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The MASK-air® app 2015-2024: Executive summary

MASK-air"™ is a large observational implementation study in which an mHealth app is used by over
90,000 people with allergic rhinitis and/or asthma in 35 countries. It can help to address unmet patient
needs in rhinitis and asthma care, in particular severe asthma, and generate innovative hypotheses on
the understanding and management of these diseases.

MASK-air® is a validated mHealth app and a Medical Device regulation Class lla.

MASK-air’ is a Good Practice of DG Santé on digitally enabled, person-centred care and of OECD
(Organisation for Economic Co-operation and Development).

1- The MASK-air® app

The MASK-air® app includes a daily questionnaire (visual analogue scales (VAS) for global allergy
symptoms, nose, eye, asthma, work or education and EQ-5D), daily medications using a scroll list
guestionnaire, digital symptom-medication scores for allergy (CSMS) or asthma (e-DASTHMA) and
additive questionnaires (Control of Allergic Rhinitis and Asthma Test: CARAT, a PROM that assesses the
level of control of both asthma and AR using a single tool over a period of 4 weeks; EQ-5D and WPAI-
AS). Pollen counts and air pollution are available daily on a 5 km radius in Europe. MASK-air’ can be
used in adolescents and the elderly.

The MASK-air® Technology Readiness Level (TRL) ranges from 8 to 9 (rhinitis) and 3 to 9 (asthma).

The MASK-air’ methodologic evaluation has been published in 25 peer-reviewed original articles
carried out in up to 397,000 users in 27 countries.

Limitations and strengths are those of mHealth studies in cross-sectional or longitudinal studies.

Patient-reported outcome measures (PROMs) have been carefully designed in MASK-air’. VAS have
been studied in pencil and paper or electronically before their inclusion in the app in up to over 50,000
patients globally. Validated questions for asthma, conjunctivitis and rhinitis have been digitalised in
the app. They have been tested in around 40,000 users.

With the development of MASK-air’in 2015, the previously validated VAS PROMs were adapted to the
digital format and further methodologic evaluations were performed to validate PROMs, e-CSMS and
e-DASTHMA.

Additional questionnaires are included in MASK-air’: WPAI-AS and EQ-5D. However, other control or
QOL tests can also be included.

Acceptability of MASK-air® by allergic patients has been carried out and the app has been modified
according to patients’ views.

Electronic shared-decision making is available daily using a very simple tool using GDPR requirements
and QR code. The results of the users VAS scores are visually displayed on a web-based system (e.g.
computer) which facilitates discussion with an HCP.

A transfer of innovation was carried out building an Interoperable platform with MASK. Twenty-five
Reference Sites of the European Innovation Partnership on Active and Healthy Ageing (EIP on AHA)



participated as well as Argentina, Australia, Brazil, Canada and Mexico. The MASK transfer of

innovation was considered as the most mature of the EIP on AHA. Moreover, several studies in MASK-
air® found that PROMs can be used in all countries of MASK-air®.

MASK-air” is associated with WHO (GARD demonstration projects), EU grants and ARIA-EAACI Task

Forces.

2- Major results

Discovery of “extreme” allergy phenotype including multimorbidity and lack of control assessed

both in cross-sectional and longitudinal studies

Confirmation of this phenotype by canonical epidemiologic and genetic studies

Discovery of an “extreme” asthma phenotype including multimorbidity, lack of control and

resistance to treatment in cross-sectional studies.

(i) When the full database is analysed, most patients:
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are not adherent and do not follow guidelines,

use as-needed treatment,

often use OTC medications,

do not take medication when they are well,

increase their treatment based on symptoms similarly in all European countries irrespective of
the culture and the treatments bought in the pharmacies,

do not use the recommended treatment,

and control (symptoms, work productivity, educational performance) is not necessarily
improved by increasing medications including co-medication.

Co-medication of an intra-nasal and an oral medication is usually associated with worse control
than single medication (cross-sectional and longitudinal analyses).

Overall, patients treat themselves when they are not well, self-medicate and increase their
medications when they are not controlled showing that they do not follow guidelines and
physicians’ prescriptions.

(ii) When patients adherent to the app are analysed:

1.

They are also often adherent to medications, and adherence to the app appears to be
associated with adherence to medications.

However, except for intra-nasal corticosteroids, increased adherence is not associated with
an increased level of control.

Switching of medications is common (longitudinal analyses).

Clinical trials

A cluster-randomised RCT showed that pollen allergic rhinitis patients using a MASK-air®-based
strategy were better improved than when using best practice.

In a quasi-experimental study in Greece, CARAT and MASK-air’ provided complementary
information on AR symptom control.



3. A Proof-of-concept open-labelled study showed that a cat food containing antibodies against
Fel d 1 significantly improved all symptoms and CSMS in cat-allergic subjects.

iv- A combined symptom-medication score (CSMS) has been validated under the auspices of EAACI
and ARIA.

When the full database is analysed:

1- AlT is effective in a real-world setting.

2- AIT provides an add-on efficacy over medications in the combined symptom-medication score
(CSMS) and work.

3- AT is effective for mild and more severe symptoms (CSMS below or over 20/100).

4- Using a Bayesian model, SLIT was more effective than SCIT on VAS symptoms, VAS work and
CSMS.

5- AIT is likely to have a disease-modifying effect in contradistinction to pharmacotherapy as
shown by the effects on education.

6- SLIT might induce a rapid improvement over medications and reduce daily symptoms.

i. Evaluation of the diagnosis and control of asthma: Comparing CARAT and MASK-air® VAS, it was
found that wheezing is highly specific of asthma whereas dyspnea is associated with control. In
general practice, a patient with rhinitis and wheezing has a 94% chance of being asthmatic.

ii. Phenotypes of asthma using clusters based on control and medications

1- An observational cross-sectional MASK-air® analysis defined 6 asthma (probable and possible
asthma) and one rhinitis clusters that were confirmed in asthmatic patients enrolled by
specialists. The clusters were confirmed in asthmatic patients diagnosed by physicians.

2- In 253 patients who filled at least 26 days a month and reported at least one ICS (+LABA), a
cluster analysis in the first month of app use discovered 6 different phenotypes based on
control, SABA use and adherence to ICS. The demonstration study validated the clusters in
2539 days.

iii. When patients adherent to the app are analysed (longitudinal studies):
1- Adherence to ICS or ICS-LABA was high (56.3-81.2% days).
2- Adherence was higher for ICS+other LABA than for ICS+formoterol (ICS+F). However, control
was similar in both groups, ICS+F was associated with a meaningful lower SABA use and similar
VAS asthma, e-DASTHMA or VAS work.

iv. Severe asthma

1- Applicability of the MASK-air® app was explored in severe asthmatic patients in a longitudinal
(observational) study. Highly variable trends were found for VAS asthma, and asthma
remission can be assessed using daily e-DASTHMA and VAS asthma.

2- In a Portuguese registry of severe asthma, adherence to the MASK-air app was able to
determine whether uncontrolled asthma is associated with lack of adherence and to predict
adherence in the next 6 months. Moreover, an adherence over 50% in one month was
associated with improvement of control. The results were confirmed in the MASK-air database.



3- In The same Portuguese registry and in 2 Turkish ones, oral corticosteroids are mainly

administred in patients with very low adherence to the app both in the previous year after
MASK-air® introduction and in the year after.

v. A combined symptom-medication score (e-DASTHMA) has been validated under the auspices of
EAACI and ARIA.

vi. Info-epidemiology studies have been carried out to assess risk factors for asthma exacerbations
(e.g. rhinovirus).

3- Impact of MASK-air®

i. VAS work, VAS education and WPAI-AS:
Rhinitis, asthma and ocular symptoms have a significant impact on work productivity or education.

Patients with the rhinitis and asthma phenotype have significantly more impairment on work than
those with rhinitis alone.

ii. EQ-5D-5L

1-

2-

Worse control of rhinitis, conjunctivitis or asthma (median VAS and CSMS) were associated
with an impairment of EQ-5D domains. Mobility was particularly associated with VAS asthma.
Poor control of rhinitis or asthma or conjunctivitis was associated with decreased Qol assessed
by either EQ-5D-5L utility values or EQ-5D VAS. The largest differences in QoL concerned
comparisons between poor versus other levels of control for all symptoms, particularly for the
EQ-5D VAS.

iii. Economic evaluation

1-

The monetary impact (indirect costs) of AR was assessed on work productivity for all OECD
countries and countries where MASK-air’ is available by using the human-capital method
(PPP). In poorly controlled weeks, presenteeism was associated with indirect costs ranging
from 65.7 USS PPPs in Brazil to 693.6 USS PPP in Iceland. Patients with rhinitis + asthma
showed higher overall work impairment than patients with AR alone, particularly in poorly
controlled weeks.

Another paper assessed the monetary value of 1 point of the CMSS and e-DASTHMA and of
the control of rhinitis and asthma. This study will allow us to estimate the indirect beneficial
cost of interventions.

Biomarkers for the diagnosis, treatment and follow-up of patients with rhinitis and asthma are urgently

needed. Although some biologic biomarkers exist in specialist care for asthma or rhinitis, they cannot

be largely used in primary care. Digital biomarkers may prove to be quite effective.



3-2-1- Allergic rhinitis

Potential benefits of digital biomarkers in allergic rhinitis include (i) optimisation of shared-decision
making, (ii) observational studies with real-world data, (iii) the triangulation of RCTs and (iv)
epidemiologic studies.

3-2-2- Allergen immunotherapy

MASK-air® can be used in clinical trials. Proposed benefits of apps include the ability to longitudinally
collect symptoms and medication usage data, allowing the detection of changes during treatment.
Data from external sources, including weather, allergen load and air quality reports are integrated. The
placebo effect may be minimised.

The clinical course of patients undergoing AIT can be monitored more precisely than with current
methods, in particular, daily allergen exposure in a 5 km radius.

3-2-3- Asthma

Using the MASK-air® app as a model, a daily electronic combined symptom-medication score for
allergic diseases (CSMS) and for asthma (e-DASTHMA) was reported and embedded in a strategy
similar to the diabetes approach for disease control.

In biologics, patient stratification for indication, follow-up and cessation of treatment can be easily
assessed.

In severe asthma, asthma remission can be studied daily.

The ARIA 2024 guidelines will use real-world data from MASK-air® for the development of PICO
guestions and the assessment of real-world data using a novel GRADE approach.

The OECD has made a detailed assessment of MASK-air’ and concluded that “MASK is an equity
enhancing digital health intervention which has improved the knowledge base on AR and asthma.
Subsequent evaluations of MASK using adherence, productivity and quality of life as outcomes, should
be of key interest to policy makers and therefore strongly supported.” These conclusions were based
on 2022 data and adherence, productivity and quality-of-life have now been obtained, strengthening
the OECD recommendations.

MASK-air® has been accredited by the Ministries of Health from Ukraine (March 2023) and Poland
(May 2024).



Introduction

In 2014, MASK (Mobile Airways Sentinel networK) was launched by the European Innovation
Partnership on Active and Healthy Ageing (EIP-on-AHA, DG Health and Food Safety and DG
CONNECT). '? It is the ARIA (Allergic Rhinitis and its Impact on Asthma) ** Phase 3 initiative. MASK
is a flexible e-platform for rhinitis (R) and asthma (A) and includes the MASK-air®™ app. ° It is freely
operational in 35 countries and 23 languages. Over 80,000 users have been registered. It has already
been extended to urticaria, ® senior vigilance ” and falls.

MASK-air”™ is a validated mHealth app. It is a well-being app and a Medical Device regulation Class
Ila (in the process of being transferred from NL to France) centred around the patient. ° It is a Good
Practice of DG Santé on digitally enabled, person-centred care. ' It is also a Good Practice of OECD
(Organisation for Economic Co-operation and Development). '' It has been accredited by the Polish
Government (April 2024).

The strategic objectives of MASK-air® are listed in Box 1.

Box 1: Strategic objectives of MASK-air’

The mission of MASK-air” is to support the digital transformation of the healthcare system into integrated care
with organisational health literacy centred around the person, in order to (i) fill some of the unmet needs in the
real-life assessment of patients’ treatment choices in rhinitis and/or asthma (and multi-morbidities) control and,
ultimately, (ii) propose person-centred care for these diseases as a model of non-communicable disease.

The vision is to provide a novel cost-effective strategy developing a person-centred, digitally enabled and
artificial intelligence-assisted care pathway.

The overarching objective of MASK-air’ is (i) to propose a multisectoral care pathway to transform - in a cost-
effective manner - health and care systems in rhinitis and asthma (including severe asthma) using mHealth tools
acceptable for the patient and the health careworker and (ii) to strengthen planetary health.

MASK-air” is a Good Practice of DG Santé on digitally enabled, patient-centred care. It is also a Best Practice of
OECD (Organisation for Economic Co-operation and Development) for policy makers.

1. MASK-air®

1.1.1. Customer needs

Using daily visual analogue scales (VAS), users can track their symptoms for AR (global allergy impact,
nose, eyes) and asthma (VAS asthma). We have also added to MASK-ait” daily monitoring the impact
of the diseases on work '? or education '* as well as a generic VAS QOL questionnaire (EQ-5D-5L
VAS). "5 One question, VAS “dyspnea”, was added temporarily to MASK-air® but the results showed
a highly significant correlation with VAS “asthma” in patients with severe asthma (p =0.93 and 0.90).
1617 The question was therefore subsequently deleted.

Users record their medications for R, conjunctivitis and asthma daily using a regularly updated treatment
scroll list which includes all medications customised for each country (Table 1 and Figures 1 & 2).




Table 1: Daily visual analogue scales (VAS) available in MASK-air®

Scale

Question

Daily monitoring

VAS Global allergy symptoms
VAS Nose

VAS Eyes

VAS Asthma

Impact

VAS work
VAS education*

EQ-5D-5L VAS

“Overall, how much are your allergic symptoms bothering you today?”
“How much are your nose symptoms bothering you today?”

“How much are your eye symptoms bothering you today?”

“How much are your asthma symptoms bothering you today?”

“How much are your allergic symptoms affecting your work today?”

“Today, how much did allergies affect your productivity while in school or attending
classes in an academic setting?”

EQ-5D-5L VAS 14

*Question derived from WPAI-AS (18-20)

Figure 1: The MASK-air® app
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Figure 2: MASK-air® screens
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MASK-air”™ is combined with prediction on allergen exposure and air quality (POLLAR: Impact of air
POLLution on Asthma and Rhinitis, EIT Health-funded project) using COPERNICUS data provided by
the Finnish Meteorological Institute (Figure 3). *!

Figure 3: MASK-air® screens on pollen and pollution on two consecutive days during the 2024
grass pollen season in Montpellier
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Qualité de I'air: air quality, indice pollinique: pollen index, indice qualité de I'air: air pollution index, aujourd’hui: today,
demain: tomorrow, tres faible: very low, faible: low, moyen: median, modérée: moderate, Aulne: alder, Bouleau: birch,
Graminées: grass, Armoise: mugwort, Olivier: olive, Ambroisie: ragweed

Today (14-05) was a rainy day and tomorrow (15-05 was a sunny day)

Symptoms of the grass pollen allergic patient were low (14-05) and quite high (15-05)

The MASK-air™ app has been designed to avoid any missing data in the secure database.

We are conducting a Horizon Europe grant (CATALYSE) to investigate how we can include pollen and
pollution alerts in the app. ** Three countries are participating: Germany, Italy and Lithuania.

1.1.2. Intended use

To help patients with AR and/or asthma monitor their symptoms and inform them on their control. The
app does not suggest any specific treatment decisions and is a supportive tool. However, since the app
is a medical device regulation (MDR) class Ila, these features can be activated at a later stage.

1.1.3. Intended users

Patients affected by AR and/or asthma. The app is not intended for minors (children under 16 or internet
majority depending on the country). However, after ethical agreement and parents’ approval, the app
can be used in minors.

1.1.4. Software (SW) operation, functionality and technical description

MASK-air® is a mobile phone app freely available for Android and iOS. The MASK-air website
(https://www.mask-air.org/data) shares data collected on the user’s phone with the healthcare provider



during an appointment. The app consists of (i) VAS and medication scroll list, (ii) a QR code reader
module, (iii) my profile, (iv) reminders and (v) additional questionnaires: EQ-5D, '> WPAI-AS (Work
Productivity and Activity**) and CARAT (Control of Rhinitis and Asthma Test). %

1.1.5. Labelling information app

The software (SW) MASK-air® was initially marketed as the “Allergy App”. ** The SW application
itself identifies the legal manufacturer (Peercode, https://www.peercode.nl/nl/welkom/) and provides
screens with contact details. It includes an integrated Terms of Use (ToU)/Privacy Policy section that
covers all applicable regulatory required labelling content, such as specific operating instructions prior
to use and any potential use-related advice. *® No specific warnings, separate non-digital labelling
documentation or Instructions for Use are provided to the user.

The ToU information contains the instructions relevant prior and during use and is available at all times
in the App Stores as well as in the app and exchange-website itself. 2 The ToU were revised by a lawyer
in February 2026 to comply with EU rules.

After downloading the app and prior to use, the user has to accept the ToU containing the privacy policy.
With acceptance of the ToU, the information is considered understood and accepted.

1.1.6. Data Privacy Officer (DPO)
Maitre Claire Lauria, Cabinet d’avocats Ydes, Lyon, France.

1.1.7. MASK-air® is available in country relevant languages (Figure 4)

Figure 4: Geographical distribution of MASK-air’
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1.1.8. Labelling information on the physician’s exchange website

On the bottom banner, a link to Privacy Policy and Terms of Use is shown. The CE mark with notified
body number is shown when applicable. Clicking on the CE symbol opens the additional information
such as legal manufacturer and contact details.

1.1.9. Labelling information peercode.nl website

A link is provided to the ToU/ Privacy Policy and to the Labelling as provided on the mask-air.org
website. Over 93,000 users have been registered.
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The secure database is shown in Figure 5.

Figure 5: Secure database

MASK-air || MASK-airapp || Web brouser o Https connection
AP On patient device || (2uthenticated Peercode
Kyomed employees only) « Symmetric encryption
11
A P
Firewall VAP Firewall
Load balancer Load balancer

Firewall VRRP Firewall

Firewall }—| = Firewall I
|

\ AP| /

AP ’
| \ f \
¢ \ / \

ST

Active app & dB Passive app Back
server & dB server ackup server
Data center 1 Data center 2 Data center 3
Internet Interior network

1.2.1. Hosting architecture

e [SO 27001 certified

e No single point of failure: everything is redundant

e 24x7 monitoring of multiple performance indicators

o Extensive data protection

e Realtime replication to save database

e Daily dump to disk

e Daily backup to separate data centre

e All hard disks in RAID configuration

e Double firewall

e Exterior firewall which filters both inbound and outbound traffic

o Interior firewall on every server

e No Access to the application except via HTTP(S) (so no ssh either)

e Only standard tools are used which are updated with authorised security patches on a daily basis
e Geo-redundancy of complete hosting architecture

e Guarded security

e 24h/24h — 7d/week on-site support service

o Full system administration, including system installation, configuration, fine-tuning

e System updates and security management
e Automated real-time monitoring of availability of services

1.1.2. API -Transfer

This is a REST API (Application programming interface) with which the MASK-air App communicates
to provide and retain data. It is also responsible for authorising users within the MASK-air App.

The API also communicates with the other sub-systems:
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o The API accepts study codes from https://www.asa-sas.com/. A study code is created on the ASA
platform and then ASA sends the created study code to the MASK-air API.
e The MASK-air® API stores this study code in the database.

Future external actors could also be connected to the API to improve the MASK-air Mobile App. This
application will be deployed to servers managed by Peercode. The MASK-air® API has been built.

1.3. Electronic shared decision making

In MASK-air®, a very simple tool was devised for SDM using GDPR requirements (Figure 6). >’

A QR code reader facilitates the sharing of data. The results of the users’ VAS scores are visually
displayed on a web-based system (e.g. computer) which facilitates discussion with a HCP. QR-CODE
scanning requires internet connection via https://www.mask-air.org/data.

Figure 6: Electronic shared decision making

1- Type https://mask-air.org/data2

in the browser address br of your
computer

2- Open the MASK-air app

1.4. Transfer of innovation

A transfer of innovation was carried out. The rhinitis Twinning made it possible to build an Interoperable
platform with MASK. Twenty-five Reference Sites of the EIP on AHA participated as well as Argentina,
Australia, Brazil, Canada and Mexico. ” The MASK transfer of innovation was considered as the most
mature of the EIP on AHA. %
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2. Strategic overview

The MASK-air® vision based on ARIA led to a strategic objective (Table 2).

Table 2: Strategic overview (adapted from #°)

Acronym & ref | Name Dates

WHO-associated projects

GARD 30 Global Alliance against Chronic Respiratory Diseases, demonstration project 2003-23

WHO-ITU 31 “Be He@Ithy, Be Mobile” handbook on asthma and COPD 2017

EU grants and projects

EIP on AHA 28 European Innovation Partnership on Active and Healthy Ageing (DG Santé & 2012-20
CONNECT)
Joint Research Center (JRC) Scientific and Policy Reports on Strategic Intelligence Monitor on Personal 2015
Health Systems Phase 3 (SIMPHS3) 32
MACVIA 33 European Regional Development Fund (ERDF-Région Languedoc-Roussillon) 2016-7
Twinning 27 Transfer of Innovation (DG Santé & CONNECT) 2017-9
DHE Twinning 34 Transfer of innovation in severe asthma (H2020) 2019-20
POLLAR 21.35 Impact of air Pollution on Asthma and Rhinitis (EIT Health) 2018-9
CATALYSE 22 Climate change (Horizon Europe) 2022-6
MASK@PACA European Regional Development Fund (ERDF-Région PACA) 2021-2
CAMBAS Horizon Europe 2026-
ClimAir Horizon Europe 2026-
Good Practice DG Santé on digital health (DG Santé) 10 2018
Best Practice OECD-DG Santé 1136 2023
Accreditation by Polish Government 2024-6

ARIA-EAACI Task Forces and Position Papers

Electronic daily symptom-control score in allergy (CSMS) 183738 2022
Electronic daily symptom-control score in asthma (e-DASTHMA) 37,38 2023
Digital biomarkers in asthma 3° 2024
Digital biomarkers in allergen immunotherapy 40 2024
UCRAID 41 2023

ARIA: Allergic Rhinitis and its Impact on Asthma, CARAT: Control of Allergic Rhinitis and Asthma Test, EAACI: European
Academy of Allergy and Clinical Immunology, e-CDSS: electronic clinical decision support system, GA2LEN: Global Allergy and
Asthma European Network, GARD: Global Alliance against Chronic Respiratory Diseases, OECD: Organisation for Economic
Co-operation and Development, POLLAR: Impact of air Pollution on Asthma and Rhinitis, CATALYSE: Climate Action to
Advance HealthY Societies in Europe, WHO: World Health Organization. ITU: International Telecommunication Union,
UCRAID/ Ukrainian Citizen and refugee electronic support in Respiratory diseases, Allergy, Immunology and Dermatology

3. General Data Protection Regulation (GDPR) and Medical Device
Regulation (MDR)

The download and usage of the app are free of charge and there are no adverts. It falls under the French
jurisdiction. It follows the General Data Protection Regulation (GDPR) which regulates the processing
of personal data in the European Union (EU). % Geolocation also follows the GDPR. **

The Privacy Impact Assessment (PIA) has been performed and there is an external Data Protection
Manager (DPO).

Two different ethics co-exist.

i.  The app is available in the app stores to anyone who wishes to assess asthma and/or rhinitis control.
It is intended for personal and individual use. The data collected in the framework of the use of the
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app are however relevant for scientific research purposes in order to improve management. In this
respect, the data are processed for a secondary scientific purpose provided with the consent of the
user. Consequently, an ethics review board is not required with regard to the data protection
regulation.

ii. However, when a clinical trial or an EU project were performed, an IRB approval was requested
and obtained in France, Germany, Italy, Lithuania, Poland, Portugal and Turkey.

4. Maturity levels

The Technology Readiness Level (TRL) ** has been assessed (Table 3).
Table 3: Maturity level of MASK-air® (adapted from )

Rhinitis platform TRL Asthma platform TRL
App for rhinitis and multimorbidity (MASK- 9 9,46,47 Adaptation of the MASK-air app for 8 34
air®): 28 countries, 17 languages SA tested by the DHE SA-TWINNING
PROM s for rhinitis 9 PROMS for asthma 9 16
CARAT questionnaire for screening and 9 24,48-50 | The same questionnaire will be 9 24,48,49
control of rhinitis and asthma, 20 countries used
e-physician questionnaire for rhinitis 9 27 Adaptation of the MASK 6 34,35
(available on the MASK-air website) questionnaire for SA developed by
deployed in 28 countries and 20 languages the DHE SA-TWINNING
Electronic CDSS in English for rhinitis 8 51
Embedding air quality (outdoor air pollution) 9 21 Alerts for air pollution and pollens 5
and pollen data in MASK-air® (POLLAR) predicting asthma exacerbations

Alerts for rhinovirus predicting 4 52,53

asthma exacerbations
EAACI-ARIACARE-digital network (28 9 The same network will be used 9
countries, 20 languages)
Symptom-medication score for rhinitis 9 12 Daily control-medication score for 5

asthma

NA Sensors for pulmonary function 3

Embedding artificial intelligence in MASK-air® 2 Embedding artificial intelligence 2

5. Methodologic validation

COSMIN (Consensus-based standards for the selection of health measurement instruments) guidelines
> were used for the VAS scales (Table 4). There was an excellent internal consistency (Cronbach’s test
>0.84, test-retest >0.7), reliability (>0.9) and acceptability. In addition, VAS had a good sensitivity when
users (n=521) answered them twice in less than three hours. In a second study in 17,780 users, > intra-
rater reliability (intraclass correlation coefficients, ICCs) ranged from 0.870 to 0.937. Test-retest
reliability in clinically stable users ranged from 0.604 to 0.878. Responsiveness (Cohen’s effect size and
standardised response mean) was assessed in users with two consecutive measurements of EQ-5D VAS
or VAS Work indicating clinical change. Moderate/large effect sizes were observed (highest
responsiveness for VAS global allergy and lowest responsiveness for VAS sleep).

Quality of data was checked '? using insufficient effort responding (IER) to assess the intra-individual
response variability (IRV) index. *® The independency of VAS questions assessed using the Bland and
Altman regression analysis >’ showed that all VAS measurements were independent. **
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Table 4: Methodologic validation of MASK-air® (updated from °)

Study name Ref Study N users N days N
type countries
Methodology COSMIN guidelines 54 Obs, CS-L 2,497 14,612* 15
Test-retest, intra-class coefficient 55 Obs, CS-L 17,780 317,176 25
Quiality of data (intra-individual response 12 Obs, CS 14,189 205,904 23
variability)
Independence of data 55 Obs, CS 1,136 5,889 18
VAS work 12,23,335 | QObs, CS 14,189 205,904 18
8
EQ-5D VAS 23,33 Obs, CS 1,288 NA 18
Impact EQ-5D domains 23,33,58,5 | QObs, CS 26
9
Work Productivity and Activity Impairment | 23,33,58,5 | Obs, CS 1,288 NA 18
Allergic Specific (WPAI:AS) 9
CARAT 50 Obs, CS 1,086 2,042 22
CARAT* 60 Systematic
review
PROMs Validation of PROMs 61
PROM s in adolescents and young adults 62 Obs, CS
PROMs in severe asthma Obs, CS 86 2,349 12
Asthma and small airways 63 Obs, CS Turkey
MASK-air in old age adults 64 Obs, CS 19,888 349,045 27
Combined symptom-medication scores for | 18 Obs, CS 17,780 317,176 25
allergic rhinitis (ARIA-EAACI CSMS)
Electronic daily control-medication score in | 37 Obs, CS 1662 135,635 25
asthma (e-DASTHMA)
Cut-off levels 65 Obs, CS-L 23,201 395,223 27
Mobile health app for monitoring AR and 66 Obs, CS-L 149 NA | Lithuania
asthma in real life in Lithuanian MASK-air
users
Implementation of the MASK-air® app for 67 Obs, CS 174 NA Italy
rhinitis and asthma in old age adults.
MASK@Puglia
Patient’s Impact of MASK-air on patients 68 Obs, CS 131 NA Poland
perception Factors Affecting Usage of a MASK-air® by 69 Obs, CS 72 Portugal
Old-Age Asthmatics Living in Inner Central
Portugal
Comparison of anti-histamine reporting by | 70 Obs, CS
MASK-air, Google Trends and sales in
Europe
CDSS (Clinical Decision Support System) 71 NA NA NA
CHRODIS guidelines 72 NA NA NA
Patient’s satisfaction 73,74 Obs, CS 1691 28,177 Europe
Privacy Geolocation (GDPR) 42 Obs, CS 8535 93,116 22
GDPR 26 NA NA NA

ARIA: Allergic Rhinitis and its Impact on Asthma, CARAT: Control of Rhinitis and Asthma test, CHRODIS: Joint Action on Chronic
Diseases, COSMIN: COnsensus-based Standards for the selection of health Measurement INstruments, EAACI: European
Academy of Allergy and Clinical Immunology, EQ-5D: EuroQol, GDPR: General Data Protection Regulation, PROMs: Patient-
reported outcome measure, VAS: visual analogue scale. Obs: Observational study, CS: Cross-sectional study, L: Longitudinal
study, NA: not applicable*: Systematic review carried out for MASK-air
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6. Limitations and strengths

Limitations and strengths are those of mHealth studies in cross-sectional or longitudinal studies.
However, observational studies using mHealth are mainly hypothesis-driven and very often need
confirmation using appropriate studies.

(Table 5)

i. Selection bias
o  Users who download and regularly use the app may not represent the general population.
o Participants are often younger, more digitally literate, or have higher education levels than
average.

ii. Self-reported data
o Symptoms, medication use, and diagnoses are entered by patients without independent
verification.
This introduces the possibility of inaccurate reporting or recall bias.
Mitigation: Many studies compared self-reported data and physician’s diagnosed asthma and
results of self-reported asthma were almost identical with

iii. No physician-confirmed diagnosis
o The app cannot confirm whether users truly have allergic rhinitis, asthma, or conjunctivitis.
o Although questionnaires (such as CARAT) improve diagnostic confidence, clinical
confirmation is lacking.
o Mitigation:
o In some studies physician-confirmed diagnosis was available and the diagnosis was
confirmed.
o Moreover, VASs were carefully selected and validated in “paper and pencil” studies in
up to 37,000 patients.
o We have assessed a combination of VAS to better assess diagnosis.

iv. Limited clinical information
o Compared with clinical studies, the app collects fewer variables.
o Important information such as allergy test results, lung function, comorbidities, or physical
examination findings is generally unavailable.
o Mitigation: This appears to be a strength as no clinical study could enrol 93,000 users in 35
countries and real-world MASK-air™ studies complement clinical trials.

v. Medication reporting bias
o Users may forget to record medications or enter them inconsistently.
o Underreporting of medication use is a recognized limitation.

vi. Unsupervised data entry
o Data are entered without researcher or clinician oversight.
o Missing entries, inconsistent reporting, or misunderstanding of questions can affect data
quality.
o Mitigation: The 75 published studies show that these comments may not apply to MASK-
air®. Moreover, we bring another concept: the person-centered approach.

vii. Observational design
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o MASK-air® provides real-world evidence but cannot establish cause-and-effect
relationships.

o  Associations observed in the data cannot prove that a treatment caused an improvement or
worsening of symptoms.

viil.Variable adherence

o  Many users discontinue using health apps over time.

o Long-term follow-up data may therefore be incomplete, potentially introducing attrition
bias.

o Mitigation: Of extreme interest is that adherence to the app informs clinicians on patient
behaviour.

Table 5: Limitations of MASK-air® (derived from °)

Limitations Mitigation

mHealth limitations
Different from general population (selection bias) ARIA classes in epidemiologic studies and MASK-air®
Diagnosis of patient usually unknown Except when patients are enrolled by physicians

Observational studies are only hypothesis-generating and should be confirmed

Possible under-reporting of medications
Unsupervised input of data
Adherence to the app may be low

Many MASK-air® studies are cross-sectional Longitudinal studies

Causal inference >44,000 weeks with 6-7 day-reporting

e Cannot provide definite information about >8000 months with >26 day-reporting
temporality

e Let alone cause-and-effect relationships

Freely available and quickly available data, large samples, reproducibility of results between countries

(generalisability), individual reports to guide management and shared decision making (SDM), patient

and physician education for a proactive role, assessment of new interventions or consequences of climate
change. There are 58,000 weeks with 6 or 7 days of reporting and 9500 months with over 26 days of
reporting (Figure 7).

1.

ii.

iii.

1v.

V1.

The MASK-air® app available in 35 countries (23 languages) is inter-operable with a web-based
physician’s questionnaire, *” an electronic combined symptom-medication score for AR (e-CDSS)
*land A (e-DASTHMA). 7

MASK-air has accumulated data from tens of thousands of users across multiple countries and its
findings have been highly consistent across studies,

The MASK-air database does not have any missing values due to the structure of the app.
MASK-air PRO: MDR Class Ila (currently on hold for transfer in France).

Includes pollen data and pollution (daily and predictive) based on geolocation using the FMI and
Copernicus freely available data. *>7°

Good Practice of DG Santé for digitally-enabled, patient-centred care '° and Best Practice of OECD
for the management of chronic diseases. !

vii. Accredited by the Polish Ministry of Health (2024-2026).
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viii.In asthma, all categories of patients are included and the database can be used to compare asthmatics
of different severity grade.

Figure 7: Repartition of MASK-air® users (December 2025)

Full MASK database
(N users = 70 989)

( Excluded users (N users = 22 871)
——)'J * Only baseline information available (no VAS data)

L 4
MASK users with VAS data
(N users = 48 118; N days = 867 556)

Excluded (N users = 18 978 ; N days =508 925)
* No VAS work data (N users =15 934; N days =503 779)
pP  «Special role users (N users = 146; N days = 2248)
*< 16 years old*® (N users = 2808)
* > 90 years old (N users = 90)

\ 4
Regular MASK users aged 16*-90 years
with VAS work data
(N users = 29 140; N days = 358 631)

7. MASK-air® patient-reported outcome measures (PROMs)

7.1. Daily visual analogue scales (VAS)

7.1.1. Strengths and weaknesses of VAS (Table 6)

Table 6: Strengths and weaknesses of the VAS

Strengths

e The VAS is more sensitive to small changes than simple descriptive ordinal scales on which symptoms are rated,
for example, as mild, moderate or severe.

e  The VAS takes less than one minute to complete.

e Itis easy to use with routine treatment.

e  Trainingis not usually required to fill in a VAS, but some training may be needed when it is administered digitally.
e Itis acceptable for the patients.

e [tisinexpensive.

Weaknesses

e The assessment is clearly highly subjective.

e  The VAS may be less valuable when comparing across a group of patients at a one-time point.

e The VAS is administered either as a paper-and-pencil measure or digitally. As a result, it cannot be administered
verbally or by phone. 77

e  Test—retest reliability is good, but is higher among literate compared to illiterate patients 78 and among younger
compared to older adults.

e Drawbacks with paper-filled VAS do not exist when administered digitally.

e In some diseases, in the absence of a gold standard, criterion validity cannot be evaluated.
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7.1.2. Validation of PROMs before inclusion in MASK-air®

Several studies were carried out to validate VAS that were further used in the app (Table 7).

Table 7: Studies performed to validate the VAS that were later included in MASK-air®

Study Country N VAS Type of Comparator
patients study RQLQ TNSS/TSS  Other
1 Paper 7° France 3052 Global, asthma* Observational X ARIA
2 Paper 80-82 France 586 Global, nose, Cluster RCT X X
asthma*
3 Paper 838> France 990 Global Observational X X ARIA
4 Paper 19,86 France 806 Global Observational X X work
5 Paper 8789 Japan 29,518 Nose Observational GINA
Asthma ACT
6 e-diary %0 Europe- 547  Global DB-PC-RCT X X
CDN
7 e-diary 91 Europe- 716 Global DB-PC-RCT X X
CDN
8 e-diary 92 Europe 482  Rhino- DB-PC-RCT X X
conjunctivitis

*: unpublished, ACT: asthma control test, RCT: randomised controlled trial, DB-PC: double-blind, placebo-controlled, CDN:

Canada

A study in Japan included 1910 physicians who enrolled 29,518 patients with diagnosed and treated

asthma. ¥ Self- (49%) and physician-administered questionnaires produced similar results. An a priori

sub-analysis found that VAS asthma was a strong predictor of GINA-defined asthma. * Median VAS
rhinitis levels were of 5.49 (2.51-7.90) in the self-administered questionnaire versus 5.60 (2.75-7.85) in
the physician-administered questionnaire. An a priori sub-analysis found that the VAS was a strong

predictor of GINA-defined asthma. * VAS asthma predicted levels of GINA-defined control categories

(the area under the ROC curve ranged from 0.704 to 0.837), particularly with the VAS cut-offs of 1.50,
4.79 and 7.19. Similar results have been obtained with self- and physician-administered questionnaires
showing the consistency of the results (Figure 8).

Figure 8: Distribution of GINA control categories relative to VAS levels in Japan (N=29,518 patients)
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An a posteriori sub-analysis of the Japanese study was carried out in 420 asthma patients using self-

administered questionnaires, * VAS asthma and the Asthma Control Test (ACT) score. It showed a

strong correlation (p = -0.70, p < 0.001) (Figure 9). For an ACT<19 (cut-off for asthma control), most
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of the VAS asthma levels were over 20/100. However, for an ACT>19, many patients had high VAS
asthma levels.

Figure 9: Correlation between ACT and VAS asthma (SACRA) (from *%)
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Two double-blind, placebo-controlled, randomised-controlled trials (DB-PC-RCTs) were conducted to
assess whether desloratadine was effective in intermittent or persistent AR against placebo. **%93%

VAS global allergy symptoms were similar to RTSS 5 (nasal + ocular symptoms) results (Figure 10).

Figure 10: Evolution of T5SS and VAS global allergy symptoms in patients with intermittent allergic
rhinitis treated by desloratadine or placebo
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7.1.3. Patient’s satisfaction with the treatment

Patients’ satisfaction with their treatment (medication satisfaction) is an important PROM to consider
for the successful AR management as it may influence treatment adherence and medication use
patterns.”>*® In fact, if patients are not satisfied with their treatment, they may tend to switch or increase
their medications’”**. In MASK-air®, while symptom control and treatment satisfaction are two different
outcomes, they are interrelated with symptom control. ™
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7.1.4. Validation of MASK-air® PROMs

With the development of MASK-ait® in 2015, the previously validated VAS PROMs were adapted to
the digital format and further methodologic evaluations were performed.

VAS asthma was studied using MASK-air® data. Correlations between VAS asthma and other MASK-
air® daily reported PROMs were studied in severe asthmatic patients with nasal symptoms. Strong

correlations were found between VAS asthma and other measures (Table 8). '’

Table 8: Correlation coefficients between different PROMs in severe asthma (from )

N Spearman correlation Repeated measures correlation
observations coefficient (95%Cl) coefficient (95%Cl) *°
VAS asthma vs VAS dyspnea 1862 0.898 (0.879;0.915) 0.713 (0.690;0.735)
VAS asthma vs VAS global 4822 0.767 (0.750;0.784) 0.544 (0.524,0.564)
VAS asthma vs VAS nose 4822 0.755 (0.738;0.771) 0.465 (0.443;0.487)
VAS asthma vs VAS work 1840 0.768 (0.739;0.793) 0.658 (0.631;0.683)

Small airways represent an important feature of asthma and, in Turkey, VAS asthma has been correlated
with impulse oscillometry (I0S) in symptomatic patients. '® In a follow-up analysis of this study, ACT
and VAS asthma were correlated (Figure 11). No patient with uncontrolled ACT had controlled VAS
levels. On the other hand, several patients with controlled ACT had uncontrolled VAS confirming the
paper and pencil study in Japan.

Figure 11: Correlation between ACT and VAS asthma (derived from 1)
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In MASK-air, cut-offs were calculated using two approaches in 395,223 days from 23,201 users: one
based on the VAS percentiles and another based on VAS work and EQ-5D levels (Table 9). '*!
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Table 9: MASK-air cut-off levels (/100) (from 1°?)

Arbitrary3 Outcome-oriented *°*

VAS global, nose, asthma  VAS eye

Full control 0 0 0
Control 1-19 1-19 1-12
Partial control 20-49 20-35 13-35
No control >50 >35 >35

7.2. Daily electronic symptom-medication scores

7.2.1. Allergy e-CSMS

In 317,176 days of MASK-air® use from 17,780 users aged 16-90 years, in 25 countries, allergy e-CSMS
was computed following cluster analysis, regression models or factor analysis (Figure 12). '* The
selected CSMS displayed high accuracy (capacity of discriminating different levels of rhinitis control),
medium-high validity, reliability and accuracy, rendering it as a candidate for primary endpoints in
future rhinitis trials. Results were similar in different countries showing the transferability and cultural
adaptation of the CSMS. e-CSMS has been used in several MASK-air® studies. '%%%:102-106

Figure 12: Allergy e-CSMS compared to VAS work (from '*)
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* Cross-sectional design &
= 09

* 17,780 users £ 08 -
+ 317,716 days % 07
25 countries g 06
, £ 0%
I Oliver Pfaar CSMS S g’g i

Mixed hypothesis and data driven E 0’2

Cluster A © 0:1 §

Cluster B & o
I Regression score Al BR FR GE IT LT ME POL POR SP

Three control classes
[(0.050 x VAS Global Symptoms) + (0.017 x VAS Eyes) + (0.012 x VAS Nose) + (0.015 x VAS Asthma) + (0.003 x VAS Sleep) + (0.201 if MPAzeflu
is used) + (0.799 if nasal steroids are used) + (0.388 if asthma medication is used) + (-0.477 if oral antihistamines are used)] x9.019

BR: Brazil, FR: France, GE: Germany, IT: Italy, LT: Lithuania, ME: Mexico, POL: Poland, POR: Portugal, SP: Spain

7.2.2. e-DASTHMA

An electronic daily asthma control score, e-DASTHMA, ™ has been developed in a cross-sectional study
(35,635 days of MASK-air”™ data, 1662 users). The developed score was strongly correlated with VAS
dyspnea and moderately correlated with other outcomes. It displayed high test-retest reliability and
moderate-to-high responsiveness (Figure 13).

An external validation of e-DASTHMA was performed using an independent cohort of patients with
physician-diagnosed asthma (INSPIRERS). ' e-DASTHMA was strongly correlated with the GINA
classification of control. e-DASTHMA has been used in MASK-air" studies. '*
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Figure 13: Results between the best performing e-DASTHMA and comparators (from *7)
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Limitations of the control symptom scores: Lack of a gold-standard for the daily control of asthma;
AR may not be generalisable for children; overrepresentation of young adults.

7.3. Impact of age on MASK-air® PROMs

MASK-air"® studies have included users from 16 to over 90 years. Seniors can easily use the MASK-
air® app, sometimes after a short training period.®”’” We assessed 19,369 users <65 years (333,395 days)
and 519 users >65 (15,650 days) from 24 countries. '*® Users under and over 65 years had overall similar
clinical characteristics, A, R and medication patterns. However over >75 years, small to moderate effect
size measures were found for in some variables, particularly in VAS eye and VAS asthma.

In allergic rhinitis and asthma, adolescents and young adult patients may differ from older patients. In a
cross-sectional study (2015-2022), we assessed European users of three age groups: 965 adolescents
(15,252 days), 4595 young adults (18-26 years, 58,161 days) and 15,154 adults (>26 years 258,796
days). ® In multivariable models, age groups did not significantly differ in their adherence to rhinitis or
asthma medication. These models also found that adolescents reported lower VAS on global allergy,
ocular and asthma symptoms (as well as lower CSMS) than young adults and adults.

7.4. Transferability and cultural acceptability of daily PROMs

MASK-air”™ data are derived from up to 27 countries. The transfer of MASK-air was tested in a specific
study. 27 Moreover, when results were provided for each of the countries, there was a high correlation
between them including Brazil and Mexico. It can be concluded that MASK-air™ can be used in many
countries and that results are similar. However, for every new country, transferability would need to be
confirmed since some questions may not be fully relevant in all countries.
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7.5.1. Intra-rater reliability (1CC)

Between 2412 (“VAS work™) and 5827 (“VAS nose” and “VAS eyes”) days with more than one daily
VAS input provided by the same user were recorded. > For all VAS, over 50% days had no differences
in the first and second values provided within the same day. Differences between the first and second
daily values differing by over 10% ranged between 11.2% (“VAS asthma”) and 24.4% (“VAS nose”).
The ICCs were over 0.87 (“VAS global allergy symptoms™). Similar results were observed when
analysing data from MASK-air® European users only, or when taking into account the first and last daily
measurements. Overall, MASK-air® VAS display a high intra-rater reliability.

7.5.2. Test-retest reliability

Using clinical stability, the test-retest reliability of daily monitoring VAS was assessed based on data
from 102 (“VAS work™) to 270 (“VAS global allergy symptoms,” “VAS nose,” “VAS eyes” and “VAS
asthma”) patients. 5 Overall, MASK-air® VAS display a high test-retest reliability, with ICC being
always above 0.74. That is, VAS levels tend to display no or small changes in clinically stable patients.

7.5.3. Ability to change

Using clinical change, defined according to several outcomes, the responsiveness of monitoring VAS
daily was assessed based on data from 27 to 108 users. Meaningful low-moderate effect size measures
were observed for all analyses, indicating that MASK-air® VAS may have moderate responsiveness
(i.e., meaningful change in clinically unstable patients).

7.6.1. Pre-MASK-air® studies

For construct validity, in patients with rhinitis and/or asthma, the different VAS used have been
shown to be highly correlated to RQLQ and total symptom scores for rhinitis and asthma control
scores or the GINA classification of control. Cut-off VAS values have been identified. Ability to
detect a change was also found, and correlated with TNSS or TSS and RQLQ.

7.6.2. MASK-air® studies

Similar findings have been observed with MASK-air® for daily PROMs. More data are needed for
ability to change. Importantly, similar results were found in different countries, indicating the
transferability and cultural acceptability of MASK-air® PROMs across countries.

7.6.3. Clinical relevance of MASK-air® PROMs and future studies

Simple PROMs, easily translated in several languages, do not need cultural adaptation, and are available
in an electronic form in MASK-air®. They are based on clinical relevance. The daily e-CSMS and e-
DASTHMA represent an improvement over VAS as they represent both PROMs and medications.

However, these tools need to be tested to find their relevance in the stratification of severe patients and
the cost-effective management of rhinitis and/or asthma to provide recommendations for policy makers.
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7.7. Additional questionnaires for airways control

Additional questionnaires are included in MASK-air®: Control of Allergic Rhinitis and Asthma Test
(CARAT, a PROM that assesses the level of control of both asthma and AR using a single tool over a
period of 4 weeks) ©, WPAI-AS ''*!"" and EQ-5D. However, other tests can be included in MASK-air®.

CARAT is a monthly control questionnaire including both A and R (Figure 14). The methodological
quality of studies on CARAT measurement properties was thoroughly reviewed (Figure 15).

Figure 14: The CARAT questionnaire

5- CARAT Questionnaire Question 5- A) should be read to the patient with the p choosing the . There should
be no “interpretation”: the physician should not fill in the questionnaire on behalf of the patient.

A) Due to your allergic respiratory diseases (asthma, rhinitis, allergies) in the last four weeks, on average, how many

times did you have:
e Upto2days | Morethan2
per week days per week

Blocked nose? [ ) - [ )

Sneezing? [ ] ® .

Itchy nose? , , ,

Runny nose? [ [ ) [ ]

Shortness of breath/dyspnoea? , ' '

Wheezing in the chest? [ ) [ ) [ ]

Chest tightness during physical exercise? [ ) ’ ,

Tiredness/limitations in doing daily tasks? [ ] ' ’

Waking up in the night? [ [ [

Figure 15: Methodological properties of CARAT (from ).
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8. Acceptability of MASK-air® by patients

Many patients do not understand the needs and benefits of mHealth and may worry about data privacy.
A qualitative study was carried out by MADOPA in 2016 for MASK-air® to better understand the
patients’ needs and expectations. The app was modified accordingly. % (Table 10)
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Table 10: Patients’ expectations (adapted from %)

Patients’ expectations Existing items when the Added items
study was performed Item Expected
Advice to modify the treatment | Simple advice exists in line with Available
the GDPR
Pollen and pollution POLLAR: pollen and pollution in the Available
app 213
CATALYSE: alerts on peak of pollen 2027
and pollution exposure 22
Visualisation of control and Existing but poorly found by More user friendly and better Available
medications patients and physicians information
Shared-decision making Existing Available
Help science to better Existing Available

understand the disease in
order to get future benefits

In Lithuania, the satisfaction of patients was assessed after app usage (Figure 16). °° Similar results
have been found in Poland * (Figure 17) and in France (MASK@PACA).

Figure 16: Satisfaction of the app in Lithuania (N=149) (from )
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Figure 17: Satisfaction of the app in Poland (N=131) (from )
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In older adults, the app can be used up until the age of 85 years, but some outcomes may differ after 75

64,67,112
years. 7"
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9. Major studies of MASK-air®

Major studies are reported in Table 11.

Table 11: Major achievements (updated from °)

Study name Ref Study type N users N days N
countries
1- Baseline characteristics
Pilot study of mobile phone technology in AR in 25 Obs, CS 3,260 NA 20
European countries. The MASK-rhinitis study
Treatment of AR during and outside the pollen season 113 Obs, CS 9,035 70,286 Europe
using mobile technology. A MASK study 18
2- Symptoms in the diagnosis and control of asthma
Impact of asthma symptoms on QOL** 114 Obs, CS 171 171 Belgium
Impact of CARAT questions on the diagnosis and 115 Obs, CS 951 2,153 25
control of asthma
Under-reporting of rhinitis in asthma 116 Obs, CS 35,251 529,751 25
3- Phenotype of allergic diseases and asthma
Daily allergic multimorbidities 46 Obs, CS 4,210 32,585 19
Clusters of asthma and rhinitis 117 Obs, CS 8,075 297,169 26
Trajectories of allergic rhinitis 118 Obs, L 2,590 113,239 26
16,177 wks*
Rhinitis associated with asthma is distinct from Rhinitis | 104 Obs, L 3,797 256,839 27
alone
ARIA classes in MASK-air® 119 Obs, L 2,273 180,796 25
4- Adherence to treatment of AR using mobile technology
Adherence to treatment of AR using mobile 120 Obs, L 6,949 NA 21
technology
Adherence to treatment in AR during the pollen 121 Obs, L 1,361 8,212 wk*
season in Europe
5- Real-world data in allergic rhinitis
Treatment of AR using mobile technology with real- 122 Obs, CS 2,871 39,634 25
world data: The MASK observational pilot study
Mobile technology offers novel insights on control and | 47 Obs, CS 9,122 112,054 23
treatment of AR. The MASK study
Treatment of AR during and outside the pollen season 113 Obs, CS 9,035 70,286 Europe
using mobile technology. A MASK study 18
Comparison of rhinitis treatments using MASK-air® 123 Obs, CS 10,860 269,837 28
data considering the Minimal Important Difference
Differences in behavioural patterns in AR medication 124 Obs, CS 13,122 222,024 Europe
in Europe: A study using MASK-air® real-world data 18
Effectiveness, target emulation trial 125 Obs, CS 648
Satisfaction 73,74 Obs, CS 1691 28,177 18
On demand or continuous treatment In press Obs, CS 1042 18,830 17
2690 wks *
6- Real-world data in asthma
Longitudinal severe asthma pilot study 126 Obs, CS 13 1,250 Italy
Treatment of asthma using mHealth real-world data: 127 Obs, CS 3,229 70,270 27
The MASK-air observational study
Adherence to ICS/LABAs in asthma 109 Obs, L 866 26,396 27
6,444 wks*

7- Impact of allergic diseases
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Finnish Presidency of the EU

Work productivity 12,23,3358 | Obs, CS Up to Up to 18
128 20,754 260,378
EQ-5D 12,23,33,58 Obs, CS 18
EQ-5D 12,23,33,58 Obs, CS 18
WPAI-AS 12,23,33,58 Obs, CS 18
VAS work and symptoms 128 Obs, CS 18
Weekly indirect costs Obs, CS 18
Effectiveness, target emulation trial 125 Obs, CS 18
Daily costs induced by work In press Obs, CS 18
8- Clinical trials
Validation of the MASK-air App for assessment of AR 129 RCT 267 7,500 Spain
Effect of nasal irrigation on AR control in children; 130 RCT 76 NA Greece
complementarity between CARAT and MASK
Pilot study with Fel d1 food for cat allergy 131 POC, open France
9- Allergen immunotherapy
Effect of AIT in the MASK-air® study: proof-of-concept | 132 Obs, CS 17,780 317,176 25
analysis
Allergen AIT in MASK-air users in real-life: results of a 133 Obs, CS 1,093 42,756 25
Bayesian mixed-effects model
Daily improvement of allergy control by sublingual AIT: | 134 Obs, L 217 4,726 14
A MASK-air® cross-sectional study
10- Aerobiology and air pollution
POLLAR 76 Obs, CS | 3323 ] 36,440 15
POLLAR* 35 Review of methods used in POLLAR and embedded in
MASK-air
CATALYSE 22 Climate change**
11- Planetary Health
135

‘ MASK-air in Planetary Health**

Obs: Observational, RCT: randomised controlled trial, CS: cross-sectional, L: longitudinal, NA: not available

AIT: Allergen immunotherapy, AR: Allergic Rhinitis, CARAT: Control of Rhinitis and Asthma Test, LABA: Long-acting 82 agonist,
ICS: Inhaled corticosteroids, POC: proof-of-concept, POLLAR: Impact of air POLLution on Asthma and Rhinitis.

*: Review carried out for MASK-air®, **: Paper related to MASK-air®

*: Weeks with 6-7 days reporting
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10. Rhinitis

Observational MASK-air® data made it possible to assess real-life use of medications to better
understand how medications are used and to propose a novel person-centred approach for the ARIA
guidelines.

10.1. Across Europe, patients treat themselves when they are not well

In a cross-over study in the entire dataset, medication use peaked during the pollen season in all of the
investigated European countries * (Figure 18) whereas cultural behaviour - assessed using Google
Trends - "¢ differs. Oral antihistamines (OAH) were the most common medications reported in
monotherapy and comedication (OAH and intra-nasal corticosteroids: INCS). This is against guideline
recommendations '*7'*® and does not accord with the dispensing of medications (OTC and prescribed)
in the pharmacy. '* These studies suggest that patients treat themselves when they have symptoms and
do not follow guidelines.

Figure 18: Behavioural patterns of medication usage in MASK-air’ (from 124136:140)
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Limitations of the study: European MASK-air® users are not fully representative of European patients
with AR, posing generalisability concerns.

10.2. Adherence to rhinitis treatment

10.2.1. Adherence is poor in unselected patients

An observational cross-sectional study has assessed the adherence to treatment in AR patients using
MASK-air. '° Patients were selected as using 7 or 15 days of MASK-air® data any time (continuous or
in sequence). Secondary adherence was assessed by using the modified Medication Possession Ratio
(MPR) and the Proportion of Days Covered (PDC) approach. 1,887 users reported >7 days of VAS data.
11.3% of users were adherent (MPR > 70% and PDC <1.25), 4.2% were partly adherent (MPR >70%
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and PDC = 1.50) and 14.6% were switchers. When physicians are allergic, they behave like patients, '*!
suggesting the need for behavioural science to improve adherence (Figure 19A)

Figures 19A: Adherence to treatment in unselected patients and 19B: Self-medication in the same

study (from 1%9)
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Limitations of the study: We only considered the users who reported over 6 days of MASK-air®™ use.
We did not analyse the type of treatment due to its great variability. We did not include a questionnaire
on medication adherence.

10.2.2. Adherence is higher in adherent users to the MASK-air® app

We studied a subsample of the MASK-air™ database, assessing weeks during which patients answered
the MASK-air® questionnaire on all days. We analysed symptoms using VAS and CSMS, performing
stratified analyses by weekly adherence levels. Medication adherence was computed as the proportion
of days on which patients reported rhinitis medication use. Sensitivity analyses were performed
considering all weeks with at most one day of missing data and all months with at most four days of
missing data. '*!

We assessed 8212 complete weeks (1361 users). Adherence (use of medication >80% days) to specific
drug classes ranged from 31.7% weeks for azelastine-fluticasone to 38.5% weeks for OAH. '*' Similar
adherence to rhinitis medication was found in users with or without self-reported asthma, except for
INCS (better adherence in asthma patients). VAS and CSMS levels increased from no adherence to full
adherence, except for INCS. A higher proportion of days with uncontrolled symptoms was observed in
weeks with higher adherence. In full adherence weeks, 41.2% days reported rhinitis co-medication. The
sensitivity analyses displayed similar results (Figure 20).

High adherence was found in patients reporting regular use of MASK-air®. Adherence is not associated
with better control except for INCS. Comparing the two studies on adherence, '**'*!
suggested that MASK-air® adherence is associated with medication adherence.

it is indirectly
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Figure 20: Adherence to treatment in users adherent to MASK-air® (from %)

N= 19,685 weeks with 6-7days/week reporting in Europe ‘
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OAH: Oral antihistamines, Aze: Azelastine, LC: Levocabastine, Flu: FP,
BDP: Beclomethasone, BUD: Budesonide, FF: Fluticasone furoate,
FP: Fluticasone propionate, Mome: Mometasone

Different adherence patterns were found for intranasal corticosteroids (INCS) compared to oral
antihistamines (OAH) or Aze-Flu.

10.3. Real-life medications reported

10.3.1. Many patients use OTC medications and self-medicate

A large number of patients use OTC medications and self-medicate. In Europe, users reported an annual
average of 2.7 drugs, with 80% reporting two or more drugs (Figure 19B). *?°

10.3.2. Many patients use multiple medications

In a cross-sectional study, it was found that many patients use many groups of drugs and that within a
group of drugs, they use many medications (Figure 21).

Figure 21: Number of drugs reported in a cross-sectional study (from >°)
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10.3.3. Switching of treatments is common (longitudinal analysis)

A longitudinal analysis of MASK-air® data assessed 16,177 weeks of patients answering to the daily
monitoring questionnaire on all 7 days (Figure 22). *® K-means cluster analysis methods were applied
in order to group weeks according to their daily AR control. Ten clusters of users receiving a treatment
were identified: 3 controlled (C1-C3), 2 partly controlled (PC1-PC2), 2 uncontrolled (U1-U2) and 3
with variable control (V1-V3) (Figure 22). In these users, no medication was reported in 30 to 40% of
days. Moreover, comedication (INCS/AzeFlu + Other oral medication(s) was reported in 19-32%.
Except for the most severe cluster (U2), OAH were reported in around 20-25% of days. Change of
treatment within a week was reported in 15% (C1) to 42% (U2) of days, and change of two treatments
from 2 to 12% of days.

Figure 22: Rhinitis treatment and change of treatment in users reporting app data 7 days a week

(from *%)
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C1, C2, C3: Controlled patients, PC1, PC2: Partly controlled patients, U1, U2: Uncontrolled patients, V1, V2, V3: Patients with
variable control

10.3.4. Increasing the number of medications is usually associated with impairment
of control

Control worsens when medication number increases (Figure 23). This finding does not accord with
guidelines proposing that medications should be stepped-up to achieve control. However, this accord
with the concept of SCUAD (Severe Chronic Upper Airway Disease) '**, and the severity of some
chronic diseases including asthma is associated with multiple medications.

Limitations of the study: European MASK-air® users are not fully representative of European patients
with AR, posing generalisability concerns.
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Figure 23: Daily VAS for global allergy symptoms depending on the number of medications reported
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10.3.5. Co-medication is associated with impaired control by comparison to
monotherapy

In several papers, the same results were observed: comedication is associated with worse control by
comparison to monotherapy. *"!'*!?2143 Days with the best control were those with no medication The
same results were observed during and outside the pollen season. In all four studies, the trends between
medications were similar from the first day of reporting to long-term reporting. However, the levels of
VAS global allergy symptoms decreased largely with time in treated and untreated days (Figure 24).

Figure 24: Daily VAS global allergy symptoms depending on the day of the treatment reporting in a
cross-sectional study 123
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Limitations of the study: Overall limitations.

10.3.6. Patient satisfaction decreases with co-medication and partly explains why
unsatisfied patients increase their medications

Satisfaction with treatments may affect medication adherence and use patterns, including co-medication.
We compared different AR medications on (i) patients' satisfaction and (ii) co-medication use frequency.

In the first study, " we assessed 28,177 days reported by 1691 MASK-air users. In monotherapy,
satisfaction was lower for INAH than for other classes (Table 12). For all classes but INAH, co-
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medication was associated with decreased satisfaction. VAS satisfaction levels were moderately
correlated with a change in VAS global (-0.44 (-0.66;-0.14) [p=0.005]), without significant correlations
in relation to changes in VAS nose (-0.28 (-0.55;0.04) [p=0.087]) or VAS eye (-0.32 (-0.58;-0.01). A
reduction of satisfaction appears to partly explain why unsatisfied patients increase their medications.

Table 12. VAS levels on treatment satisfaction and global allergy symptoms for each medication class
in monotherapy versus co-medication (from 7%

Treatment satisfaction Maximum VAS global
Cohen’s Monothera Co- Cohen’s
Medicati Monotherapy - Co-medication - d Medi ud medication d
edication Median (IQR) [n] Median (IQR) [n] -(I Q:) '[:? - Median
(1QR) [n]
INAH 52 (52) 75 (41) 0.68 47 (40) 57 (49) 0.33
INCS 85 (29) 81 (31) 0.23 35 (45) 57 (44) 0.69
INAH+INCS 81(28) 74 (53) 0.30 41 (40) 54 (43) 0.43
OAH 82 (35) 79 (39) 0.14 50 (47) 58 (42) 0.25

IQR — Interquartile range; INAH — Intranasal antihistamines; INCS — Intranasal corticosteroids; INAH+INCS — Intranasal
antihistamines and intranasal corticosteroids fixed combination; OAH — Oral antihistamines

In the second study, " when comparing individual intranasal medications, fluticasone furoate and
fluticasone propionate tended to be more frequently used in co-medication. Among individual OAH,
desloratadine and rupatadine were associated with higher satisfaction, while fexofenadine was more
frequently used in co-medication. Moreover, control assessed by CSMS levels on the previous day was
associated with patients’ satisfaction ranging from 91 (good control) to 76 (medium control) and 44
(poor control).

Table 13. Treatment satisfaction and frequency of days using co-medication and medications for
each class according to (i) CSMS levels of the previous day and (ii) categories of the ARIA
score (from 7°)

A. CSMS levels of the previous day
Good control — Medium control — Poor control —

Variable CSMS <15.8 15.8<CSMS<35.3 CSMS>35.3
(N days=14,237) (V days=9109) (N days=4831)
VAS satisfaction levels — median (P25-P75) 91 (85-96) 76 (62-84) 44 (17-58)
Days using co-medication - N (%) 4747 (33.3) 4051 (44.5) 2611 (54.0)
Days using medication from each class — N (%)
INAH 179 (1.3) 102 (1.1) 99 (2.0)
INCS 6554 (46.0) 4662 (51.2) 1745 (36.1)
INAH+INCS 2429 (17.1) 2059 (22.6) 1700 (35.2)
OAH 8905 (62.5) 5533 (60.7) 3489 (72.2)

Conclusion: Using patient-reported data, we evaluated different medication classes and treatments in
terms of satisfaction and co-medication frequency. These results provide key insights into the
acceptability of AR treatments and will contribute to future treatment guidelines.

10.3.7. Differences between regular and PRN (Pro Re Nata) use of medications

Patients with AR often use medications on an as-needed instead of on a regular basis. We compared
weeks when medication was used on a PRN versus regular basis in terms of treatment satisfaction and
symptom control. We assessed 2690 weeks (18,830 days) reported by 1042 users. For INCS and fixed
combinations of INAH + INCS, there were no significant differences between PRN versus regular
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treatment on satisfaction. By contrast, for OAH and INCS+OAH, results tended to favour PRN
strategies. For symptom control, we observed either no significant differences between PRN and
regular strategies or significant differences favouring PRN medication use (Figure 25).

Patients opting for an PRN strategy can potentially achieve levels of symptom control and treatment
satisfaction that are comparable to that achieved by patients taking regular treatment.

Figure 25. Distribution of the values of the visual analogue scale assessing patient satisfaction with
rhinitis treatment (VAS satisfaction)
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Randomised controlled trials (RCTs) are the gold standard for evaluating treatment efficacy, but their
generalisability is often limited. Advances in the assessment of observational data aim to overcome
some RCT limitations while accounting for confounding. This study aimed to use a target trial emulation
framework to compare the effectiveness of allergic rhinitis (AR) treatments using mHealth data. '

This study analysed data with self-reported AR before and after medication use within a 24-hour period.
We compared OAH, INCS, INAH + INCS in improving VAS AR symptoms. Treatment effects were
estimated using a Bayesian approach through regression models with inverse probability of treatment
weighting. Separate treatment effects were estimated for patients with and without asthma.

A total of 648 days of MASK-air™ data were analysed. Overall, INCS and INAH+INCS were more
effective than OAH, and differential effects in relation to asthma status were observed (Table 14).
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Table 14. Changes in VAS Eye and Nose levels (from %),

Difference in VAS [95% Credible Interval], probability of

Comparison intervention being more effective than comparison
Participants with asthma Participants without asthma

VAS Eye

INCS vs. OAH -5.29 [-8.61, -0.21], 97.8 -4.32 [-8.76, -0.82], 99.0

INAH + INCS vs. INCS -0.25 [-7.23, 9.20], 60.0 0.01[-8.58, 6.88], 55.6

INAH + INCS vs. OAH -1.74 [-7.93,5.11), 72.8 -6.93 [-9.13, -3.75], >99.9

VAS Nose

INCS vs. OAH -6.86 [-10.0, -3.07], >99.9 -6.69 [-9.51, - 3.94], 99.9

INAH + INCS vs. INCS -0.10 [-10.8, 10.6], 54.5 0.05[-11.2, 6.64], 38.7

INAH + INCS vs. OAH 10.9, [1.74, 18.5], 0.02 -9.13 [-13.3,-6.09], 99.9

10.5. 1.Rhinitis alone and rhinitis and asthma

Atopic dermatitis (AD), A, R, C and are interrelated clinical phenotypes that partly overlap in the human
interactome. '**'** Complex genetic and epigenetic mechanisms interact with the environment to
determine disease expression and lead to distinct and frequently co-existing phenotypes
(multimorbidity). '* The concept of “one-airway-one-disease” '*¢ led 25 years ago to the development
of ARIA ' is an over-simplification of the links between R and A. Two distinct AR phenotypes were
identified 20 years ago across countries: (i) R alone, affecting around 70-80% of patients and (ii) R+A
multimorbidity, affecting 20-30%. '** On the other hand, most A patients have allergic or non-allergic
R. 15! A recent review confirmed common pathways in R+A and R-specific pathways from genomic
data to mHealth and epidemiologic studies suggesting that AR and AR+A represent two distinct
phenotypes. '*

It is however important to re-assess the links between A, R and other allergic multimorbidity (C and
AD) to complement the recent review > (i) with new data from a literature search, (ii) data obtained in
real life, in particular from MASK-air® (Table 14), (iii) to confirm the distinction between single
diseases and multimorbidity, (iv) identify the clinical relevance of these findings and (v) propose
research needs.

Table 14: MASK-air® data on rhinitis alone and rhinitis and asthma

Ref | study diseases

46 Cs AR, C Extreme allergy phenotype assessed in days including A+C+R with increased severity by
comparison to A, R, A+R or R+C

98 L AR, C Extreme allergy phenotype assessed in patients including A+C+R with increased severity by
comparison to A, R, A+R or R+C

104 CS AR Patients with A+R required more R medications, they had more severe VAS levels for nasal and

ocular symptoms and work than R patients. Robust results were obtained when assessing data
from individual countries or in the sub-analysis of 282 patients enrolled by physicians.

153 | L AR K-means cluster analysis methods identified 7 groups of A patterns. Patients with treated A
needed more OAH with ICNS or AzeFlu (12.3% to 21.9%) than those with untreated A (9.3%)
and those with R alone (7.9%)

154 1 CS AR, C VAS nose and VAS eye were increased in patients with R+A by comparison with those with R
alone in most ARIA classes
6 cs AR EQ-5D-5L utilities and VAS were compared with the control of the disease with

differences between R and R+A
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155 | ¢S AR Using WPAI-AS of AR was measured in work productivity (presenteeism and absenteeism)
depending on the disease control. Large differences were found between R alone and R+A

156 | cS AR Weekly indirect costs per country: Patients with R+A showed higher overall work impairment
than patients with R alone, particularly in poorly-controlled weeks

A: asthma, C: conjunctivitis, R: rhinitis, CS: cross sectional study, L: longitudinal study, AzeFlu: Intranasal azelastine fluticasone

10.5.2 Diagnosis of asthma in patients with rhinitis

Although pulmonary function tests with reversibility represent the gold standard for A diagnosis they
are rarely performed in primary care because (i) many GPs do not have the equipment, in particular in
developing countries, (ii) it is not reimbursed in many countries and there is no incentive to perform the
test, (iii) it is time consuming, especially if the reversibility is performed and (iv) the interpretation of
the test may be difficult. In some studies, as few as 5% of GPs use pulmonary function, even if they are
trained and the test is reimbursed (Belgium, Louis, personal communication).

The relevance of individual bronchial symptoms for A diagnosis and control was carried out in R

patients with rhinitis using MASK-air®, ''*

We compared the frequency of occurrence of five A symptoms (dyspnea, wheezing, chest tightness,
fatigue and night symptoms, as assessed by the CARAT questionnaire) in 951 patients with probable,

1.1Y7 assessed the association between each

possible or no current A defined according to Bousquet et a
symptom and asthma control (measured using the e-DASTHMA score). Results were validated in a

sample of patients with a physician-established diagnosis of asthma.

Wheezing displayed the highest specificity (90.5%) and positive predictive value (90.8%) for A (Figure
26). In patients with probable A, dyspnoea and chest tightness were more strongly associated with A
control than other symptoms. In this study, over 95% of patients with R and wheezing had A. On the
other hand, for A control, dyspnoea was the most relevant symptom. Consistent results were observed
when assessing patients with a physician-made diagnosis of asthma.

Figure 26: Sensitivity, specificity of the ever occurrence of specific asthma symptoms, as assessed
by the Control of Allergic Rhinitis and Asthma Test (CARAT) (from )
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10.5.3. Control of rhinitis depends on rhinitis phenotype (AR or AR+A) and
results are similar in 12 countries

The ARIA-MeDALL hypothesis had not been tested using direct patient real-world data. compared
reported symptoms and medication in R versus A+R using direct patient data from the MASK-air®
mHealth app. We analysed data from 3,797 patients (256,839 days). Patients with A+R required more
rhinitis medications and had more severe VAS levels for ocular symptoms and work than R patients.
The allergy-CSMS was also higher in A+R patients than in R patients. Robust results were obtained
when assessing data from individual countries (Figure 27) or in the sub-analysis of 282 patients enrolled
by physicians. In all analyses, R and A+R were distinct in terms of allergy-CSMS and reported
symptoms. This study supports the ARIA-MeDALL hypothesis.

Figure 27: Median maximal CSMS in different countries for probable asthma, possible asthma and
no current asthma (from)
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10.5.4. Rhinitis medications depend on rhinitis phenotype
Research needed
10.5.5. Overall conclusion

Rhinitis and R+A represent two distinct diseases that need to be considered independently in the
management of AR. This information should be reflected in ARIA-EAACI guidelines. (i) If A diagnosis
is not established, it can be made using MASK-air® (rhinitis VAS and “self-reported” asthma or
wheezing in CARAT). (ii) Then, for the management, the higher medication strategy is preferable in
AR+A.

10.6. Clinical trials

10.6.1. RCT comparing a MASK-air® strategy with best practice in pollen allergy

A cluster-randomised trial was performed in 267 patients with AR. The patients were randomly assigned
into 2 groups (i) those who were invited to use the Spanish version of the Allergy Diary App at the
baseline visit and (ii) those who were not invited to use the App (non-App group). '** After one month,
both groups had a controlled disease and there was no significant difference between them. However, a
relevant improvement of all parameters was observed over baseline at the end of the study (p<0.001).
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In nasal, ocular and global VAS, improvement was reached sooner in the App group than in the non-
App group (Figure 26). Moreover, there was a significant correlation between VAS asthma and ACT
score (Pearson -0.79132, p <0.0001).

Figure 26: Speed of onset between the App and the non-App groups (from %)
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Limitation of the study: None.
10.6.2. RCT comparing MASK-air® and CARAT in children with pollen allergy

In a quasi-experimental study in Greece, CARAT and MASK-air® provided complementary information
on AR symptom control, possibly mirroring differences in time periods assessed by these two tools (4
weeks versus daily assessment). '*°

10.6.3. Proof-of-concept for a cat food containing antibodies against Fel d 1

An innovation to better manage cat-allergic patients utilises anti-Fel d 1 IgY antibodies to neutralise Fel
d 1 after its production by the cat. A longitudinal, open-label, proof-of-concept study was carried out to
approach clinical efficacy of the cat food in cat-allergic patients. Of the 49 patients screened, 42 were
followed-up and 33 (78.5%) reported MASK-air data at all 3 evaluation periods. The primary end point
(VAS global allergy symptoms) was highly significantly improved (p<0.0001). All symptoms (VAS
nose, eye, asthma), VAS work and CSMS were significantly improved after one month. The percentage
of uncontrolled days (VAS>20/100) decreased from 64% at baseline to 35% at one month (p<0.0001)
and 14% at 3 months. A sensitivity analysis in patients with uncontrolled disease at baseline found
similar results (Figure 27).
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Figure 27: Median levels of symptoms or CSMS in patients whose cats are being given a special
food for 3 months (P1-P3): sensitivity analysis in uncontrolled disease at baseline
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Limitation of the studies: This is a pilot study without a control group.
10.7. ARIA classes in MASK-air® users

The Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines classify rhinitis as "intermittent" or
"persistent" and "mild" or "moderate-severe". We assessed ARIA classes using MASK-air®.

A total of 2273 users (180 796 days) were assessed. Most users had moderate-severe rhinitis (n=2003;
88.1%) and persistent rhinitis (n=1144; 50.3%). '’ The frequency of patients with probable asthma was
35.7% (95%CI, 34.5%-37.0%) for intermittent rhinitis and 48.5% (95%CI, 47.1%-49.9%) for persistent
rhinitis. The maximum VAS values for R symptoms and the combined CSMS were lower in patients
with mild R than in those with moderate-severe R (irrespective of whether they had persistent or
intermittent R). In most ARIA classes, VAS nose, VAS eye and R comedication were more frequent in
patients with R+A than in those with rhinitis alone (Figure 28).

Figure 28: VAS global score (MASK-air® data) in ARIA classes (from 1°)
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This study suggests that (i) A is more closely related to R persistence than to severity and (ii) comorbid
A may be associated with poorer R control across the different ARIA classes.

The Allergic Rhinitis and its Impact on Asthma (ARIA) initiative first proposed guidelines for AR and
asthma multimorbidity in 1999'57 and 2008*. Four innovative iterations have been produced (2010, '
2016, ¥ 2020 '* and 2024-2025 '6*161),

ARIA has evolved from the first multimorbidity guideline in respiratory diseases using the Shekelle
evidence-based model"’ to the GRADE (Grading of Recommendations, Assessment, Development and
Evaluation) framework for evidence-based guidelines'*®'®*, ARIA 2016 was used as the clinical
scenario on how to interpret and use a guideline in a review published in the Journal of the American
Medical Association'®®. ARIA 2010 and 2016 devised a medication algorithm"*'®2. However,
digitalisation was not implemented. In 2019, next-generation guidelines using an expert consensus on
real-life MASK-air® data and allergen exposure chamber studies proposed digitally enabled person-
centred care for the first time'’. The next iteration, ARIA 2024-2025, endorsed by the European
Academy of Allergy and Clinical Immunology (EAACI), has resulted in a person-centred, digitally
enabled, artificial intelligence (Al)-assisted guideline. '**'!
guideline using real-world data (Figure 29 and Table 15).

It is now evolving towards a living

Table 15: Methods used for the development of ARIA 2024-2025

Steps Person- | Digitally Al assisted Ref
centred | enabled
Selection of | Review 160,161
PICO ARIA-driven 164,165
question KOL-driven 166-168
MASK-air® X X 5,11,39,98,122,169,170
Patient’s view X LLM, Google 1
Individual meds vs classes X Trends
Value and Review 172
preferences | V & P: ARIA survey 173
V&P Meta-analysis | *™*
EtDs Guidelines 154
Meta-analyses: INCS, 170,175-180
INAH, OAH, oral vs
intranasal medications,
Children
Safety
Satisfaction X MASK- 73,74
air®
Adherence X MASK- 120,121
air®
Co-medication X MASK- 123,124,143
air®
Impact X MASK- 12,13,23,33,58,59,103,128,156,181-
air® 183
Efficacy X MASK- 125,129,184
air®

41




Costs X MASK- In press, JACI Pract
air®

Planetary health-Climate 21,22,76,135,185
change

Overall, the EtDs were derived from more data than simply meta-analyses (Figure 28).

Figure 29: Novel approach to perform Evidence to Decision (EtD) framework in ARIA 2024-2025
and its evolution towards the ARIA 2026-2027 living guideline (from 161.186.187)
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10.9. Potential implications of digital biomarkers in allergic rhinitis

Table 16: Potential implications of the CSMS (from *°)

1- Clinical practice

e Indication of a treatment in stratified patients

e  Follow-up of a treatment and early stopping rule

e  Follow-up of a treatment and regular review of efficacy

e  Follow-up of the patient when the treatment is stopped

e Re-introduction and follow-up of the treatment in patients who relapse

2- Randomised Controlled Trials (RCTs): mHealth biomarkers are currently exploratory end points but may
become primary end points mimicking real-life after validation

3- Observational studies can triangulate RCTs and make a link with clinical practice

4- Real-world data are the data relating to patient health status and/or the delivery of health care routinely
collected from a variety of sources including apps. They allow large simple trials and pragmatic clinical trials to
be performed

5- Epidemiologic studies will use the same approach to better relate RCTs and clinical practice

6- Allergen challenge can triangulate RCTs and make a link with clinical practice
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11. Allergen immunotherapy (AIT)

11.1. AIT is effective using real-world data

Evidence regarding AIT efficacy on AR has been provided mostly by RCTs. A MASK-ait" pilot study
showed that AIT improved symptoms and work productivity (Table 17). '**

Table 17: Impact of AIT on real-world data using MASK-air® (from 132)
Medication N observations (%) Symptoms VAS — median [95%CI] (IQR) P value
scheme AIT No AIT AIT No AIT
All observations 36,229 (11.4) 280,947 (88.6) 9[9-9] (24) 12 [12-12] (28) <0.0001
No medication 21,613 (12.1) 157,259 (87.9) 7 [6-71 (19) 8[8-8] (24) <0.0001
Single medication 8712 (10.4) 75,291 (89.6) 11 [11-12] (24) 14 [14-15] (28) <0.0001
Comedication 5904 (10.9)  48,397(88.1) 17[16-18](31) 20 [19-20] (35) <0.0001

Cl=Confidence interval; IQR=Interquartile range; Symptoms VAS = MASK-air® visual analogue scale assessing the severity of
overall allergic symptoms on that day; Work VAS = MASK-air® visual analogue scale assessing the work impact of allergic
symptoms on that day

In a second study in 10,860 users, '** AIT was more effective on days with oral antihistamines (OAH)
than on those with intranasal corticosteroids (INCS, monotherapy or comedication) (Table 18).

Table 18. VAS on global allergy symptoms by medication scheme for days under treatment with
allergen immunotherapy (AIT) and days with no AIT (from 1%3)

Days under treatment with AIT Days with no AIT Difference in AIT

. Average . Average difference use — Average
N days N:::::_:;’SS difference in VAS 2 N days IV:::;_?_:X_‘A)S in difference in VAS
(95%Cl) [p-value] VAS @ (95%Cl) (95%Cl) [p-value]
No treatment 43,499 5 (0-16) - 84,078  8(0-23) - -2.2(-3.4;-1.0)
[<0.001]
OAH or INAH 9921 13 (3-29) 7.8(7.4:8.1) 29,816 18(6-41) 8.0(7.7;8.2) -1.8(-3.4;-0.1)
[<0.001] [<0.001] [0.041]
INCS 6360 10 (4-24) 3.1(2.6;3.5) 16,218 13 (4-28) 1.8 (1.4;2.2) 2.6 (-4.8;-0.4)
[<0.001] [<0.001] [0.021]
AzeFlu 3058 12 (3-22) 1.5(0.9;2.2) 9698 13 (4-31) 1.5(1.0;1.9) -1.4 (-4.9;2.0)
[<0.001] [<0.001] [0.415]
INCS + OAH 6732 13 (4-31) 7.3(6.7;7.8) 16,869 19 (7-41) 8.9 (8.5;9.4) -1.2 (-3.6;1.1)
[<0.001] [<0.001] [0.298]
AzeFlu + other 5652 16 (6-27) 4.3 (3.8;4.9) 16,553 16 (5-34) 3.1(2.7;3.5) 0.7 (-3.7;2.2)
[<0.001] [<0.001] [0.614]
INCS + OAH + other 4825 20 (9-33) 8.5 (7.9;9.0) 13,287  20(9-39) 7.9 (7.4;8.4) -2.4(-5.3;0.5)
[<0.001] [<0.001] [0.110]
Any OCS 395  27(11-45) b 2063  43(25-62) 21.2(19.3;23.1) b
[<0.001]c
AzeFlu=Azelastine-Fluticasone intranasal formulation; Cl=Confidence interval; INAH=Intranasal antihistamines;

INCS=Intranasal corticosteroids; OAH=Oral antihistamines; OCS=Oral corticosteroids; @ Comparisons between each
medication scheme versus no treatment; b Insufficient sample size for analysis to be performed; ¢ Difference higher than the
minimal important difference (MID).

Limitations of the studies: There was no differentiation between SCIT and SLIT, and between different
vaccines.
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11.2. SLIT is more effective than SCIT

VAS global allergy symptoms and work as well as e-CSMS were studied in users receiving sublingual
AIT (SLIT) or subcutaneous AIT (SCIT), and in those with no AIT in European users with self-reported
AR. In grass pollen allergic patients, Bayesian mixed-effects models - with clustering by patient, country
and pollen season - were analysed (Figure 30). '

Limitations of the studies: There was no differentiation between different SLIT or SCIT vaccines. This
was not possible due to the number of patients.

Figure 30: Probability distribution between SLIT, SCIT and no AIT (from'*)

Probability distributions of the comparisons between grass subcutaneous immunotherapy (SCIT) versus no allergen
immunotherapy (AIT), and grass sublingual immunotherapy (SLIT) by tablets versus no AIT
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11.3. AIT improves educational activities in young people and its effects differ from
pharmacotherapy

Several studies have suggested an impact of AR on academic productivity. However, large studies with
direct patient data were not available. We assessed variables measuring the impact of allergies on
academic performance (VAS school, WPAI+CIQ:AS impact of allergy symptoms on academic
performance and percentage of hours of school lost due to allergies). Factors associated with the impact
of allergic symptoms on academic productivity were assessed using multivariable mixed models.

In 1970 users (13-26 years) and 13,454 days, AIT improved school productivity whereas rhinitis
medications had no effect (Table 19).

Table 19. Main model of the association between VAS school and other independent variables using
multi-level mixed effects linear regression (from 13)

Association with VAS school
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Regression coefficient 95% CI p-value
Baseline impact 1.40 0.91;1.89 <0.001
Baseline symptoms -0.63 -0.95;-0.30 <0.001
AlT -2.70 -4.41;-0.98 0.002
Oral antihistamines 0.06 -0.67;0.79 0.119
Topical antihistamines 1.71 -0.52;3.94 0.132
Nasal steroids -0.85 -1.79;0.10 0.081
Azelastine + Fluticasone -1.36 -4.15;1.44 0.342



Systemic steroids 5.19 1.06;9.33 0.0142

Asthma medications -0.14 -1.53;1.25 0.842
VAS eyes 0.19 0.17;0.2 <0.001
VAS nose 0.37 0.36;0.38 <0.001
VAS asthma 0.18 0.16;0.2 <0.001

Cl = Confidence Interval; VAS = Visual Analogue Scale.
a — not statistically significant after Bonferroni correction.

Limitations of the studies: There was no differentiation between SCIT and SLIT, and different vaccines.

11.4. Rapid relief of symptoms by SLIT

AIT was suggested to be possibly rapidly effective in AR. ** In Europe, in patients reporting grass
pollen AIT, days with AIT were compared against days without AIT. 2296 days from 80 patients using
SCIT and 3098 days from 113 patients using SLIT were analysed. In users under SLIT, days with AIT
were associated with better AR control than days without AIT (Figure 31). Use of AIT was not
associated with improved AR control in patients under SCIT.

Figure 31: Daily improvement of allergy control by SLIT (regression coefficients) (from '*%)
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These rapid clinical effects cannot be explained by an adaptive immune response (immunotherapy), but
may be related to rapid and short-lasting cell downregulation (desensitisation), particularly in basophils
and mast cells.”**'®® SLIT might induce a rapid relief of allergic symptoms during the pollen season.
However, this hypothesis requires confirmation by appropriate studies.

Limitations of the study: Low number of users but highly consistent results.

11.5.1. AIT trials

Proposed benefits of apps include the ability to longitudinally collect symptoms and medication usage
data, allowing the detection of changes during treatment. Data from external sources, including weather,
allergen load and air quality reports are integrated. *°

Overall, mHealth data are important as:
e Observational studies can triangulate RCTs.

e The real-life approach allows us to study a large number of patients in several studies.
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e Most patients using AIT need a pharmacologic treatment. In RCTs, there is a standardisation of
medication use. Real-life data enable the assessment of all medications with an impact on efficacy
and costs.

e Rare allergens can be studied.

e The placebo effect can be reduced by comparing exposed and non-exposed days. In patients who
voluntarily accept to be geolocalised, daily pollen and air pollution indexes are available with a
radius of 5 km. Pollen exposure can be monitored when they travel or during rainy days (Figure 3)

allowing to pre-hoc discard data during days when pollens are low. The exact level of pollen is

currently monitored in CATALYSE (Horizon Europe grant) comparing MASK-air®, 2

e (Cost-effectiveness in real life can be available.

11.5.2. Clinical course of patients selected for and followed using AIT

Following the ARIA care pathways, the ARIA-EAACI Position Paper on digital biomarkers in AIT
proposed **'* that digital biomarkers associated with clinical decision support systems (CDSS) *! may
change the scope of the clinical impact of AIT to enable:

o Patient stratification,
e Monitoring of AIT efficacy and safety,

e Development and implementation of guidance for the continuation or cessation of treatment after a
short (early stopping rule) or long (late stopping rule) period and

e Assessment of AIT efficacy after its cessation. Clinical stopping rules should be developed for AIT
(Figure 32).

Figure 32: Digital biomarkers in AIT (adapted from the ARI-EAACI Position Paper on digital
biomarkers in AIT 3°0),
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Limitations and future needs:

Few patients are highly adherent to the app and most will not fill the app daily. However, it appears that
patients fill the app more commonly when they are unwell. Thus, instead of using median values,
maximal values on the worst days may be used. Moreover, patients who will not be adherent to the app
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during stratification are unlikely to be adherent to SLIT during treatment and this may be considered in
prescribing SLIT. These hypotheses should be tested. It is possible to define the number of days needed
to appreciate the pollen season.
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12. Asthma

12.1.1. Rhinitis without asthma

Rhinitis is a common comorbidity in A patients. However, underreported R in A is not clear. We
assessed the characteristics of patients with self-reported A and no self-reported R, and the extent of R
underreporting. ''® A cross-sectional study of all MASK-air® users (2015-2022, 27 countries), compared
reported symptoms and medication use in patients with (i) self-reported A without R ("asthma alone"),
(i1) self-reported R+A and (iii) self-reported R without A ("R alone"). A cluster analysis was performed
to identify groups of patients under-reporting R and/or undertreated for R. We assessed 35,251 users
(529,751 days): 671 (1.9%) A alone, 25,882 (73.4%) R alone and 8698 (24.7%) R+A. Overall, 27% of
patients reporting A alone were treated with R medications, but these patients displayed a lower
frequency of days under R medication and less severe nasal symptoms than those reporting R+A.
Among patients reporting A alone, 3 clusters were identified: (A; 22.2%) severe R symptoms and low
frequency of R medication use, (B, 41.0%) moderate R symptoms and high frequency of R medication
use (41.0%), and (C, 36.8%) mild or no R symptoms and almost no R medication use. This study
suggests that, among patients with self-reported A, R underreporting or undertreatment may be common.

12.1.2. Multimorbidity

Daily multimorbidity was assessed in a cross-sectional analysis (4,210 users, 19 countries). *° A specific
group (“extreme” allergy phenotype) combined R “High” (VAS>50/100) patterns - A “High” - C “High”
and was identified in 2.9% of the days. This previously unknown extreme pattern of multimorbidity had
the greatest impact on uncontrolled symptoms and work productivity (Figure 33). Differences in control
were found in R alone and R+multimorbidity.

Figure 33: Patterns of multimorbidity in days reported in MASK-air® (from *°)

VAS nose-asthma VAS nose-eye

A or C High-R Low
A or C Low-R High
A or C High-R High

VAS eye

VAS asthma

0 10 20 30 40 S50 60 70 80 90 100 0 10 20 30 40 S0 60 70 80 90 100

VAS nose VAS nose
N= 32,095 days N= 32,585 days
Rho=0.50 Rho=0.63

A: asthma, C: conjunctivitis, R: rhinitis

This study was followed by two cluster analyses - a cross-sectional analysis based on A patterns (over
8000 patients and 267,000 days) '** and a longitudinal one based on R patterns (over 2500 patients,
297,000 days and 16,000 weeks with 7 day-reporting).”® The extreme “A”, “R” and “C” phenotypes
were confirmed in days (cross-sectional analysis) and patients (longitudinal) (Figure 34). Patients with
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A+R required more rhinitis medication and had worse ocular and rhinitis control than patients with R

alone. '8

Figure 34: K-means cluster analysis using asthma patterns (from °3)
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Limitations of the studies: In the MASK-air® studies, AD was not considered. However, the results of
mHealth apps are hypothesis generating and need to be confirmed in classical epidemiologic studies.

Canonical epidemiologic studies showed that (i) the risk of adult-onset A increases with the number of
allergic multimorbidities, '*° (ii) severe A is associated with multimorbidity, '*' (iii) age of onset and
parental allergy suggest that multimorbidity behaves differently to R or A alone *>*** and (iv) the role

of sex hormones at puberty appears to be influenced by multimorbidity.'**'*>

12.2. MASK-air® and CARAT in the diagnosis or control of asthma

The five main asthma symptoms (wheezing, dyspnea, chest tightness, cough and airway secretion) may
have a different association with the diagnosis or control of asthma. A cross-sectional study assessed
the frequency of individual symptoms (wheezing, dyspnea, chest tightness) in the diagnosis and control
of asthma. The frequency of individual symptoms was based on the CARAT lower airways questions.
1% Asthma in MASK-air® users was classified according to a previous study as “probable asthma”,
“possible asthma” or “no evidence of asthma”.''” Asthma control was assessed by e-DASTHMA. '

In 951 patients, we assessed 2153 CARAT questionnaires. Although all symptoms were associated with
asthma diagnosis, wheezing and shortness of breath were the most specific. On the other hand, dyspnoea
was the most sensitive and the most consistent symptom associated with e-DASTHMA (Figure 35).

This study was reinforced by a prospective cross-sectional study in 171 untreated asthmatic adults in
Liege. Multiple linear regression analysis showed that dyspnea and chest tightness were the two leading
symptoms associated with asthma-related QOL."’
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Figure 35. Sensitivity and specificity of CARAT asthma symptoms in the diagnosis of asthma
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12.3. Asthma treatment
Using the MASK-air® app and the methods used to assess adherence in rhinitis, '** we studied

adherence to inhaled steroid (ICS)-containing medications.
12.3.1 Overall adherence

We analysed MASK-ait® users who used the app in at least three different months to limit “false-
9 117

positives”.
There were:

e 578 SABA-only users (reporting 12,705 days; average of 22 days per user);

e 1217 ICS+LABA-only users (26,291 days; average of 22 days per user);

o 2227 ICS+LABA-co-medication users (77,827 days; average of 35 days per user);
o 868 ICS-only users (34,693 days; average of 40 days per user).

The outcomes included (Table 20):

e Total adherence to MASK-air"™: Proportion of days with MASK-air™ use among the total number of
days since MASK-air” installing.

e One-month adherence to MASK-air™: Proportion of days with MASK-ait™ use within the first 30
days after MASK-air” installing.

e Proportion of days using each medication class among days of MASK-air® use.

Table 20: Adherence to asthma medications (from ')

ICS/LABA
SABA Only All ICS
N users reporting VAS asthma in 3 months (%) 183 (31.7) 348 (28.6) 826 (37.1) 360 (41.5)
N days (average N days per user) 10903 (60) 22108 (121) 70 688 (86) 32206 (89)
Total adherence to MASK-air® 3.1(7.7) 3.5(8.0) 4.5 (11.0) 4.3 (8.0)
One-month adherence to MASK-air® 38.7 (48.4) 419 (58.1) 48.4(58.1) 58.1(58.1)
Proportion of days using medication 143 (27.4) 80.0 (62.2) 81.2(58.3) 56.3(71.5)
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12.3.2. Adherence to ICS+LABAs

In a second study, we compared adherence levels in MASK-air® data, assessing complete weeks (with
a reporting of 6 or 7 days) from patients with self-reported asthma and at least one day of ICS +
formoterol (F) or ICS + other LABAs). (Figure 36).

In 2598 users reporting the use of ICS+LABAs, 621 (23.9%) reported 4824 complete weeks, and 866
(34%) reported weeks with at most one missing day. Adherence was higher for [CS+other LABA (use
of medication >80% of weekly days) than for ICS+F (59.3%). However, control was similar in both
groups and ICS+F was associated with a meaningful lower SABA use and similar VAS asthma, e-
DASTHMA or VAS work. Overall, increased adherence to either ICS+F or ICS+other LABA was
associated with decreased SABA use.

Figure 36: Adherence to inhaled corticosteroids (ICS) + long-acting B-agonists (LABA)
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Limitations of the study: Doses

12.3.3. Adherence of patients treated by biologics

In Italy, Lithuania, Portugal and Turkey, 44 patients were treated by biologics. They were not all
enrolled by physicians. Adherence to the app for the first year of follow up was examined (Figure 37 A-
B). However, some patients recruited in 2023 did not have the full year’s data and the number of days
of reporting was lower (N°21, 28, 34, 35 and 43, Figure 37C).
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Figure 37: Adherence to the app of patients receiving biologics
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Patients 15, 21, 28 and 43 were recently enrolled.

12.3.4. Comparison of treatments used in asthma

A cross-sectional study used MASK-air® real-world data to compare reported asthma control on days

with several treatments used alone or in co-medication.

8 In 70,271 days (3229 users, mean

age=43.3+£13.7 years), VAS asthma was higher for SABA (always uncontrolled median days). No
treatment days had the lowest VAS asthma. ICS F days were less controlled than other ICS alone or
ICS+LABA (Figure 38).

Limitations of the study: Doses and strengths of medications were not included. The study shown in
the graph is cross-sectional.
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Figure 38: Median VAS asthma according to medication schemes for asthma and the day of MASK-
air’ use (cross-sectional study)
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In single medication days, ICS/F associated with worse reported asthma control than ICS/SAL or
ICS/VI, but all differences were lower than the MID. Days of SABA use were associated with worse
control than days under any ICS or ICS/long-acting beta-agonist (LABA). The differences were higher
than the MID. For a drug or a drug class, co-medication days were less well controlled than days with
single medication (fixed dose combination therapy considered as single medication) (Figure 39).

Figure 39: Comparison of treatments used in asthma
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12.3.5. Follow up of asthmatic patients reporting over 26 days a month and at least
one day of ICS

A longitudinal observational study was carried out on asthmatic patients who filled at least 26 days
during the first month of reporting the MASK-air® app and who received a treatment with inhaled
corticosteroid with or without long-acting B2 agonist (ICS£LABA). '¥’ Validated daily Patient-Reported
Outcome Measures (PROMSs: visual analogue scale (VAS) asthma and an electronic symptom-control
score (e-DASTHMA)) were compared during the first month of survey between patients using the same
ICS£LABA (non-switchers) and patients switching ICS£LABA (switchers). Every day, MASK-air®
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PROMs as well as all medications used were reported. Cluster analysis (k means) was used to
differentiate patients’ phenotypes.

Results: 192 (78.7%) patients were non-switchers and 52 were switchers. 75.6% of non-switchers were
well-controlled versus 42% of switchers. Moreover, around two-thirds of the patients were adherent to
treatment irrespective of the switch strategy. Based on control, adherence to ICS£LABA, short-acting
B-agonist use and biologics as well as long-acting anti-muscarinics, six distinct groups of different

clinical relevance were retrieved in non-switchers (Table 21 and Figure 40). Switchers displayed two
extra groups.

Table 21: Distinct groups of clinical relevance

Asthma LAMA and/or Cluster [entire Cluster [non- Cluster
Adherence SABA use . ) . )
control biologics use sample] (%) switchers] (%) [switchers] (%)
High Low A (6.2%) A (4.7%) A” (18.0%)
High High B (4.1%) - -
Poor Low
C(12.3%) C’ (14.5%) -
Low
] D (9.5%) D’ (5.2%) -
- Low Medium -
Volatile High - - G"” (12.0%)
High E (40.7%) E’ (43.0%) E” (18.0%)
Good Low Low
Low F (27.2%) F’ (32.6%) F” (52.0%)
VAS:VAS asthma, poor: median >36/100, Good: VAS<20/100, volatile: highly variable
Adherence to ICStLABA: High >80%, Low <80%,
SABA use: High >80% days, medium 25%, Low <20%
LAMA=Long-acting muscarinic antagonists; SABA=Short-acting beta-agonist
Figure 40: Examples of representative months for each of the clusters
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Two samples were studied. The discovery analysis in 253 months in 253 patients (Table 16) was
completed by a validation study the entire database (2,539 months) and similar clusters were found.
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Conclusion: Switchers and non-switchers have different phenotypes and their management should be
considered differently. Patients adherent to the app are also highly adherent to treatment.

Limitations of the study:

12.4. Severe asthma

12.4.1. Longitudinal pilot study in severe asthma

Applicability of the MASK-air® app was explored in severe asthmatic patients in a longitudinal
(observational) study. Patients with a diagnosis of severe asthma were proposed to use the MASK-air®
app for 6 months along with best practice treatment. VAS for asthma, shortness of breath, rhinitis,
conjunctivitis, work and sleep were monitored. Adherence to MASK-air® and to asthma treatment was
also checked. '*°

Thirteen patients (11 on biologics) reported 1229 days of MASK-air® use. The average app adherence
was of 51.8% (range: 19.7-98.9%) suggesting that patients with severe asthma under biologics may not
be more adherent than the regular asthmatic patients receiving ICS. There was no correlation between
app and medication adherence. Highly variable trends were found for VAS asthma. Five patients had
over 90% of well-controlled days, four had well- or moderately controlled asthma (up to 20% of
uncontrolled days), one patient had moderately controlled asthma with around 20% of uncontrolled
days, and one patient had 80% of uncontrolled days. Highly significant correlations were found for VAS
asthma and other patient-reported VASs (including work, dyspnea, sleep and rhinitis) (Figure 41).

Figure 41: Evolution of PROMs in a patient with severe asthma (from 2°)
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12.4.2. Longitudinal study in a Portuguese severe asthma registry: Impact of
the introduction of MASK-air® for the follow-up of patients with severe asthma

In this study, we assessed (i) the adherence of SA patients to an mHealth tool (MASK-air® app) with an
asthma daily monitoring questionnaire, and (ii) whether using such a tool would be associated with an
improvement in asthma patient-reported outcomes (PROMs) over a 6-month study. To conduct this
study, we recruited a sample of SA patients in a single centre (“main cohort”: 56 patients) and evaluated
users registered in the MASK-air” database with self-reported asthma who reported the use of biologics
(“sensitivity analysis cohort”: 116 patients). The results of the main cohort with well-characterised
patients were similar to a sensitivity analysis using the MASK-air™ database.
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The following points were observed: (i) adherence to MASK-ait® during the first month can predict
adherence in subsequent months (Figures 42 & 43); (ii) the introduction and regular use of the app was
associated with a marked improvement of asthma symptoms (with a trend to higher improvement in
patients with high adherence) (Figure 44); and (iii) no major differences in terms of app adherence were
observed in patients receiving or not receiving biologics.

Figure 42: Scatter plots displaying the correlations between adherence to MASK-air’ in the first
month and adherence in the subsequent months (main cohort)
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Figure 43: Scatter plots displaying the correlations between adherence to MASK-air’ in the first
month and adherence in the subsequent months (sensitivity analysis cohort)
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Figure 44: Median levels of the visual analogue scale of asthma symptoms (“VAS asthma”) per day
since MASK-air’ installing in patients with an adherence 250% in first month.
Each dot corresponds to a specific day since MASK-air” installing. A: Main cohort; B: Sensitivity analysis cohort
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This study suggests that one month of MASK-air® use in patients with severe asthma may predict long-
term adherence and that adherence is associated with improvement in control. The same effect is seen
in clinical trials in which placebo-treated patients improve. '’

12.5.1. Potential implications of MASK-air combined symptom-medication
scores: The diabetes approach adapted to asthma

Biomarkers for the diagnosis, treatment and follow-up of patients with rhinitis and asthma are urgently
needed. Although some biologic biomarkers exist in specialist care for asthma, they cannot be largely
used in primary care. There are no validated biomarkers in R or AIT that can be used in primary care.
MASK-air® has defined mHealth biomarkers that should make a bridge between clinical practice,
randomised controlled trials, observational real-life studies and allergen challenges. Using the MASK-
air app as a model, a daily electronic combined symptom-medication score for allergic diseases (CSMS)
and for asthma (e-DASTHMA) was reported and embedded in a strategy similar to the diabetes approach
for disease control.

12.5.2. Application to biologic treatment in severe asthma

Currently, a major criterion to initiate or stop a biologic in asthma is the frequency of exacerbations. In
MASK-air®, exacerbations can be defined by the occurrence of uncontrolled VAS using the cut-offs
calculated (VAS>36/100) and/or the use of oral corticosteroids. With the available data on file, MASK-
air® researchers are assessing whether the change in e-DASTHMA could be associated with an
exacerbation. Moreover, in future studies, with the new development of MASK-air® (MDR Class I1a),
e-DASTHMA values will be refined (Figure 45).
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Figure 45: Applicability of digital biomarkers in severe asthma using the diabetes approach (ARIA-
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There is therefore a potential of the MASK-air™ app with regards to public health care, defining lack of
compliance, adherence, lack of control with huge potential of optimisation of healthcare costs. Finally,
MASK-air® may be introduced into public payer systems in severe asthma.

12.5.3. Assessment of asthma remission in patients under biologics

Remission is an important issue in the management of asthma treated by biologics. Several definitions
and criteria referring to clinical or pathophysiological remission have been proposed but none assess the
daily control of the disease. ** Although assessing control may not be sufficient, >* daily control does
however appear to be a very important criterion. In MASK-air®, a study in 13 asthmatic patients treated
by biologics showed that most patients did not achieve remission. *® However, in two patients,
remission was obtained although, in one of them, one exacerbation was observed (Figure 46).

Figure 46: Remission of asthma in patients treated by biologics (from %)
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Combining MASK-air® data with other tools may help to define risk factors for exacerbations.
Embedding these results with other tools may also provide information for the exacerbations reported
by the app.

12.6.1. Pollen and pollution exposure

In patients who are voluntarily geolocalised, daily pollen and pollution exposure is available (FMI and
Copernicus, Figure 3). *!

12.6.2. Prediction of asthma hospitalisations using Google Trends for common cold

In contrast to air pollution and pollen exposure, data on the occurrence of the common cold are difficult
to incorporate in models predicting asthma hospitalisations from data derived from an app.

A study assessed whether web-based searches on common cold would correlate with and help to predict
asthma hospitalisations (Figure 47).

We analysed all hospitalisations with a main diagnosis of asthma occurring in 5 different countries
(Portugal, Spain, Finland, Norway and Brazil) for a period of approximately 5 years (January 1, 2012-
December 17, 2016). Data on web-based searches on common cold were retrieved from Google Trends
(GT) using the pseudo-influenza syndrome topic and local language search terms for common cold for
the same countries and periods. We applied time series analysis methods to estimate the correlation
between GT and hospitalisation data. In addition, we built autoregressive models to forecast the weekly
number of asthma hospitalisations for a period of 1 year (June 2015-June 2016) based on admissions
and GT data from the 3 previous years.

In time series analyses, GT data on common cold displayed strong correlations with asthma
hospitalisations occurring in Portugal (correlation coefficients ranging from 0.63 to 0.73), Spain
(p=0.82-0.84) and Brazil (p=0.77-0.83), and moderate correlations with those occurring in Norway
(p=0.32-0.35) and Finland (p=0.44-0.47) (Figure 44). Similar patterns were observed in the correlation
between forecasted and observed asthma hospitalisations from June 2015 to June 2016, with the number
of forecasted hospitalisations differing on average between 12% (Spain) and 33% (Norway).
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Figure 47: Predicted and observed numbers of asthma hospitalisations for one year
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observed hospitalisations.

Common cold-related web-based searches display moderate-to-strong correlations with asthma
hospitalisations and may be useful in forecasting them.

13. Impact on work-education and economic evaluation

Allergic rhinitis may display a relevant impact on work productivity and result in substantial economic
costs. MASK-air™ data have been used to assess the impact of rhinitis/conjunctivitis and asthma using
quality-of-life and activities, work productivity and education.

The economic evaluation is currently being assessed and several MASK-air® tools can be compared.
They include (i) the cost of medications effectively used, (ii) the cost of absenteeism and presenteeism
(VAS Work, WPAI-AS-work), (iii) costs of health resource utilisation (EQ-5D VAS) and (iv) potential
benefits of expensive treatments such as AIT or biologics.

13.1. Work productivity: daily VAS work and Work Productivity and
Activity Questionnaire for Allergic Symptoms (WPAI-AS) data

13.1.1. VAS work

In subsequent concurrent validity studies, it was found that rhinitis, conjunctivitis and asthma have a
significant impact on work productivity (Figure 48 and Table 22). **! A significant correlation has
been found between VAS work and WPAI-AS.
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Figure 48: Correlation of VAS work with VAS global allergy symptoms in 16,925 days (from 9)
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Table 22: Correlations using Spearman p test between VAS work and other VAS

N days (study) VASglobal VAS nose VAS asthma  VAS eye
Bousquet 38 6120 (CS) 0.83 0.80 0.57* 0.70
Bousquet ? 16,925 (CS) 0.82 0.77 0.60* 0.69
Bedard 12 98,303 (CS) 0.73 0.68 0.45%* 0.56
Sousa-Pinto 35 149,732 (CS) 0.81 0.78
Sousa-Pinto 16 1840 (L) 0.79%*
Benfante 27 1222 (L) 0.85%**

Entire population of MASK-air® patients *, only asthmatic patients **, only severe asthmatic patients ***
CS: cross-sectional, L: longitudinal

Limitations of the studies: Possibility of selection biases. Several of the correlations have not taken
into account repeated measures by the same user.

13.1.2. Correlation with disease control (Table 23)

Table 23: Correlations using Spearman p test between VAS work and other VAS

N days (study) VASglobal VAS nose VAS asthma  VAS eye
Bousquet 38 6120 (CS) 0.83 0.80 0.57* 0.70
Bousquet ? 16,925 (CS) 0.82 0.77 0.60* 0.69
Bedard 12 98,303 (CS) 0.73 0.68 0.45%* 0.56
Sousa-Pinto 35 149,732 (CS) 0.81 0.78
Sousa-Pinto 16 1840 (L) 0.79%*
Benfante 27 1222 (L) 0.85%**

Entire population of MASK-air® patients *, only asthmatic patients **, only severe asthmatic patients ***
CS: cross-sectional, L: longitudinal

13.1.3. WPAI-AS

A cross-sectional study using WPAI-AS measured the impact of AR in work productivity (presenteeism
and absenteeism) depending on the disease control and considering patients with and without asthma.
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A multiparameter approach was based on Bayesian methods to model work impairment. '**> The study
included 364 patients reporting 677 full weeks of data. Presenteeism contributed more to these costs
than absenteeism. Regarding presenteeism, the median impact of AR in weeks of good rhinitis control
was 4.4% (P25-75=0.8-12.9%), while partial and poor disease control were respectively associated with
an impact of 25.0% (P25-P75=12.1-42.4%) and 60.7% (P25-P75=24.9-74.2%). Large differences were
found between rhinitis alone and rhinitis + asthma (Figure 49).

Limitations of the studies: Possibility of selection biases which could affect the generalisability of the
findings. The WPAI-AS questionnaire has been validated for allergies but is not specific for AR or
asthma.

Figure 49: Total percent work impairment in patients with allergic rhinitis per level of
rhinitis control.
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13.2.1. VAS education and WPAI-AS

Allergic diseases have a significant impact on academic performance, and a MASK-air® study compared
VAS on allergy symptoms with VAS education. '* In XX patients (13,454 days), there was a significant
correlation between VAS education and VAS global (p=0.70) and VAS nose (p =0.66). The WPAI-AS
provided data on the impact of allergies on school performance in 125 weeks with 6-7 days of reporting.
There was a significant correlation between WPAI-AS and VAS education (p =0.80). Similar results
were obtained when correlations using repeated measures correlation coefficients (Table 24).

Table 24. Spearman and repeated measures correlation coefficients for outcome variables and

relevant independent variables (from 3).
VAS VAS eyes VAS nose VAS VAS global CSMS % hours
education asthma missed

Spearman correlation - correlation coefficient (95% Cl)

VAS education _ 0.39 0.66 0.15 0.70 0.70 —
(0.38;0.40)  (0.65;0.68)  (0.13;0.17)=  (0.68;0.71)  (0.69;0.71)
Impact of allergy symptoms 0.71 0.40 0.43 0.37 0.51 0.56 0.50
on academic productivity (0.58;0.80)  (0.26;0.54)  (0.27;0.58)  (0.21;0.52)  (0.35;0.64)  (0.39;0.68)  (0.34;0.63
)
Education hours missed 0.38 0.43 0.22 0.39 0.27 0.41 —

(0.23;,0.52)  (0.26;0.56)  (0.05;0.38)  (0.21;0.55)  (0.11;0.42)  (0.24;0.55)
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Repeated measures correlation — correlation coefficient (95% Cl)

VAS education 0.41 0.58 0.27 0.63 0.65 —
- (0.40;0.43)  (0.57;0.59) (0.26;0.29)>  (0.62;0.64)  (0.64:0.66)
Impact of allergy symptoms 0.86 0.71 0.70 0.01 0.62 0.74 0.30
on academic productivity (0.65;0.95) (0.34;0.89) (0.32;0.88) (-0.47;0.49) (0.20;0.85) (0.34;0.91) (-
0.21;0.68)
Education hours missed 0.04 0.09 0.03 -0.11 -0.17 -0.10 —

(-0.44;0.51)  (-0.41;0.54)  (-0.46;0.50)  (-0.56;0.39) (-0.60;0.34)  (-0.60;0.46)

Cl = Confidence Interval; CSMS = Combined Symptom-Medication Score; VAS = Visual Analog Scale
aWith self-reported asthma: 0.363 (95%CI=0.334;0.394) Without self-reported asthma: 0.079 (95%CI=0.060;0.100); ® With
self-reported asthma: 0.371 (95%CI=0.341;0.400) Without self-reported asthma: 0.233 (95%Cl=0.211;0.254)

Limitations of the studies: Possibility of selection biases; sample mostly comprised of young adults;
no access to patient-independent measures of academic performance.

13.2.2. WPAI-AS

A cross-sectional study using WPAI-AS allowed us to study academic absenteeism (hours of school or
classes missed in the previous seven days due to allergies), presenteeism (perceived impact of allergy
symptoms on academic productivity), and total time of school missed (absenteeism + presenteeism).
These items were correlated with the control of the disease and multimorbidities using Bayesian
methods, modelling the probability of losing one academic hour (Table 25). There was a highly
significant difference depending on the control of the disease but no differences in rhinitis alone or
rhinitis + asthma.

Table 25- Percentage of hours with academic impairment in allergic rhinitis (AR) according to weekly
disease control (A) or comorbid status (B).

Absenteeism Presenteeism Total
% — Median (P25-P75)
A. Allergic disease control

Well controlled 0.1 (0.0-1.7) 8.7 (1.8-24.0) 8.9 (1.7-25.6)
Uncontrolled 1.1 (0.0-13.5) 32.8 (15.4-55.4) 37.2 (14.7-63.9)
B. Comorbid status

AR alone 0.1 (0.0-6.8) 26.5 (8.0-55.1) 30.0 (8.4-62.2)
AR + Asthma 0.1 (0.0-7.4) 26.7 (9.1-52.3) 31.3(10.1-61.7)

P = Percentile of the posterior predictive distribution.

Limitations of the studies: Possibility of selection biases; small sample size; sample mostly comprised
of young adults.

13.3.1. EQ-5D-5L domains

Very few studies in allergic rhinitis and asthma have assessed each of the five EQ-5D domains
individually. A cross-sectional MASK-air”™ study assessed the association between rhinitis or asthma
control and the different EQ-5D-5L domains in 5354 days from 3092 different users. ' Mobility was
particularly associated with VAS asthma (Figure 50). The expected differences in the EQ-5D “mobility”
domain between VAS asthma and the other comparators strengthen the validity of VAS asthma.
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Figure 50: EQ-5D-5L domains and different outcomes (N=5354) (from %)
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Worse control of rhinitis, conjunctivitis or asthma (median VASs and CSMS) was associated with an
impairment of EQ-5D levels. Mobility was particularly associated with VAS asthma (Figure 51). On
the other hand, VAS asthma is less well correlated with the EQ-5D “daily activities” domain, in
accordance with the results of the European Community Respiratory Health Study in QOL. 2

Figure 51: VAS or CSMS levels depending on EQ-5D-5L levels (from %)
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Limitations of the studies: Possible selection biases; EQ-5D is not allergy specific and may be
affected by “non-allergic” comorbidities.
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13.3.2. Impact of control on EQ-5D-5L utilities and VAS

In a cross-sectional study in European users, EQ-5D-5L utilities and VAS were compared with the
control of the disease. Spearman rank test coefficients were correlated between (i) the EQ-5D utility
index score or the EQ-5D VAS and (ii) symptom VAS (eye, nose and asthma). Each symptom VAS
was characterised into “good”, “partial” and “poor” control (Figure 52). ¢ There were differences
between rhinitis alone and rhinitis + asthma.

Figure 52: Differences in utilities and EQ-5D VAS levels associated with uncontrolled nose, eye and
asthma symptoms in European countries
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Overall, poor control of any symptom was associated with decreased QoL assessed by either utility
values or EQ-5D VAS. Poor control of eye and nose symptoms seems to have a similar impact on QoL
in patients with AR alone and AR+asthma, underscoring the importance of controlling both ocular and
nasal symptoms in patients with AR, while also considering and integrating patients' preferences into
care®. The largest differences in QoL concerned comparisons between poor versus other levels of control
for all symptoms, particularly for the EQ-5D VAS.

This study's limitations include the fact that mHealth users may not be representative of the general
patient population. Another limitation is that AR is characterised by variable control levels across and
within the same individual. To minimise this potential effect modification of AR control, analyses were
performed with stratification by symptom control levels. Finally, utilities were estimated from EQ-5D-
5L health profiles, instead of the standard gamble method.

Limitations of the studies: For some countries, estimates of the prevalence of AR or asthma were
unavailable in sufficient detail; “nonallergic” comorbidities were not assessed; small sample size for
some countries (particularly Belgium and Denmark).
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13.4. Economic impact

13.4.1. Weekly indirect costs estimated per country

The monetary impact (indirect costs) of AR was assessed on work productivity for all OECD countries
and countries where MASK-ait" is available by using the human-capital method (that is, by considering
productivity to be measured by the wages received by a worker)*®. They were estimated for each level
of rhinitis control (defined using VAS data), and considering patients with and without asthma. In poorly
controlled weeks, presentecism was associated with indirect costs ranging from 65.7 US$ purchase
power parity (US$ PPPs) (P25-P75=29.2-143.2) in Brazil to 693.6 US$ PPP (P25-P75=405.2-1094.9)
in Iceland. Patients with rhinitis + asthma showed higher overall work impairment than patients with
AR alone, particularly in poorly controlled weeks (median work impairment in AR alone=39.1% [P25-
P75=12.5-71.9%]; median work impairment in rhinitis + asthma =68.4% [P25-P75=54.6-80.2%]).
Results per country are presented in Figure 53. Differences exist between rhinitis alone and rhinitis +
asthma.

Figure 53: Median weekly costs of allergic rhinitis due to total work impairment
(absenteeism and presenteeism) per country and level of rhinitis control for all
patients with allergic rhinitis alone (A), and allergic rhinitis + asthma (B)
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Limitations of the study: Since MASK-air does not collect information on income or occupation, the
indirect costs of AR were modelled based on the human capital method considering mean and median
wages for each country; fringe costs were not considered.

13.4.2. Estimating work-related indirect costs in allergic rhinitis and asthma
using daily combined symptom-medication score

Allergic rhinitis and asthma can impair work productivity. VAS work (work productivity) correlated
with WPAI:AS. We then quantified how allergy control relates to work impairment and indirect costs
using a cross-sectional study. We estimated the cost of CSMS and e-DASTHMA induced by loss of
work productivity using mixed-effects linear regression models. Each 1-point increase in CSMS and e-
DASTHMA was associated with mean 0.97 and 0.79-point increases in VAS work (Table 26).

Table 26. Daily estimated indirect costs associated (i) with a 1-point increase in CSMS or e-
DASTHMA) and (ii) with well-, partially, and poorly controlled disease as assessed by
CSMS or e-DASTHMA.

Daily estimated indirect costs

Good control (USD) —  Partial control (USD)-  Poor control (USD) —
Median (P25-P75) Median (P25-P75) Median (P25-P75)

A. Values based on allergic rhinitis control (combined symptom medication score)

Median 1-point cost
(USD) (P25-P75)

Country

Australia 1.70 (1.12-2.50) 3.9 (0-14.7) 36.7 (18.7-66.0) 80.9 (46.3-135.0)
Brazil 0.13 (0.06-0.23) 0.2 (0-1.1) 2.6 (1.1-5.9) 5.8 (2.6-12.3)

Canada 1.60 (1.17-2.19) 3.9 (0-14.1) 35.8(19.3-61.0) 78.4 (48.1-122.3)
France 1.14 (0.75-1.85) 2.7 (0-10.6) 26.2 (13.1-48.5) 57.2 (32.2-98.3)
Germany 1.52 (1.09-2.09) 3.7 (0-13.1) 33.4(18.0-56.7) 72.9 (44.8-113.3)
Italy 0.86 (0.53-1.38) 1.9 (0-7.7) 19.2 (9.4-36.0) 41.8(23.1-72.7)
Japan 0.86 (0.60-1.20) 2.1(0-7.5) 19.0 (10.2-32.4) 41.7 (25.5-65.3)
Mexico 0.28 (0.18-0.45) 0.6 (0-2.4) 6.1(3.1-11.1) 13.3(7.5-22.7)

Portugal 0.48 (0.27-0.88) 1.0 (0-4.3) 10.2 (4.6-21.0) 22.5(11.3-43.1)
Spain 0.82 (0.56-1.26) 1.9 (0-7.3) 18.4 (9.4-32.7) 39.9 (23.3-66.0)
United Kingdom 1.49 (0.99-2.17) 3.4(0-13.1) 32.5(16.8-57.9) 72.1(41.8-117.1)
United States 2.04 (1.14-3.72) 4.1(0-18.1) 43.3 (19.6-89.9) 95.9 (47.3-183.8)

B. Values based on asthma control (electronic daily asthma score)

Australia 1.39 (0.91-2.05) 9.1(0-27.3) 36.2 (17.4-68.3) 63.6 (30.1-114.6)
Brazil 0.11 (0.05-0.19) 0.6 (0-2.2) 2.5 (1.0-5.9) 4.3(1.7-9.9)
Canada 1.31(0.95-1.79) 9.0 (0-25.8) 35.1(18.0-62.1) 62.3 (30.7-106.3)
France 0.93 (0.62-1.51) 6.5 (0-19.5) 26.0 (12.4-49.4) 44.6 (21.2-83.0)
Germany 1.25 (0.89-1.71) 8.4 (0-23.9) 32.8(16.6-58.1) 58.4 (29.2-98.2)
Italy 0.71(0.43-1.12) 4.7 (0-14.4) 18.5 (8.7-36.1) 32.5(15.1-61.8)
Japan 0.71 (0.50-0.98) 4.8 (0-13.8) 18.6 (9.5-33.5) 33.3(16.3-56.4)
Mexico 0.23 (0.14-0.36) 1.5 (0-4.6) 6.1(2.9-11.4) 10.5 (5.0-19.3)
Portugal 0.39 (0.22-0.72) 2.4(0-8.1) 10.0 (4.3-21.2) 17.4 (7.6-36.2)
Spain 0.68 (0.46-1.03) 4.5 (0-13.5) 18.0 (8.9-33.2) 31.6 (15.3-56.5)
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United Kingdom 1.21(0.81-1.77) 8.0 (0-23.9) 32.4 (15.8-60.2) 56.3 (27.4-100.3)
United States 1.66 (0.93-3.04) 10.1 (0-34.4) 43.0 (18.4-90.8) 73.8 (31.8-155.6)

P25-P75=Percentiles 25-75; USD=US Dollar. Values are expressed in US Dollars without adjustment for power purchase.
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14. Planetary Health and climate change

In December 2019, a conference entitled "Europe That Protects: Safeguarding Our Planet, Safeguarding
Our Health" was held in Helsinki. It was co-organised by the Finnish Institute for Health and Welfare,
the Finnish Environment Institute and the European Commission, under the auspices of Finland's
Presidency of the EU. 2***%> As a side event, a symposium organised as the final POLLAR (Impact of
air POLLution on Asthma and Rhinitis) meeting explored the digital transformation of health and care
to sustain planetary health in airway diseases. '** The Finnish Allergy Programme ** collaborates with
MASK and can be considered as a proof-of-concept to impact Planetary Health.

A new Horizon Europe grant started in September 2022 in order to better understand climate change
and how to counteract it. Pollens were selected as one of the indicators of climate change. In
collaboration with the FMI and Porto University, MASK-air® will be used to correlate pollen counts
with the clinical impact. For this project, preliminary methodologic studies are undergoing that will help
to better assess the impact of the pollen season on symptoms. >

The integration of information technology tools for climate, weather, air pollution and aerobiology in
MASK-air® will enable the development of an alert system. Citizens will thus be informed about
personal environmental threats, which may also be linked to indicators of Planetary Health and
sustainability.
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15. ARIA 2024 guidelines

ARIA has evolved from a guideline using the best evidence-based approach (GRADE) ' to integrated

care pathways using mobile technology in patients with allergic rhinitis (AR) and asthma
multimorbidity. 2" The proposed next phase of ARIA is change management. '’ The aim of this phase
is to provide an active and healthy life to patients with rhinitis and to those with asthma multimorbidity
across the lifecycle, irrespective of their sex or socioeconomic status, to reduce health and social
inequities incurred by the disease. ARIA will follow the 8-step model of Kotter (i) to assess and
implement the effect of rhinitis on asthma multimorbidity and (ii) to propose person-centred, digitally
enabled, artificial intelligence-assisted guidelines (Figure 54). MASK-air"™ data will be used to develop
PICO (patient/population, intervention, comparison and outcomes) questions and recommendations on
real-world data to triangulate RCTs.

Figure 54: Stepwise approach for the development of ARIA 2024 recommendations (from 2%)
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Al: Artificial intelligence, KOL: Key opinion leaders, RCT: Randomised controlled trials, EtDs: Evidence to decision
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16. Person-centred, digitally enabled and artificial intelligence-

assisted change management in airway diseases: An OECD Best
Practice for integrated care for chronic diseases

Up until 2017, ARIA® was a guideline wusing the best evidence (Grading of
Recommendations, Assessment, Development and Evaluation, GRADE) and developed as a change
management strategy (CM).

A CM strategy in collaboration with the European Academy of Allergy and Clinical Immunology
(ARIA-EAACI) was developed as a person-centred, digitally enabled, Al-assisted care with strong
political involvement (Bousquet et al., in press). The digital tools of ARIA are mainly based on MASK-
air®, an OECD Best Practice for integrated care for chronic diseases. Artificial intelligence was used, in
particular, to approach patients’ views and expectations. The steps to build and achieve a new CM
strategy were based on the Kotter’s stepwise approach. ** They include (i) the development of ARIA®
2024-2025 guidelines, (ii) the new ARIA-MeDALL classification of single and multimorbid airway
diseases and (iii) embedding MASK-air® in a registry for severe allergic diseases. The ultimate goal of
the ARIA-EAACI CM strategy will be the transformation of health and care in R and R+A
multimorbidity, the development of novel person-centred guidelines and policies in a cost-effective
manner improving shared-decision-making.

MASK-air® will be used as the central tool integrating patients, HCPs, primary care physicians and
specialists for a better integration of care (Figure 55).

Figure 49: Person-centred, digitally enabled, Al-assisted care pathways based on ARIA-EAACI
guidelines using MASK-air’ as a common tool: OECD Best Practice
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17. Policy agenda
Building an alliance among patients, healthcare providers and policy makers is therefore essential to

save healthcare costs and provide better care for the patients. Healthcare providers or insurers could
provide a financial reward for patients with chronic disease using digital health tools or HCPs.ALB
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It is of upmost importance to transfer the knowledge of any person-centred care approach to policy

makers. ARIA has already been involved in several initiatives to inform policy makers *'*2'2,

In a 2023 report of the Organisation for Economic Coordination and Development (OECD) on Best
Practices for Integrating Care to Prevent and Manage Chronic Diseases, an app on rhinitis and asthma
(MASK-air™) was listed. The OECD is a reliable source of evidence-based policy analysis and economic
data largely used by governments. It has published several BPs on Public Health. On the 10™ of May
2023, the OECD published 13 BPs for Integrating Care to Prevent and Manage Chronic Diseases in the
European Union. The report did not cover all models of integrated care, rather, it “focuse(d) on those
that are of key strategic interest to policy makers.” New MASK-air® studies (not published in the report)
include equity, usability of the app in old age adults, economic impact, quality-of-life and allergen
immunotherapy.

MASK-air® has already been approved by the Ministries of Health of Ukraine (March 2023) and Poland
(May 2024). In January 2025, it was referenced by the French MoH and National Fund (CNAM) on the
“Mon Espace Santé”.
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18. Equity and UCRAID: Ukrainian Citizen and Refugee Electronic Support in

Respiratory, Allergy, Immunology and Dermatology action plan

A special effort needs to be undertaken to globalise care pathways. The first ARIA report involved low-
and middle-income countries. 2'* A specific group of members of developing countries will-be-invelved
have been included in ARIA 2024. ALB Smartphone ownership is growing rapidly around the world.
In 2015, there were more than 7 billion mobile telephone subscriptions across the world, over 70% of
which were in low- or middle-income countries *'*. The joint WHO-ITU (International
Telecommunication Union) initiative “Be He@lthy, Be Mobile” for the prevention and management of
noncommunicable diseases, their comorbidities and their risk factors, including improving disease
diagnosis and tracking, is of great importance. MASK is one of the examples of the “Be He@lthy, Be
Mobile” handbook on how to implement mBreatheFreely for asthma and COPD. '

OECD specifically identified MASK-air® as an equity-enhancing app given that it is available in 30
countries, and pointed out that MASK-air® “offers the same level of care for AR and asthma to people

across the world.”

Eight million Ukrainians have taken refuge in the European Union. Many have asthma and/or allergic
rhinitis and/or urticaria, and around 100,000 may have a severe disease. Cultural and language barriers
are a major obstacle to appropriate management. Two mHealth apps - MASK-air® (Mobile Airways
Sentinel Network), for the management of rhinitis and asthma and CRUSE® (Chronic Urticaria Self
Evaluation) for CSU patients - are available in many countries and languages. The Ukrainian patients
fill in the questionnaires and daily symptom-medication scores for asthma, rhinitis (MASK-air) or
urticaria (CRUSE) in Ukrainian. Following the GDPR, patients grant their physician access to the app
by scanning a QR code displayed on the physician’s computer enabling the physician to read the app
contents in his’her own language. This service is available freely. It takes less than a minute to show
patient data to the physician in the physician’s web browser. UCRAID - developed by ARIA (Allergic
Rhinitis and its Impact on Asthma) and UCARE (Urticaria Centers of Reference and Excellence) - is
under the auspices of the Ministry of Health of Ukraine as well as European (European Academy of
Allergy and Clinical immunology, EAACI, European Respiratory Society, ERS, European Society of
Dermatologic Research, ESDR) and national societies.
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Conclusions

Current digital health tools such as MASK-air® were developed initially for rhinitis and asthma.
However, the technology itself is generic and can be applied to other diseases (e.g. Chronic Urticaria
Self Evaluation [CRUSE] mobile app in urticaria). ¢ The digital tool allows patients to be guided for an
integrated care pathway supporting them in adapting the medication based on symptom load but also to
allow better SDM. The success strongly depends on the patients’ adherence, particularly among the
elderly, to these digital tools.

Overall, the innovations of MASK-air® are summarised in Table 27.

Table 27: Innovations of MASK-air’

1. Allergic rhinitis

i.  When the full database is analysed, most patients:

e are not adherent 2% and do not follow guidelines,

e use as-needed treatment, 124216

e often use over-the-counter medications,

e do not take medication when feeling healthy, 124218

e increase their treatment based on symptoms similarly in all European countries,
culture 3% and the treatments bought in the pharmacies, 124140

e do not use the recommended treatment.

Moreover,

e  Control (symptoms, work productivity, educational performance) is not necessarily improved by increasing
medications, including co-medication. 47/113122-124

e Co-medication of an intra-nasal and oral medication is usually associated with worse control than a single
medication (cross-sectional and longitudinal analyses). 47113122124

e  Medication satisfaction is reduced on days with co-medication by comparison to monotherapy.

Overall, patients treat themselves when they are not well, self-medicate, and increase their medications when

their symptoms are not controlled, showing that they do not follow guidelines and physician’s prescriptions.

124 irrespective of the

ii. When patients adherent to the app are analysed:

4. They are also often adherent to medications, and adherence to the app appears to be associated with
adherence to medications.

5. But, except for INCS, increased adherence is not associated with an increased level of control.

6. In patients with an adherence level over 80%, INCS are more effective than AzeFlu for nasal but not ocular
symptoms. For an adherence level under 80%, AzeFlu is more effective.

7. Most studies were cross-sectional and confirmed by longitudinal studies. %

8. Switching of medications is common (longitudinal analyses). %

iii. A CSMS has been validated under the auspices of EAACI and ARIA. 8
2. Allergen-specific immunotherapy

e Evidence regarding the efficacy of allergen immunotherapy (AIT) on AR has been provided mostly by RCTs.
A MASK-air’ pilot study showed that AIT improved symptoms and work productivity. 32

e Using a Bayesian model, sublingual was found to be more effective than subcutaneous immunotherapy on
VAS symptoms, VAS work and CSMS. 102

e AT is likely to have an effect that differs from pharmacotherapy as shown by the effects on education. 3

e MASK-air’ was considered as a PCC for AIT. *°

3. Asthma
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i. When patients adherent to the app are analysed (longitudinal studies):

3-  Adherence to ICS or ICS-LABA was high (56.3-81.2% days).

4-  Adherence was higher for ICS+other LABA than for ICS+formoterol (ICS+F). However, control was similar in
both groups, ICS+F was associated with a meaningful lower SABA use and with similar VAS asthma, e-
DASTHMA or VAS work.

5-  Overall, increased adherence to either ICS+F or ICS+other LABA was associated with decreased SABA use.

6- For a drug or a drug class, co-medication days were less well controlled than days with single medication
(fixed dose combination therapy considered as single medication).

7-  Alongitudinal observational study was carried out on asthmatic patients who filled at least 26 days in the
first month of reporting the MASK-air’ app and received a treatment with ICS or ICS/LABA. Based on control,
adherence to ICStLABA, short-acting B-agonist use and biologics as well as long-acting anti-muscarinics, six
distinct groups of different clinical relevance were retrieved in patients who used the same treatment (non-
switchers).

ii. Severe asthma

e  Applicability of the MASK-air" app was explored in severe asthmatic patients in a longitudinal
(observational) study. Highly variable trends were found for VAS asthma, and asthma remission can be
assessed using daily e-DASTHMA and VAS asthma.

iii. e-DASTHMA has been validated under the auspices of EAACI and ARIA. ”°

iv. Risk factors: Info-epidemiology studies have been carried out to assess the risk factors for asthma
exacerbations and can be added to MASK-air® (e.g. rhinovirus >3). Pollen and pollution are already embedded
in MASK-air® for Europe. 2+376

4. Towards personalised medicine: MASK-air® realises a bridge between clinical practice, randomised
controlled trials and real-life observations, enabling a strategy for personalised medicine.

The global applicability of MASK-air is summarised in Table 28.

Table 28: Global applicability of MASK-air® (adapted from °)

Applicability MASK-air®

Patient o Self-management: The patient takes control of his/her own disease to improve
empowerment autonomy because:

and engagement o Better understanding of the symptoms

o Aerobiology (pollen and pollution) data embedded in control
o Improved adherence
o MASK-air® as a medical device (MDR class lla) has the potential to link patients,
counselling (messaging and warnings) and physician advice.

Clinical practice e MASK-air® provides support tools for doctors to assess daily symptoms and adjust
treatment.
e MASK-air® is an essential tool in providing personalised medicine in AR and
asthma.
e Optimised shared-decision making. Physicians will be able to read the daily files of
the patients in order to:
e Assess exacerbations and their link with pollen and pollution.
e Assess and increase the adherence to treatment.
o Daily assess patients’ satisfaction to the treatment.
e Optimise treatment for the patient and, in particular, the current or the next
pollen season.
e Prescribe allergen immunotherapy (AIT) more rapidly when the patient is not
controlled despite optimal pharmacologic treatment and determine AIT efficacy.
e Assess and manage severe asthma.
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Implement global strategies based on local data and specific patterns of each
region.

Registries

Daily symptom-medication scores, adherence and satisfaction are of great interest
for registries.

MASK-air® may become the link between different registries (common tool used in
different languages)

Cost-effectiveness
and indirect
societal costs

Several tools in MASK-air®can be used for costs (work productivity, WPAI-AS, daily
medication costs) and utilities (EQ-5D).

Identify the most effective treatment strategy based on real-life data, taking into
account adherence and treatment persistence.

Using real-life data from MASK-air’ provides added value by making the pharmaco-
economic simulation more accurate and reliable.

Clinical trials

MASK-air can help design and conduct "remote" studies, which can cut the cost of
new drug (or AIT) development and reach a more diverse population.

For RCTs, it is essential to have clarity on definitions and relevant tools. MASK-air®
enables:

e Better stratification of the patients needing treatment, both in terms of
predicted response (stratification by effect modification) and better
qualifiers/characteristics and outcomes to be measured in trials ( better
profiling).

o Assessment of the onset and magnitude of treatment efficacy during the trial.

e Assessment of the efficacy when the treatment is stopped.

Observational studies in real life:

o Are of key importance to fine-tune RCTs.

e Can compare different treatment strategies.

e Provide insight into delivery of care in routine practice to all patients.

e Can provide answers to questions that have not or cannot be evaluated in RCTs,
especially effectiveness on a longer timescale.

e Can reflect changes of attitude to treatment over time in a rapidly changing
overall medical landscape.

e Can include cost-effectiveness.

o Develop new hypotheses for the treatment of AR and asthma.

Registration and
reimbursement of

e Better understanding of direct and indirect costs
e Controlled trials designed with a uniform approach will be more easily

treatments evaluated by easily evaluated by the Health Technology Assessment agencies
(such as NICE) for reimbursement. MASK-air® uses EQ-5D, a validated measure
of utility

Public health e For public health purposes, a perfect patient characterisation in real life is needed

planning to identify the prevalence, burden and costs incurred by patients in order to

improve quality of care and optimise healthcare planning and policies.

Reduction of
inequities

Inequities still exist in the EU for the prevalence and burden of allergic diseases (not
only sex/gender inequities). In deprived areas, asthma is often severe.
OECD specifically identified MASK-air® as an equity-enhancing app.

Employers

AR and asthma represent a major burden for employers, and the estimated annual
costs in the EU range from 30 to 60 B€. Better control of the disease was shown to
reduce costs. MASK-air® has the potential to improve the control of allergic
diseases and asthma and to significantly improve work productivity at the EU level.
MASK-air® as an MDR class lla may help to propose and implement preventive
strategies of occupational diseases.

Guideline
development

Real-life data of MASK-air® represent an asset for ARIA 2024.

Research on
mechanisms and
genetics

A uniform definition and a collaborative approach to research - including genetic
and mechanistic research - are important and will be enhanced by the stratification
of patients using MASK-air®.
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Different levels of phenotype characterisation (granularity) can be applied to assess
phenotypic characterisation in different groups of patients (e.g. rhinitis alone and
rhinitis and asthma) including gender and old-age patients.

Epidemiology

In epidemiologic population studies, standardised definitions and tools are
fundamental. MASK-air® allows novel approaches combining classical cross-
sectional and longitudinal studies with real-life studies in large populations.
MASK-air® may become the link between different epidemiologic studies.

Humanitarian
actions

UCRAID: Ukrainian Citizen and Refugee Electronic Support in Respiratory, Allergy,
Immunology and Dermatology action plan.
From UCRAID to travels.

From MASK-air®
to symptomatic
chronic diseases

The MASK approach is a prototype of digital health for symptomatic chronic
diseases without objective measurements (e.g. arterial pressure, glycemia).

MASK-air” is an essential component of change management in allergic rhinitis.

77




References

1. Bousquet J, Addis A, Adcock 1, et al.
Integrated care pathways for airway diseases
(AIRWAYS-ICPs). Eur Respir J. Aug 2014;44(2):304—
23.do0i:10.1183/09031936.00014614

2. Bousquet J, Schunemann HJ, Fonseca J, et al.
MACVIA-ARIA Sentinel NetworK for allergic rhinitis
(MASK-rhinitis): the new generation guideline
implementation. Allergy. Nov 2015;70(11):1372-92.
doi:10.1111/all.12686

3. Bousquet J, VanCauwenberge P, Khaltaev N.
Allergic rhinitis and its impact on asthma J Allergy Clin
Immunol. 2002;108(5 Suppl):S147-334.

4, Bousquet J, Khaltaev N, Cruz AA, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA)
2008 update (in collaboration with the World Health
Organization, GA(2)LEN and AllerGen). Allergy. Apr
2008;63 Suppl 86:8-160. doi:ALL1620 [pii]
10.1111/5.1398-9995.2007.01620.x

5. Bousquet J, Anto JM, Sousa-Pinto B, et al.
Digitally-enabled, patient-centred care in rhinitis and
asthma multimorbidity: The ARIA-MASK-air((R))
approach. Clin Transl Allergy. Jan 2023;13(1):e12215.
doi:10.1002/clt2.12215

6. Neisinger S, Sousa Pinto B, Ramanauskaite A,
et al. CRUSE((R)) -An innovative mobile application
for patient monitoring and management in chronic
spontaneous urticaria. Clin Transl Allergy. Jan
2024;14(1):e12328. doi:10.1002/c1t2.12328

7. Bousquet J, Meissonnier M, Michalet V, et al.
A novel approach to integrated care using mobile
technology within home services. The ADMR pilot
study. Maturitas. Nov 2019;129:1-5.
doi:10.1016/j.maturitas.2019.07.023

8. Blain H, Huy PT, Michel JP, et al. [The first
French fall prevention day for elderly people]. Geriatr
Psychol Neuropsychiatr Vieil. Mar 1 2025;23(1):9-23.
Premiere journee nationale de prevention des chutes, ler
octobre 2024, Montpellier] : Retour d'experience pour
favoriser l'implementation des recommandations
mondiales, du plan antichute des personnes agees et
d'une journee annuelle de la prevention des chutes sur le
territoire francais. doi:10.1684/pnv.2025.1209

9. Bousquet J, Arnavielhe S, Bedbrook A, et al.
MASK 2017: ARIA digitally-enabled, integrated,
person-centred care for rhinitis and asthma
multimorbidity using real-world-evidence. Clin Trans!
Allergy. 2018;8:45. doi:10.1186/s13601-018-0227-6

10. Bousquet J, Bedbrook A, Czarlewski W, et al.
Guidance to 2018 good practice: ARIA digitally-
enabled, integrated, person-centred care for rhinitis and
asthma. Clin Transl Allergy. 2019;9:16.
doi:10.1186/s13601-019-0252-0

11. Bousquet J, Sousa-Pinto B, Anto JM, et al.
MASK-air(R): An OECD (Organisation for Economic
Co-operation and Development) Best Practice for Public
Health on integrated care for chronic diseases. J Allergy
Clin Immunol Pract. Mar 21
2024;d0i:10.1016/j.jaip.2024.03.024

12. Bedard A, Anto JM, Fonseca JA, et al.
Correlation between work impairment, scores of rhinitis
severity and asthma using the MASK-air((R)) App.
Allergy. Jul 2020;75(7):1672—-1688.
doi:10.1111/all.14204

78

13. Vieira RJ, Pham-Thi N, Anto JM, et al.
Academic Productivity of Young People With Allergic
Rhinitis: A MASK-air Study. J Allergy Clin Immunol
Pract. Nov 2022;10(11):3008-3017 e4.
doi:10.1016/j.jaip.2022.08.015

14. EQ-5D-5L. https.//eurogolorg/eq-5d-
instruments/eq-5d-51-about/. 2023,
15. Devlin NJ, Brooks R. EQ-5D and the EuroQol

Group: Past, Present and Future. App! Health Econ
Health Policy. Apr 2017;15(2):127-137.
doi:10.1007/s40258-017-0310-5

16. Sousa-Pinto B, Fonseca JA, Gemicioglu B, et
al. Patient-reported outcome measures (PROMs) using
the MASK-air(R) app in severe asthma. Allergy. Feb 8
2022;77(5):1600-1602. doi:10.1111/all.15248

17. Benfante A, Sousa-Pinto B, Pillitteri G, et al.
Applicability of the MASK-Air((R)) App to Severe
Asthma Treated with Biologic Molecules: A Pilot
Study. Int J Mol Sci. Sep 29
2022;23(19)doi:10.3390/ijms231911470

18. Sousa-Pinto B, Azevedo LF, Jutel M, et al.
Development and validation of combined symptom-
medication scores for allergic rhinitis. Allergy. Dec 21
2022;77(7):2147-2162. doi:10.1111/all.15199

19. Devillier P, Bousquet J, Salvator H, Naline E,
Grassin-Delyle S, de Beaumont O. In allergic rhinitis,
work, classroom and activity impairments are weakly
related to other outcome measures. Clin Exp Allergy.
Nov 2016;46(11):1456-1464. doi:10.1111/cea.12801
20. Murray JJ, Nathan RA, Bronsky EA, Olufade
AO, Chapman D, Kramer B. Comprehensive evaluation
of cetirizine in the management of seasonal allergic
rhinitis: impact on symptoms, quality of life,
productivity, and activity impairment. Allergy Asthma
Proc. Nov—Dec 2002;23(6):391-8.

21. Bousquet J, Anto JM, Annesi-Maesano 1, et
al. POLLAR: Impact of air POLLution on Asthma and
Rhinitis; a European Institute of Innovation and
Technology Health (EIT Health) project. Clin Trans!
Allergy. 2018;8:36. doi:10.1186/s13601-018-0221-z
22. Sousa-Pinto B, Palamarchuk Y, Leemann L,
et al. From MASK-air and SILAM to CATALYSE
(Climate Action To Advance HealthY Societies in
Europe). J Investig Allergol Clin Immunol. Feb 22
2024;34(1):12-19. doi:10.18176/jiaci.0923

23. Bousquet J, VandenPlas O, Bewick M, et al.
The Work Productivity and Activity Impairment
Allergic Specific (WPAI-AS) Questionnaire Using
Mobile Technology: The MASK Study. J Investig
Allergol Clin Immunol. 2018;28(1):42—44.
doi:10.18176/jiaci.0197

24, Fonseca JA, Nogueira-Silva L, Morais-
Almeida M, et al. Validation of a questionnaire
(CARAT10) to assess rhinitis and asthma in patients
with asthma. Allergy. Aug 2010;65(8):1042-8.
doi:ALL2310 [pii]

10.1111/5.1398-9995.2009.02310.x

25. Bousquet J, Caimmi DP, Bedbrook A, et al.
Pilot study of mobile phone technology in allergic
rhinitis in European countries: the MASK-rhinitis study.
Allergy. Jun 2017;72(6):857-865. doi:10.1111/all.13125
26. Laune D, Arnavielhe S, Viart F, et al.
[Adaptation of the General Data Protection Regulation
(GDPR) to a smartphone app for rhinitis and asthma


https://euroqolorg/eq-5d-instruments/eq-5d-5l-about/
https://euroqolorg/eq-5d-instruments/eq-5d-5l-about/

(MASK-air(R))]. Rev Mal Respir. Nov
2019;36(9):1019-1031. Reglement general sur la
protection des donnees pour MASK-air(R) (application
mobile rhinite et asthme).
doi:10.1016/j.rmr.2019.08.003

27. Bousquet J, Agache I, Aliberti MR, et al.
Transfer of innovation on allergic rhinitis and asthma
multimorbidity in the elderly (MACVIA-ARIA) -
Reference Site Twinning (EIP on AHA). Allergy. Jun 10
2017;73(1):77-92. doi:10.1111/all.13218

28. Bousquet J, lllario M, Farrell J, et al. The
Reference Site Collaborative Network of the European
Innovation Partnership on Active and Healthy Ageing.
Transl Med UniSa. Jan—Jun 2019;19:66-81.

29. Bousquet J, Anto JM, Bachert C, et al. ARIA
digital anamorphosis: Digital transformation of health
and care in airway diseases from research to practice.
Allergy. Jan 2021;76(1):168-190. doi:10.1111/all.14422
30. Bousquet J, Dahl R, Khaltaev N. Global
alliance against chronic respiratory diseases. Allergy.
Mar 2007;62(3):216-23. doi:10.1111/j.1398-
9995.2007.01307.x

31. Mobile Health for Asthma and Chronic
Obstructive Respiratory Disease (mBreatheFreely).
World Health Organisation and International
Telecommunication Union.
https..//'wwwwhoint/publications/i/item/9789241514002.
2017;

32. Bousquet J, Mercier J, Avignon A, Camuzat
T, Abadie F. Strategic Intelligence Monitor on Personal
Health Systems Phase 3 (SIMPHS3)

MACVIA-LR (France) Case Study Report. Science for
Policy.
https://publicationsjrceceuropaeu/repository/handle/JR
C94487?mode=full. 2015;

33. Bousquet J, Arnavielhe S, Bedbrook A, et al.
The Allergic Rhinitis and its Impact on Asthma (ARIA)
score of allergic rhinitis using mobile technology
correlates with quality of life: The MASK study.
Allergy. Feb 2018;73(2):505-510.
doi:10.1111/all.13307

34. Bousquet J, Bedbrook A, Czarlewski W, et al.
Digital Health Europe (DHE) Twinning on severe
asthma-kick-off meeting report. J Thorac Dis. May
2021;13(5):3215-3225. doi:10.21037/jtd-21-792

35. Sofiev M, Palamarchuk Y, Bedard A, et al. A
demonstration project of Global Alliance against
Chronic Respiratory Diseases: Prediction of interactions
between air pollution and allergen exposure-the Mobile
Airways Sentinel NetworK-Impact of air POLLution on
Asthma and Rhinitis approach. Chin Med J (Engl). Jul 5
2020;133(13):1561-1567.
doi:10.1097/CM9.0000000000000916

36. Integrating Care to Prevent and Manage
Chronic Diseases : Best Practices in Public Health,
OECD. Editions OCDE, Paris,
https://doiorg/101787/9acclbld-en. 2023;

37. Sousa-Pinto B, Jacome C, Perreira A, et al.
Development and validation of an electronic daily
control score for asthma (e-DASTHMA). Lancet Digital
Health. 2023;

38. Bousquet J, Shamji MH, Anto JM, et al.
Patient-centred digital biomarkers for allergic
respiratory diseases and asthma: the ARIA-EAACI
approach. Allergy. Apr 11 2023;doi:10.1111/all.15740
39. Bousquet J, Shamji MH, Anto JM, et al.
Patient-centered digital biomarkers for allergic

respiratory diseases and asthma: The ARIA-EAACI
approach - ARIA-EAACI Task Force Report. Allergy.
Jul 2023;78(7):1758-1776. doi:10.1111/all.15740

40. Pfaar O, Sousa-Pinto B, Papadopoulos NG, et
al. Digitally-enabled, person-centred care (PCC) in
allergen immunotherapy: An ARIA-EAACI Position
Paper. Allergy. May 3 2024;doi:10.1111/all.16135

41. Bousquet J, Samolinski B, Kaidashev 1, et al.
UCRAID (Ukrainian Citizen and refugee electronic
support in Respiratory diseases, Allergy, Immunology
and Dermatology) action plan. Allergy. Aug 28
2023;78(10):2581-2595. doi:10.1111/all.15855

42. Samreth D, Arnavielhe S, Ingenrieth F, et al.
Geolocation with respect to personal privacy for the
Allergy Diary app - a MASK study. World Allergy
Organ J. 2018;11(1):15. doi:10.1186/s40413-018-0194-
3

43. REGULATION (EU) 2017/745 OF THE
EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 5 April 2017 on medical devices,
amending Directive 2001/83/EC, Regulation (EC) No
178/2002 and Regulation (EC) No 1223/2009 and
repealing Council Directives 90/385/EEC and
93/42/EEC. https://eur-lexeuropaeu/legal-
content/EN/TXT/PDF/?uri=CELEX:32017R0745. 2017,
44, Guidance on Qualification and Classification
of Software in Regulation (EU) 2017/745 — MDR and
Regulation (EU) 2017/746 — IVDR. October 2019.
https://'wwwgooglecom/search?client=safari&rls=en&q
=MDCG+2019-11&ie=UTF-8&oe=UTF-8. 2019;

45. Héder M. From NASA to EU: the evolution of
the TRL scale in Public Sector Innovation. /nnov J.
2017;22(3):https://www.innovation.cc/discussion—
papers/2017_22 2 3 heder nasa—to—eu—trl-scale.pdf.
46. Bousquet J, Devillier P, Anto JM, et al. Daily
allergic multimorbidity in rhinitis using mobile
technology: A novel concept of the MASK study.
Allergy. Aug 2018;73(8):1622-1631.
doi:10.1111/all.13448

47. Bedard A, Basagana X, Anto JM, et al.
Mobile technology offers novel insights into the control
and treatment of allergic rhinitis: The MASK study. J
Allergy Clin Immunol. Jul 2019;144(1):135-143 e6.
doi:10.1016/j.jaci.2019.01.053

48. Azevedo P, Correia de Sousa J, Bousquet J, et
al. Control of Allergic Rhinitis and Asthma Test
(CARAT): dissemination and applications in primary
care. Prim Care Respir J. Mar 2013;22(1):112—-6.
doi:10.4104/pcrj.2013.00012

49. van der Leeuw S, van der Molen T,
Dekhuijzen PN, et al. The minimal clinically important
difference of the control of allergic rhinitis and asthma
test (CARAT): cross-cultural validation and relation
with pollen counts. NPJ Prim Care Respir Med.
2015;25:14107. doi:10.1038/npjpcrm.2014.107

50. Sousa-Pinto B, Sa-Sousa A, Amaral R, et al.
Assessment of the Control of Allergic Rhinitis and
Asthma Test (CARAT) using MASK-air. J Allergy Clin
Immunol Pract. Jan 2022;10(1):343-345 e2.
doi:10.1016/j.jaip.2021.09.012

51. Courbis AL, Murray RB, Armavielhe S, et al.
Electronic Clinical Decision Support System for allergic
rhinitis management: MASK e-CDSS. Clin Exp Allergy.
Dec 2018;48(12):1640-1653. doi:10.1111/cea.13230
52. Sousa-Pinto B, Anto JM, Sheikh A, et al.
Comparison of epidemiologic surveillance and Google
Trends data on asthma and allergic rhinitis in England.

79


https://wwwwhoint/publications/i/item/9789241514002
https://publicationsjrceceuropaeu/repository/handle/JRC94487?mode=full
https://publicationsjrceceuropaeu/repository/handle/JRC94487?mode=full
https://doiorg/101787/9acc1b1d-en
https://eur-lexeuropaeu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745
https://eur-lexeuropaeu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745
https://wwwgooglecom/search?client=safari&rls=en&q=MDCG+2019-11&ie=UTF-8&oe=UTF-8
https://wwwgooglecom/search?client=safari&rls=en&q=MDCG+2019-11&ie=UTF-8&oe=UTF-8
https://www.innovation.cc/discussion

Allergy. Feb 2022;77(2):675-678.
doi:10.1111/all.15139

53. Sousa-Pinto B, Halonen JI, Anto A, et al.
Prediction of Asthma Hospitalizations for the Common
Cold Using Google Trends: Infodemiology Study. J
Med Internet Res. Jul 6 2021;23(7):¢27044.
doi:10.2196/27044

54. Caimmi D, Baiz N, Tanno LK, et al.
Validation of the MASK-rhinitis visual analogue scale

on smartphone screens to assess allergic rhinitis control.

Clin Exp Allergy. Dec 2017;47(12):1526-1533.
doi:10.1111/cea.13025

55. Sousa-Pinto B, Eklund P, Pfaar O, et al.
Validity, reliability, and responsiveness of daily
monitoring visual analog scales in MASK-air(R). Clin
Transl Allergy. Aug 2021;11(7):e12062.
doi:10.1002/clt2.12062

56. Dunn A, Heggestad E, Shanock L, Theilgard
N. ntra-individual Response Variability as an Indicator
of Insufficient Effort Responding: Comparison to Other
Indicators and Relationships with Individual
Differences. J Business Psychol. 2018;33(1):105-121.

57. Bland JM, Altman DJ. Regression analysis.
Letter. Lancet. Apr 19 1986;1(8486):908-9.
58. Bousquet J, Bewick M, Arnavielhe S, et al.

Work productivity in rhinitis using cell phones: The
MASK pilot study. Allergy. Oct 2017;72(10):1475—
1484. doi:10.1111/all.13177

59. Vandenplas O, Suarthana E, Rifflart C,
Lemiere C, Le Moual N, Bousquet J. The Impact of
Work-Related Rhinitis on Quality of Life and Work
Productivity: A General Workforce-Based Survey. J
Allergy Clin Immunol Pract. Jan 28
2020;doi:10.1016/j.jaip.2019.12.033

60. Vieira RJ, Sousa-Pinto B, Cardoso-Fernandes
A, et al. Control of Allergic Rhinitis and Asthma Test:
A systematic review of measurement properties and
COSMIN analysis. Clin Transl Allergy. Sep
2022;12(9):e12194. doi:10.1002/c1t2.12194

61. Bousquet J, Sousa-Pinto B, Anto JM, et al.
Concurrent validity, cut-offs and ability to change of
patient-reported outcome measures for rhinitis and
asthma in MASK-air((R)). Clin Transl Allergy. Sep
2024;14(9):¢12390. doi:10.1002/c1t2.12390

62. Sousa-Pinto B, Valiulis A, Melen E, et al.
Asthma and rhinitis control in adolescents and young
adults: A real-world MASK-air study. Pediatr Allergy
Immunol. Feb 2024;35(2):¢14080.
doi:10.1111/pai.14080

63. Vardaloglu I, Sousa-Pinto B, Bousquet J, et al.

In symptomatic patients on as-needed inhaled
corticosteroids-formoterol, VAS asthma is associated
with small airways resistance. J Asthma. Feb
2024;61(2):132-139.
doi:10.1080/02770903.2023.2248485

64. Taborda-Barata L, Ventura M, Blain H, et al.
MASK-air® real-world data in respiratory allergy in
old-age adults. Clin Transl Allergy. 2022;

65. Sousa-Pinto B, Sa-Sousa A, Vieira RJ, et al.
Cut-off values of MASK-air(R) Patient-Reported
Outcome Measures (PROMs). J Allergy Clin Immunol
Pract. Dec 22 2022;doi:10.1016/j.jaip.2022.12.005

66. Kvedariene V, Biliute G, Didziokaite G, et al.
Mobile health app for monitoring allergic rhinitis and
asthma in real life in Lithuanian MASK-air users. Clin
Transl Allergy. Sep 2022;12(9):e12192.
doi:10.1002/clt2.12192

80

67. Ventura MT, Giuliano AFM, Buquicchio R, et
al. Implementation of the MASK-Air(R) App for
Rhinitis and Asthma in Older Adults: MASK@Puglia
Pilot Study. Int Arch Allergy Immunol. 2022;183(1):45—
50. doi:10.1159/000518032

68. Szylling A, Samolinski B, Raciborski F, et al.
Factors that influence user adherence of the Mask-air(R)
application. Clin Transl Allergy. Apr
2025;15(4):¢70054. doi:10.1002/c1t2.70054

69. Abreu MIT, Santos AF, Gama JMR, et al.
Factors Affecting Usage of a Digital Asthma
Monitoring Application by Old-Age Asthmatics Living
in Inner Central Portugal. Clin Interv Aging.
2024;19:971-979. doi:10.2147/CIA.S448797

70. Vieira R, Sousa-Pinto B, Anto J, et al. Usage
patterns of oral H1-antihistamines in 10 European
countries: A study using MASK-

air® and Google Trends real-world data. World Allergy
Organ J. 2022;15:100660.

71. Courbis AL, Murray RB, Armavielhe S, et al.
Electronic Clinical Decision Support System for allergic
rhinitis management: MASK e-CDSS. Clin Exp Allergy.
Jul 12 2018;48(12):1640-53. doi:10.1111/cea.13230
72. Bousquet J, Onorato GL, Bachert C, et al.
CHRODIS criteria applied to the MASK (MACVIA-
ARIA Sentinel NetworK) Good Practice in allergic
rhinitis: a SUNFRAIL report. Clin Transl Allergy.
2017;7:37. doi:10.1186/s13601-017-0173-8

73. Sousa-Pinto B, Vieira RJ, Bognanni A, et al.
Comparison of Allergic Rhinitis Treatments on Patient
Satisfaction: A MASK-air and EAACI Methodological
Committee Report. Allergy. Sep 26
2025;doi:10.1111/all.70055

74. Vieira RJ, Sousa-Pinto B, Gil-Mata S, et al.
Comparing allergic rhinitis treatments based on patient
satisfaction: A MASK-air(R) study. J Allergy Clin
Immunol Pract. Jun 6
2025;d0i:10.1016/j.jaip.2025.05.058

75. Sousa-Pinto B, Jacome C, Pereira AM, et al.
Development and validation of an electronic daily
control score for asthma (e-DASTHMA): a real-world
direct patient data study. Lancet Digit Health. Mar 3
2023;5(4):e227-e238. doi:10.1016/S2589-
7500(23)00020-1

76. Bedard A, Sofiev M, Arnavielhe S, et al.
Interactions Between Air Pollution and Pollen Season
for Rhinitis Using Mobile Technology: A MASK-
POLLAR Study. J Allergy Clin Immunol Pract. Mar
2020;8(3):1063-1073 e4.
doi:10.1016/j.jaip.2019.11.022

77. Klimek L, Bergmann KC, Biedermann T, et
al. Visual analogue scales (VAS): Measuring
instruments for the documentation of symptoms and
therapy monitoring in cases of allergic rhinitis in
everyday health care: Position Paper of the German
Society of Allergology (AeDA) and the German Society
of Allergy and Clinical Immunology (DGAKI), ENT
Section, in collaboration with the working group on
Clinical Immunology, Allergology and Environmental
Medicine of the German Society of
Otorhinolaryngology, Head and Neck Surgery
(DGHNOKHC). Allergo J Int. 2017;26(1):16-24.
doi:10.1007/s40629-016-0006-7

78. Ferraz MB, Quaresma MR, Aquino LR, Atra
E, Tugwell P, Goldsmith CH. Reliability of pain scales
in the assessment of literate and illiterate patients with



rheumatoid arthritis. J Rheumatol. Aug
1990;17(8):1022—4.

79. Bousquet PJ, Combescure C, Neukirch F, et
al. Visual analog scales can assess the severity of
rhinitis graded according to ARIA guidelines. Allergy.
Apr 2007;62(4):367-72. doi:10.1111/7.1398-
9995.2006.01276.x

80. Bousquet J, Bodez T, Gehano P, et al.
Implementation of Guidelines for Allergic Rhinitis in
Specialist Practices. A Randomized Pragmatic
Controlled Trial. Int Arch Allergy Immunol. Apr 2
2009;150(1):75-82. doi:000210383 [pii]
10.1159/000210383

81. Bousquet PJ, Combescure C, Klossek JM,
Daures JP, Bousquet J. Change in visual analog scale
score in a pragmatic randomized cluster trial of allergic
rhinitis. J Allergy Clin Immunol. Jun 2009;123(6):1349—
54. doi:10.1016/j.jaci.2009.02.033

82. Bousquet PJ, Bachert C, Canonica GW, et al.
Uncontrolled allergic rhinitis during treatment and its
impact on quality of life: a cluster randomized trial. J
Allergy Clin Immunol. Sep 2010;126(3):666—-8 e1-5.
doi:S0091-6749(10)01036-5 [pii]
10.1016/j.jaci.2010.06.034

83. Bousquet PJ, Demoly P, Devillier P, Mesbah
K, Bousquet J. Impact of allergic rhinitis symptoms on
quality of life in primary care. Int Arch Allergy
Immunol. 2013;160(4):393-400.
doi:10.1159/000342991

84. Bousquet PJ, Devillier P, Tadmouri A,
Mesbah K, Demoly P, Bousquet J. Clinical relevance of
cluster analysis in phenotyping allergic rhinitis in a real-
life study. Int Arch Allergy Immunol. 2015;166(3):231—
40. doi:10.1159/000381339

85. Demoly P, Bousquet PJ, Mesbah K, Bousquet
J, Devillier P. Visual analogue scale in patients treated
for allergic rhinitis: an observational prospective study
in primary care: Asthma and Rhinitis. Clin Exp Allergy.
Aug 2013;43(8):881-8. doi:10.1111/cea.12121

86. Devillier P, Bousquet PJ, Grassin-Delyle S, et
al. Comparison of outcome measures in allergic rhinitis
in children, adolescents and adults. Pediatr Allergy
Immunol. Jun 2016;27(4):375-81.
doi:10.1111/pai.12561

87. Ohta K, Bousquet PJ, Aizawa H, et al.
Prevalence and impact of rhinitis in asthma. SACRA, a
cross-sectional nation-wide study in Japan. Research
Support, Non-U.S. Gov't. Allergy. Oct
2011;66(10):1287-95. doi:10.1111/j.1398-
9995.2011.02676.x

88. Ohta K, Jean Bousquet P, Akiyama K, et al.
Visual analog scale as a predictor of GINA-defined
asthma control. The SACRA study in Japan.
Multicenter Study

Research Support, Non-U.S. Gov't. J Asthma. Jun
2013;50(5):514-21.
doi:10.3109/02770903.2013.786726

89. Hojo M, Ohta K, likura M, Mizutani T,
Hirashima J, Sugiyama H. Clinical usefulness of a
guideline-based screening tool for the diagnosis of
allergic rhinitis in asthmatics: the Self Assessment of
Allergic Rhinitis and Asthma questionnaire.
Respirology. Aug 2013;18(6):1016-21.
doi:10.1111/resp.12116

90. Bousquet J, Bachert C, Canonica GW, et al.
Efficacy of desloratadine in intermittent allergic rhinitis:

a GA(2)LEN study. Allergy. Oct 2009;64(10):1516—
1523. doi:10.1111/5.1398-9995.2009.02115.x

91. Bousquet J, Bachert C, Canonica GW, et al.
Efficacy of desloratadine in persistent allergic rhinitis -
a GA(2)LEN study. Int Arch Allergy Immunol.
2010;153(4):395-402. doi:10.1159/000316351

92. Bahbah F, Gentil C, Sousa-Pinto B, et al.
Patient-reported outcome measures in birch pollen
allergic patients treated with sublingual immunotherapy
reflect real life. Allergy. Apr 2023;78(4):1113-1116.
doi:10.1111/all.15550

93. Fokkens W, Vinge I, Zuberbier T, Bousquet J.
Improvement in sleep quality and daily functioning
correlate with reduced congestion in subjects with
persistent allergic rhinitis treated with desloratadine 5
mg daily: results from the Aerius Control: Clinical and
Evaluative Profile of Treatment-2 (ACCEPT2) trial in
collaboration with Global Allergy and Asthma
European Network Allergy. 2009;64 (suppl 90):593.
94, Bousquet J, Zuberbier T, Mullol J, ACCEPT-
1 Study Group icwGL. Improvement in disease-specific
quality of life and reduced symptom burden measured
with a visual analogue scale in subjects with intermittent
allergic rhinitsi treated with desloratadine. Allergy.
2008;62 (suppl 64)

95. Shikiar R, Rentz AM. Satisfaction with
medication: an overview of conceptual, methodologic,
and regulatory issues. Value Health. Mar—Apr
2004;7(2):204-15. doi:10.1111/5.1524-
4733.2004.72252.x

96. Barbosa CD, Balp MM, Kulich K, Germain
N, Rofail D. A literature review to explore the link
between treatment satisfaction and adherence,
compliance, and persistence. Patient Prefer Adherence.
2012;6:39-48. doi:10.2147/PPA.S24752

97. Sousa-Pinto B, Sa-Sousa A, Vieira RJ, et al.
Behavioural patterns in allergic rhinitis medication in
Europe: A study using MASK-air(®) real-world data.
Allergy. Sep 2022;77(9):2699-2711.
doi:10.1111/all.15275

98. Sousa-Pinto B, Schunemann HJ, Sa-Sousa A,
et al. Consistent trajectories of rhinitis control and
treatment in 16,177 weeks: The MASK-air(R)
longitudinal study. Allergy. Apr 2023;78(4):968-983.
doi:10.1111/all.15574

99. Bakdash JZ, Marusich LR. Repeated
Measures Correlation. Front Psychol. 2017;8:456.
doi:10.3389/fpsyg.2017.00456

100. Vardaloglu I, Sousa-Pinto B, Bousquet J, et al.
In symptomatic patients on as-needed inhaled
corticosteroids-formoterol, VAS asthma is associated
with small airways resistance. J Asthma. Aug 24
2023:1-8. doi:10.1080/02770903.2023.2248485

101. Sousa-Pinto B, Sa-Sousa A, Vieira RJ, et al.
Cutoff Values of MASK-air Patient-Reported Outcome
Measures. J Allergy Clin Immunol Pract. Apr
2023;11(4):1281-1289 e5.
doi:10.1016/j.jaip.2022.12.005

102. Sousa-Pinto B, Azevedo LF, Sa-Sousa A, et
al. Allergen immunotherapy in MASK-air users in real-
life: Results of a Bayesian mixed-effects model. Clin
Transl Allergy. Mar 2022;12(3):e12128.
doi:10.1002/clt2.12128

103. Sousa-Pinto B, Louis G, Rodrigues J, et al.
Impairment of EQ-5D-5L domains according to allergic
rhinitis and asthma control: A MASK-air real-world

81



study. J Allergy Clin Immunol Pract. Aug 10
2023;d0i:10.1016/j.jaip.2023.08.006

104. Bousquet J, Sousa-Pinto B, Regateiro FS, et
al. MASK-air(R) direct patient data support the ARIA-
MeDALL hypothesis on allergic phenotypes. Allergy.
Aug 11 2023;doi:10.1111/all.15842

105. Bousquet J, Sousa-Pinto B, Shamji MH, et al.
Improvement of daily allergy control by sublingual
immunotherapy: A MASK-air(R) study. Clin Exp
Allergy. Apr 17 2023;d0i:10.1111/cea.14318

106. Taborda-Barata L, Ventura MT, Blain H, et al.
MASK-air((R)) real-world data in respiratory allergy in
old-age adults. Clin Transl Allergy. Jan
2023;13(1):e12216. doi:10.1002/clt2.12216

107. B Sousa-Pinto, C Jacome, Pereira A, et al.
Development and validation of an electronic daily
control score for asthma (e-DASTHMA). Lancet Digit
Health. 2023;

108. Amaral R, Jacome C, Almeida R, et al.
Profiling Persistent Asthma Phenotypes in Adolescents:
A Longitudinal Diagnostic Evaluation from the
INSPIRERS Studies. Int J Environ Res Public Health.
Jan 24 2021;18(3)doi:10.3390/ijerph18031015

109. Sousa-Pinto B, Louis R, Anto JM, et al.
Adherence to inhaled corticosteroids and long-acting
beta2-agonists in asthma: A MASK-air study.
Pulmonology. Aug 3 2023:S2531-0437(23)00130-7.
doi:10.1016/j.pulmoe.2023.07.004

110. Reilly MC, Zbrozek AS, Dukes EM. The
validity and reproducibility of a work productivity and
activity impairment instrument. PharmacoEconomics.
Nov 1993;4(5):353-65.

111. Prasad M, Wabhlqvist P, Shikiar R, Shih YC. A
review of self-report instruments measuring health-
related work productivity: a patient-reported outcomes
perspective. PharmacoEconomics. 2004;22(4):225-44.
doi:10.2165/00019053-200422040-00002

112. Giuliano AFM, Buquicchio R, Patella V, et al.
Rediscovering Allergic Rhinitis: The Use of a Novel
mHealth Solution to Describe and Monitor Health-
Related Quality of Life in Elderly Patients. Int Arch
Allergy Immunol. Sep 6 2022:1-11.
doi:10.1159/000525595

113. Bedard A, Basagana X, Anto JM, et al.
Treatment of allergic rhinitis during and outside the
pollen season using mobile technology. A MASK study.
Clin Transl Allergy. Dec 9 2020;10(1):62.
doi:10.1186/s13601-020-00342-x

114. Louis G, Schleich F, Louis R, et al. How
respiratory symptoms impact asthma-related quality of
life in mild asthmatics. Respir Med. Dec 28
2022;207:107098. doi:10.1016/j.rmed.2022.107098
115. Sousa-Pinto B, Louis G, Vieira RJ, et al.
Relevance of individual bronchial symptoms for asthma
diagnosis and control in patients with rhinitis: A
MASK-air study. Clin Transl Allergy. Jun
2024;14(6):¢12358. doi:10.1002/clt2.12358

116. Sousa-Pinto B, Louis G, Vieira RJ, et al.
Assessment of the underreporting of rhinitis in patients
with asthma: A MASK-air(R) real-world study.
Pulmonology. Dec 31 2025;31(1):2419216.
doi:10.1080/25310429.2024.2419216

117. Bousquet J, Sousa-Pinto B, Anto J, et al.
Identification by cluster analysis of patients with asthma
and nasal symptoms using the MASK-air® mHealth
app Pulmonology. 2022;in press

82

118. Sousa-Pinto B, Schunemann HJ, Sa-Sousa A,
et al. Consistent trajectories of rhinitis control and
treatment in 16,177 weeks: The MASK-air(R)
longitudinal study. Allergy. Nov 3
2022;doi:10.1111/all.15574

119. Sousa-Pinto B, Savoure M, Vieira RJ, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA)
Classes in MASK-air Users. J Investig Allergol Clin
Immunol. Jan 23 2025:0. doi:10.18176/jiaci.1047

120. Menditto E, Costa E, Midao L, et al.
Adherence to treatment in allergic rhinitis using mobile
technology. The MASK Study. Clin Exp Allergy. Apr
2019;49(4):442-460. doi:10.1111/cea.13333

121. Sousa-Pinto B, Costa EM, Vieira RJ, et al.
Adherence to Treatment in Allergic Rhinitis During the
Pollen Season in Europe: A MASK-air Study. Clin Exp
Allergy. Mar 2025;55(3):226-238.
doi:10.1111/cea.70004

122. Bousquet J, Devillier P, Arnavielhe S, et al.
Treatment of allergic rhinitis using mobile technology
with real-world data: The MASK observational pilot
study. Allergy. Sep 2018;73(9):1763-1774.
doi:10.1111/all.13406

123. Sousa-Pinto B, Schunemann HJ, Sa-Sousa A,
et al. Comparison of rhinitis treatments using MASK-
air(R) data and considering the Minimal Important
Difference. Allergy. May 14 2022;77(10):3002-3014.
doi:10.1111/all.15371

124. Sousa-Pinto B, Sa-Sousa A, Vieira RJ, et al.
Behavioural patterns in allergic rhinitis medication in
Europe: A study using MASK-air((R)) real-world data.
Allergy. Mar 8 2022;77(9):2699-2711.
doi:10.1111/all.15275

125. Lourenco-Silva N, Sousa-Pinto B, Bognanni
A, et al. Assessment of the Effectiveness of Allergic
Rhinitis Medications Using a Target Trial Emulation
Approach Based on Mobile Health Data. Clin Exp
Allergy. Feb 2026;56(2):176-179.
doi:10.1111/cea.70173

126. Benfante A, Sousa-Pinto B, Pillitteri G, et al.
Applicability of the MASK-air® app to severe asthma:
a pilot longitudinal study. Int J Mol Sci. 2022;

127. Sousa-Pinto B, Schleich F, Louis G, et al.
Daily digital biomarkers in the follow-up and clustering
of patients with asthma. Pulmonology. Dec 31
2025;31(1):2532980.
doi:10.1080/25310429.2025.2532980

128. Vieira RJ, Pereira AM, Kupczyk M, et al.
Impact of allergic symptoms on work productivity in
allergic rhinitis: A MASK-air direct patient data study.
Allergol Int. Jul 2025;74(3):445-452.
doi:10.1016/j.alit.2024.12.007

129. Sastre J, Del Cuvillo A, Colas C, et al.
Validation of the MASK-air App for assessment of
allergic rhinitis. Allergy. May 25 2020;75(11):2958-61.
doi:10.1111/all.14415

130. Mitsias DI, Dimou MV, Lakoumentas J, et al.
Effect of nasal irrigation on allergic rhinitis control in
children; complementarity between CARAT and MASK
outcomes. Clin Transl Allergy. 2020;10:9.
doi:10.1186/s13601-020-00313-2

131. Bousquet J, Gherasim A, de Blay F, et al.
Proof-of-concept study of anti-Fel d 1 IgY antibodies in
cat food using the MASK-air((R)) app. Clin Transl
Allergy. May 2024;14(5):e12353.
doi:10.1002/clt2.12353



132. Pfaar O, Sousa-Pinto B, Devillier P, et al.
Effects of allergen immunotherapy in the MASK-air
study: a proof-of-concept analysis. Allergy. May 24
2021;76(10):3212-3214. doi:10.1111/all.14955

133. Sousa-Pinto B, Azevedo L, R RS-S, al e.
immunotherapy in MASK-air users in real-life : results
of a Bayesian mixed-effects Clin Transl Allergy.
2022;(in press)

134. Bousquet J. Sublingual immunotherapy: from
proven prevention to putative rapid relief of allergic
symptoms. Allergy. Jan 2005;60(1):1-3.

135. Bousquet J, Anto JM, Haahtela T, et al.
Digital transformation of health and care to sustain
Planetary Health: The MASK proof-of-concept for
airway diseases-POLLAR symposium under the
auspices of Finland's Presidency of the EU, 2019 and
MACVIA-France, Global Alliance against Chronic
Respiratory Diseases (GARD, WHO) demonstration
project, Reference Site Collaborative Network of the
European Innovation Partnership on Active and Healthy
Ageing. Clin Transl Allergy. 2020;10:24.
doi:10.1186/s13601-020-00321-2

136. Bousquet J, Agache I, Anto JM, et al. Google
Trends terms reporting rhinitis and related topics differ
in European countries. Allergy. Aug 2017;72(8):1261—
1266. doi:10.1111/all.13137

137. Dykewicz MS, Wallace DV, Amrol DJ, et al.
Rhinitis 2020: A practice parameter update. J Allergy
Clin Immunol. Oct 2020;146(4):721-767.
doi:10.1016/j.jaci.2020.07.007

138. Brozek JL, Bousquet J, Agache 1, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines-2016 revision. J Allergy Clin Immunol. Oct
2017;140(4):950-958. doi:10.1016/j.jaci.2017.03.050
139. Bousquet J, Schroder-Bernhardi D, Bachert C,
et al. Heterogeneity of the pharmacologic treatment of
allergic rhinitis in Europe based on MIDAS and
OTCims platforms. Clin Exp Allergy. Apr 20
2021;doi:10.1111/cea.13884

140. Bousquet J, Schroder-Bernhardi D, Bachert C,
et al. Heterogeneity of the pharmacologic treatment of
allergic rhinitis in Europe based on MIDAS and
OTCims platforms. Clin Exp Allergy. Aug
2021;51(8):1033-1045. doi:10.1111/cea.13884

141. Bousquet J, Murray R, Price D, et al. The
allergic allergist behaves like a patient. Ann Allergy
Asthma Immunol. Jul 26 2018;121(6):741-2.
doi:10.1016/j.anai.2018.07.034

142. Bousquet J, Bachert C, Canonica GW, et al.
Unmet needs in severe chronic upper airway disease
(SCUAD). J Allergy Clin Immunol. Sep
2009;124(3):428-33. doi:S0091-6749(09)00982-8 [pii]
10.1016/j.jaci.2009.06.027

143. Sousa-Pinto B, Schunemann HJ, Sa-Sousa A,
et al. Comparison of rhinitis treatments using MASK-
air(R) data and considering the Minimal Important
Difference. Allergy. May 14 2022;doi:10.1111/all.15371
144. Anto JM, Bousquet J, Akdis M, et al.
Mechanisms of the Development of Allergy
(MeDALL): Introducing novel concepts in allergy
phenotypes. J Allergy Clin Immunol. Feb
2017;139(2):388-399. doi:10.1016/j.jaci.2016.12.940
145. Bousquet J, Anto J, Auffray C, et al.
MeDALL (Mechanisms of the Development of
ALLergy): an integrated approach from phenotypes to
systems medicine. Allergy. May 2011;66(5):596-604.
doi:10.1111/5.1398-9995.2010.02534.x

146. Simons FE. Allergic rhinobronchitis: the
asthma-allergic rhinitis link. J Allergy Clin Immunol.
1999;104(3 Pt 1):534-40.

147. Bousquet J, Van Cauwenberge P, Khaltaev N.
Allergic rhinitis and its impact on asthma. J Allergy Clin
Immunol. 2001;108(5 Suppl):S147-334.

148. Leynaert B, Neukirch C, Kony S, et al.
Association between asthma and rhinitis according to
atopic sensitization in a population-based study. J
Allergy Clin Immunol. Jan 2004;113(1):86-93.

149. Togias A, Gergen PJ, Hu JW, et al. Rhinitis in
children and adolescents with asthma: Ubiquitous,
difficult to control, and associated with asthma
outcomes. J Allergy Clin Immunol. Mar
2019;143(3):1003-1011 el0.
doi:10.1016/j.jaci.2018.07.041

150. Cruz AA, Popov T, Pawankar R, et al.
Common characteristics of upper and lower airways in
rhinitis and asthma: ARIA update, in collaboration with
GA(2)LEN. Allergy. 2007;62 Suppl 84:1-41.
doi:ALL1551 [pii]

10.1111/5.1398-9995.2007.01551.x

151. Togias AG. Systemic immunologic and
inflammatory aspects of allergic rhinitis. J Allergy Clin
Immunol. Nov 2000;106(5 Suppl):S247-50.

152. Bousquet J, Melen E, Haahtela T, et al.
Rhinitis associated with asthma is distinct from rhinitis
alone: The ARIA-MeDALL hypothesis. Allergy. May
2023;78(5):1169-1203. doi:10.1111/all.15679

153. Bousquet J, Sousa-Pinto B, Anto JM, et al.
Identification by cluster analysis of patients with asthma
and nasal symptoms using the MASK-air(R) mHealth
app. Pulmonology. Nov 22
2022;d0i:10.1016/j.pulmoe.2022.10.005

154. Sousa-Pinto B, Bousquet J, Vieira RJ, et al.
Allergic Rhinitis and Its Impact on Asthma (ARIA)-
EAACI Guidelines-2024-2025 Revision: Part I-
Guidelines on Intranasal Treatments. Allergy. Dec 1
2025;doi:10.1111/all.70131

155. van de Schoot R, Depaoli S, King R, et al.
Bayesian statistics and modelling. Nature Reviews
Methods Primers. 2021;1(1):1.

156. Vieira RJ, Azevedo LF, Pereira AM, et al.
Impact of allergic rhinitis control on work productivity
and costs: a real-world data MASK-air study. J Allergy
Clin Immunol Pract. Aug 5
2024;d0i:10.1016/j.jaip.2024.07.026

157. Bousquet J, Van Cauwenberge P, Khaltaev N,
Aria Workshop G, World Health O. Allergic rhinitis and
its impact on asthma. J Allergy Clin Immunol. Nov
2001;108(5 Suppl):S147-334.
doi:10.1067/mai.2001.118891

158. Brozek JL, Bousquet J, Baena-Cagnani CE, et
al. Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines: 2010 revision. J Allergy Clin Immunol. Sep
2010;126(3):466—76. doi:S0091-6749(10)01057-2 [pii]
10.1016/j.jaci.2010.06.047

159. Bousquet J, Schunemann HJ, Togias A, et al.
Next-generation Allergic Rhinitis and Its Impact on
Asthma (ARIA) guidelines for allergic rhinitis based on
Grading of Recommendations Assessment,
Development and Evaluation (GRADE) and real-world
evidence. J Allergy Clin Immunol. Jan 2020;145(1):70—
80 e3. doi:10.1016/j.jaci.2019.06.049

160. Bousquet J, Schunemann HJ, Sousa-Pinto B,
et al. Concepts for the Development of Person-
Centered, Digitally Enabled, Artificial Intelligence-

83



Assisted ARIA Care Pathways (ARIA 2024). J Allergy
Clin Immunol Pract. Oct 2024;12(10):2648-2668 ¢2.
doi:10.1016/j.jaip.2024.06.040

161. Bousquet J, Sousa-Pinto B, Vieira RJ, et al.
Methodology for the Development of the Allergic
Rhinitis and Its Impact on Asthma (ARIA)-EAACI
2024-2025 Guidelines: From Evidence-to-Decision
Frameworks to Digitalised Shared Decision-Making
Algorithms. Allergy. Feb 2026;81(2):427-453.
doi:10.1111/all.70100

162. Brozek JL, Bousquet J, Baena-Cagnani CE, et
al. Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines: 2010 revision. J Allergy Clin Immunol. Sep
2010;126(3):466—76. doi:10.1016/j.jaci.2010.06.047
163. Brignardello-Petersen R, Carrasco-Labra A,
Guyatt GH. How to Interpret and Use a Clinical Practice
Guideline or Recommendation: Users' Guides to the
Medical Literature. JAMA. Oct 19 2021;326(15):1516—
1523. doi:10.1001/jama.2021.15319

164. Lourenco O, Bosnic-Anticevich S, Costa E, et
al. Managing Allergic Rhinitis in the Pharmacy: An
ARIA Guide for Implementation in Practice. Pharmacy
(Basel). May 16
2020;8(2)doi:10.3390/pharmacy8020085

165. Lourenco O, Cvetkovski B, Kritikos V, et al.
Management of allergic rhinitis symptoms in the
pharmacy Pocket guide 2022. Clin Transl Allergy. Oct
2022;12(10):e12183. doi:10.1002/clt2.12183

166. Bosnic-Anticevich S, Costa E, Menditto E, et
al. ARIA pharmacy 2018 "Allergic rhinitis care
pathways for community pharmacy": AIRWAYS ICPs
initiative (European Innovation Partnership on Active
and Healthy Ageing, DG CONNECT and DG Sante)
POLLAR (Impact of Air POLLution on Asthma and
Rhinitis) GARD Demonstration project. Allergy. Jul
2019;74(7):1219-1236. doi:10.1111/all.13701

167. Bousquet J, Hellings PW, Agache I, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA)
Phase 4 (2018): Change management in allergic rhinitis
and asthma multimorbidity using mobile technology. J
Allergy Clin Immunol. Mar 2019;143(3):864-879.
doi:10.1016/j.jaci.2018.08.049

168. Bousquet J, Anto JM, Bachert C, et al.
Allergic rhinitis. Nat Rev Dis Primers. Dec 3
2020;6(1):95. doi:10.1038/s41572-020-00227-0

169. Bousquet J, Farrell J, Illario M, group A-Ms.
Aligning the Good Practice MASK With the Objectives
of the European Innovation Partnership on Active and
Healthy Ageing. Allergy Asthma Immunol Res. Mar
2020;12(2):238-258. doi:10.4168/aair.2020.12.2.238
170. Sousa-Pinto B, Vieira RJ, Brozek J, et al.
Intranasal antihistamines and corticosteroids in allergic
rhinitis: A systematic review and meta-analysis. J
Allergy Clin Immunol. Aug 2024;154(2):340-354.
doi:10.1016/j.jaci.2024.04.016

171. Sousa-Pinto B, Vieira RJ, Marques-Cruz M, et
al. Artificial Intelligence-Supported Development of
Health Guideline Questions. Ann Intern Med. Nov
2024;177(11):1518-1529. doi:10.7326/ANNALS-24-
00363

172. Vieira RJ, Sousa-Pinto B, Bognanni A, et al.
Embedding patients' values and preferences in guideline
development for allergic diseases: The case study of
Allergic Rhinitis and its Impact on Asthma 2024. Clin
Transl Allergy. Jun 2024;14(6):e12377.
doi:10.1002/clt2.12377

84

173. Gil-Mata S, Teixeira T, Bedbrook A, et al.
Perceptions of the impact of individual allergic rhinitis
symptoms: A survey of ARIA clinical experts. World
Allergy Organ J. Dec 2024;17(12):100999.
doi:10.1016/j.waojou.2024.100999

174. Brozek J, Borowiack E, Sadowska E, et al.
Patients' values and preferences for health states in
allergic rhinitis-An artificial intelligence supported
systematic review. Allergy. Jul 2024;79(7):1812-1830.
doi:10.1111/all.16100

175. Sousa-Pinto B, Vieira RJ, Brozek J, et al.
Intranasal antihistamines and corticosteroids in the
treatment of allergic rhinitis: a systematic review and
meta-analysis protocol. BMJ open. Nov 2
2023;13(11):e076614. doi:10.1136/bmjopen-2023-
076614

176. Torres M1, Gil-Mata S, Bognanni A, et al.
Intranasal Versus Oral Treatments for Allergic Rhinitis:
A Systematic Review With Meta-Analysis. J Allergy
Clin Immunol Pract. Dec 2024;12(12):3404-3418.
doi:10.1016/j.jaip.2024.09.001

177. Vieira RJ, Torres MI, Bognanni A, et al.
Protocol for the systematic reviews on the desirable and
undesirable effects of pharmacological treatments of
allergic rhinitis informing the ARIA 2024 guidelines.
Allergol Select. 2024;8:270-277.
doi:10.5414/ALX02515E

178. Vieira RJ, Gil-Mata S, Ferreira A, et al.
Efficacy and safety of oral antihistamines for allergic
rhinitis: Network meta-analysis. J Allergy Clin Immunol
Pract. Feb 16 2026;d0i:10.1016/j.jaip.2025.12.034
179. Sousa-Pinto B, Vieira RJ, Bognanni A, et al.
Efficacy and safety of intranasal medications for
allergic rhinitis: Network meta-analysis. Allergy. Jan
2025;80(1):94-105. doi:10.1111/all.16384

180. Gil-Mata S, Vieira RJ, Borowiack E, et al.
Intranasal treatments for allergic rhinitis in preschool-
and school-aged children: network meta-analysis. J
Allergy Clin Immunol Pract. Jul 15
2025;d0i:10.1016/j.jaip.2025.07.004

181. Bousquet J, Arnavielhe S, Bedbrook A, et al.
The ARIA score of allergic rhinitis using mobile
technology correlates with quality-of-life: The MASK
study. Allergy. Sep 14 2017;doi:10.1111/all.13307

182. Vieira RJ, Leemann L, Briggs A, et al. Poor
rhinitis and asthma control is associated with decreased
health-related quality-of-life and utilities: A MASK-air
study. J Allergy Clin Immunol Pract. Mar 30
2024;d0i:10.1016/j.jaip.2024.03.036

183. Vieira RJ, Pereira AM, Papadopoulos NG, et
al. Impact of Allergic Rhinitis on Academic
Performance in Adolescents and Adults: a Bayesian
Analysis of MASK-air(R) Real-world Direct Patient
Data. J Investig Allergol Clin Immunol. Dec 5
2024;34(6):409-411. doi:10.18176/jiaci.1010

184. Vieira RJ, Leemann L, Schunemann HJ, et al.
Impact of Uncontrolled Symptoms on the Health-
Related Quality of Life (EQ-5D-5L) of Patients With
Allergic Rhinitis: A MASK-air Study. Clin Exp Allergy.
Aug 2024;54(8):634-637. doi:10.1111/cea.14516

185. Vieira RJ, Sousa-Pinto B, Herrmann A, et al.
A novel approach to consider Planetary Health in
guideline development: a GRADE approach using the
Allergic Rhinitis and its Impact on Asthma (ARIA)
2024-2025 guidelines as a case-study. J Allergy Clin
Immunol Pract. Jun 10
2025;d0i:10.1016/j.jaip.2025.04.060



186. Sousa-Pinto B, Bousquet J, Vieira RJ, et al.
Allergic Rhinitis and Its Impact on Asthma (ARIA)-
EAACI Guidelines-2024-2025 Revision: Part I-
Guidelines on Intranasal Treatments. Allergy. Apr
2026;81(4):954-976. doi:10.1111/all.70131

187. Vieira RJ, Sousa-Pinto B, Bousquet J, et al.
Allergic Rhinitis and Its Impact on Asthma (ARIA)-
EAACI Guidelines-2024-2025 Revision: Part II-
Guidelines on Oral and Ocular Treatments. Allergy. Mar
24 2026;doi:10.1111/all.70305

188. Barker-Tejeda TC, Bazire R, Obeso D, et al.
Exploring novel systemic biomarker approaches in
grass-pollen sublingual immunotherapy using omics.
Allergy. Apr 2021;76(4):1199-1212.
doi:10.1111/all.14565

189. Bousquet J, Pfaar O, Togias A, et al. 2019
ARIA Care pathways for allergen immunotherapy.
Allergy. Nov 2019;74(11):2087-2102.
doi:10.1111/all.13805

190. Toppila-Salmi S, Chanoine S, Karjalainen J,
Pekkanen J, Bousquet J, Siroux V. Risk of adult-onset
asthma increases with the number of allergic
multimorbidities and decreases with age. Allergy. Dec
2019;74(12):2406-2416. doi:10.1111/all.13971

191. Toppila-Salmi S, Lemmetyinen R, Chanoine
S, et al. Risk factors for severe adult-onset asthma: a
multi-factor approach. BMC Pulm Med. Jul 8
2021;21(1):214. doi:10.1186/s12890-021-01578-4
192. Burte E, Bousquet J, Siroux V, Just J,
Jacquemin B, Nadif R. The sensitization pattern differs
according to rhinitis and asthma multimorbidity in
adults: the EGEA study. Clin Exp Allergy. Feb 25
2017;doi:10.1111/cea.12897

193. Siroux V, Ballardini N, Soler M, et al. The
asthma-rhinitis multimorbidity is associated with IgE
polysensitization in adolescents and adults. Allergy. Jul
2018;73(7):1447-1458. doi:10.1111/all.13410

194. Frohlich M, Pinart M, Keller T, et al. Is there
a sex-shift in prevalence of allergic rhinitis and
comorbid asthma from childhood to adulthood? A meta-
analysis. Clin Transl Allergy. 2017;7:44.
doi:10.1186/s13601-017-0176-5

195. Rosario CS, Cardozo CA, Neto HJC, Filho
NAR. Do gender and puberty influence allergic
diseases? Allergol Immunopathol (Madr).
2021;49(2):122-125. doi:10.15586/aei.v49i2.49

196. Nogueira-Silva L, Martins SV, Cruz-Correia
R, et al. Control of allergic rhinitis and asthma test--a
formal approach to the development of a measuring
tool. Respir Res. 2009;10:52. doi:1465-9921-10-52 [pii]
10.1186/1465-9921-10-52

197. Louis G, Schleich F, Louis R, et al. How
respiratory symptoms impact asthma-related quality of
life in mild asthmatics. Respir Med. Feb
2023;207:107098. doi:10.1016/j.rmed.2022.107098
198. Sousa-Pinto B, Louis R, Anto JM, et al.
Adherence to inhaled corticosteroids and long-acting
beta2-agonists in asthma: A MASK-air study.
Pulmonology. Dec 31 2025;31(1):2416869.
doi:10.1016/j.pulmoe.2023.07.004

199. Sedgwick P, Greenwood N. Understanding
the Hawthorne effect. Bmj. Sep 4 2015;351:h4672.
doi:10.1136/bmj.h4672

200. Global Initiaive of Ashtma. Global Strategy
for Asthma Management and Prevention. Updated May
2024. WWWginasthmaorg. 2024;

201. Vandenplas O, Vinnikov D, Blanc PD, et al.
Impact of Rhinitis on Work Productivity: A Systematic
Review. J Allergy Clin Immunol Pract. Oct 07
2017;d0i:10.1016/j.jaip.2017.09.002

202. Leynaert B, Neukirch C, Liard R, Bousquet J,
Neukirch F. Quality of life in allergic rhinitis and
asthma. A population-based study of young adults. Am J
Respir Crit Care Med. Oct 2000;162(4 Pt 1):1391-6.
203. Van den Hout WB. The value of productivity:
human-capital versus friction-cost method. Annals of
the rheumatic diseases. 2010;69(Suppl 1):189-191.

204. Halonen JI, Erhola M, Furman E, et al. The
Helsinki Declaration 2020: Europe that protects. Lancet
Planet Health. Nov 2020;4(11):e503—e505.
doi:10.1016/S2542-5196(20)30242-4

205. Halonen JI, Erhola M, Furman E, et al. A call
for urgent action to safeguard our planet and our health
in line with the helsinki declaration. Environ Res. Feb
2021;193:110600. doi:10.1016/j.envres.2020.110600
206. Haahtela T, Valovirta E, Saarinen K, et al.
The Finnish Allergy Program 2008-2018: Society-wide
proactive program for change of management to
mitigate allergy burden. J Allergy Clin Immunol. Aug
2021;148(2):319-326 e4.
doi:10.1016/j.jaci.2021.03.037

207. Bousquet JJ, Schunemann HJ, Togias A, et al.
Next-generation ARIA care pathways for rhinitis and
asthma: a model for multimorbid chronic diseases. Clin
Transl Allergy. 2019;9:44. doi:10.1186/s13601-019-
0279-2

208. Bousquet J, Sousa-Pinto B, Vieira RJ, et al.
Methodology for the Development of the Allergic
Rhinitis and Its Impact on Asthma (ARIA)-EAACI
2024-2025 Guidelines: From Evidence-to-Decision
Frameworks to Digitalised Shared Decision-Making
Algorithms. Allergy. Nov 21
2025;doi:10.1111/all.70100

209. Kotter J. Leading change. Harvard Business
School Press; 1996.

210. Samolinski B, Fronczak A, Wlodarczyk A,
Bousquet J. Council of the European Union conclusions
on chronic respiratory diseases in children. Letter.
Lancet. Mar 31 2012;379(9822):e45-6.
doi:10.1016/S0140-6736(12)60514-5

211. Samolinski B, Fronczak A, Kuna P, et al.
Prevention and control of childhood asthma and allergy
in the EU from the public health point of view: Polish
Presidency of the European Union. Consensus
Development Conference

Research Support, Non-U.S. Gov't

Review. Allergy. Jun 2012;67(6):726-31.
doi:10.1111/5.1398-9995.2012.02822.x

212. Valiulis A, Bousquet J, Veryga A, et al.
Vilnius Declaration on chronic respiratory diseases:
multisectoral care pathways embedding guided self-
management, mHealth and air pollution in chronic
respiratory diseases. Clin Transl Allergy. 2019;9:7.
doi:10.1186/s13601-019-0242-2

213. Bousquet J, VanCauwenberge P, Khaltaev N.
Allergic rhinitis and its impact on asthma (ARIA)-
Executive summary. Allergy. 2002;58:in press.

214. Mobile-cellular telephone subscriptions. In:
Key ICT indicators for developed and developing
countries and the world (totals and penetration rates).
Geneva: International Telecommunication Union
(http://wwwituint/en/ITU-

85


http://wwwituint/en/ITU-

D/Statistics/Documents/statistics/2017/ITU Key 2005-
2017 _ICT dataxls. 2015;

215. Handbook m. BE HE@LTHY BE MOBILE.
A handbook on how to implement mBreatheFreely for
asthma and COPD. WHO Publication.
2018:https://apps.who.int/iris/handle/10665/274575.

86

216. Bousquet J, Klimek L, Kuna P, Mullol J,
Toppila-Salmi S. The Debate: Regular Versus As-
Needed Use of Intranasal Corticosteroids for a Patient-
Centered Approach. J Allergy Clin Immunol Pract. Mar
2021;9(3):1374-1375. doi:10.1016/j.jaip.2020.11.019


https://apps.who.int/iris/handle/10665/274575

