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Abstract: Clinical trials for allergen immunotherapy products’ development and approval
are conducted, aiming to monitor safety and efficacy of them. Symptom scores and the use of
rescue medication are the primary clinical endpoints used in the conducted clinical trials,
while Quality of Life scores and symptom-free days are measurements also used as second-
ary endpoints. Although the use of in vitro biomarkers might have been more practical and
objective, there are yet no broadly used reliable ones accurately reflecting the clinical effects
of allergen immunotherapy. On the contrary, in vivo biomarkers, such as the nasal allergy
provocation test, are reliable and successfully used. The aim of this review is to describe how
to adapt and use biomarkers and clinical outcomes in the everyday practice of Allergists who
perform allergen immunotherapy.
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Introduction

Allergen immunotherapy (AIT) was introduced more than a century ago and is
recognized as the only immune-modifying causal treatment for respiratory allergies
and venom hypersensitivity.' > As far as desensitization to airborne allergens is
regarded, amelioration of respiratory symptoms, prevention of the onset of new
sensitizations and sustained effect after completion of AIT are some of the benefits
that AIT offers.’

Clinical trials have been conducted to examine safety and efficacy of AIT. The
first controlled trial supporting AIT’s efficacy was published in 1954 and the
clinical outcome measures used to evaluate its efficacy were the decrease of
symptoms and patients’ overall impression on treatment.* Ever since, controlled
and randomized clinical trials and some meta-analyses have confirmed AIT’s safety
and efficacy, with methodological evaluation based mainly on measures of clinical
outcomes.>*

Symptom scores and the intake of rescue medication are recommended as
primary endpoints for AIT trials, while data like scores of “Quality of Life”
(QoL) and symptom-free days can serve as secondary endpoints.®’ Clinical
trials have shown that both subcutaneous (SCIT) and sublingual (SLIT) mod-
alities of AIT are effectively for allergic rhinitis.”> Additional routes of AIT
that have more recently been generated are the epicutaneous (EPIC) and the
intralymphatic (ILIT) ones.® Based on clinical outcomes, EPIC has shown
modest benefit, while contradictory results have been published for the more
promising ILIT.*"'°
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Patients participating in the procedure of clinical trials
are voluntarily registering the indicated clinical data or are
answering to questionnaires. In order to have reliable data,
validated questionnaires have been used or, since real-life
monitoring mHealth technology has been developed,
e-diaries can replace the use of classic daily diaries, ren-
dering the procedure easier and more appealing.'’

The fact that self-reported data of symptom scores are
partially subjective — affected by the personal perception of
symptoms’ severity or the extent of personal satisfaction on
treatment’s outcomes — may represent a flaw of clinical trials.
Different patients may estimate symptoms or the need for
rescue medication in a different way, so a patient’s “person-
ality” is reflected in medication scores. By combining these
measures with objective parameters, like pollen-count,
researchers can empower the impact of clinical outcomes.'?

The use of appropriate biomarkers, as quantitative
measurements, would be an ideal objective assessment in
AIT. The use of such biomarkers would offer advantages
like the identification of “good-responders” to AIT, defini-
tion of the appropriate duration of treatment, prediction of
clinical outcomes, monitoring of the treatment effects or
even the need for a booster AIT.'>'* Although many
studies have addressed the underlying immunological
mechanisms of AIT and potential in vitro biomarkers, up
to now none has been shown to be predictive of the
clinical outcomes."’

In real-life an allergist needs outcome measures of AIT
that may indicate certain decision points (eg, change of
extract, extension of treatment) and assist on patients’
adherence. An overview of biomarkers, clinical markers
and clinical endpoints and the way they can be used in
daily practice are described in the present article.

In vitro Biomarkers

Studies of in vitro biomarkers are based on the knowledge
of cellular and humoral events that take place during AIT;
these have been grouped and described by Akdis and
Akdis in four stages.'® The earliest effect of AIT is the
decreased mast cell and basophil activity, that do not
degranulate although exposed to gradually increased
doses of the antigen. The second stage is the generation
of allergen-specific Treg and Breg cells and suppression of
allergen-specific effector T-cells. The third is the phase of
a decrease in specific IgE and an increase in specific 1gG4
levels. Finally, in a frame of years, decreased tissue mast
cells and eosinophils with decreased skin test reactivity are
observed.'®

A Task Force of the European Academy of Allergy and
Clinical Immunology (EAACI) has described seven
domains of potential in vitro biomarkers, connected to
humoral and cellular effects of AIT, as well as in vivo
biomarkers.'” Allergists are familiar with the use of spe-
cific IgE (sIgE) and total IgE (tIgE) and besides diagnostic
purposes they often try to use them as endpoints of AIT,
too. With the exception of these humoral biomarkers,
assays that are not broadly available, or are still at an
experimental level, are required for the monitoring of
most in vitro biomarkers.

Humoral biomarkers include tIgE, sIgE, subclasses of
IgG and IgE-blocking factor. Although sIgE and SPT are
used in everyday practice, they are not validated monitor-
ing tools of AIT’s outcomes. The initial increase of sIgE
levels followed by a decrease over time is not connected
with relevant changes in symptoms. A high sIgE/tIgE ratio
has been proposed as a predictive marker for successful
AIT; however, its utility has not been properly evaluated
and validated as a predictive biomarker.' "'

AIT 1is causing an increase in concentrations of IgG
subclasses; IgGl and an even more pronounced one in
IgG4.""*° Thanks to their function as blocking antibodies
for IgE-mediated basophil/mast cell activation and antigen
presentation, IgG4 have been studied as biomarkers of
successful AIT.*'** The continuing upward trend of
slgG4 during the course of AIT has been related to an
improvement of symptoms.'>** However, absolute levels
of IgG4 often fail to correlate with clinical tolerance,
likewise absolute levels of sIgE are similarly poorly pre-
dictive of disease severity.”* Clinical improvement and
increase of sIgG4 are two outcomes related to the duration
of AIT, but a solid correlation to each other is missing.*>*®

AlT-induced IgG antibodies are a component of the
serum inhibitory activity for IgE, called IgE-blocking fac-
tor (IgE-BF). IgE-BF is considered the effect of several
factors blocking IgE-allergen binding and inhibiting IgE-
facilitated allergen presentation by B cells to an allergen
specific Th2 cell clone.?**”?° An IgE-Facilitated Allergen
Binding (IgE-FAB) assay has been developed, represent-
ing an in vitro model of facilitated allergen presentation.*’
Functional assays of inhibitory IgG4 and IgE-BF may be
more useful surrogates of clinical response than IgG4.'”*°
The problem in using these in vitro methods is that the
IgE-BF assay is no longer available, while IgE-FAB —
performed with flow cytometry — is not widely used.'’

Other in vitro assays, like basophil activation, cyto-
kines, chemokines and cellular markers have also been
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used for the study of AIT.!” The detection of basophil
degranulation markers (mainly CD63 and CD203c) can
be used to detect the suppression of basophil activation
induced by SCIT."” Changes in markers associated with
dendritic cells, such as the upregulation of complement
subunit Clq expressed at the surface of regulatory DCs or
downregulation of the DC2-associated CD141, are exam-
ples of promising biomarkers for the monitoring of SLIT’s
efficacy.’ 731

Studies that investigate in vitro markers of AIT are
progressively elucidating the mechanisms of AIT. Efforts
are done to discover the appropriate biomarkers, reflecting
allergy symptoms. Their future use would monitor immu-
nologic changes directly connected with clinical outcomes.
Although huge steps have been performed in the field of
allergen immunotherapy, it seems that there is still a gap
between the development of immunological biomarkers
and their meaningful clinical use.

In vivo Biomarkers

A late-phase effect of AIT is the decrease in skin test
reactivity, reflecting the reduce of tissue mast cells and
eosinophils.'® AIT-induced reduction in skin reactivity has
been estimated either by reduced size of SPT’s wheal, or
by an increased threshold for positive SPT reaction to the
use of different allergen concentrations.*>> Although
reduction in SPT reactivity is a common outcome in AIT
studies, its correlation to change of symptom scores is
rarely mentioned.>*~**

Since the performance of SPT is a mandatory step of
allergy’s diagnostic procedure and is part of Allergist’s
daily routine, its potential use as an in vivo follow-up
biomarker, detecting AIT’s efficacy, would be very prac-
tical. However, clinical experience and research findings
suggest that skin testing does not represent a good marker
or predictor of clinical symptoms; SPT is rather an “indi-
cator” of allergen sensitization and not always of actual
allergy.®® Upon completing an as-indicated-long AIT by
performing SPT we may detect a decrease in sensitization
to the allergens that have been used; however, these end-
points have to be interpreted only as such and not as
clinical endpoints.

Allergy provocation tests are definitely consisting an
indispensable diagnostic tool in various fields of allergy,
posing diagnosis in cases that sensitization and clinical
history are discordant.’” In the case of rhinitis, nasal
allergy provocation tests (NAPT) are available for daily
practice. They can set diagnosis in cases of discrepancies

between symptoms and SPT/sIgE outcomes, in local aller-
gic rhinitis that may present with negative sIgE and/or
SPT and emerge the culprit allergen AIT in cases of aller-

3738 NAPT are reproducing the

gen multisensitivity.
response of the upper airways to natural allergen exposure
under controlled and reproducible conditions.'* A positive
NAPT detects the threshold dose that triggers nasal symp-
toms during the administration of escalating allergen
doses. During NAPT, peak nasal inspiratory flow measure-
ment is used to detect congestion, while the use of a Visual
Analog Scale (VAS) is usually used for the evaluation of
other nasal symptoms.*’

The use of NAPT is a decision-making tool before AIT
of polysensitized patients since it can detect the burden of
each allergen in inducing the relative symptoms.>” NAPT
have been used in several clinical trials on different types
of AIT."? Thanks to high sensitivity and specificity, NAPT
is a reliable diagnostic tool, although it is time-consuming,
needs training to perform it and readiness to face probable
reactions like an asthma attack. The conjunctival provoca-
tion test is a reliable alternative of NAPT and a high
correlation between them has been documented.*

Similar to NAPT but more sophisticated and consid-
ered lightly more accurate is the environmental challenge
chamber (ECC) method.** ECC reproduces the environ-
mental conditions of pollen season and this method is used
not only in clinical trials of AIT but also to evaluate
antiallergic drugs.*'™* NAPT and ECC induce clinical
symptoms that differ in magnitude and kinetics, but simi-
lar immunologic responses.*’ The fact that NAPT can be
widely used without need of chamber settings, overcomes
the advantages of ECC, at least for use in the daily
practice.

Clinical Outcome Measures
In the process of AIT vaccine development and approval,
clinical trials are conducted, focusing on treatment’s effi-
cacy and safety. The reduction in symptoms and — the
inseparably connected — decreased use of antiallergic
drugs are considered the primary clinical endpoints of
AIT clinical trials; however, a strict definition of clinical
responders in AIT trials is still under discussion.®'>**
QoL and a positive impact on work or studying (when
students are regarded) are also fields that AIT aims to
improve and are considered as secondary endpoints in
clinical trials.

In order to monitor any of these parameters connected to
AlT’s efficacy, relevant scores or values have to be defined.
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The scores/values that reflect the parameters of AIT under
consideration have to be evaluated and registered before the
start of AIT, as well as during and at the completion of the
treatment. These values or scores have to be reproducible
and easy to use for the population under study. Comparison
of scores during the process of AIT can detect alterations in
clinical symptoms and offer data of clinical endpoints. In
order to design measurement of health-related patient-
reported outcomes a reliable methodology has to be fol-
lowed. On this purpose the Consensus-based Standards for
the selection of health status Measurement Instruments
(COSMIN) checklist has been developed.*

Symptom scores are the most common clinical values
used in AIT studies and they are calculated following
various methods. In the Guideline on the clinical develop-
ment of products for specific immunotherapy of EMA as
well as in FDA’s Guidance, a patient self-rating method for
the estimation of symptom scores is suggested.'”*°
According to this method, four signs and symptoms of
rhinitis (rhinorrhea, nasal itching, sneezing, congestion)
plus two of conjunctivitis (itching/grittiness/redness and
ocular tearing) are rated, with the use of a 4-point rating
scale (Table 1). The use of the 0—3 rating scale for each of
the six signs/symptoms sums up to a total of 0—18. This
rhinoconjunctivitis total symptom score (RTSS) can be
extracted on a daily basis.

In order to get the get RTSS data, patients have to be
trained on how to self-assess symptomatology and regis-
tration. Symptom score should be registered at the same
time of the day, for example, during the intake of SLIT
drops or during breakfast for patients receiving subcuta-
neous AIT. In order to make clinical comparison before,
during and after AIT, RTSS registration has to start before
the beginning of AIT, setting the baseline of patients’
symptomatology.

The extraction and use of a mean total rhinoconjuncti-
vitis symptom score (RCSS) out of the daily scores, repre-
senting symptoms during a month’s period or during

Table | A 4-Point Rating Scale to Rate Each Symptom/Sign of
Rhinoconjunctivitis

0 | Absence of signs or symptoms

I | Mild symptoms that can easily be tolerated

2 | Moderate symptoms that are bothersome but tolerable

3 | Severe symptoms hard to tolerate, causing interference with

activities of daily living and/or sleeping

pollen season, seems more practical.” For subjects allergic
to pollen it is necessary to register baseline and endpoint
symptom scores on and off pollen season; this way symp-
toms’ severity can be defined and offer information on
AlT’s efficacy comparing average RTSS before the start
and after the completion of immunotherapy.® There are
certainly difficulties in combining RCSS registration with
the level of pollen exposure and comparison of symptom
scores drives to safe results only if it refers to seasonal
periods and geographical arecas with similar pollen
counts.*” For AIT to house dust mites or animal allergens
comparison of RTSS in different treatment phases must
also refer to similar levels of allergen exposure.®

RCSS can also be used beyond clinical trials. Allergists
can apply it in everyday practice and suggest their patients
to keep a diary of RTSS in order to follow-up the effects of
AIT. However, as often described, adherence to keeping
a diary is not always satisfying, so patients need contin-
uous motivation and reminders.** It is unrealistic to ask
patients to keep a dairy during all 3-year long period, but
easier to ask them to do it for a short period on and off
pollen season.

Upper and lower airways are closely associated in
health as well as in disease, so many patients with allergic
rhinitis present concomitant asthma. AIT aims to prevent
asthma and/or to control the entire allergic inflammation of
the respiratory system.*” When a patient under AIT suffers
from allergic rhinitis and concomitant asthma it is clear
that asthma symptoms must be included in the score
symptom monitoring. Extending the abovementioned
method of the 0-3 scale for the calculation of daily symp-
tom scores, AIT studies on patients with allergic rhinocon-
junctivitis and asthma have rated symptoms in various
combinations. Some of them have evaluated 3 (rhinorrhea,
sneezing, congestion) or 4 (previous + nasal itching) rhi-
nitis symptoms, 3 conjunctivitis symptoms (itching, red-
ness, ocular tearing) and 3 symptoms of asthma (cough,
wheezing, dyspnea).'?

Offering different evaluation of symptoms in patients
with allergic rhinoconjunctivitis and asthma, the Control
of Allergic Rhinitis and Asthma Test (CARAT) question-
naire has also been developed. CARAT meets 9 of the 10
items on the COSMIN checklist and is composed of 10
questions that address symptoms of allergic rhinoconjunc-
tivitis and asthma, sleep interference, activity limitation
and the need to increase medication over 4 weeks.*’
Answers are — similarly to the scale described above —
rated on a four-point scale. CARATKids is the version for
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children composed of 17 questions with “Yes” and “No”
as answering options.’® CARAT and CARATKids are pro-
posed to be used both in clinical trials and clinical
practice.

Aiming to the optimal treatment of our patients, anti-
allergic medications are not stopped as soon as AIT starts,
but instead pharmaceutical treatment is adapted to
patients’ current symptoms. Patients under subcutaneous
AIT have the advantage of regular visits, so instructions on
pharmacotherapy can be renewed frequently, aiming to
minimize symptoms with minimal drug use. In clinical
trials rescue medication is also permitted and a patient
can use them, as needed, for bothersome symptoms.'’

There is an interaction between symptom scores and
medication scores; the use of antiallergic therapy amelio-
rates symptoms, while on the other hand the decrease of
symptoms after AIT is translated to less antiallergic ther-
apy. A balanced and validated scoring system is needed to
register the combined symptom and medication score.®'?
A daily symptom score (dSS) combined with a daily med-
ication score (dMS) has been suggested by an EAACI
Task Force.® In order to obtain the dSS, RTSS (allowing
a maximum score of 18) is calculated and divided by 6
(number of symptoms). This calculation offers a dSS score
range of 0 to 3. On the other had, dMS is extracted from
the medications used daily to ameliorate symptoms and
also ranges from 0 to 3. Combined Symptom Medication
Score is the sum of dSS+dMS (range 0-6).

The needs for monitoring clinical outcomes in clinical
practice are different than in clinical trials. A practical,
fast, easy-to-use scoring tool is more likely going to be
used by the patient and interpreted by the physician. Visual
analogue score (VAS) is an easy self-assessment method,
that may be used for the assessment of the rhinoconjuncti-
vitis discomfort. Using a 10-cm vertical scale, patients are
pointing a number that best represents the severity of their
symptoms, grading from 0 for “no symptoms” to 10 for
“highest level of symptoms™.>'

VAS can be used to assess every single symptom or to
grade patients’ global discomfort, even retrospectively (eg,
during last day or in the last week). The use of mHealth
apps, like the MASK-Air can make VAS registration of
nose, eye and asthma symptoms easier and help to the
adherence of patients in keeping a dairy.”® VAS is fully
validated in adults and — although not validated for chil-
dren — can also be used for pediatric patients.>

Questionnaires on QoL have also been developed and
used as instruments in clinical trials. Rhinoconjunctivitis

Quality of Life Questionnaire (RQLQ), is one of these,
measuring the more troublesome functional impairments
that are affecting patient’s social, emotional and physical
well-being.>* RQLQ is composed of 28 questions in 7
domains (activity limitation, sleep problems, nose symp-
toms, eye symptoms, non nose/eye symptoms, practical
problems and emotional function) and patients are using
it to recall symptom severity during last week, grading on
a 7-point scale.”**> RQLQ has been validated and there is
a variation of it for use by children and adolescents.>®

Other questionnaires assessing health-related QoL that
have been used for allergic rhinoconjunctivitis and asthma
are the generic SF-36 Health Status Questionnaire and the
disease-specific Rhinasthma.’’->® They can be very accu-
rate to describe the effect of AIT on various parameters
regarding respiratory allergy. However, a disadvantage in
using these extensive questionnaires is that they demand
more time than VAS or combined symptom-medication
score. Patients are invited to answer 28 (RQLQ,
Rhinasthma) to 36 questions (SF-36), which means that
more that 10 minutes are needed each time.’ "%
Concluding extended QoL questionnaires are unpractical
for use other than Clinical Trials.

Finally, it is worth mentioning the registration of symp-
tom-free or “well” days that has also been used to evaluate
the effect of AIT. The idea is to compare the number of
days with bothering symptoms and need for rescue medi-
cations before and after AIT. This is a measurement of
clinical outcomes that can be easily applied in daily
practice.'*'> However, it is a “grosso modo” measurement
and parameters such as differences in allergenic load
between two compared therapeutical periods, or the defini-
tion of symptoms’ threshold that make a day “bad”, have
to be kept in mind when “symptom-free days” are
evaluated.

Practical Issues

Combined symptom-medication score seems appropriate
as a measurement tool of clinical outcomes.® In adults,
self-assessment of symptoms and signs and their registra-
tion is required. When children are under investigation,
parents or caregivers are the ones evaluating and register-
ing the symptom score, but also deciding on the use of
rescue medication. Personality characteristics may inter-
fere with the evaluation of symptom/sign severity or the
decision to take rescue medication. Similarly, in the case
of children, medication use may not directly represent the
level of their this

symptoms’ severity. However,
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“subjective effect” will rather affect all registration periods
of each patient, so combined symptom-medication score
remains a valuable tool.

In order to evaluate the way that a patient is using
a self-rating tool, after a short training, it is useful to
compare actual clinical symptoms to patient’s grading.
Assessment of the data registered by a patient at the start
and comparison with the ones at a second time during AIT
can confirm how reliable the score’s use is for each
patient. This practice can be applied to both children and
adults. Of course, patient’s willingness to keep a dairy is
a prerequisite and doctor’s contribution with motivation
and reminders in each medical visit is helpful.

Although in clinical trials it is mandatory to use
a validated tool in order to confirm a product’s efficacy,
there is no need to use strictly validated tools to monitor
our patients’ clinical symptoms in everyday practice. VAS
is an example of a tool that, although not validated for
children, is so easy to use that it can be extremely helpful
as a tool of clinical follow-up. VAS can be used in parallel
with symptom and medication scores and when improve-
ment is registered in all measures a safer conclusion is
offered.>

Although there are ethical issues for the use of
mHealth tools by children and adolescents (for example,
electronic on-line registration of VAS) and in some
countries this is a problem that remains to be solved,
mHealth tools are extremely helpful for the registration
of scores in all ages.'' It is particularly useful in chil-
dren since the use of technology is very attractive, and
increased adherence to filling an electronic dairy in
a cellphone app guarantees higher adherence than filling
a printed form.

An allergist may choose any tool of preference and it is
strongly suggested to make comparisons on symptom
scores and rescue medicines using the same tool through-
out AIT treatment. It is also advisable to use the same tool
for all AlT-patients in a single Allergy office or an
Outpatient Clinic, making their training easier and avoid-
ing mistakes of follow-up. The use of such a tool to
monitor our patients’ clinical outcomes contributes to tai-
lor-made decisions on changing an AIT treatment (ie,
changing product) in cases of unsatisfying clinical result,
prolonging or completing AIT, confirming that a 3-year-
long AIT has been successful.
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