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ABSTRACT

Background: There is no description of the drivers of prescription for allergen immunotherapy
(AIT) for respiratory allergic diseases.

Methods: A prospective, multicentre, observational, non-interventional real-life study was per-
formed in France and Spain for 20 months. Data were gathered using 2 different questionnaires,
anonymously collected in an online platform. No names of AIT products were recorded. Multi-
variate analysis and unsupervised cluster analysis were performed.

Results: Onehundred and threephysicians (50.5% fromSpain and49.5% fromFrance) reported1735
patients (433 in France and 1302 in Spain), 47.9%males, 64.8% adults with a mean age 26.2 years old.
They suffered from allergic rhinitis (99%), allergic conjunctivitis (70.4%), allergic asthma (51.8%), atopic
dermatitis (13.9%), and food allergy (9.9%). A clustering analysis based on 13 predefined relevant var-
iables for AIT-prescription identified 5 different clusters, each of them including information regarding
doctor’s profile and patient demographics, baseline disease characteristics, andmain AIT indication: 1)
Looking at the future: focusing on asthma prevention (n ¼ 355), 2) Efficacy after discontinuation of AIT
(n ¼ 293), 3) Fighting severe allergic disease (n ¼ 322), 4) Looking at the present, facing current
symptoms (n¼ 265) and 5) Doctor’s own clinical experience (n¼ 500). Each one of these clusters have
specific patients’ and doctors’ characteristics, representing distinctive AIT prescription drivers.

Conclusion: Using data-driven analysis, we identified for the first time some reasons and patterns
of AIT prescriptions in real-life clinical settings. There is no uniform indication for prescribing AIT,
which varies amongst patients and doctors with multiple but specific drivers, taking into account
several relevant parameters.
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INTRODUCTION
Over the last decades, the efficacy and safety
profile of allergen immunotherapy (AIT), including
both the subcutaneous (SCIT) and sublingual (SLIT)
routes, have been thoroughly documented in
different double-blind placebo-controlled ran-
domized clinical trials (DBPC RCT)1–3 with highly
selected patients and in real-life studies.4–7 These
evidence-based data have encouraged the cur-
rent use of AIT worldwide and have also granted
their inclusion in international guidelines such as
Allergic Rhinitis and its Impact on Asthma (ARIA)
for allergic rhinitis (AR)8 and Global INitiative for
Asthma (GINA) for allergic asthma (AA).9

In this process, several different clinical param-
eters and outcomes have been evaluated; how-
ever, the identification of “drivers of prescription”
is still lacking. These drivers of prescription repre-
sent the clinical criteria and context i) to prescribe
AIT by the treating specialists and ii) to accept AIT
treatment by the patients themselves. Considering
the current use of AIT under the concept of
“personalized medicine”,10,11 the identification of
drivers of AIT prescription used in routine clinical
practice in real life is extremely relevant, whilst
remaining an unmet need.

Therefore, we designed an international aca-
demic project called “CHOICE: Criteria Used by
Health Professionals on the Selection of Allergen
Immunotherapy in Real Clinical Practice: an inter-
national e-survey”, which aims to identify the
drivers for prescription when AIT is established as
a new prescription to treat respiratory diseases
caused by IgE-dependent-hypersensitivity to
aeroallergens.

CHOICE is currently under development in 6
different areas of the world, including 22 countries.
In this first publication we are presenting initial
results, data obtained from the cohort of doctors
and patients from France and Spain.
METHODS

Study design

This was a prospective, multi-center, interna-
tional, observational study. Data were collected
during 20months from real-life clinical settings.The
full method’s description is published elsewhere.12

Population

Participating patients

Patients’ inclusion criteria were: adults and
children, males and females, with IgE-mediated
pollen, house dust mites, animal dander and/or
molds respiratory allergy who had just initiated
AIT, either SCIT, SLIT-drops, or SLIT-tablets, ac-
cording to standards of practice. Patients’ exclu-
sion criteria were: patients who refused to
participate and patients receiving food immuno-
therapy or hymenoptera venom immunotherapy.

Survey questionnaires

This is a web-based survey (e-survey) in which 2
electronic questionnaires written in English were
used: i) 1 questionnaire per participating doctor
(Doctors’ questionnaire, DQ) with 24 questions,
taking 4–5 min to be completed and ii) 1 ques-
tionnaire per each patient (Patient’s questionnaire,
PQ) completed also by the participant doctor
regarding each included patient starting with new
AIT treatment. It included 27 questions, taking 7–
8 min to be completed (find detailed information
for DQ and PQ is provided in Caimmi D et al12).
Questions are presented in a fixed order and
most of them have a close-ended format having
a drop-down list of answers, aiming to avoid open
answers. The 2 online questionnaires were devel-
oped according to the “checklist for reporting re-
sults of internet e-surveys, CHERRIES”.13

AIT products

This survey was not intended to study any spe-
cific medication or any investigational medicinal
product. No AIT product identification was recor-
ded. Therefore, pharmacovigilance data were not
collected or reported.

Database

The SurveyMonkey� online instrument was
used, allowing participating doctors to store all
data on a centralized electronic database. Data
gathered was anonymous and there was no
traceability to the doctor or patient. The
SurveyMonkey� facility operates with Secure
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Sockets Layer (SSL) technology, protecting user
information by using both server authentication
and data encryption, ensuring that user data are
safe, secure, and available only to authorized
persons.

Ethics framework

The project was evaluated and approved in
each country by their Ethical Committees (France:
2019_IRB-MTP_09-02; Spain: FCO–CHO-19). The
CHOICE project was registered on Clinical Trials
(NCT04038268). Patients were provided written
informed consent. No patients nor participating
doctors received any remuneration for their study-
participation.

Statistics

A sample size estimation was calculated with a
minimum of 400 patients for an error lower than
5% per country. Chi square and Fisher exact tests
were used to compare qualitative variables. A
statistical significance of 0.05 for p-values was
stablished. Multivariate analysis and unsupervised
cluster analysis were carried out using SPAD. N14

software following a mixed strategy that
combines divisive and agglomerative techniques.
Cluster analysis considered the 13 pre-
established prescription criteria to create the
clusters. Characteristics of both, doctors and pa-
tients, in each cluster were further described. Sta-
tistical analysis was performed by an independent
third-party using IBM SPSS Statistics, Version 25
(IBM Corp).

Allergen immunotherapy: criteria for AIT product
selection

AIT product selection by participating doctors
was evaluated using 13 pre-defined criteria which
were grouped into the following three categories.

Patient’s profile

1. Disease severity

2. Patient’s preferences

3. Patient’s desire for fewer clinic visits

4. Patient’s AIT adherence

Clinical characteristics of the AIT product

1. AIT safety profile
2. Prescriber’s AIT-product own experience

3. AIT dose response studies

4. AIT discontinuation efficacy

Technical characteristics of the AIT product

1. AIT biological activity

2. Cost of AIT product for the patient

3. Cost of AIT to other payers

4. Minor allergen content in AIT

5. Major allergen content in AIT

These categories were agreed upon by the
project team to be ranked as i) low/medium/high
relevance on a 1 to 4 scale; ii) low (1–1.9), mod-
erate (2–2.9) and iii) high relevance (3–4). Data
were represented in a heat map, in which 5 clus-
ters of AIT prescription patterns were identified.
Once the prescription patterns were clustered, all
individual answers for every DQ and PQ were
analysed to define common recognizable vari-
ables in each cluster.

Working groups’ strategy and participating
doctors

The survey protocol and the questionnaires
were prepared by the CHOICE Executive Group
who designated proactive physicians from the
Spanish and French Allergy Scientific Societies to
serve as National Coordinators (NC). These NCs
contacted and identified local physicians pre-
scribing AIT willing to participate who were
enrolled as Participating Doctors. Two indepen-
dent data managers were responsible for helping
participant physicians, cleaning the database, and
coordinating statistical analysis with a third party.
RESULTS

Physicians’ characteristics

One hundred and three physicians (50.5% from
Spain and 49.5% from France) took part in the
survey and filled out the DQ; 98.1% of them were
specialists in allergy. Around 42% had �15 years
of experience, 28% between 16 and 26 years, and
30% > 26 years of experience. Physicians esti-
mated they attended an average of 147 patients
with respiratory allergy per month and that
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approximately 30% of them received AIT. About
45.6% of the physicians worked exclusively in
public hospitals, 35% worked exclusively in private
practices, and 19.4% worked in both (Table 1). A
preference to prescribe SCIT over SLIT was noted
in Spain but not in France (85% vs 2% of the
prescriptions respectively) where SCIT is not
reimbursed since 2018.15
Patients’ characteristics

Data from 1735 patients (433 in France and
1302 in Spain) were recorded in the survey. Of
these, 47.9% were males, and 64.8% were adults
(mean age 26.2 � SD14.2 years). The most com-
mon reported active allergic baseline diseases
were allergic rhinitis (n ¼ 1717, 99%), allergic
conjunctivitis (n ¼ 1221, 70.4%), allergic asthma
(n ¼ 898, 51.8%), atopic dermatitis (n ¼ 241,
13.9%), and food allergy (n ¼ 172, 9.9%). The mean
time interval between respiratory allergy onset and
initiation of AIT was 7.9 � SD7.3 years. Allergic
rhinitis was classified according to ARIA guide-
lines: 58.7% patients having moderate/severe
persistent rhinitis (Fig. 1A). Asthmatic patients
were classified following GINA 2019 guidelines:
70.5% were in steps 1 or 2, while only 6.7% were
in steps 4 and 5 of treatment (Fig. 1B). Well
controlled asthma was established for 83.1% of
patients.

At inclusion, 1437 patients (82.8%) were taking 1
or more different types of symptomatic medication
for their allergies: antihistamines, 76.5%; nasal
corticosteroids, 51.7%; inhaled corticosteroids,
26.1%; long-acting beta agonists (LABAs), 18.6%;
short-acting beta agonists (SABA), 23.5%; oral
leukotriene receptor antagonists, 7.3%; oral corti-
costeroids, 0.6%; and biologicals, 0.1%.
Sensitization pattern

Pollen sensitization was the most prevalent
(n ¼ 1288, 74.2%) followed by house dust mites
(n ¼ 1043, 60.1%) and animal dander (n ¼ 694,
40%). Polysensitization to non-homologous
groups, defined as positive results against at
least 2 non-homologous allergen groups, was re-
ported in 57.5% of the patients; 33.6% of the
population were sensitized to 2 allergens and
23.9% were sensitized to �3. Sensitization to 2 or
more types of pollen was observed in 64.2% of the
pollen-sensitized patients. Grass pollen was the
most frequently reported sensitization among
pollen-sensitized patients (84.6%) followed by
olive pollen (48.5%), cypress pollen (26%), plane
tree (19.6%), and birch pollen (17.5%). With regard
to weeds, 9.6% of the patients were sensitized to
Parietaria judaica, and fewer than 8.4% were
sensitized to mugwort.
Diagnostic procedures used before prescribing
AIT

Almost all patients were diagnosed through
their clinical history (98.5%) and the results of skin
prick tests (97.5%). Up to 82.8% of patients were
evaluated through a symptom and medication di-
ary. Component resolved diagnosis (CRD) was
slightly more frequently used than sIgE to whole
extracts (79% vs 71.8%, respectively). Spirometry
was performed in 46.6% of patients (5.2% of
asthmatic patients were not evaluated through
spirometry) and exhaled nitric oxide was only
performed in 7.4% cases. Organ specific challenge
tests, such as nasal provocation tests, were used
only in 1.8% of the patients.
Allergen immunotherapy: indication, composition,
schedule, and route

The main reason for prescribing AIT in these
patients was AR (n ¼ 1275, 73.5%), followed by AA
(n ¼ 695, 40.1%), and allergic conjunctivitis
(n ¼ 294, 16.9%).

Overall, SCIT was more frequently prescribed
than SLIT (1122 treatments, 64.7%, vs 613, 35.3%,
respectively) (Fig. 2A). For SCIT, 77.3% of
treatments were based on allergoid and 22.7%
were based on natural extracts. For SLIT, drops
(67.3%) were more commonly used than tablets
(32.7%). Regarding the schedule, 77.6% were
perennial while the remaining 22.4% were pre-
and co-seasonal.

AIT was primarily prescribed for allergy to mites
(n ¼ 790, 45.5%), followed by grass pollen
(n ¼ 671, 38.7%), and then by tree pollen (n ¼ 452,
26.1%), and animal epithelia (n ¼ 82, 4.7%)
(Fig. 2B).

As a whole, the most rated criteria for AIT se-
lection (Fig. 3) were type and severity of the
patient’s disease (3.7/4), documented safety of
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Section Characteristic
categories

% of all
cohort,
n¼1735

% in
CLUSTER 1
(n¼355)

% in
CLUSTER 2
(n¼293)

% in
CLUSTER 3
(n¼322)

% in
CLUSTER 4
(n¼265)

% in
CLUSTER 5
(n¼500)

Doctor profile Spain 75.0 83.6 86.0 59.3 70.2

France 24.9 16.3 14.0 40.7 29.8

Pediatrician 3.0 5.9

<15 years 55.5 74.4 61.8

16-25 years 16.8 23.9 19.8

>25 years 27.6 35.5 38.0

Center
characteristics

Private 44.3 20.8 29.0 59.9 35.8 64.2

Public 72.8 85.3 84.5

Nurse (yes) 79.1 85.9 86.7 67.1 84.5 74.8

2 or more physicians 78.0 84.8 84.0 84.5

1 physician alone 21.9 33.2 27.0

Evaluation method Clinical history 98.5 100 96.2

Symptom & medication
diary

82.8 95.2 96.2 72.4 74.7 77.2

Skin prick test 97.5 99.1

Whole extract specific
IgE

71.8 92.4 86.3 58.7 58.0

Component resolved
diagnosis

78.9 90.7 92.5 64.4

Spirometry 46.5 54.4 53.2 36.2

FENO 7.4 28.7 2.7 0.9 0.4 3.0

Patient
demographics

Patient > 18 y.o. 64.8 73.5 46.1 69.6

Patient 12 to 18 y.o. 18.2 29.0 15.2
(continued)
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Section Characteristic
categories

% of all
cohort,
n¼1735

% in
CLUSTER 1
(n¼355)

% in
CLUSTER 2
(n¼293)

% in
CLUSTER 3
(n¼322)

% in
CLUSTER 4
(n¼265)

% in
CLUSTER 5
(n¼500)

Patient < 12 y.o. 16.9 11.3 24.9 23.9 10.6

Education: University 31.6 41.1 26.6

Education: Secondary 31.4 26.2 23.6 44.5

Education: Primary 17.5 11.8 28.0 11.7

Education:
Commercial/Technical

16.0 20.0 10.6 18.8

Occupation: employed 47.3 52.7 32.1 52.8

Occupation: student 46.0 64.8 40.2

Disease
characteristics

Disease onset: �3 y. 31.5 38.2 21.5

Disease onset: 4-9 y. 37.1 30.7

Disease onset: � 10 y. 31.4 20.5 41.5

Rhinitis: intermitent
mild

5.2 9.2

Rhinitis: intermitent
mod/severe

18.3 39.9 10.9 10.9 14.2

Rhinitis: persistent mild 16.8 11.3 11.9 22.7 21.8

Rhinitis: persistent
mod/severe

58.7 65.9 37.9 72.5

Asthma: GINA 1 19.9 26.3 15.8

Asthma: GINA 2 16.5 23.5 13.8

Asthma: GINA 3 11.8 6.5 19.6

Asthma: GINA 4 3.1 5.6 1.8

Asthma: Well
controlled

43.0 55.3 36.3

Asthma: Partly
controlled

8.4 3.1 13.6 14.3 5.8
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Asthma: Uncontrolled 0.3 0.9

Pollen monosensitized 26.6 35.8

Pollen polysensitized 47.7 67.9

AIT characteristics SCIT (any) 64.7 71.7 54.3 75.1

SLIT (any) 35.3 28.3 45.6 24.8

SCIT (allergoid) 49.9 66.2 38.8 60.0 42.6

SLIT (drops) 23.8 11.0 19.1 36.0 18.5 30.6

SCIT (natural depot) 14.7 5.5 20.8

SLIT (tablets) 11.5 26.7 6.4 6.0

AIT- Mites 45.5 60.8 21.5

AIT- Grass 38.7 32.4 64.1 31.3 34.0

AIT- Trees 26.1 11.0 51.2 20.4

AIT- Epithelia 4.7 1.40 8.4

AIT- Molds 3.7 7.1

AIT- Weed 2.4 0.6 4.3

AIT main indication
and objective

Main objective:
symptom reduction

35.0 18.4 27.8 49.4 44.4

Main objective: post-
discontinuation efficacy

35.0 29.1 50.5 42.2 26.2

Main objective: lack of
disease control

17.3 13.0 12.6 22.6

Main objective: asthma
prevention

12.1 38.7 2.0 1.5 6.2

Main disease: rhinitis 73.5 60.3 90.4 66.8
(continued)
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the AIT product (3.6/4), quantification of its
biological activity (3.5/4), and major allergen
content (3.5/4) in the selected allergen product.
Moreover, physicians took into equal
consideration their personal experience with the
prescribed AIT product, documented evidence of
clinical efficacy after AIT discontinuation, and
patient’s convenience or preference (all 3 rated
3.37/4). On the contrary, the cost of the
treatment seemed to be of lower relevance in
terms of selecting a specific product of AIT. The
lowest value was reached by the availability of
minor allergens in the AIT product.

Reasons for prescribing AIT

Physicians were asked about the most relevant
single reason for prescribing AIT to each patient
among five different AIT indications (Fig. 4). The
main reasons for prescribing AIT were: i) trying to
achieve efficacy after treatment discontinuation
(35.2%); and ii) the lack of disease control
despite pharmacotherapy (27.2%) Avoiding new
sensitizations was the least relevant reason to
prescribe AIT, as reported by physicians (1.6%).

Clusters or patterns of AIT prescriptions

� Cluster 1 - Looking at the future: asthma
prevention

For those physicians who treated the 355
(20.46%) patients included in this cluster, all 13
evaluated parameters were of high relevance to
prescribe AIT. Cost of treatment and presence of
minor allergens content in the extract were
important for these doctors, as well. Most of their
patients were employed, highly educated adults
suffering from moderate to severe persistent AR.
Monosensitization was more frequent. HDM AIT
with SLIT tablets for AA prevention was the main
driver for prescription. Country analysis showed
that 22.8% of the Spanish doctors would be rep-
resented in this cluster compared to 13.4% of the
French doctors.

� Cluster 2: Efficacy after discontinuation of AIT
with pollen

In this cluster including 293 (16.89%) patients,
more attention was put on the efficacy of AIT with
pollen after discontinuation. Patients were mainly
children and adolescents, evaluated with the

https://doi.org/10.1016/j.waojou.2023.100791


Fig. 1 Distribution of patients with allergic rhinitis (n ¼ 1717) according to ARIA (Allergic Rhinitis and its Impact on Asthma) guidelines (A),
and distribution of patients with asthma (n ¼ 898) according to GINA (Global Initiative for Asthma) step of treatment (B).
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average array of allergy tests. They had a signifi-
cantly shorter period between onset of the disease
and initiation of AIT. They were usually pollen
polysensitized patients with milder AR and well
controlled AA. Patients were more frequently
treated with SCIT, specifically allergoids, for tree or
grass allergens. These patients received AIT with
the aim of having clinical treatment efficacy over all
allergic diseases, including AR, AA and allergic
conjunctivitis. Country analysis showed that 19.4%
of the Spanish doctors would be represented in
this cluster compared to 9.5% of the French
doctors.
� Cluster 3 - Fighting severe allergic disease

In this cluster including 322 (18.56%) patients,
disease severity, and all characteristics of the AIT
product were considered as more relevant. The
efficacy of AIT after discontinuation was the most
relevant factor for prescribing AIT. Patients in this
cluster were less frequently evaluated for specific
IgE and symptom and medication diaries. Patients
mainly suffered from mild persistent AR and more
severe AA (even partially controlled or uncon-
trolled) than those in the other clusters. The most
prescribed AIT route was SLIT-drops, which was



Fig. 2 Frequency and distribution of allergen immunotherapy treatments (n ¼ 1735) regarding their composition (A), type and route (B).
SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy.
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administered for less common allergens such as
molds and weed. Country analysis showed that
30.3% of the French doctors would be represented
by this cluster compared to 14.7% of the Spanish
doctors.

� Cluster 4 - Looking at the present, facing the
symptoms

Physicians treating the 265 (15.27%) patients in
cluster 4 were highly selective when choosing
relevant parameters as only AIT safety and
biological activity were of their consideration. It is
remarkable that, in this cluster, the cost of the
treatment was considered as the least relevant.
These patients, rarely below 12 years of age, were
treated by more experienced allergists who were
mainly working in public hospitals, with many
healthcare workers participating to AIT activity.
Symptoms control and FeNO evaluation were less
frequently used. Patients tended to have a longer
disease duration prior to AIT prescription and had
more severe and less controlled AR and AA. There

https://doi.org/10.1016/j.waojou.2023.100791


Fig. 3 Representation of the relative clinical relevance (ranked on a scale 1 to 4) of 13 criteria investigated for every AIT prescription and
grouped in three categories. Patient profile, including: severity (type and severity of the disease); preferences (patient’s convenience or
preferences); low visits (low number of clinical visits); and adherence (adherence or compliance concerns). Clinical characteristics of the AIT
product, including: safety (documented safety profile); discontinuation efficacy (documented evidence of clinical efficacy after AIT
discontinuation); dose response (documented dose response studies); and personal experience (product-specific personal clinical
experience with the selected AIT product). Technical characteristics of the AIT product, including: biological activity (product-documented
total biological activity); major allergens (product-documented major allergens content); minor allergens (product availability of low
prevalence allergens); cost for patient; and cost for society. An arbitrary cut-off of 3.5 was established through general agreement to
identify the most relevant factors for the whole sample.

Fig. 4 Frequency and distribution of the main reasons for AIT prescriptions in the whole sample of patients, with no respect to baseline
disease.
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was not a predominant allergen for AIT composi-
tion. Most patients were treated with SCIT-
allergoids. The main driver for prescription was
the reduction of symptoms. This cluster includes
French and Spanish doctors equally (12.5 vs
16.2%, respectively).

� Cluster 5 - Doctor’s own clinical experience

None of the 13 factors seemed to be of high
relevance for prescribing AIT to the 500 (28.82%)
patients in this cluster. Physicians in this group had
long experience and worked mainly in private
practice. They used the fewest number of diag-
nostic tools before prescribing AIT. Patients were
mostly adults with mild persistent AR, with less
prevalence of AA or severe AA. These patients
received more frequently SLIT-drops and SCIT with
natural extracts. The main drivers for prescription
were short term outcomes, such as reduction of
symptoms and control improvement. This cluster
encompasses both French and Spanish doctors
with a slight predominance of the French doctors
(34.4% vs 27.0%, respectively) and is, in fact, the
one that most represents both (Spanish and
French).

A detailed information on the cluster analysis
and its interpretation are shown in Tables 1 and 2,
and Fig. 5.
DISCUSSION

Our study offers a novel independent academic
international survey and cluster analysis to under-
stand prescription drivers of AIT in real life, with no
bias related to the AIT product names nor manu-
facturers. In this survey, doctors voluntarily partic-
ipated, unpaid, motivated only by their altruistic
will to perform research. Doctors’ and patient’s
anonymity was protected throughout the survey,
which gave more confidence to participants to
share their true opinions. We identified 5 different
prescription patterns: avoiding asthma onset,
prioritizing patient’s preferences, focusing on se-
vere disease, aiming at symptom control, and
relating to prescriber’s personal experience. These
different patterns of prescription are not a unique
model of a prescriber and specific patient, but the
result of a multilayer interaction of several factors
that we are only starting to understand.
We collected real-life information from 1735
patients, 99% had AR, 70.4% had allergic
conjunctivitis and 51.8% had AA. Asthma alone
was only present in 0.9%, reflecting that AA
without AR is either infrequent or just a minor
determinant in AIT prescription, as was also
described by Migueres et al16 in a transversal
study where only 2% patients had asthma alone.
In most cases, AIT prescriptions followed
international guidelines. Indeed, clinical AR
guidelines8 recommend AIT only in case of
intermittent moderate-to-severe AR, or persistent
AR of any severity (observed in 94.8% of the eval-
uated population), resisting conventional symp-
tomatic drugs (83% of patients were on
pharmacotherapy). Most asthmatic patients had
mild to moderate asthma (93.3% steps 1, 2, and 3
according to GINA9) and well-controlled symp-
toms (83.1%, which is in line with the precautions
on the use of AIT in patients suffering from
asthma).17 Although not mandatory in current
guidelines, 80% of patients had a molecular
diagnosis done, as recommended by novel AIT
prescription algorithms.18

CHOICE corroborated a strong country-
dependent selection of AIT route (98% SLIT in
France and 85% SCIT in Spain), probably
explained by differences in medical education
programmes, access to AIT products, and AIT
reimbursement policies.15,19

Considering the 13 predefined critical factors
influencing AIT prescription (Fig. 3), baseline
disease severity was the most relevant driver, in
line with current guidelines. Although AIT is
extremely safe,7,20 prescribers are giving more
relevance to this aspect than to efficacy
parameters. Patient’s preferences, adherence,
and, more markedly, number of visits or AIT cost
for the patient, although key factors influencing
precision medicine,21 are poorly considered by
prescribers.

When participants were requested to select only
1 (Fig. 4) main reason to prescribe AIT, efficacy
after discontinuation was the leading cause in
one third of the patients, which is partially
surprising due to the weaker evidence
supporting this outcome compared to AIT
efficacy to reduce symptoms1 or prevent
asthma.20,22 However, symptom reduction while
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CLUSTER 1
Looking at the future:
asthma prevention

CLUSTER 2
Efficacy after

discontinuation with
pollen

CLUSTER 3
Fighting severe
allergic disease

CLUSTER 4
Looking at the

present: facing the
symptoms

CLUSTER 5
Doctor’s own clinical

experience

Asthma prevention,
after highly
considering all
parameters of
relevance for
prescription
Opposed to cluster 5

Persistence of efficacy
after grass/tree AIT,
following patients’
preferences and
compliance
Opposed to cluster 4

Persistence of
efficacy after AIT,
even in severe
asthma patients,
treated also for less
common allergens

Symptoms reduction
with a focus on
asthma, regardless of
other symptoms and
patients’ preferences
Opposed to cluster 2

Symptoms’ control and
reduction, especially
for allergic rhinitis
Opposed to cluster 1

Prescribers Younger allergists,
mainly working in
public hospitals, with
numerous staff, and a
significant use of
evaluation methods
for whom AIT
prescription needs to
be based on all 13
parameters of
relevance, with a
particular focus on
the cost (both for
patients and for other
payers). More
frequently in Spanish
doctors.

Young allergists,
giving a lot of
relevance to patients’
preferences and
treatment
compliance. More
frequently in Spanish
doctors.

Allergists, mainly
working in private
practices, who pay
attention to major
allergens and to
the efficacy of AIT
after treatment
discontinuation.
More frequently in
French doctors.

More experienced
allergists, mainly
working in public
hospitals, not paying
attention to patients’
preferences, nor to
their own experience,
nor to the content in
major allergens of the
products. No
differences regarding
country.

More experienced
allergists, mainly
working in private
practices, who don’t
consider any of the
13 parameters of
relevance, especially
they don’t consider
neither the product’s
safety, nor its
biological activity.
More frequently in
French doctors.

Patients Mainly adult patients
who undergo a
complete allergy
work-up prior to AIT
prescription,
monosensitized and
suffering from severe
persistent allergic
rhinitis.

Pediatric and
adolescence patients,
mainly students, that
undergo a complete
allergy work-up prior
to AIT prescription,
with a special focus
on biologic
evaluation of IgE and
CRD and suffering
from intermittent or
persistent moderate
to severe allergic

Equally pediatric
and adult patients,
less frequently
evaluated by
whole extract
specific IgE, and
mainly suffering
from persistent
allergic rhinitis,
and more severe
asthma than in the
other groups (even

Mainly adult patients,
whose clinical history
and symptoms are
less considered
during the allergy
work-up, suffering
from moderate to
severe persistent
allergic rhinitis or
moderate persistent,
even partially
controlled asthma.

Mainly adult patients,
for whom diagnosis is
mainly based on
clinical history and
symptoms, mainly
suffering from
persistent allergic
rhinitis, and less
asthmatic than in other
groups
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CLUSTER 1
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asthma prevention

CLUSTER 2
Efficacy after

discontinuation with
pollen

CLUSTER 3
Fighting severe
allergic disease

CLUSTER 4
Looking at the

present: facing the
symptoms

CLUSTER 5
Doctor’s own clinical

experience

rhino-conjunctivitis or
controlled mild
asthma.
Polysensitized with
recent disease onset

partially controlled
or uncontrolled).

AIT Mostly treated for
HDM allergy, and
with more tablets
than the other
groups, specifically
prescribed to prevent
asthma.

Mostly treated with
SCIT for grass or trees
allergy, looking for
treatment efficacy
after AIT
discontinuation.

Mainly SLIT by
drops, with more
patients treated for
molds and weed
than in the other
groups, and with
the main goal of
treatment efficacy
after AIT
discontinuation,
and no regard to
symptoms
reduction during
treatment.

Mostly treated with
SCIT, to reduce
symptoms, especially
asthma-related ones.

More prescription for
epithelia, with both
SCIT and SLIT by
drops as well, to
reduce symptoms
and improve control.

Table 2. Clusters of AIT prescription.
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on use and asthma prevention were ranked
second and third as proposed by guidelines8

and previous surveys.23 Strikingly, asthma
prevention was the main goal of 38.1% of Cluster
1 prescriptions (Table 1) while only 26.5% of
patients were below 18 years old, providing
novel views of a real-life use of AIT beyond
evidence-based data, as this effect has only been
proven in younger populations.22 Prevention of
new sensitizations was almost neglected as a
prescription driver, which is in accordance with
other published data.22,24

The use of cluster and latent class analysis is
increasing in the field of allergy due to its validity
to analyse large datasets.25,26 This tool
highlighted in CHOICE that there is no uniform
indication of AIT and allowed us to segregate 5
different clusters of analysis, with cluster 1 and 2
being more representative of the practice in
Spain, and cluster 3 and 5 reflecting practice in
France.

Clusters 1 and 5 represent two opposite ways to
carry out AIT prescription. Cluster 1 represents a
group of younger allergists, giving high relevance
to all 13 predefined drivers (Fig. 5), showing an
extensive use of all diagnostic methods in highly
Fig. 5 Heat map and cluster analysis built with the information gathered
product in each patient. All data from the DQ and PQ questionnaires we
relevance (ranked 3–4) for every factor is presented in the first column. T
dark blue, the highest value to a bright red, and mid-range values to ligh
these extremes. Thus, each coloured cell on the map corresponds to a c
to the difference with respect to the value in the whole sample. Accor
staffed centres, prescribing last generation AIT
(higher prescription of tablets), and focusing on
asthma prevention (thus called “looking at the
future, aiming to prevent asthma”). Cluster 5 is
the largest cohort of patients in which doctors,
mainly working in private practice with less
personnel, are giving lower relevance to all 13
predefined drivers for AIT prescription. They base
their decision criteria on their own clinical
experience (thus called “doctor’s own clinical
experience”). They use more SCIT and SLIT-drops
to merely treat uncontrolled rhinitis for short term
symptom reduction.

Cluster 2 focused on polysensitized children
and adolescents with milder AR and well-
controlled asthma. SCIT was the preferred route
for AIT administration, which is a little bit surpris-
ing, considering both that this cluster included
mainly a pediatric population and that AIT evi-
dence for that population is better for SLIT than for
SCIT.1,27 This group aims to see treatment efficacy
in reducing current symptoms and also to achieve
efficacy after treatment discontinuation (thus
named “efficacy after AIT discontinuation”);
doctors understand that respiratory allergy is a
chronic disease which means life-long pharmaco-
therapy, and they know that most patients want a
with the 13 clinical criteria that influenced the selection of the AIT
re included in the analysis. The percentage of patients with highest
he default colour gradient sets the lowest value in the heat map to
t blue or red, with a corresponding transition (or gradient) between
oncentration value and the intensity of the colour is directly related
ding to the combinations of colours, five clusters were displayed.
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“cure” or at least something allowing them to use
less symptomatic medication.

In Cluster 3, patients had more severe asthma
and doctors put more emphasis on disease
severity (therefore called “fighting severe allergic
disease”) and medication safety. Severity has been
described to be a major AIT prescription trigger
also in a previous report on doctor’s preferences in
an Italian cohort.28 As in Cluster 2, the reduction of
symptomatic medication was an important
outcome to consider when prescribing AIT.

In cluster 4, patients had longer duration of
symptoms and less controlled allergic disease;
doctors had more years of clinical experience,
worked mainly in public hospitals, and favoured
SCIT to address the severity of the symptoms (thus
called “looking at the present, facing the
symptoms”).

We are aware of the inter-country differences
and the difficulties in interpreting results from the
2 heterogeneous groups, doctors and patients
with different socio-economical, cultural and de-
mographic characteristics; however, to identify
drivers of AIT prescription we needed to have a
large cohort of individuals, all of them with the
same criteria: “receiving AIT as new treatment for
their respiratory allergic condition” and the meth-
odology chosen allowed to include all data in the
same analysis and overcome the heterogeneity
issue. However, the cluster analysis carried out has
proven to be effective as it allowed the identifica-
tion of “clusters” that would represent doctors’
patterns of prescription from both countries, this
was possible due to the large size of the sample
analysed.

In conclusion, the CHOICE study highlights the
reasons and patterns of AIT prescriptions in real-
life clinical settings. It provides new insights in
the complex decision-making process of AIT pre-
scription, identifying different drivers, without
addressing whether several of these profiles are
associated to better or worse efficacy results.While
some doctors used all 13 criteria proposed in our
survey, others just ignored them. Maybe this is due
to years of experience, confidence, healthcare
system, local resources, or to the fact that our
criteria were missing other relevant drivers, and
probably, deeper qualitative analyses on clusters 4
and 5 may reveal new prescription drivers.
CHOICE survey is currently under development in
some other regions in the world (CHOICE-
GLOBAL). Due to time differences related to
ethical approval time, recruitment of participating
doctors and the SARS-CoV-2 pandemic, not all
data have been collected at the same time.
CHOICE results will be determinant to understand
regional differences on the topic, which will be of
high value to improve healthcare pathways, policy
making and educational programs regarding AIT.
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