergies (e.g. in mite-allergic patients), for example max score 12/4 (i.e. 4 nasal
symptoms with omission of eye symptoms). By assigning 0-3 for all individual symptoms and dividing by total number of symptoms, the
symptom range 0-3 and maximum symptom score 3 would remain the same.

o step 1: oral and/or topical (eyes or nose) nonsedative

H1 antihistamines (H1A)

o step 2: if step 1 fails, add intranasal corticosteroids

(INS)
o step 3: if step 2 fails, add oral corticosteroids

® This stepwise approach has not yet been validated, but is
based on the clinical effects of pharmacotherapy on

symptom reduction (9-12):

o step l: nonsedative HIA have a mild effect on the

TSS
o step 2: INS have a moderate effect on the TSS
o step 3: oral corticosteroids ameliorate all symptoms

e For standardization purposes, we recommend the use and

supply of precise drugs alongside with advised daily dosages
in each study and for each step (2).

We recommend analysing the ‘daily medication score’
(dMS) based on this stepwise use of rescue medication
(Table 1b). However, this endpoint needs further valida-
tion.

Combined symptom medication score

The EMA emphasizes that no validated system for a
‘weighted’ symptom and medication score in a single com-

It has been demonstrated that such an approach is associ-
ated with a large effect size in immunotherapy trials,
thereby providing high power to show treatment efficacy

(13).

bined score exists (6). Therefore, initiatives for establishing a
balanced and validated scoring system would be helpful for
future assessments and should be encouraged and supported
by the interested parties.
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Advantages

® A standardized CSMS is recommended as an easy-to-
understand analysis of the daily burden of the disease (as
the primary outcome measure; 4) by both the FDA and
EMA (a primary outcome parameter in AIT trials should
‘reflect both, symptom severity as well as the intake of
rescue medication’; 6).

® The use of a standardized CSMS as the primary outcome
parameter will allow direct comparisons between different
clinical trials.

® The principle of equally combining symptom scores and
medication scores has been found to be associated with a
large effect size, thereby leading to a high power to show
treatment efficacy (13).

Disadvantages and current critical issues
® At present, this CSMS has not been validated.

Unmet needs and recommendations

® We recommend a scoring system for the CSMS
(Table 1c, modified from ref. 5, 6, 9, 13) based on an
equal weight of the dSS (0-3) and of the dMS (0-3) in
the daily total CSMS (0-6). The proposed dSS (Table 1a)
uses a well-defined and easy-to-understand terminology
for symptoms of the nose (itchy nose, sneezing, runny
nose, blocked nose) and of the eye (itchy/red eyes, watery
eyes). The dMS (Table 1b) is based on the World Allergy
Organization (WAQO) recommendations on a stepwise
approach in giving rescue medication (9).
The recommendations follow the EMA guideline (6) with
the exception that we have used input from patient orga-
nizations to simplify the symptom terminology (middle
panel) for participants in clinical trials.

® Psychometric validation of the CSMS in multicentre,
multinational trials is needed.

® The use of this CSMS is recommended in future clinical
trials of AIT for allergic rhinoconjunctivitis.

® [f assessments aim to analyse ‘real-life’ data (optimal con-
trol combining medications and AIT), then novel meth-
odologies using decision aids [information and
communication technology (ICT), clinical decision sup-
port systems (CDSS)] may be useful (see section ‘Outlook
— Future developments in analysing endpoints’; 14, 15).

Health-Related Quality Of Life

The importance of HRQL in allergic diseases has been well
recognized. Generic questionnaires [such as the SF-36 (16)
and the SF-12 (17)] measure physical, psychological and
social domains in all health conditions, irrespective of the
underlying disease. Disease-specific instruments (such as the
Rhinoconjunctivitis Quality of Life Questionnaire, RQLQ)
have been designed by asking patients what kind of problems
they experience from their disease and how AIT can prevent
the impairment in QoL during relevant allergen exposure.

As disease-specific instruments are more responsive to
change, these questionnaires are appropriate for use in RCTs.
The most frequently used rhinoconjunctivitis specific instru-

Pfaar et al.

ments — the RQLQ (18) and its variations for adults [standard-
ized RQLQ (19), mini-RQLQ (20)] and other age groups
[Paediatric (21) and Adolescent RQLQ (22)] — are used in AIT
trials. The RHINASTHMA (23) — an instrument capturing
both rhinitis and asthma — has been used in observational stud-
ies only (24, 25).

Advantages

® The RQLQ has been validated. It has been tested in
terms of internal consistency and reproducibility, distin-
guishing severe, controlled and uncontrolled patients and/
or healthy subjects. It has been compared with other out-
comes such as daily nasal symptoms (26), VAS (27, 28)
and nonspecific nasal hyperreactivity (26).

e The RQLQ appears to be responsive to change. It has
been shown that the mini-RQLQ is more responsive to
change than the classical version (20).

® [t addresses the patient’s perspective.

® The EMA acknowledges its importance. From a regula-
tors’ point of view, efficacy and safety endpoints are
essential for the approval of a new medicinal product.
Health-Related Quality of Life assessment can be
included as an endpoint when improvement in quality of
life is a claim upon registration. Furthermore, the EMA
has put forward HRQL assessment as a possible second-
ary endpoint (6).

® The minimal clinically important difference (MCID) for the
RQLQ has been derived from the method used for the
Asthma Quality of Life Questionnaire (AQLQ; 29) and
from a study including a limited number of seasonal allergic
rhinoconjunctivitis adult patients (30). For the RQLQ (19)
and mini-RQLQ (20), the MCID is 0.5 and 0.7, respectively.
This is only useful for the measurement of change in HRQL
within the group (and not between groups). For this, a base-
line measurement is needed for a proper analysis.

e The RQLQ has been translated and validated in different
languages. This comprises a formal process of translation,
back-translation and analysis of the psychometric charac-
teristics of the translated questionnaire.

Disadvantages and current critical issues

e The RQLQ and its variants are lengthy. This might be
cumbersome for patients if a trial design were to require
repeated measurements. The mini-RQLQ (20) can be seen
as an attempt to reduce this.

® The RQLQ comprises a 1-week evaluation. Relevant days
of significant exposure (with symptoms) can be missed.

e The RQLQ and its variants might be re-evaluated. Items
from the ‘other’, ‘non-hay fever’ and ‘emotional’ domains
of the RQLQ (using the paediatric respectively the ado-
lescent RQLQ) do not substantially change during the
pollen season (31). Although well accepted, the MCID of
0.5 for the RQLQ has been extrapolated from small stud-
ies on allergic diseases (29, 30) and from two studies on
patients with heart and lung diseases (32, 33).

® In some RCTs, the RQLQ score improves by up to 1 in
the placebo group and the MCID of 0.5 appears not to
be confirmed (34). This may require further evaluation.
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Unmet needs and recommendations

® Health-Related Quality of Life assessments should be
included in all AIT trials. From a clinical perspective,
inclusion of the HRQL instrument is a valuable addition.

® Re-evaluation of existing instruments and validation of
new tests might be recommendable.

Visual analogue scale

The VAS is a psychometric response scale that assesses
global rhinoconjunctivitis discomfort. It can also assess
every single symptom and its impact. Patients grade their
symptoms by putting a vertical line on a 10-cm line
representing severity from 0: ‘no symptoms’ to 10: ‘highest
level of symptoms’ (9). The continuous (or ‘analogue’)
aspect of the VAS differentiates it from discrete scales such
as the numerical rating scale. The VAS has been widely
used for the assessment of subjective symptoms, such as
pain (35).

Advantages

® The VAS has been fully validated in adult patients (27)
and correlates well with the severity of allergic rhinitis
(according to ARIA; 28). It provides a quantitative evalu-
ation of disease severity (27).

® The VAS is a simple measure of severity and possibly
control.

® [t is easy to use and well accepted by the patient.
It can be easily translated.

® [t has been proved to be sensitive to pharmacotherapy
treatment response in adults (27) and correlates well with
both symptom scores and the RQLQ (36).

® [t has been used in AIT RCTs, both in adults (37, 38)
and in children (39, 40).

® The VAS is also useful when comparing individual
patients during the study period.

Disadvantages and current critical issues

® Assessment is clearly subjective.

® [t does not represent the duration of symptoms.

® [t has not yet been fully validated in paediatric popula-
tions.

Unmet needs and recommendations

® We recommend using the VAS in AIT RCTs as a second-
ary outcome.

® Visual analogue scale measurement could be implemented
through the use of new technologies and portable devices
in postmarketing studies.

Well and severe days

Both ‘well days’ and ‘bad/severe days’ have been proposed as
secondary and exploratory outcomes (41-48). The EMA has
recommended implementing a report of efficacy in the
guideline with the evaluation of ‘days with symptom control’
as defined as ‘days without intake of rescue medication and a
symptom score below a predefined and clinically justified

EAACI Position Paper: ‘clinical outcomes used in allergen immunotherapy trials’

threshold” (6). The EMA has also recommended the inclusion
of symptom-free days as secondary endpoints (6).

‘Well days’ have been analysed in an increasing number of
AIT RCTs (41-46, 49, 50). However, the definition of the
‘clinically justified threshold’” symptom score is heterogeneous
between different trials (8).

Among the many definitions proposed for the ‘severe days’
concept, it was recently defined as ‘a symptom score of 3 in
any of the six rhinoconjunctivitis symptoms’ (48, 51).

Advantages

® [t is easy to assess once the SS and MS have been col-
lected.

® Including well and severe days, assessment as secondary
outcomes in the same study could give an approximation
of the extreme values and the range of severity scores of
the patients. There is a significant and reliable correlation
between days with severe symptoms and the RQLQ (51).

Disadvantages and current critical issues

® The definition of ‘clinically justified threshold’” is too
imprecise, leading to divergent approaches.

® The inevitable high numbers of ‘well days’ in both active-
and placebo-treated participants during the season make
the test poorly discriminating, whereas this may not be
the case for ‘bad/severe’ days.

Unmet needs and recommendations

® We recommend combining the definition for both well
and severe days.

® We recommend running and validating both variables in
AIT RCTs prospectively.

Global assessments and patient satisfaction

In an attempt to measure patient satisfaction and the global
efficacy of allergic rhinitis treatments, several tools have been
proposed such as the ‘Satisfaction Scale for Patients Receiv-
ing Allergen Immunotherapy’ (the ESPIA questionnaire; 52).
This tool consists of a l6-item questionnaire divided into
four categories. The ‘Patient Benefit Index’ (PBI; 53) is based
upon 25 questions that are run to the patient twice and that,
after some calculation, elicit a satisfaction index for the treat-
ment of allergic rhinitis. Other approaches have been carried
out previously by simply asking the patient the following
question: ‘Compared to your symptoms in previous grass
pollen seasons, how have you felt overall in this grass pollen
season?’ (45).

Advantages

® [t retrospectively assesses the individual patient’s response
to therapy.

® [t is quick and easy to answer.

® The questionnaires have been validated (psychometric
analyses; 52, 53).

® Floor/ceiling effects are low (52): minimizing outliers.

® The results of the questionnaires correlate well with a
reduction in eye and nose symptoms and with HRQL (53).
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Disadvantages and current critical issues

® So far, there is no multilanguage version.

® There is a risk of retrospective bias (overestimation of
interventional effects).

® The use in AIT RCTs is limited as of yet.

Unmet needs and recommendations

® [t could be improved using new electronic technologies
proposed for VAS or for other control questionnaires.

® We recommend exploring these tools in AIT RCTs pro-
spectively.

Rhinitis control

Disease control is now being considered as an alternative to
disease severity in the management of patients with respira-
tory disease. Several allergic rhinitis control questionnaires
have been built and validated in noninterventional studies
(Control of Allergic Rhinitis and Asthma Test (CARATI10;
54, 55), Rhinitis Control Assessment Test (RCAT; 56),
Allergic Rhinitis Control Test (ARCT; 57) and RhinAsthma
Patient Perspective (RAPP; 25)). Some of these new tools
such as the CARAT are being digitalized.

Advantages

® The questionnaires are quick and easy to answer.

® They have been validated (psychometric analyses).

® They address other aspects of the disease (correlation of
the CARAT with the Asthma Control Questionnaire
(ACQ5) and symptoms VAS; 595).

® Most questions are multilingual.

Disadvantages and current critical issues
® They have not yet been used in AIT RCTs.
® They have not yet been validated in paediatric populations.

Unmet needs and recommendations
® We recommend exploring these tools in AIT RCTs pro-
spectively.

Allergen provocation tests

Allergen provocation testing involves the administration of a
single concentration or incremental concentrations of allergen
locally to the skin or target organ (conjunctiva, nose or bron-
chi) in order to provoke a subjective and objective allergic
response. The result may be expressed either as the quantita-
tive response to a single concentration or as the provocation
concentration to induce a predetermined allergic response.
Provocation tests comprise allergen skin test (ST) titration,
conjunctival (CPT) and nasal provocations (NPT) as well as
environmental challenge chamber (ECC).

Advantages
® Allergen provocation tests directly measure the changes
in allergen sensitivity in target organs.
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® Allergen provocation testing provides the opportunity for
more standardized procedures, the ability to control the
environment (e.g. temperature, humidity), an avoidance
of seasonal variation and the performance of single-centre
studies requiring fewer participants. It also enables mech-
anistic studies.

e ST was validated for research use by Dreborg (58, 59)
and was used as a surrogate marker in several AIT trials
(60-63).

e CPT was validated by Moller et al. (64) (methodical
details in 65, 66). This test has also been used to docu-
ment conjunctival response to AIT (67), with results
highly comparable to those observed in NPT (68) and
bronchial inhalation challenge testing (69). In one long-
term trial on grass pollen AIT, there was a 10- to
30-fold decrease in immediate conjunctival allergen sen-
sitivity that paralleled clinical improvement and per-
sisted for 3 years after discontinuation of AIT (70).
Moreover, a decrease in conjunctival inflammatory
parameters in the course of AIT has been demonstrated
(71).

e For NPT, several objective methods for evaluating
(nasal) airflow such as rhinomanometry and peak nasal
inspiratory flow (PNIF) can be used to combine (sub-
jective) symptom scores with (objective) results to assess
the changes in nasal allergen sensitivity (72). This
organ-specific challenge test has been used in multiple
proof-of-concept studies (62, 73) and for evaluating
mechanisms and the dose-response relationship for
AIT, in order to select an appropriate dose for phase
II/III trials (6). Explorative studies revealed a decrease
in nasal allergen sensitivity after AIT (74-76). Nasal
fluid may be sampled by lavage (77, 78). Bronchial
challenge has also been used for proof-of-concept
studies (69, 79) but is time-consuming and not without
risks.

e ECC is presented as an attractive alternative surrogate for
natural allergen exposure (80). Several studies have shown
the onset of AIT effects (81, 82) and a good correlation
between symptom responses during pollen exposure in the
ECC compared to natural seasonal exposure in the same
individuals (83-85).

Disadvantages and current critical issues

® In general, allergen provocation testing can never repre-
sent ‘real-life” studies (i.e. surrogacy unproven), and stan-
dardization and validation vary for the different
challenges.

® Recent data on ST support that suppression of the late
skin response may be necessary, but not sufficient for the
therapeutic effect of AIT (60).

® CPT comprises mostly subjective parameters (scoring sys-
tem of symptoms), but does not include easily objective
parameters. Moreover, at present, a heterogeneity of the
scoring system for CPT exists (64, 67, 86).

® NPT is more complex than CPT and ST. Moreover,
objective methods (rhinomanometry, PNIF and others)
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are not thoroughly standardized and have not been vali-
dated.

® Not all available allergen products are authorized for
both diagnostic and therapeutic use.

® To date, only a few ECC exist internationally. The repro-
ducibility of ECC within and between sites has not yet
been determined (83-85).

Unmet needs and recommendations

® At present, there is no substitute for the clinical response
to natural allergen exposure as the primary outcome in
phase III RCTs. Hence, the relationship of allergen chal-
lenge methods to clinical efficacy merits further investiga-
tion.

® Allergen provocation tests are recommended for under-
standing underlying mechanisms, biomarker discovery,
proof-of-concept for onset of action, novel AIT
approaches and allergen dose ranging (6).

® Further studies are also warranted for standardization
and full validation. Pending results, ECC is likely to be a
good option as an adjunct to natural exposure studies for
phase III RCTs.

Outlook — future developments in analysing endpoints:
telemonitoring, integrated care pathways and clinical decision
support systems to select patients and assess efficacy of AIT

Patient stratification is needed to identify the most appropri-
ate patients for whom AIT is sufficient. It is critical for the
delivery of a cost-effective health system. Although studies
are not all consistent, in many diseases, tools including inte-
grated care pathways (ICPs), telemonitoring and CDSS have
improved the management of patients with chronic diseases
(14, 87).
These innovative tools are currently being developed for
the management of allergic rhinitis [AIRWAYS-ICPs led by
the European Innovative Partnership on Active and Healthy
Ageing, and the Sentinel Network (GA?LEN and the Euro-
pean Parliament; 88)] and can be combined to assess some of
the unmet needs of AIT:
® Assessment of the prevalence and severity of allergic dis-
eases.

® Phenotypic characterization of allergic patients, stratifica-
tion of patients, characterization of uncontrolled severe
chronic upper airway diseases (SCUAD) patients (89)
and characterization of patients to be treated by AIT.

® Randomized controlled trials (placebo-controlled or real-
life cluster randomized trials).

® Follow-up of patients in clinical settings during AIT and
after AIT has been stopped.

Discussion

Several clinical parameters are commonly used to assess the
clinical efficacy of AIT as primary and secondary endpoints
(6, 8, 9). However, in the current literature on both SCIT
and SLIT clinical trials, a wide variety of endpoints for clini-
cal efficacy has been described (7), and there is a major need
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for harmonization. This EAACI Task Force PP clearly over-
views different outcome measures as described in recent AIT
trials, emphasizes the pros and cons of different measures
and, finally, gives clear recommendations on the feasibility
and implementation of these measures.

In the 2008 guidelines, the EMA clearly states that both
SS and MS should be assessed as primary endpoints in AIT
trials but leaves the question open as to whether they should
be generally analysed together in a combined score (6).
Moreover, no clear guidance is given on how both scores
should be ideally ‘weighted’. Besides such a combined analy-
sis, the regulators accept more than one primary endpoint
(co-primary endpoints) if ranked and predefined for pan-
European authorization but, in this scenario, they all need to
be positive (43). As a consequence, current trials from differ-
ent manufacturers are using primary endpoints which are
related to the EMA and WAO recommendations in some
way. However, these analyses are based on different SS and
different calculations of the MS (Appendix S1). At present,
no combined scores have been validated aiming to reproduce
a ‘weighted’ balance between the SS and MS as proposed by
the WAO (6, 8, 9).

The FDA and EMA recommendation of scoring individ-
ual rhinoconjunctival symptoms on a scale between 0 and 3
(5, 6) is a standardized method with easy feasibility from the
patients’ point of view. As such, six individual rhinoconjunc-
tival allergic symptoms are preferably to be assessed in pol-
len-allergic patients. Patients with persistent allergic rhinitis
(PAR) due to sensitization, for example to mites, are mostly
affected by nasal symptoms and may therefore be analysed
without taking conjunctival symptoms into account. The pro-
posed terminology for the individual symptoms in this docu-
ment was elaborated with the European Federation of
Allergy and Airways Diseases Patients’ Associations (EFA).
The mean dSS will range between 0 and 3 points (0—18
points/six symptoms in pollen-allergic patients respectively 0—
12 points/four symptoms in PAR patients). We recommend
not to include symptoms of the lower airways for analysis of
the primary endpoint in AIT trials for ARC. They may, how-
ever, be included in the secondary outcomes for patients who
suffer from both rhinoconjunctivitis and asthma.

In clinical trials on AIT, allergic patients are provided
with medication for ethical reasons (9). This will alleviate
the daily ‘symptom load” of the underlying disease in both
active and placebo-treated patients. Because of these interde-
pendencies between symptoms and drug use, the TF recom-
mends the assessment of both SS and MS as a ‘combined
score’ for a primary endpoint. In line with the WAO recom-
mendations (9), we recommend a stepwise approach of sup-
plying rescue medication. The daily dosage of the
medication should comply with the summary of the product
characteristics. In accordance with this stepwise approach,
the mean dMS will range from 0 to 3 points. The daily
combined symptom medication score (CSMS) is calculated
by equally adding the dSS and the dMS to a scale of
between 0 and 6 points (based on and modified from 5, 6,
9, 13). Although not yet validated, this proposal attempts to
standardize the practice of rescue medication in clinical
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trials. Among other combined symptom and medication
scores developed (Appendix S1), a novel ‘Rhino-Conjunctivi-
tis Allergy-Control-SCORE’ (RC-ACS™; 90) for daily nasal
and conjunctival symptoms as well as the ‘Allergy-Control-
SCORE’ (ACS™; 91) recording daily nasal, conjunctival and
lung symptoms have been developed and validated. Another
methodology has been published as the average ‘Adjusted
Symptom Score’ (AdSS) as a primary endpoint (92). This
carries forward the TSS from the day before rescue medica-
tion is taken until the medication is paused again [last
observation carried forward” (LOCF)]. The aim is to reflect
the interactions of rescue medication on the daily ‘symptom
load’ of patients. This approach does not take into account
the stepwise approach as recommended by the WAO (9)
and the pharmacologically weighted impact of the different
class of antiallergic medication on the TSS.

Taken together, the TF recommends this homogeneous
CSMS described above as an easy and standardized method
to balance both symptoms and the need of antiallergic medi-
cation in an equally weighted manner. The CSMS should be
used in future clinical (phase I11) AIT trials for allergic rhi-
noconjunctivitis in the aim to achieve a better comparability
of results from different studies. In a next step, this CSMS
should be validated in a multinational, well-powered phase
III study. By this validation process, a definition of the mini-
mal clinically important difference may be feasible.

Multiple methods are recommended by the EMA guide-
lines as secondary outcome measures in AIT trials such as
total symptom score, total medication score, individual symp-
tom scores, HRQL, symptom load on a VAS, symptom-free
days, physician- and patient-rated clinical global improve-
ment and provocation tests (6, reviewed in 8). Some of these
measures have already been validated. Moreover, certain
tools for patient-reported outcomes and their practical use in
clinical trials have been reported in the GA’LEN recommen-
dations (93). Under these recommendations, the Pediatric
Allergic Disease Quality of Life Questionnaire (PADQLQ;
94) as well as the RQLQ, as disease-specific questionnaires,
assess the disease from the patients’ perspectives. The RQLQ
has been validated for adults (18, 19), adolescents (22) and
children (21) with (allergic) rhinoconjunctivitis symptoms.
These questionnaires have also been translated and validated
in different languages and have been widely used in clinical
trials on both sublingual AIT (43, 95, 96) and subcutaneous
AIT (38, 97). The importance of this measure is related to an
adequately powered dose-range phase IIb study on SCIT
with 410 grass pollen-allergic patients (UKIS; 38), which
indicates this secondary parameter as an useful instrument in
the interpretation of dose-related clinical effects of subcutane-
ous AIT.

However, in a recently published clinical trial comparing
the RQLQ of pollen-allergic children and adolescents, the
three domains ‘other’, ‘non-hay fever’ and ‘emotional’ were
not able to discriminate pollen season values from out-of-sea-
son values (31). Although the RQLQ can be considered as
one of the best validated outcome measures in this field (18,
19), these recently published data suggest that the RQLQ
could be further optimized. It might be recommendable to
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re-evaluate and validate RQLQ domains and the MCID for
paediatric, adolescent and adult patients.

As another method of assessing the disease from the
patients’ perspectives, the VAS is a useful, easy and (par-
tially) validated measure to be included in clinical trials on
AIT aimed to provide a quantitative evaluation of disease
severity (27). Despite some of the disadvantages outlined
above, we recommend the use of this validated measure in
future clinical AIT trials. Its advantages may also be
expanded by using new technologies combining a smartphone
application and a decision clinical support system using inte-
grated care pathways as elaborated under the umbrella of
GA’LEN and the European Parliament (88). We also recom-
mend these technologies for global assessments such as the
validated ‘Satisfaction Scale for Patients Receiving Allergen
Immunotherapy’ (52) and others which can retrospectively
quickly assess the patient’s response and satisfaction to AIT.
At present, the use of these assessments in AIT RCTs is lim-
ited but may be improved by exploring these new electronic
technologies for these measures.

As described above, all of these endpoints have their advan-
tages and disadvantages. Among children, especially young
children, the evaluation of the efficacy of AIT is performed
mainly by the parents. Even though the PADQLQ (94) and
(paediatric-specific) RQLQ (21) may have found cross-sec-
tional and longitudinal validity, thus providing a potentially
useful outcome measure in the evaluation of systemic treat-
ments, there are still some risks of under- or overestimation of
the outcome measures by the parents. This is also true for all
of the above-mentioned other outcome measures. The unmet
need is how to optimize, for example, the diaries in order to
meet this challenge and to get the individual opinion of the
child, without (too much) influence from the parents. We have
not yet been able to solve this problem sufficiently.

Besides assessing the ‘symptom load’ as a primary end-
point or as several secondary endpoints as outlined above,
the EMA guidelines recommend to also evaluate days ‘with-
out intake of rescue medication and a symptom score below
a predefined and clinically justified threshold’ (6, reviewed in
8). As a consequence of this imprecise definition, divergent
definitions of the ‘clinically justified thresholds’ for TSS have
been elaborated, mostly in recent studies on sublingual AIT
(41-47). Although this measure may allow an approximation
of the extreme values or ‘range of severity’ and a good corre-
lation with the TSS and the RQLQ, it is also influenced by
disadvantages hampering symptom/MS as outlined above.
Taken together, we recommend the development of a stan-
dardized definition for both well and severe days (48), which
should be the basis for further prospective evaluation in clini-
cal AIT trials.

Another validated psychometric analysis is the ‘rhinitis
control’ assessed in questionnaires and used in noninterven-
tional studies on allergic rhinitis patients (54, 56, 57, 98).
Below these, the ‘“ARCT’ has been evaluated in 902 allergic
patients and has revealed a correlation with the disease
burden of rhinitis as well as improvement under treatment
(57, 98). Further exploration is justified for future planned
trials.
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A major hurdle for the studies of AIT has been the vari-
ability of natural seasonal pollen exposure, low pollen counts
having a substantial impact on the ability to detect differ-
ences between active and placebo treatments (51). In this
context, it is reasonable to revisit/explore alternative solu-
tions. The EMA guideline underlines that ‘provocation tests
(e.g. conjunctival, nasal or bronchial provocation or allergen
exposure in allergen challenge chambers) and/or clinical end-
points may be used as primary endpoints’ in early-stage,
proof-of-concept and dose-ranging (phase II) trials (6).

At present, it would appear that if problems of standardi-
zation and reproducibility can be demonstrated for challenge
methods such as ST, NPT and CPT, then clinical trials are
justified for proof-of-concept and dose-ranging studies. The
ECC might be a reasonable adjunct to natural pollen expo-
sure for phase II/III trials, whereas provocation testing (par-
ticularly NPT and CPT) retains a place for proof-of-concept
studies, concepts for understanding the immunological mech-
anisms and for AIT dose-ranging studies (6).

Conclusion

At present, a validated and generally accepted method for
combining symptom and medication scores (as primary end-
points) as well as for defining and standardizing secondary
endpoints is still lacking. Furthermore, there is no strict con-
sensus/direction from academia or regulatory authorities for
clinical AIT trials. As a consequence, a large number of
different methodologies for analysing clinical results of AIT
trials have been described.

Therefore, this PP on clinical outcomes in AIT trials, as
proposed by the EAACI Immunotherapy Interest Group,
has reviewed all of the relevant current clinical measures of
efficacy (clinical outcomes) used in clinical AIT trials of
ARC patients with/without asthma. These measures have
been reviewed in the light of their potential advantages as
well as their respective drawbacks. Furthermore, unmet
needs and specific recommendations on all nine domains
have been addressed. This EAACI PP recommends the
CSMS as the primary endpoint for future clinical trials in
AIT for allergic rhinoconjunctivitis.
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