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KEY POINTS

� Allergen immunotherapy (AIT) is a disease-modifying treatment of allergic patients.

� AIT trials do not use a uniformed primary outcome.

� There is a lack of consensus on how to properly evaluate AIT efficacy for all allergic
diseases.

� Total combined symptom score could be a standardized tool to evaluate the primary
outcome in AIT trials for allergic rhinitis.
INTRODUCTION

Allergen immunotherapy (AIT) is an effective treatment for both adults and children,
mainly prescribed for allergic rhinitis, allergic conjunctivitis, and allergic asthma.1

Although, on one hand, pharmacologic therapies are capable of providing temporary
symptoms relief, on the other hand, AIT is the only treatment that can actually modify
the atopic march and induce long-term disappearance of the allergic symptoms. For
allergic rhinitis, medications (relief therapies) include mast cell stabilizers, antihista-
mines, glucocorticoids, leukotriene receptor antagonists, and nasal decongestants.2,3
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Intranasal steroids are considered as the most effective treatment to control symp-
toms and are prescribed as a first-line therapy, very often in association with antihis-
tamines.2 Their effects quickly disappear when the treatment is stopped. AIT has,
therefore, to be considered as the only real possible disease-modifying treatment of
allergic patients.4

The two most commonly prescribed routes for aeroallergen AIT are subcutaneous
(subcutaneous allergen immunotherapy [SCIT]) and sublingual (sublingual allergen
immunotherapy [SLIT]).5 The type of prescribed route and the more interest of one
over the other is different worldwide, depending on different variables, such as the
availability of a regulatory-approved extract, geography, patient preferences, reim-
bursement policies, and cost both for the local health care system and for patients.5

Besides the primary indications mentioned, AIT may be effective in some patients
with atopic dermatitis, food allergy, and other allergic conditions6,7 (Table 1). Never-
theless, it has to be underlined that, as for food immunotherapy, many issues still
need to be clarified in terms of long-term tolerance after discontinuation.8,9

When evaluating the effectiveness of AIT, both statistically significant and clinically
relevant outcomes need to be taken into account.1 Therefore, both clinical trials and
daily effectiveness should be considered, even though it is difficult to separate them
in research articles. Several issues still need to be addressed in order to properly iden-
tify a specific tool capable of predicting the real efficacy of such a treatment. A clinical
trial outcome should be a measure allowing one to decide whether the null hypothesis
should be accepted or rejected.10 Classically, there is a differentiation between the
primary outcome, which usually includes the measurement of symptoms and the
use of rescue drugs, and the secondary outcomes, which may include the patients’
quality-of-life improvement, and several other markers that change from one study
to the other.3,11 Also, more cost-effectiveness studies are urgently needed.
PRIMARY OUTCOMES

The European Medicines Agency (EMA) guidance on statistical principles for clinical
trials defines the primary variable as the one “capable of providing the most clinically
relevant and convincing evidence directly related to the primary objective of the
trial.”10 In 2008, the EMA stated that, so far, no validated symptom and medication
scoring method for clinical trials could be clearly used in evaluating AIT effectiveness.3

Nevertheless, the agency pointed out a possible preferred primary outcome measure
for AIT clinical trials, the total combined score (TCS), which is the sum of the total
symptom score (TSS) and total medication score (TMS).3 The Allergy-Control-
SCORE has been actually validated to assess patients’ allergy disease severity by
recording both symptoms and the concomitant use of symptomatic treatments.12
Table 1
AIT indications and other possible uses

Primary Indications of AIT Other Possible Uses of AIT

Allergic rhinitis Atopic dermatitis

Allergic conjunctivitis Large local venom allergic reaction

Allergic asthma Food allergy

Hymenoptera venom allergy Oral allergy syndrome

— Latex allergy

— Allergic urticaria/angioedema
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Such a score considers the severity of the disease, and the need to consult for the
allergic condition and the validated Rhinoconjunctivitis Quality of Life Questionnaire13

and is a good method to evaluate respiratory allergy severity in clinical trials.12 How-
ever, very few trials have used this tool.
Regardless, it is important to combine the TSS and the TMS, because the severity of

the symptoms and the use of relief medications are 2 interdependent variables that
should both be considered when evaluating patients’ benefits from such treatment.1

The use of the TCS has to be considered as the best approach to evaluate the primary
outcome of AIT, being able to highlight both the largest effect size and the most effi-
cient (clinically relevant) treatment.14 Nevertheless, there is no agreed scoring system
for TCS yet.1

In general, to evaluate the TSS, several double-blind placebo-controlled trials have
used the patient self-rated Total Nasal Symptom Score (TNSS), assessed over the
whole pollen season (with variable definition of the season) or the peak of the pollen
season (with variable definition but around 2 weeks in general) for seasonal allergic
rhinitis (SAR) and over a 4- to 8-week period for persistent allergic rhinitis (PAR).15

The TNSS is generally based on 4 symptoms: sneezing, rhinorrhea, nasal congestion,
nasal pruritus.1 The other score that is usually assessed is the total ocular symptom
score (TOSS), which is based on the following symptoms: ocular pruritus and watery
eyes.1 Patients record a diary and score their symptoms usually daily, by using a
4-point rating scale ranging between 0 (no symptoms) and 3 (severe symptoms)
(Fig. 1).16

The symptomsmay be recorded in the evening in trials for SAR and in the morning in
PAR trials.3 A task force by the World Allergy Organization (WAO) has suggested
including in the symptoms score lower respiratory symptoms as well (chest tightness,
shortness of breath, cough, and wheezing).11

The EMA guidelines recommend that the “efficacy for the nasal and eye-symptoms
should be proven separately” and “the overall-effect should be balanced.”3 Neverthe-
less, clinical trials are different in considering what kind of TSS is used: They may vary
from simply TNSS including 4 nasal symptoms,17–21 4 nasal and 3 eye symptoms,21

4 nasal and 2 eye symptoms,20 4 nasal and one eye symptom,21–24or 3 nasal and
one eye symptom.25 Some other trials only consider the TOSS as a primary end
Fig. 1. Possible daily symptoms score sheets for patients in AIT trials.
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point.26,27 On the whole, there is a deep lack of homogeneity in the different AIT trials
because of what symptom they focus on.
One major issue is the recording of the allergen season. In AIT trials, allergen expo-

sure is typically assessed by pollen counts; but these may misrepresent exposure if
performed remotely from multiple study centers, because pollen counts vary widely
across centers and do not represent the real allergen exposure for individual patients.
Moreover, pollen counts may vary daily even during the season. A novel placebo
score-based method, which may better reflect the variations in pollen counts, was
proposed.28 Electronic-health (e-health) technologies may be used in the future to
include a clinical decision support system coupled to cell phones and visual analog
scales (VASs) comparing placebo and AIT-treated patients.29

SECONDARY OUTCOMES

Secondary outcome parameters may also be evaluated in AIT trials. These parameters
may include several different assessments, as summarized in Table 2.
Evaluations of AIT efficacy may, therefore, include different responder analyses.

Only a few studies have used the VAS to estimate the severity and/or control of symp-
toms.30–32 Quality of life has been assessed through a specific questionnaire in several
studies in adults23,24,33,34 and in children.17

COST-EFFECTIVENESS OF ALLERGEN IMMUNOTHERAPY

Allergic rhinitis and asthma are among the most common and costliest chronic
conditions worldwide.5 Data from the Medical Expenditure Panel Survey run in the
United States estimated the direct costs of allergic rhinitis to be $11.5 billion in
2005, with prescription medications (59%).35 When considering the cost associated
with over-the-counter (OTC) drugs, another $1.2 to $1.7 billion was to be added in a
2008 survey36; this cost is likely to increase in the future, when more medications will
become OTC. Moreover, these total costs do not consider lost work productivity due
to patients’ absence at work.5 As for asthma, the total direct and indirect medical
care cost in the United States was estimated at $56 billion in 2007.37 The financial
burden of allergic diseases to both society and patients is, therefore, considerable;
AIT seems to be associated with a significant cost savings (as high as 80%),7 even
though these results are based on SCIT studies only and there are only a limited
number of studies that have included cost comparisons between AIT and other treat-
ments.5 One systematic review highlighted that both SCIT and SLIT are cost-effective
compared with other therapies, but this outcome is proven only 6 years after AIT is
started.38,39
Table 2
Possible way to assess secondary outcomes in AIT trials

Rhinoconjunctivitis
quality of life

Well and hell days Allergen challenge chambers

Allergen-specific
immunoglobulin
G antibodies

Inflammatory parameters Score in individual symptoms

VASs Nasal provocation tests Skin reactivity

Conjunctival provocation
tests

Bronchial provocation tests Functional measures

Generic questionnaires Disease-specific questionnaires Others
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Once again, there is no homogeneity in the way the economic outcomes are
expressed and/or measured.5 However, a health technology assessment study
funded by the UK National Institute for Health Research Health Technology Assess-
ment program concluded:

A benefit from both SCIT and SLIT compared with placebo has been consistently
demonstrated, but the extent of this effectiveness in terms of clinical benefit is un-
clear. Both SCIT and SLIT may be cost-effective compared with AIT from around
6 years (threshold of £20,000–30,000 per [quality-adjusted life-year] QALY).
Further research is needed to establish the comparative effectiveness of SCIT
compared with SLIT and to provide more robust cost-effectiveness estimates.38
UNMET NEEDS

Several articles evaluated the efficacy of AIT in patients with allergic rhinitis (AR), but it
seems clear that there is no method/end point that is actually universally accepted. In
fact, heterogeneous end points have been used in different published trials with a
lack of standardization for primary and secondary outcomes. In 2014, the European
Academy of Allergy and Clinical Immunology (EAACI) Immunotherapy Interest Group
has conducted a task force on “recommendations for the standardization of clinical
outcomes used in AIT trials for allergic rhino-conjunctivitis.”29 The position paper is
based on EMA guidelines, the American recommendation of the Food and Drug
Administration (FDA), already published phase III trials, and expert discussion. The
aim of the article was both to highlight and evaluate the current clinical outcomes
used in AIT clinical trials and to recommend a consensus position for the best clinical
outcomes to consider for future AIT products for allergic rhino-conjunctivitis.29 The
EAACI position paper confirms that the TCS should be used as a primary outcome
in allergic rhino-conjunctivitis trials, associated nose and eyes symptoms, and the
need for concomitant symptomatic therapies. Nevertheless, the TCS is still not vali-
dated; there is no strict consensus/direction from the EAACI or regulatory authorities
for clinical AIT trials.29 As for AIT trials in asthmatic patients, the position paper does
not give recommendations for clinical end points.
One unmet need that requires clarification in AIT trials is how to measure the

magnitude of clinical efficacy using, for example, effect sizes or a minimal clinically
important difference (MCID). MCID is the smallest change in an outcome identified
as important by patients. Glacy and colleagues,40 from the US Agency for Health-
care Research and Quality, detail the different ways to calculate the MCID. Here
as well, there is no consensus regarding the optimal methodology. In contrast to
pharmacotherapy trials, AIT field trials allow patients to use rescue drugs, making
it impossible to consider the placebo group as “medications free.”5 The only setting
where patients do not use rescue medications is the environmental exposure cham-
bers,29 but these studies are not accepted as phase III trials.3 The WAO task force
has underlined that the effect size of AIT efficacy should exceed 20% of the one
recorded in the placebo group,11 without clear justifications for this number. In
AIT trials, the placebo group is equivalent to a symptomatic-therapy-alone group.5

Even considering this aspect, AIT trials have all demonstrated a significant clinical
efficacy of the treatment when compared with placebo both in allergic rhino-
conjunctivitis and asthma studies.4 The FDA seems to request an effect size of
15% with a lower 95% confidence interval band no smaller than 10% for pollen
allergic rhinitis. These numbers are by far greater than what has always been
requested for allergic rhinitis pharmacotherapy.
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Another interesting point that needs to be clarified is that symptoms, in pollen
allergic patients, are obviously more severe during the pollen season. Trials should,
therefore, be run during the relevant season; but a standard definition of pollen season
and peak pollen season does not really exist and varies from one phase III trial to
another. EAACI is currently running a task force to address this issue. As for perennial
allergens, such as mites, a higher exposure is highlighted during the fall; choosing the
period when the outcomes are measured is crucial. AIT trials take into account this
aspect, whereas pharmacologic trials usually do not consider such an increase in
allergen exposure, patients being included when they are very symptomatic, meaning
very exposed. Also, mite allergic patients are not usually evaluated for ocular symp-
toms, which might underestimate the presence of allergic conjunctivitis if compared
with pollen allergic patients. In mite studies, therefore, eye symptoms often appear
as secondary end points, which does not line up with the new recommendations of
the EAACI task force.29

However, the future of AIT will be in patient stratification and novel health systems.
There is a need to define the patient population that will need AIT and the population
that will benefit. This aspect will be the critical issue of AIT in the next 5 years. To help
stratifying patients, e-health technology and biomarkers should be combined.29 Bio-
markers should define the patients who need to receive AIT (patient stratification),
assess the early benefits of AIT after a few months (ie, after the first season for pollens
and after a few months for indoor allergens) to decide whether AIT should be stopped
or discontinued, determine the long-term benefits of AIT (after 3 years) to decide
whether AIT should be continued or can be discontinued, and determine the efficacy
of AIT when it is stopped.
Health systems in most countries are based on acute care and severe diseases

(eg, cancer). They are often successful in the small proportion of the population
needing this type of care. However, chronic diseases and their comorbidities repre-
sent the new paradigm of medicine.41,42 More than 100 million patients have allergic
rhinitis in Europe, and self-management support interventions should be imple-
mented43; integrated care pathways should be developed at the national or regional
levels.44 The importance of e-health is undisputable. This approach will lead to novel
health care models in which AIT should be considered.
All these issues still need to be clarified, validated, and standardized for future AIT

trials.
SUMMARY

Several articles have been published over the years on AIT treatments and efficacy.
Prevention of both asthma and the appearance of new sensitizations in patients
with allergic rhinitis are crucial objectives of AIT45 and not yet demonstrated for
the newly developed products. However, registration is a stepwise process, starting
with the demonstration of short-term (1 year) efficacy and safety. Primary end
points are not homogeneous throughout publications, and secondary end points
vary from one article to the other.46 The main unmet need for all AIT trials is to
find a validated and uniform primary end point for all studies. This consistency
would allow clinicians to decide in a standardized manner whether AIT is an appro-
priate therapy for their patients1 and indirectly compare products. Nevertheless,
even if the total combined symptoms score seems to be a proper tool for a primary
end point evaluation, and it would make trials as close as possible to real-life cir-
cumstances, its validation is still missing.46 Also, international guidelines should
identify both at what time, in relation with the pollen season or the allergen peak,
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the clinical significance of AIT should be evaluated and what exact magnitude of
treatment efficacy should be considered over the placebo group. Once these issues
are solved, AIT trials will be uniform and a real comparison between results and
treatment efficacy will be possible.
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