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ABSTRACT
The concept of treatment of an allergy with the offending allergen was introduced more than a
century ago. Allergen immunotherapy (AIT) is the only disease modifying treatment of allergic
diseases caused by inhalational allergens and insect venoms. Despite this, only few AIT products
have reached licensure in the US or an official marketing authorization status in European coun-
tries. Moreover, most of these AIT products are provided on an individual patient basis as named
patient products (NPP) in Europe, while individualized preparations of (mixed) allergenic extract
vials for subcutaneous administration (compounding) is common practice in the US. AIT products
are generally considered safe and well tolerated, but the major practical clinical development
challenge is to define the optimal dose and prove the efficacy and safety of these products using
state-of-the art Phase II and pivotal Phase III studies. In planning Phase II-III AIT studies, a thorough
understanding of the study challenges is essential (e.g. variability and non-validated status of
subjective primary endpoints, limitations of pollen season definitions) and dogmas of these
products (e.g., for sublingual immunotherapy (SLIT) trials double-blinding conditions cannot be
maintained, resulting in stronger placebo responses in the active treatment group and inflated
treatment effects in Phase III). There is future promise for more objective biomarker endpoints (e.g.
basophil activation (CD63 and CD203c), subsets of regulatory dendritic, T and B cells, IL-10–
producing group 2 innate lymphoid cells; alone or in combination) to overcome several of these
dogmas and challenges; innovation in AIT clinical trials can only progress with integral biomarker
research to complement the traditional endpoints in Phase II-III clinical development. The aim of
this paper is to provide an overview of these dogmas, challenges and recommendations based on
published data, to facilitate the design of Phase III studies and improve the evidence basis of safe
and effective AIT products.
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INTRODUCTION

Allergen immunotherapy (AIT) (or hyposensitiza-
tion) was first described by Dunbar 1903 as a “pas-
sive vaccination”.1 However, it is commonly
attributed to Noon and Freeman who transferred
the concept to an active vaccination back in 1911:
the practice of administration of increasing
amounts of an allergen extract to a sensitized
subject to subsequently reduce the symptoms
induced by natural exposure to the causative
allergen without eliciting anaphylactic reactions to
increasing doses.2 This concept of desensitization
has been widely used for the past century;
immunotherapy is considered as the only
immunomodulating treatment for immunoglobulin
E (IgE) mediated allergic disorders induced by
allergens.

The regulatory history of AIT products is much
shorter. For several decades, AIT products were
not recognized as medicinal products that should
be subject to any standard legislation. Many AIT
products were marketed as Named Patient Prod-
ucts (NPPs) in various European countries and
individually produced for every single patient.
These NPPs often consist of mixes of various al-
lergens, sometimes with little rationale on combi-
nation effects of allergens from different species
and different source materials, which is nowadays
only applicable for rare allergens. The first AIT
marketing authorization applications (MAA) in Eu-
ropean and other countries (eg, Canada) were
granted for more common allergens in the early
1970s based on limited clinical trial data, and
these products are currently still available as mar-
keted products. Over the last two decades, the
international regulatory framework for AIT has un-
dergone multiple changes. In 1996 a European
Medicine Agency (EMA) “Note for guidance on
allergen products” was released (CPMB/BWP/243/
96) followed in 2001 by a Directive lifting therapy
and diagnostic allergens to medicinal products
(2001/83). In 2008, the Paul-Ehrlich-Institute (PEI)
was the first regulatory agency to release legisla-
tion to require marketing authorization (MA) dos-
siers for more common AIT products provided as
NPPs in Germany. In 2009, EMA introduced the
guideline on the clinical development of products
for specific immunotherapy for the treatment of
allergic diseases.3 Since the introduction of the
Therapy Allergen Ordinance (TAO) in Germany,
over 6400 NPPs have been removed from the
German market and of the TAO applications
submitted in 2010, only 65 (50%) were still active
in 20194 Furthermore, other European regulators
are introducing similar initiatives (eg, AIFA in
Italy) and recently the new Pan-European initia-
tive (CMDh/399/2019) has been introduced to
further reduce the use of NPPs at the European
level. The US Federal Drug Administration (FDA)
has released various non-binding guidance docu-
ments describing FDA’s current thinking on various
regulatory topics related to development of AIT
products. In practice, FDA reviewers closely
collaborate with Investigational New Drug (IND)
sponsors using various well-defined meetings (eg,
Pre-IND meeting, end-of-Phase II meeting) to
agree on the safety and efficacy requirements of
the AIT product, and to ensure quality of the
manufacturing process.

While for FDA a Paediatric Study Plan needs to
be submitted within 60 days of the End-of-Phase II
meeting, a one-year paediatric study to be con-
ducted after Biologics License Application is
generally sufficient, the EMA have raised the pae-
diatric regulatory hurdle for paediatric develop-
ment of AIT products. The EMA paediatric
committee (PDCO) requires a long-term paediatric
and adult Phase III study (3 years on double-blind,
placebo-controlled therapy and 2 years follow-up)
for the first AIT product completing a short-term
pivotal Phase III study in adults. Moreover, EMA
has introduced a paediatric compliance check to
require the long-term paediatric study of the
selected product to be started before the first MAA
for short term treatment in adults can be evaluated,
which also requires the parallel start of a long-term
study in adults of the selected product.5 This highly
increased paediatric regulatory burden for AIT
products imposed by EMA will affect the AIT
market and treatment options available in the
future for patients with allergic rhinitis/
conjunctivitis, and could create a long-term
shortage of availability of some of the best-
characterized products in the European Union.

This Position Paper aims to discuss the major
challenges for Phase III clinical development of
aeroallergen AIT products and to provide recom-
mendations to guide a successful MA of such AIT
products, in consideration of these regulatory
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guidelines. The challenges of pivotal Phase III AIT
studies can be summarized as follows:

(i) Imperfect correlation between the Phase II
surrogate endpoint results (ie, provocation test
and exposure chamber endpoints) to the field
study endpoint in Phase III

(ii) Definition, non-validation status, and substan-
tial variability of the European Academy of
Allergy and Clinical Immunology (EAACI) rec-
ommended primary endpoint for pivotal Phase
III studies: The combined symptom and medi-
cation score (CSMS)

(iii) Placebo effects, blinding conditions in AIT and
their influence on Phase III study outcomes

(iv) Placebo composition: active or inactive in-
gredients, which can potentially bias AIT
treatment effects in Phase III

(v) Variability in allergen exposure and relation to
symptom and medication scores and treat-
ment effects

(vi) Patient selection and heterogeneity

We aim to discuss the challenges of evaluating
AIT products in studies that conform to dogmas of
clinical trial design and provide recommendations
for designing Phase 3 studies that are needed to
support the development of AIT products that are
safe and effective.
CHALLENGES

Imperfect correlation between the phase II
surrogate endpoint results to the field study
endpoint in phase III

The aim of Phase II AIT studies is to evaluate a
dose-response relationship and to determine the
optimal efficacious and safe dose to be used for
Phase III. According to the EMA guidance, not only
field studies can be used to establish a dose
response in Phase II, but also surrogate efficacy
endpoints such as provocation tests (eg, conjunc-
tival, nasal, or bronchial provocation or allergen
exposure in environmental exposure chambers
[EEC]) may be used as primary end-points in Phase
II.3 Of the proposed surrogate outcomes, the use
of an EEC for Phase II studies has been most
strongly encouraged by regulators, being
considered as a potential alternative to field
outcomes. However, several studies have shown
that EEC and provocation studies have
repeatedly over-estimated effect sizes observed
in Phase III (Table 1).

Ideally, the dose-response in Phase II studies
should be designed to show a dose-response
plateau in the primary efficacy parameter, and
the optimal dose is generally selected as the
lowest dose reaching the plateau, assuming justi-
fiable adverse effects with optimal risk-benefit-
ratio. However, it is noteworthy that, except one
of the birch Phase II studies,13 most of the
successful Phase II studies listed in Table 1 failed
to demonstrate a clear plateau in a dose-efficacy
relationship. This indicates that the doses of
several products which are in Phase III develop-
ment and/or have reached MA status may not be
fully optimized. Interestingly, these Phase II studies
show a general trend towards several-fold higher
optimal doses to be evaluated in Phase III than the
doses used as NPP, although evidence of efficacy
exists for NPP dose levels in some cases.18

Furthermore, remarkably, none of the recent
subcutaneous immunotherapy (SCIT) products has
a successful Phase III study reported so far, while
several sublingual immunotherapy (SLIT) studies
showed success in Phase III. This contrasts the
historical results of well-powered, double-blind,
randomized controlled trials versus placebo where
SCIT is considered to show a more beneficial effi-
cacy pattern than SLIT. This is evidenced by a
Cochrane review from randomized, blind head-to-
head comparisons, where SLIT products consis-
tently showed less pronounced point estimates on
both symptom and medication scores than sub-
cutaneous products.19 More recent pivotal Phase
III field studies usually require large sample sizes
to demonstrate relatively small Phase III treatment
effects of AIT. The recent largest SLIT Phase III
study has enrolled 1607 patients (NCT02443805)
to demonstrate only a 16.9% efficacy benefit of a
mite tablet in Phase III.20
Poor definition, non-validation status, and
substantial variability of the primary end-point
measure

Themost frequently used scoring systems are the
CSMS24 and total combined score (TCS).25 Both



Route/Ref. Allergen
source

Allergen
preparation Model Phase II result(s)

End-point/main result
Phase III End-point/

main results

SCIT6,7 Grass pollen Peptide CPT 25.6% improved
thresholds by at least
one concentration step
compared to placebo
(p ¼ 0.023)

CSMS -15.5%
(P ¼ 0.041)

SCIT8,9 Cat Peptide Exposure
chamber

28.3% improvement
from placebo (p ¼ 0.01)

Combined Score
�1.3% (P ¼ 0.439)

SCIT10,11

HDM
Peptide CPT Highest effect size

�36.7% (p ¼ 0.026)
Combined Score
�4.2% (P ¼ 0.26)

SCIT12

HDM
Allergoid NPT Highest effect size

�48.1% (p < 0.0001)
CSMS -9.2%
EudraCT2016-
000051-27

SCIT13 Birch pollen Allergoid with
adjuvants MCT
and MPL

CPT Highest dose �
32.3% (p < 0.001)

Phase III study
completed in 2018 –
PEI agreement that
primary end-point was
invalidated due to
technical issues
making it impossible
to reconstruct primary
end-point data

SLITa,14,15 Birch pollen Drops
(non-modified)

NPT Highest effect size
�58.4% (p < 0.0001)

CSMS, - 32%
(p < 0.0001)

SLITa,16,17

HDM
Tablet Exposure

chamber
Highest effect size
�48.6% (p < 0.001)

Total combined
rhinitis score �18%
(p ¼ 0.01)

Table 1. Overview of the most recent products for which Phase II have been performed with EEC and provocation tests and the pivotal
Phase III study has been completed. Product has received marketing authorization status and/or US licensure; CPT ¼ conjunctival provocation test; CSMS
¼ combined symptom and medication score; HDM ¼ house dust mite; NPT ¼ nasal provocation test; PEI¼ Paul Ehrlich Institute; Ref. ¼ Reference; SCIT ¼
subcutaneous immunotherapy; SLIT ¼ sublingual immunotherapy
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scores are very similar in composition, with the
difference mainly in the calculation of the
medication score (Table 2). Several other variants
of combinations of symptoms scores and
medication scores have been used and some have
been published.26 The EMA and Food and Drug
Administration (FDA) guidelines on the clinical
development of allergic rhinitis and the World
Allergy Organization (WAO) recommend a scoring
combination of allergic symptoms and relief
medications for pivotal Phase III studies.21–
23 There are however, some clear disadvantages of
using combinations of symptom scores and
medication scores as a primary end-point in Phase
III AIT studies. Firstly, from a statistical perspective,
there are flaws in the methodology of composing
these composite end-points, as it is highly
questionable that equally weighing and combining
symptom and medication scores provides the
optimal endpoint choice. Ideally, symptom and
medication questionnaires are first optimized and
linguistically and psychometrically validated fol-
lowed by optimization of weighing factors of indi-
vidual symptom and medication scores using
statistical simulation techniques and receiver oper-
ating characteristic (ROC) curves which are subse-
quently validated using available Phase III datasets.
Moreover, the routinely used primary endpoints
CSMS and TCS are also less sensitive in statistical
testing due to the ordinal nature of the score.27 An
extensive PubMed database search highlighted
the limited validation of a symptom score without
any study validating a medication score, which
tend to be arbitrary insofar as the derivation of the
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A) Symptom Score: CSMS þ TCS

Conjunctival Symptoms Grittya feeling/itchy/red eyes

Watery eyes

Nasal Symptoms Blocked nose

Runny nose

Itchy nose

Sneezing

Each of the 6 symptoms will be scored using a 4-point severity scale
0 ¼ No symptoms
1 ¼ Mild symptoms (sign/symptom clearly present, but minimal awareness; easily tolerated)
2 ¼ Moderate symptoms (definite awareness of sign/symptom that is bothersome but tolerable)
3 ¼ Severe symptoms (sign/symptom that is hard to tolerate; causes interference with activities of daily
living and/or sleeping).

B) Medication Score: Combined Symptom Medication Score (CSMS)

Step Relief medication Score

No relief medications used 0

1 Oral antihistamine/Ocular antihistamine 1

2 Intranasal corticosteroid with Step 1 medication(s) 2

3 Oral corticosteroids with Step 1 and Step 2 medications 3

Maximum daily Medication Score (dMS) 3

C) Medication Score: Total Combined Score (TCS)

Relief medication Score

No relief medications used 0

Oral antihistamine Each tablet taken corresponds to a
score of 6 with a maximum daily score
of 6

Ocular antihistamine Each drop corresponds to a score of 1.5
per eye with a maximum daily score of 6

Intranasal corticosteroid Each spray corresponds to a score of 2
with a maximum daily score of 8

Maximum daily Medication Score (dMS) 20

Table 2. Composition of the most frequently used primary end-point scores for AIT Phase III studies: CSMS and TCS. aGritty feeling is only
applicable for the definition of TCS. CSMS ¼ combined symptom medication score; TCS ¼ total combined score
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scores attributed to specific reliever medication
use.28 In addition, no minimal clinical important
difference (MCID) has been established for any of
the CSMSs. The WAO recommendation of a MCID
of 20% has generally not been accepted by
regulators.23 In previous studies, sample size
calculations have been based on a MCID of 23% in
grass allergy with limited rationale.29–31

An attempt to validate the CSMS was under-
taken using an anchor-based method in birch
pollen allergy.15 This analysis showed a strong
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positive correlation between the post-intervention
RQLQ-S scores and CSMS during the birch pol-
len season (r ¼ 0.68 and p < 0.0001).33 It was
calculated that a clinically relevant increase of 0.5
points improvement in RQLQ-S corresponds to a
CSMS improvement of 21% (95% CI: 19–23%). A
study to validate the CSMS (NCT03850626) has
recently been completed, using established
questionnaires as tools (RQLQ-S, Asthma Quality
of Life Questionnaire, Asthma Control Test, Rhinitis
Control Assessment Test and the Visual Analogue
Scale). Nevertheless, it is unclear if such a non-
interventional study with a limited sample size
(n ¼ 200) selecting a combination of grass, tree
and mite allergic patients will indeed be able to
support its objective.

An additional complication for the planning of
pivotal Phase III studies in allergy is that the defi-
nition of a positive outcome of a Phase III AIT study
is different between regulators. For example, the
German Paul Erlich Institute (PEI) requires a suc-
cessful outcome be defined in terms of superiority
over placebo using a justified MCID of the primary
end-point score defined based on absolute dif-
ferences. In contrast, the FDA applies a criterion
which is based on percentage difference and
success defined using a non-inferiority margin with
success defined as achieving an upper limit of the
95% confidence interval below �10%.34 These
FDA efficacy requirements are more stringent for
AIT than for small molecule agents, which
historically have been licensed using statistical
significant differences relative to placebo. It
should be noted that these differences can be
overcome with selecting the highest sample size
when applying both criteria which generally
results in large Phase III studies to cover both
continents. However, these differences in
regulatory perspectives on the definition of
success and MCID complicates the global
conduct of pivotal Phase III studies for AIT
products conducted simultaneously in Europe
and United States.

Placebo effects, blinding conditions in AIT and
their influence on phase III study outcomes

The placebo effect is complex and is a mixture
of many contributing effects, all of which produce
improvements in perceived treatment response
through mind-brain influences. Contributors to
placebo effect include psychosocial factors, pa-
tients expecting to get better when participating in
a clinical trial, rituals of care, active engagement in
treatment, and the process of taking study
medication.35 Moreover, the placebo effect may
reflect natural disease course or variability in
symptoms, regression to the mean, response bias
when reporting subjective symptoms and effects
of other concurrent treatments. Placebo effects
apply to both the placebo and active groups, as
the psychologic effect of active patient
engagement with the additional attention to
patients during regular visits to allergy specialists
induces patient improvements independent of
the assigned randomized treatment. As long as
these placebo effects are independent of the
assigned treatment and the therapeutic effect
window is large enough, it may be postulated
that the comparison between treatments (ie,
treatment difference) is not affected by placebo
effects. However, the more realistic scenario is
that drug-specific effects (eg, from the use of re-
lief/standard of care medications) may interact
with the placebo effects to result in a different
placebo effect for the active group compared to
the placebo group, generally causing a disadvan-
tage for the active treatment under investigation.36

Recently, an EAACI position paper was pub-
lished to provide a better understanding of the
placebo effect in AIT.37 However, several
important areas concerning the use of placebo in
current state-of-the-art AIT studies were not dis-
cussed. This EAACI task force group stated that
“For SLIT studies, it is accepted that (i) an inert
placebo substance cannot adequately mimic the
local adverse events induced by an allergen in a
substantial proportion of patients, and (ii) ethical
considerations prevent the inclusion of histamine in
an ‘active placebo’”. The important acknowledg-
ment here is that blinding for SLIT trials cannot be
claimed. As recently highlighted by almost the
same group of authors, in SLIT trials, placebos with
local effects are not available, which makes com-
plete blinding not possible.38 In SLIT studies the
majority of patients on active treatment
experiencing local adverse events in the mouth
and throat areas related to the sublingual
administration of these products, with oral
pruritus, throat irritation, and mouth oedema
being most common (Table 3). Experiencing
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Allergen source Allergen
preparation Type of AEs Active (%) Placebo (%) Reference

Birch pollen Drops Local 59 21 15

Grass pollen Tablet Related 71 (year 1) 25 (year 1) 40

59 (year 2) 18 (year 2)

45 (year 3) 3 (year 3)

Grass pollen Tablet Related 59 24 35

Grass pollen Tablet Related 73 28 41

Grass pollen Tablet Related 70 25 38

HDM Tablet Related 61 16 17

HDM Tablet Related 51 15 42

Birch Tablet Related 74 23 24

Ragweed Tablet Related up to 69 29 43

Table 3. Differences between SLIT and placebo in incidences of treatment related adverse events based on pivotal Phase III studies in
approved products. AEs ¼ adverse events; HDM ¼ house dust mite
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local reactions directly after sublingual
administration of verum tablets or drops/puffs
causes substantial placebo effects because the
mouth area is one of the body’s most sensitive
parts. Based on the Phase III study results of
registered SLIT studies, up to 74% of patients
experience mostly local reactions, with incidences
3–4 times higher than those on placebo during
the first year of treatment (Table 3). Importantly,
the placebo effect is reinforced in the active
treatment arm by the daily sublingual intake of
these products causing repeated local reactions
in the mouth area, providing repeated
reassurance to patients that they received the
active treatment enhancing their feeling of
improvement increasing the placebo effect in the
active treatment arm. Consequently, an educated
guess of the treatment assignment is relatively
easy for both patients and investigators.
Therefore, SLIT studies are de facto not blinded
due to the local reactivity of these products, as
supported by literature.39 Under such SLIT
unblinded conditions, it can be postulated that
the placebo effect is more positively affecting the
active treatment group than the placebo
treatment group. Therefore, it can be assumed
that in SLIT Phase III studies the improvements on
primary and secondary endpoints of the active
treatment versus placebo are over-estimated,
caused by the enhanced placebo effect in the
active group only. Stated differently, as blinding
conditions of SLIT Phase III trials cannot be main-
tained, especially subjectively measured primary
and secondary efficacy results are positively biased
towards a more significant improvement
compared to placebo. In contrast, for SCIT trials,
blinding conditions are much better maintained,
local reactivity is experienced in a less sensitive
area (arm/shoulder) and mostly induced by a
physical injection with a lower dosing frequency
(generally 1–4 weeks apart). This difference in
placebo response between SLIT and SCIT may
have contributed to the more recent higher suc-
cess rate for SLIT compared to SCIT Phase III
studies. Literature evidence indeed underlines that
SCIT studies are more severely impacted by pla-
cebo response.17,43,44 Clearly, the positively
skewed efficacy results reported by SLIT trials
complicates (and possibly invalidates) a direct
comparison of treatment effects between Phase
III SLIT and SCIT trials.

The recent cat allergy pivotal Phase III SCIT
failure, with placebo effects reaching up to 60%,
highlighted the importance of the quantification of
the placebo response.9 Unfortunately, no baseline
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season was introduced in any of the recent pollen
allergy pivotal Phase III SCIT and SLIT studies and
as a consequence, the placebo response on the
primary efficacy measure cannot be calculated.
However, for field studies evaluating AIT for
perennial allergies (eg, HDM, cat) during one
year, a baseline period can be established by the
evaluation of the extent of symptoms and relief
medication use during a short period before
treatment commences.
Placebo composition: active or inactive

From a regulatory perspective, the placebo
should be a “treatment that appears as identical as
possible to the test treatment”.45 While this is less
challenging for SLIT products from the
manufacturing point of view, this is more
challenging for SCIT trials due to the injection of
a fluid composed of (modified) allergens and
adjuvants. As a consequence, the vast majority of
modern double-blind placebo-controlled (DBPC)
SCIT trials use adjuvants without allergen in the
placebo formulation such as aluminium or Micro-
Crystalline Tyrosine (MCT). The authors of the
recently published EAACI position paper focus on
the use of histamine as a placebo within SCIT trials,
although only very sporadically applied in
SCIT.37,42 This is an important consideration as
using adjuvants as placebo introduces the
concept of “active placebo” versus “inactive
placebo” and potential consequences on study
outcome. This thought needs to be expanded to
“pharmacologically active” versus
“immunologically active” placebos and the latter
even more to “Th1 polarizing immunologically
active” versus “Th2 polarizing immunologically
active” placebos. Adjuvants, unlike histamine,
activate immunological pathways and aluminium
is known to drive a Th2 response whereas other
adjuvants like MCT or CaPhos polarize towards a
Th1 response. In the context of AIT, this is
relevant because AIT induces a shift towards Th1.
Hence, using a Th2 polarizing adjuvant like
aluminium in SCIT placebo formulations may
positively bias the difference between verum and
active placebo whereas using a Th1 polarizing
active placebo may induce treatment effects in
the same direction as the verum does. This may
skew the overall treatment effect to be less
pronounced than the true treatment effect (ie,.
when using inactive placebo). Moreover,
adjuvants do create the likelihood of
inflammatory responses at the placebo injection
sites, which subjects may perceive as being
indicative of receiving the active product and
therefore heighten placebo effects in
immunoadjuvant placebo groups. A study to
evaluate this hypothesis is currently completed
[EUdraCT 2020-000408-13].

Furthermore, potential safety consequences for
the use of active placebo must be considered,
especially for SCIT products applying placebo
containing metal salts, which accumulate in the
body, including the brain, to potentially unac-
ceptable levels in young children.46,47
Variability in allergen exposure relates to
treatment effects and symptom and medication
scores

Results of pivotal Phase III seasonal AIT studies
in general are considered to strongly depend on
the pollen exposure of the particular season the
study is conducted. Previously, negative or incon-
clusive seasonal AIT studies have been attributed
to low pollen seasons.39,48 An important success
factor for Phase III AIT studies is the accurate
planning and site selection based on historic
pollen exposures. A post-hoc analysis elegantly
showed that for grass SLIT, the treatment effect
depends on the extent of grass pollen
exposure.49 However, this remains an area of
further research as this analysis was based on
one SLIT grass program only and it is currently
unclear whether the results of this post-hoc anal-
ysis can be extrapolated to other products and/or
other seasonal allergies.

Recently, an EAACI expert consensus on defi-
nitions of pollen season and peak pollen season
for clinical trials of allergen immunotherapy for
pollen-induced rhinoconjunctivitis suggest a more
unified approach to define end-points in pivotal
Phase III studies.50 A retrospective evaluation of
crowd-sourced symptom data collected in
various European countries during 2014–2016
provided initial validation support for the suitability
of these definitions for birch and grass pollen
allergy.51 However, from this latter publication, it
was also clear that the correlation between the
pollen exposure and field end-point showed a
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large amount of variability between countries, with
even negative correlations for birch in 2015 and
correlations <0.10 for grass in 2016 for single
European countries. To further evaluate the corre-
lation between the CSMS and the pollen concen-
trations, the same pollen database was evaluated
during an extended period of 2009–2016 using
similar methods.51 These results confirm a low but
statistically significant correlation between grass
and birch pollen concentrations and the CSMS
(Fig. 1). Importantly, these findings suggest that
the optimal window to observe treatment effects
after immunotherapy may be a relatively short
interval after start of the pollen season and
during the peak pollen season.
Fig. 1 Correlation between CSMS and grass pollen (A),
respectively birch pollen (B) concentrations during the pollen
season. (A) During the first approximately 2 months of the start of
the grass pollen season a low but statistically significant correlation
was observed between the CSMS and the grass pollen counts. (B)
During the first approximately 3 weeks of the start of the birch
pollen season a low but statistically significant correlation was
observed between the CSMS and the birch pollen counts. (Data
originally presented as poster during the EAACI Congress 2018)
Reasons for these low correlations between
pollen concentrations and symptom and medica-
tion load of patients are multi-fold. Notably, the
pollen measurements produced are generally
measured at substantial heights. Although for
some plants more than for others (e.g. grasses) it
was verified that symptom data correlate more
with rooftop pollen concentrations than with
ground pollen concentrations,52 it remains
questionable if these are representative for the
pollen micro-climates of the individual subjects
assigned to the same pollen station in the clinical
trial (eg, office worker versus gardener). To
address this, there are various initiatives to
develop individual pollen samplers,52 and
although this new methodology may offer
opportunities for future clinical trials, none are
currently validated. Another important reason for
these low correlations is that ultimately pollen
counting is a crude assessment of actual
allergenic protein exposure as pollen fragments
are not included in these definitions. It has been
demonstrated that pollen concentrations do not
always correlate to major allergen content,
caused by substantially different amounts of
allergens released by the same amount of
pollen.53

Furthermore, various environmental factors
impact the allergen content of pollens and it has
also been shown that ozone independently ag-
gravates pollen-induced symptoms.54 A study to
prospectively evaluate the effect of environmental
factors including ozone on the primary CSMS is
currently ongoing [EUdraCT 2020-000408-13].

Considering the above, the value of absolute
pollen concentrations to define the start and the
end of the peak or entire pollen season on an in-
dividual patient level is debatable. Despite this,
Phase III AIT trials heavily rely on pollen concen-
tration data, and the definition of the peak and the
entire pollen season has a direct influence on the
primary outcome of these trials.

For successful site selection in Phase III, it is
important to produce accurate pollen mapping of
the site locations to be included in the study to
ensure these sites have sufficient pollen exposure.
This requires the availability of historic pollen data
over multiple years and use of experienced pollen
stations, and preferably organized pollen networks
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applying qualification procedures of pollen sta-
tions and/or centralized readings.55 An additional
risk to Phase III trials is that during seasons with
less pronounced pollen counts, no peak season
can be defined based on the EAACI definition,
which would exclude a possibly large number of
patients from the primary analysis thereby,
substantially reducing the power of the study,
especially if the peak season is defined as the
primary end-point period.

Another important factor for multi-country AIT
studies is the selection of the pollen sampler to be
used in AIT studies. While in Europe the Burkard
pollen sampler is the standard, the most
commonly used pollen sampler in the United
States is the Rotorod sampler. The Rotorod sam-
ples are less suitable for AIT studies as Rotorods
do not allow storage of pollen measurements for
quality assurance purposes, generally weekend
evaluation is not guaranteed due to staff avail-
ability, nor can central reading be organized.
Currently, there is a new initiative ongoing to
establish a Burkard sampler network in the United
States, which would allow globally standardized
pollen platform and procedures to conduct Phase
III AIT studies simultaneously in Europe and the
United States.56

For Phase III AIT perennial allergen studies, the
assessment of allergen exposure is even more
challenging than for seasonal allergens. For HDM
allergy, the seasonality is difficult to consider and
peak exposure strongly depends on the region or
country. The collection of house dust samples at
home with central measurement is possible, but
logistically difficult and costly. These challenges for
AIT studies with perennial allergens may have
contributed to the limited treatment effects of 16–
18% observed in HDM SLIT studies as well as the
effect size of only 9.2% reported for a recent
pivotal Phase III HDM SCIT study (EudraCT2016-
000051-27) as well as the recent Phase III failures
of the HDM and cat peptides9,11,13,17,20
Patient selection and heterogeneity

In AIT studies, the selection criteria for patients
participating in AIT Phase III studies are reasonably
standardized. Patient selection based on a positive
clinical history of moderate to severe symptoms is
of vital importance for the success for AIT Phase III
studies.57 In addition to clinical history, non-
allergic rhinitis triggers need to be excluded by a
positive skin prick test (SPT) and IgE class �2
(ImmunoCAP). Despite applying these standard-
ized criteria, there remains to be a high degree of
heterogeneity in study populations. In a recent
successful SLIT ragweed paediatric study, subjects
with massive levels of allergen specific IgE (>10
kU) were included to enrich the study population
and enhance the clinical response. However, such
high levels of allergen specific IgE are not typical in
sensitized populations and the treatment effects
achieved are probably not representative for the
general ragweed allergic population.58 Recently
the use of patient enrichment strategies has been
promoted using an objective, standardized nasal
or conjunctival provocation or EEC prior to
inclusion of subjects with relevant diseases in AIT
trials.24 A recent post-hoc analysis demonstrated
that restricting the patient population to those with
a positive CPT result at baseline greatly improved
the treatment effect in grass allergy.7 Such patient
enrichment strategies have recently also been
employed in a HDM pivotal Phase III study,
where AIT patients were selected based on a
CSMS >1.5 and a positive NPT result at baseline,
in addition to the standard selection criteria
(EudraCT2016-000051-27). However, this study
has failed and ironically it was claimed that only
approximately 30% of the selected population
had moderate to severe symptoms of HDM
allergy based on post-hoc analyses, despite
employing these additional subject enrichment
criteria. Alternatively, EECs could be considered to
enhance patient selection, but in a multi-country
Phase III study this may be challenging.24 Lastly,
restrictions on the inclusion of polysensitized
participants could be effective in reducing
variability and exclusion of patients with
moderate to severe clinical manifestation of
symptoms caused by multiple other allergen
exposures which could impact the primary end-
point results due to overlapping evaluation pe-
riods should be considered. This was convincingly
shown by a recent long-term (5-year) study of the
depigmented and glutaraldehyde polymerized
allergenic birch extract (EUdraCT 2012-000414-
11259). In this study, only for the sub-group of
mono-sensitized subjects (40% of the total study
population), a statistically significant difference on
a primary CSMS from placebo could be
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demonstrated after 2 and 3 years of treatment (ie,
not after 1 year of treatment and treatment-free
follow-up years 4 and 5). As no statistically signifi-
cant different treatment effects were shown for the
co-sensitized group, the independent Data Moni-
toring Committee recommended to withdraw all
of the co-sensitized patients from the study and
continuing the treatment-free period only with
patients mono-sensitized to birch.

The promise of biomarkers in AIT

The authors believe that there is a strong future
role for predictive AIT biomarker footprints to be
used as primary end-points and or key secondary
end-points in Phase II, possibly also in pivotal
Phase III studies. A recent EAACI position paper
recommends allergen-specific IgG4 as a biomarker
for compliance, while the ratio of specific IgE and
total IgE and IgE-facilitated allergen binding (IgE-
FAB) could be considered as potential surrogate
candidates for efficacy.59 In recent years novel
biomarkers are being used as a predictive tool
for AIT efficacy, including IgG, IgG4 and IgA in
the local target organ (ie, nasal fluid) and cellular
biomarkers.60

In addition, various studies have focused on
exploring the use of cellular biomarkers. These
include 1) basophil activation and histamine
release, 2) interleukin 10 (IL-10)-producing innate
lymphoid cells (ILC10), 3) regulatory dendritic cells
(DCreg), 4) type 2 helper T (Th2), Th2A and T
follicular helper (Tfh) cells, and 5) regulatory T and
B cells (Tregs and Bregs).59,61,62 Tolerance
induction is a hallmark of an effective AIT, and
this is characterized by upregulation of Treg and
Breg cells. Following AIT treatment, both natural
FOXP3þ Tregs and inducible Tregs (IL-10þ, TGF-
bþ or IL-35þ) are induced and associated with
suppression of Th2 cells.63,64 SCIT to grass
pollen has been associated with a decrease in
CD4þ T cells and Th2 cytokine level in nasal fluid
following nasal allergen challenge.65 Moreover,
allergen-specific Th2 and Th2A cells were found
elevated in patients with alder pollen allergy,
which is decreased following SCIT therapy. Both
SCIT and SLIT could result in the reduction of pe-
ripheral Th2 cells, which was associated with clin-
ical symptoms.66 Tfh cells are a more novel subset
of cells, which have been reported to be similarly
affected following AIT.67
More recently, the role of IL-10-producing Bregs
has been described as one of the mechanisms of
tolerance induction following AIT. A study has
shown that house dust mite AIT resulted in
elevated frequencies of IgA- and IgG4-expressing
Der p 1-specific B cells, plasmablasts and IL-10þ

Breg cells,68 which significantly correlated with
improved clinical symptoms over the course of
AIT. Although AIT studies have shown conflicting
association with basophil activation, studies using
a promising validated assay to measure basophil
activation (CD63 and CD203c) and diamine
oxidase (DAO) measuring intracellular histamine
level showed persistent basophil suppression
following AIT.69

Furthermore, AIT has been associated with the
induction of cellular responses within ILC10,
DCregs, Tregs and Bregs. Studies on AIT for grass
pollen allergy have consistently shown a reduction
in the proportion of circulating
ILC2s,70 accompanied by the induction of ILC10
which are functional and correlated with clinical
symptoms.71

More biomarker research is needed to identify
and validate predictive biomarkers and biomarker
footprints in AIT. It is especially important to
correlate these biomarkers to clinical response as
part of this validation process. Unfortunately,
especially in Phase III, biomarker research is
hampered by the absence of an objective and
validated primary measure of efficacy for AIT to
validate a new biomarker against. Nevertheless, it
is essential to include informative biomarkers in
pivotal Phase III studies to establish their predictive
value of clinical response and use as efficacy
markers in AIT to ensure more efficient execution
of AIT clinical trials in the future.
RECOMMENDATIONS AND
CONCLUSIONS

Although a successful Phase II clinical study is
not a guarantee for success in Phase III, extensive
preparation and incorporation of lessons learned
from previous successful and unsuccessful pivotal
Phase III AIT studies can substantially increase the
chance of Phase III success. The recommendations
from this evaluation are:
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(i) In the case where Phase II studies were per-
formed using a validated provocation test, if
feasible, the same test should be included in
Phase III. The benefits are three-fold, as it could
serve as a justification to counteract the unpre-
dictability of seasonal field study results, it sup-
ports the validation of this provocation test for
future AIT studies, and it could also improve
patient selection for future Phase III studies.

(ii) To justify a MCID, the RQLQ-S offers promise
as it has been extensively validated in
comparing prior and post-intervention results
with a 0.5 point improvement being assessed as
clinically relevant.32 Hence, it is recommended
to incorporate validated quality of life
questionnaires (e.g. RQLQ-S) and an informed
selection of predictive molecular biomarkers in
pivotal Phase III studies. In addition, this would
strengthen the justification of the MCID for
future studies, and support the validation of the
CSMS applied as primary end-point in these
studies (and symptom score and medication
score separately).

(iii) Apply an informed approach to select the pri-
mary endpoint (eg, by including a field end-
point in the Phase II study or performing a pi-
lot study before the pivotal Phase III study),
justify the MCID in collaboration with regula-
tors and ensure adequate powering of the
study using the accepted regulatory criteria.

(iv) Implement a strategy to reduce the placebo
effects as much as possible. This includes
training of investigators and patients about
placebo effects, limiting the visits to essential
visits and strategies to enrich the study popu-
lation with treatment responders.

(v) Accurately plan site selection based on historic
pollen data in seasonal AIT studies. Strongly
consider measurement of air pollution, espe-
cially ozone concentrations and include (spot)
sampling for major allergen content as this
better guarantees the accurate assessment of
start and end of the (peak) pollen season, and
allows for correction of treatment effects using
statistical approaches. Consider the flexibility
of the adaptation of the EAACI criteria for sites
where peak seasons are not reached
and possibly a methodolgy for correcting
the EAACI criteria for the amount of
immunologically active allergenic protein in the
air. For AIT Phase III studies with perennial al-
lergens, it is mandatory to allow for a baseline
evaluation of the primary end-point and it is
strongly advised to consider assessment/gua-
rantees/risks of allergen exposure (eg, HDM
sampling or cat cafés).

(vi) Incorporate efficient patient selection strate-
gies, consider methods for patient enrichment
(eg, based on the outcome of provocation test
or exposure chamber results) to better ensure
the selection of an adequate population of
patients with moderate to severe allergy and
optimize the treatment effect estimate. Remain
persistent after a negative Phase III result as
even one of the first registered SLIT products
suffered from a negative pivotal Phase III
study.49

In conclusion, these authors strongly advocate
innovative well-designed AIT field studies to in-
crease the common understanding of the placebo
response, specifically in an AIT Phase III study
setting. Such results would provide further guid-
ance for improvements of Phase III clinical study
designs, important validation insights of pivotal
Phase III primary end-points and biomarker sig-
natures for various allergies, better blinding pro-
cedures and improved recommendations on the
use of inactive placebo groups in SCIT trials. The
latter is especially important to reduce potential
safety risks in vulnerable populations (eg, paedi-
atrics) associated with active placebo formulations
containing metal salts. Finally, the non-blinding
conditions of SLIT studies constitute a significant
concern, as the experience of local oral symptoms
of these products reveal the treatment assignment
and tends to amplify the placebo effect for the
active treatment only. This in turn could trigger a
positive bias to the outcomes of especially the
subjective primary and secondary outcomes of
pivotal Phase III studies, which downgrades the
level of clinical efficacy evidence of SLIT products
and warrants more attention from both allergy
practitioners and regulatory agencies.
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