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Abstract

The International Severe Asthma Registry (ISAR) was established in 2017 to advance the
understanding of severe asthma and its management, thereby improving patient care
worldwide. As the first global registry for adults with severe asthma, ISAR enabled individual
registries to standardize and pool their data, creating a comprehensive, harmonized dataset
with sufficient statistical power to address key research questions and knowledge gaps. Today,
ISAR is the largest repository of real-world data on severe asthma, curating data on nearly
35,000 patients from 28 countries worldwide, and has become a leading contributor to severe

asthma research.

Research using ISAR data has provided valuable insights on the characteristics of severe
asthma, its burdens and risk factors, real-world treatment effectiveness, and barriers to
specialist care, which are collectively informing improved asthma management. Besides
changing clinical thinking via research, ISAR aims to advance real-world practice through
initiatives that improve registry data quality and severe asthma care. In 2024, ISAR refined
essential research variables to enhance data quality and launched QISAR, a web-based data
acquisition and reporting system, which integrates data collection with clinical consultations

and enables longitudinal data tracking at patient, center, and population levels.

Quality improvement priorities include collecting standardized data during consultations and
tracking and optimizing patient journeys via QISAR and integrating primary/secondary care
pathways to expedite specialist severe asthma management and facilitate clinical trial

recruitment. ISAR envisions a future in which timely specialist referral and initiation of biologic
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therapy can obviate long-term systemic corticosteroid use and enable more patients to

achieve remission.

Key words: International Severe Asthma Registry (ISAR); Optimum Patient Care Global; Core

variables; Real-world data; Quality improvement; Delphi consensus.
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Introduction

The International Severe Asthma Registry (ISAR) is a pioneering collaborative initiative
dedicated to advancing the understanding of severe asthma and its management, with the
ultimate objective of improving patient care and outcomes globally*2. Since it was established
in 2017, ISAR has enabled local, regional and national registries worldwide to standardize and
pool their data on adults with severe asthma, generating a comprehensive centrally curated
dataset that is shared seamlessly between stakeholders to apply existing knowledge, promote
research, and gain novel insights'?. Today, ISAR has expanded to become the largest and
preeminent data resource for real-world studies on severe asthma; at the time of writing, ISAR
curated standardized data on nearly 35,000 patients submitted by more than 250 local
registries in 28 countries from all over the world (Figure 1); meanwhile, researchers have
published more than 25 papers based on ISAR data, which have provided valuable insights on
the characteristics, burdens, and real-world treatment of severe asthmal?®. These
achievements underscore global recognition of ISAR in spearheading severe asthma
research?®3%, This 2024 progress update describes ISAR’s origins, organization and operation,

research outputs, ongoing quality improvement program, and vision for the future.
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Origins and Objectives

ISAR was conceived to address longstanding challenges. Severe asthma is a heterogenous
disease that is often difficult to treat? — less than 25% of patients have well controlled disease
despite standard-of-care treatments®. Although severe asthma affects a minority of all
patients with asthma, it is associated with substantial morbidity and mortality, impaired
psychosocial well-being and quality of life, and significant healthcare utilization and
expenditure?*°. Addressing the significant unmet healthcare needs of this patient population
is a priority for asthma research®*. Randomized controlled trials (RCTs) are the cornerstone of
evidence-based medicine but have low external validity; real-world studies can provide
complementary data on treatment effectiveness beyond highly-selective RCT patient
populations¥?>31, RCTs in severe asthma, especially those for biologic therapies, are often
unrepresentative2%32; only 5.3% of ISAR patients in one study met standard RCT inclusion
criteria?’. Registries bridge this “efficacy-effectiveness” gap, providing valuable sources of real-
world data on asthma characteristics, trends, and treatment outcomes, which can inform
improved management strategies!>2%3!, However, the severe asthma population is relatively
small, sparsely dispersed and heterogenous, and the fragmentary registry landscape
preceding ISAR made it challenging to conduct large-scale studies and to compare data across
patient populations and geographical regions2. The few existing national/regional registries
were discrete and relatively small, used differing definitions of severe asthma, and collected
disparate data of varying quality and completeness3>. These limitations precluded
interoperability and restricted the statistical power of single-registry severe asthma studies,
depending on their patient numbers'2. Responding to the clear need for a unified approach,
ISAR was established to accrue a standardized global dataset from multiple registries

worldwide, which would ensure data consistency, comparability, and quality, promote inter-
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operability and collaboration, and provide ample statistical power for real-world studies to
answer key clinical and research questions>*. Importantly, this large-scale registry facilitates
the identification and analysis of patient subgroups with differing characteristics and care
needs, including regional differences between patients and in their management. Moreover,
these data from the broad patient population in real-world practice can provide information
and answer questions that are not amenable to investigation in RCTs?%:31, By standardizing
and consolidating comprehensive data collected from severe asthma populations worldwide,
ISAR has unlocked the potential to conduct robust research that is advancing the
understanding of severe asthma and contributing to the evolution of best practice in asthma

management and patient care on a global scale®?#>2%31,

Founding principles and mission

ISAR operates according to core guiding principles of openness, inclusivity, and collaborative
data sharing and research discussions®; ISAR contributors own their data and share only
anonymized data, collect and share specified ISAR core variables, and uphold the research
standards governing ISAR. Impartiality is a fundamental precept, and the ISAR database

cannot be used to conduct inferential drug-specific comparative studies?.

ISAR’s primary objectives are to characterize and describe severe asthma internationally,
both in the overall patient population and among different subgroups of interest and to
facilitate phenotyping and endotyping, so that patient groups can be distinguished by their
disease burden, management patterns, and clinical evolution?. Important secondary
objectives include supporting the development of effective diagnostic/prognostic modalities,
evaluating the real-world effectiveness and safety of treatments for severe asthma, and

improving patient outcomes, for example, by identifying potentially modifiable factors

12
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associated with poor outcomes and implementing steroid-sparing treatments and strategies?.
The overarching aims are to consolidate knowledge about severe asthma and support
research that will improve the care of adult patients globally, whether in primary, secondary,
or tertiary care’?. ISAR’s pursuit of these goals leverages key strengths, specifically: its global
reach, inclusivity, and expertise; collecting standardized; comprehensive, and high-quality
longitudinal individual-level data from countries worldwide; an organizational structure that
supports robust and ethical scientific research; and extensive experience in data capture and

management?,

Organization, Oversight, and Operation

ISAR is a joint initiative of Optimum Patient Care Global Limited (OPC), a not-for-profit social
enterprise, and AstraZeneca, its co-founders and sponsors since May 2017; a third core
collaborator is the Respiratory Effectiveness Group (REG), an investigator-led initiative to
promote real-world research?. OPC operates ISAR and is responsible for data management,

processing and analysis, REG provides academic support and AstraZeneca gives strategic input

2

ISAR is governed and managed by several complementary bodies (Figure 2): the ISAR
Steering Committee (ISC), the REG, the Anonymized Data Ethics & Protocol Transparency
(ADEPT) Committee, an Operational Committee, and the QISAR Operational Committee. The
ISC comprises 50 experts specializing in severe asthma from 31 countries across five
continents, including representatives from AstraZeneca and OPC, who provide scientific
leadership and regulatory and strategic oversight. The ADEPT Committee is commissioned by

the REG to review the quality of ISAR research protocols and ensure that research using ISAR
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data complies with the highest ethical standards. The Operational Committee includes
research staff in participating countries and is involved in running ISAR day-to-day’2. The
QISAR Operational Committee manages ISAR quality improvement initiatives. The ISC and
other key committees meet regularly to maintain continuing expert input in steering the
development and expansion of ISAR, and to ensure that its research is clinically relevant, up-
to-date, and delivers value to stakeholders in pursuing its mission to improve severe asthma

care?.

ISAR is open, inclusive, and actively welcomes new partnerships, offering support to
establish local registries, which includes providing its standardized variables list and electronic
data capture technology?, which can be translated into local languages. ISAR participants or
any third-party, including academic or commercial researchers, can submit research proposals,
which require approval by both the ISC and ADEPT. All proposals are reviewed annually and
prioritized based on their scientific rigor, feasibility, and compliance with ethical standards.
Each member country and AstraZeneca have one vote on project selection, with OPC holding
a casting vote to resolve ties. To avoid potential bias, AstraZeneca is recused from votes on
proposals from other commercial entities?. Core research themes in the first years of
operation have included the epidemiology and clinical characteristics of severe asthma,
including comparing eosinophilic and non-eosinophilic phenotypes, and evaluating
responsiveness to different classes of biologic asthma therapy?. The ISC’s prioritized project
for 2024 is a study investigating associations between differing initiation timings of biologic
therapy for severe asthma, and outcomes of disease progression and the likelihood of

remission.
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National, regional, and local registries participating in ISAR retain ownership of their own
data but allow access to and share de-identified patient data for independent research
projects approved by the ISC and ADEPT, according to a data sharing agreement that details
the frequency and manner of data transfer to OPC?. ISAR participation allows research using
either ISAR multi-country data, subject to ISC and ADEPT approval, or standardized country-
specific data, as member countries are free to conduct their own research based on local
governance. ISAR is registered with the Heads of Medicines Agencies/European Medicines

Agency Catalogues of real-world data sources.

Patient selection and data collection

To be included by ISAR, patients at participating centers must meet eligibility criteria, which
were chosen to capture a broad population of patients with severe asthma in real-world
settings, including those with moderate-to-severe asthma and not excluding those with a
history of smoking?. Briefly, patients must be >18 years old and either receiving Step 5
treatment according to the 2018 definitions of the Global Initiative for Asthma (GINA)33 or
have asthma “uncontrolled” on GINA Step 4 treatment, as defined by the European

Respiratory Society/American Thoracic Society guidelines34.

The first challenge that ISAR tackled was to standardize data collection by its international
members and thereby enable the pooling, analysis, and robust interpretation of data across
diverse patient populations and geographic and clinical settings2. ISC members conducted a
modified Delphi process in 2017 to reach consensus on a standard set of core research
variables; these comprised 95 variables in 13 categories, including demographics, medical

history, clinical characteristics, lung function, biomarkers, and patient-reported outcome
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measures?3. Collection and reporting of all specified core variables is a condition of ISAR
participation?3. Other standardized variables that were not included in the core set but may
also be shared via ISAR or collected locally include safety and effectiveness bolt-on variables,
such as adverse events potentially associated with use of biologic agents, and further optional
variables deemed useful for scientific research, for example morbidities associated with
exposure to corticosteroids, occupation, non-core biomarkers, and mental wellbeing or

quality of life metrics>%.

Research Outputs and Insights from ISAR

Within just 7 years of its inception, ISAR research has already made substantive contributions
to characterizing severe asthma, describing associated risk factors and burdens, assessing
outcomes among different treatment groups, and accruing real-world evidence on current
treatment strategies. More than 25 articles on these topics and related research were

published from 2019-2024 (Table 1, Figure 3).
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Epidemiology and global burdens of severe asthma

Severe asthma is a complex, heterogeneous, and incompletely understood condition that
affects 5-10% of all patients with asthma — at least ~13 million people worldwide>>°. Although
severe asthma affects a minority of the whole asthma population, it imposes
disproportionately high burdens of morbidity, mortality, and healthcare resource utilization,
with substantial psychosocial and socioeconomic impacts?®. In the first study to characterize
severe asthma worldwide, based on data from ISAR and other registries internationally, severe
asthma was estimated to account for more than 60% of total asthma-related healthcare costs,
a large proportion of which are attributable to oral corticosteroid (OCS)-related morbidities>.
Insights from ISAR that are informing improved asthma management and patient care will

contribute to progress towards alleviating these burdens.

Exposure to systemic corticosteroids, which are widely used to treat asthma3®,
significantly increases patients’ risk of multiple adverse outcomes, such as type 2 diabetes,
osteoporosis, and cardiovascular diseases, starting from doses equivalent to only four short
OCS courses per lifetime (0.5 to <1 g)37-4°. Consequently, updated GINA guidelines for difficult-
to-treat and severe asthma caution that low-dose OCS should only be added as a last resort,
having first optimized treatment and where steroid-sparing biologic therapy is unavailable or
unaffordable®'. Notably, use of moderate-high doses of inhaled corticosteroids has also been
associated with adverse outcomes, which included cardiovascular events, pulmonary
embolism and pneumonia®?. The ISAR PRISM study highlighted the extent of the burden of
comorbidities in severe asthma: 55% of patients had three or more comorbidities and 68%
had at least one potentially OCS-related comorbidity, which included obesity (42%),

hypertension (23%), dyslipidemia (16%), osteoporosis (13%), diabetes (12%), and coronary
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heart disease (9%); patients with OCS-related comorbidities were more likely to experience
exacerbations!?. Such evidence underpins the concept of corticosteroid stewardship, which
advocates prescribing corticosteroids only when clinically justified and at the lowest effective
dose, and preferentially using steroid-sparing strategies and/or non-steroid alternatives,
including targeted biologics, wherever appropriate**4°. Besides the burdens of OCS-related
morbidity, patients with severe asthma are at risk of airway remodeling from exacerbations,
which is associated with accelerated lung function deterioration”#. In a worldwide survey of
severe asthma, including ISAR data, 51% of patients were receiving regular intermittent OCS
and fixed airway obstruction was prevalent; 44% worldwide had post-bronchodilator
FEV1/FVC <0.7°, with even higher prevalence in the Asia-Pacific region*’. Meanwhile, analysis
of data from the United Kingdom (UK) Optimum Patient Care Research Database (OPCRD) has
shown that asthma exacerbations accelerate lung function decline in adults, with a more
pronounced association in younger patients’. An ISAR study found that the risks of severe
exacerbations varied between patients with similar characteristics but who lived in different
jurisdictions, suggesting the existence of unknown patient or health system factors“®; hence,
work is underway to develop a model to predict the risk of severe exacerbations patients with
severe asthma, which could guide treatment escalation?4. Data from Korean IASR patients and
the Korean Chronic Obstructive Pulmonary Disease (COPD) Subgroup Study have shown
similar prevalence of overlapping asthma/COPD (ACO) in patient groups with pure severe
asthma or with pure COPD, with comparable lung function impairment and exacerbation risk

in patients with ACO from either group?®.

Who, when, and how in treating severe asthma
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Minimizing systemic corticosteroid exposure is key to reducing damage to the body and lungs
in patients with severe asthma!?37:3949, Analysis of real-world data from ISAR is contributing
to realizing this objective by identifying appropriate treatments for the right patients at the
right time. A study of inflammatory biomarker expression revealed distinct clusters of patients
that exhibited unique clinical characteristics, which suggests discrete patterns of underlying
inflammatory pathway activation. Understanding how these mechanisms affect individual
patients with severe asthma will help clinicians to target precision medicines such as biologic

therapies to patients likely to benefit2.

Characterization of severe asthma phenotypes in the ISAR population using an
eosinophilic gradient algorithm showed that most had Type 2 inflammation®, for which
targeted treatments are available; accordingly, GINA has been recommending add-on biologic
therapies for severe eosinophilic asthma since 202149°°, Besides GINA, ISAR research has
informed several other official guidelines; these include UK National Institute for Health and
Care Excellence guidance treating severe asthma with Tezepelumab®!, and asthma
management guidelines from Mexico®?, Germany>3, and guidance on asthma care in older

people>?,

Analyses of real-world patient data have also identified major barriers to specialist care
for severe asthma. The earlier patients with severe asthma can be identified, the sooner they
can receive appropriate treatment. Unfortunately, under-recognition of severe asthma in the
primary care settings where patients with asthma are typically treated may be a barrier to
referral for specialist care. A study of asthma patients from ISAR and the OPCRD estimated

that although 8% of those managed long-term in primary care had potentially severe asthma,
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most (72%) had neither been referred nor received specialist care for more than a year
despite being eligible®. Many patients with ‘hidden’ severe asthma may be managed with
long-term OCS and lack access to specialist treatments such as biologic therapies with a more
favorable risk/benefit ratio. Another OPCRD study showed that patients with asthma who
were most socio-economically deprived had worse disease control and higher exacerbation
rates compared with the least deprived, however, they were no more likely to be referred for
specialist assessment and targeted treatments!!. Registries such as ISAR and the OPCRD
provide rich sources of real-world data that can be used to facilitate earlier identification of
severe asthma in primary care and investigate the reasons for disparities in asthma

management and how these could be addressed to improve patient outcomes.

The introduction of biologic asthma therapies has transformed the treatment landscape
and ISAR is providing valuable real-world data about the clinical applicability of biologics in
patients with different characteristics and in different scenarios3!. In an ISAR study that
compared the effectiveness of initiating biologic therapies for severe asthma versus
continuing long-term (21 year) or frequent rescue OCS (> 4 courses/year), both groups had
improved outcomes at 1 year follow-up?!. However, compared with ongoing OCS alone,
biologic initiators had a significantly reduced exacerbation rate, were more likely to have a
>50% reduction in OCS from baseline, and had lower risks of asthma-related emergency
department visits and hospitalizations?!. Similarly, in the ISAR CLEAR study, biologic initiators
had a lower incidence of exacerbations during follow-up compared with non-initiators despite
having more severe disease at baseline>. These results support the rationale for prescribing
biologics, even in patients showing improvement on long-term or regular rescue OCS, as a

potentially cost-effective strategy to further improve outcomes while minimizing OCS
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exposure?!, The CLEAR study also highlighted the importance of timely initiation of the
optimal biologic therapy; patients with severe asthma who switched (25.5%) or stopped
(14.5%) a biologic therapy, had higher rates of exacerbations and uncontrolled asthma than
those who continued their initial biologic prescription; switchers also had a higher long-term
OCS dose and more hospitalizations and emergency visits'®. A study that compared the
effectiveness of anti-immunoglobulin E (IgE) to anti-interleukin 5 (IL5) or anti-IL5 receptor
(IL5R) in ISAR patients eligible for either biologic class found that although both improved
asthma outcomes, anti-IL5/5R was more effective in reducing exacerbations and long-term
OCS exposure’®. Nevertheless, if the response to an initial biologic is limited, clinicians may
consider changing to another that might be more beneficial. Pertinently, ISAR research has
revealed that switching is not common in current real-world practice; the SUNNIE study
discovered consistently low rates of biologic switching worldwide, with only 11% of patients
switching their initial treatment and 10% stopping?®. Possible barriers to switching include the
difficulty of getting an initial biologic prescription, which may put people off attempting to
change to another, uncertainty about whether another biologic will improve upon marginal
benefit from the first or may be ineffective, and limited evidence for benefits from switching.
Hence, there is a need for further research into which patients respond best to different
biologics'®. Systemic barriers also limit the global availability and choice of different biologics
for individualizing asthma treatment. An ISAR study highlighted substantial differences in
national criteria for prescription and reimbursement of biologic asthma therapies, which
result in marked variability in the accessibility of biologic agents between countries!’. More
than 60% of patients in the CLEAR study were not prescribed biologics despite meeting the
eligibility criteria>>. and 30% of patients with high OCS exposure in GLITTER | did not receive

biologics, despite a high rate of exacerbation comparable to that of biologics initiators®°.
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Standardized prescription and access criteria are needed to overcome current barriers to

wider availability and implementation of precision medicine for patients with severe asthma?’.

Other ISAR studies have continued to evaluate the effectiveness of both biologic and non-
biologic asthma therapies in real world clinical practice and to characterize factors that
influence treatment responsiveness and outcomes in patients with severe asthma. For
example, BEAM demonstrated that asthma control, exacerbations and long-term OCS use can
all be used to assess responsiveness to biologic therapies, which varied depending on the
domain assessed and increased with worse baseline impairment, showing baseline status to
be an important consideration in assessing treatment response?3. PRISM Il revealed that the
presence of chronic rhinosinusitis, with or without nasal polyps, predicts greater effectiveness
of biologic treatments for severe asthma?2. Another study, FULL BEAM I, showed that clinical
remission was more likely in patients with less severe asthma and shorter disease duration
before biologic initiation; the odds of achieving four-domain clinical remission decreased by
15% for every additional 10 years asthma duration?®. These findings support the rationale for
early biologic treatment to achieve remission. Meanwhile, in the IGNITE study, higher
baseline Type 2 biomarkers (blood eosinophil count and exhaled nitric oxide) predicted
improved lung function after initiating biologic therapy?*. However, the EMBER study has
highlighted the complexity of T2 inflammatory involvement in severe asthma and identified
clusters of patients with varying biomarker elevations, including a predominantly female
cluster with low T2 biomarker levels!. Importantly, other studies have shown that while
patients who receive biologic therapies generally have better responses than those
prescribed non-biologic treatments, a substantial proportion either do not meet clinical

response criteria®>?’, or respond sub-optimally with persisting exacerbations, uncontrolled
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asthma, healthcare utilization, and long-term OCS use?>28, Further research is needed to
understand how various factors may limit biologic responsiveness and to explore ways to
optimize treatment?°. One salient question is whether initiating biologics earlier may preempt

irreversible lung damage and thereby improve patient outcomes®2>28,

Ongoing ISAR studies are investigating how differing OCS exposure before patients start
biologic treatments affects the phenotype and biomarker profile of severe asthma (STAR), and
how biologic initiation affects the burden of OCS and the subsequent onset of potentially OCS-
related adverse outcomes (SOLAR). Another is exploring patterns of asthma onset and
associated phenotypes (PATH), and a post-authorization safety study (PASS) is comparing the
risks of malignancy between patients with severe asthma, who receive benralizumab, other
biologics, or non-biologic therapies. Data analysis in these studies is underway and results will

be published once available.

Data Collection and Quality Improvement Initiatives

Quality improvement (Ql) — applying formal or informal tools to assess and enhance
healthcare provision — is crucial to improving patient outcomes, which also benefits health
services and the economy?®. However, while healthcare providers are increasingly embracing
this concept, QI can be challenging to implement and incorporate into routine practice®®. In
collaboration with primary care clinicians, OPC has developed and refined automated Ql
programs that require modest resources and involve both clinic staff and patients, to promote

a long-term culture of QI (Figure 4)°°.
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ISAR’s vision is to progress from changing clinical thinking via research to changing real-world
practice through Ql initiatives that improve both registry data quality and severe asthma care.
Table 2 summarizes the ISC’s ongoing Ql agenda. The immediate goal is to improve the
completeness and accuracy of data on specified ISAR core research variables (Table S1). An

important future goal is to minimize long-term (maintenance) use of systemic corticosteroids.

To these ends, ISAR rolled out two major Ql initiatives in 2023/24, a second Delphi exercise to
refine the core ISAR research variables and improve the collection of high-quality data, based
on 6 years of research experience, and an innovative Ql program and data acquisition,
processing, and reporting system — QISAR — which integrates data collection with clinical

consultations and facilitates the assessment and review of patients with severe asthma.

Delphi exercise to refine ISAR research variables

Since ISAR first defined a standard set of core research variables, data completeness has
improved measurably. Before 2017, fewer than half of patients who initiated biologics had
pre-treatment and post-treatment data for at least one of four core outcome domains
(exacerbation rate, lung function, asthma control, long-term OCS use) — by 2020, this had risen
to nearly 60%. Nevertheless, there is scope to further improve the quality of data collected in
routine clinical care and recorded in ISAR®’; indeed, this is increasingly necessary given the
introduction of composite outcome measures of response or remission that require high-
quality data across multiple domains®8. As the ISAR dataset matured over the years and has
been applied in diverse analyses, it has become clearer which variables are the most
important for conducting research to fill current knowledge gaps, and which others might

either have limited utility or be more challenging to standardize and collect internationally.
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Consequently, the ISAR Steering Committee conducted a second Delphi exercise in 2023/24
to refine and reprioritize the set of variables collected and thereby ensure the highest possible
data quality; a key goal was to identify a subset of research variables crucial to advancing the

understanding of severe asthma and improving patient care.

The inaugural ISAR Delphi study, in 2017, reached consensus on 95 initial core variables,
with the expectation that participating ISAR centers would achieve at least 90% collection and
submission of these data to ISAR3. During the second, four-round, modified Delphi process in
2023, with a follow-up in 2024, ISAR experts considered ~150 potential variables, including
the original 95 plus others in “safety” and “effectiveness” categories, and eliminated those
below a pre-specified consensus threshold in successive rounds, eventually reducing the
number to 73 individual core variables across 10 data categories. Thirty-three of these are
designated “key” variables, deemed essential for clinical research, and for which participating
centers are contractually obliged to collect and upload data from 100% of patients. Table S1
summarizes the core and key data fields to be completed and reported at the first visit for
severe asthma and at subsequent visits. Other variables, including some dropped from the
core variables list and others newly proposed, may still be collected but are designated
optional, due either being considered to have limited utility or because they would be too

challenging to standardize and collect by all centers under current local circumstances.

Several noteworthy changes were decided in finalizing the ISAR 2024 variables. Allergic
rhinitis was designated “core” rather than “key” because, although associated with atopic
asthma, it has been found not to be a relevant factor in responses to biologic therapies??,

which limits its utility as a research variable; some countries do not even collect data on

25



543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

allergic rhinitis. The background asthma therapy start-date and dates of key serum biomarker
tests, including the highest blood eosinophil count, IgE count, and fractional exhaled nitric

IlI

oxide (FeNO) test at follow-up, were upgraded from “optional” to “core” variables, as these
are all considered important research metrics. The baseline FeNO test result remains a key
variable despite being challenging for some centers to collect, for example due to limited
reimbursement or equipment, or not being done routinely; however, centers unable to
provide these data for 100% of patients will be accommodated. Highest education level was
added as an optional variable to provide a proxy measure of socio-economic status. Use of
steroid-sparing agents can be an informative metric but was demoted to “optional”, as these
products are seldom used in the era of biologics. The variable ‘Other factors contributing to
severe asthma symptoms’ and several tests, including chest computed tomography scan, PC20
methacholine/histamine challenge, and bone densitometry, were also changed from “core”
to “optional” due to consensus that these data were of limited utility. Serum IgE and

adherence remain “key” and “core” respectively at baseline but have been designated

“optional” at follow-up visits.

QISAR

Since its inception, ISAR has recognized that improving the quality of care in severe asthma
requires research data collection to be integral to routine clinical care. Building on a Ql model
that OPC Australia developed to facilitate the assessment and review of patients with difficult-
to-treat asthma, ISAR launched a new Ql platform—QISAR—in 2024. QISAR integrates two
main data processing systems: a clinical toolset, hosted on the REDCap platform®?, and a suite

of interactive digital dashboards provided by OPC to ISAR members. These tools aim to
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harmonize research data collection with clinical consultations, and to improve the provision

of evidence-based care.

The clinical tools include a new web-based clinical report form (CRF) inspired by the
Denmark Severe Asthma Registry digital tool, a patient questionnaire designed to integrate
seamlessly with the CRF, and automated instant clinical summary reports. These summaries
can be integrated into electronic medical records to share with patients and primary care
doctors, and can be extracted into a clinical letter template. They minimize duplicate data
entry, automatically flag missing data, and have been developed with input from clinical
experts to make severe asthma consultations easier and more effective for both patients and
clinicians. All data, regardless of source, are processed centrally via the OPC database for visual
output via a suite of interactive dashboard reports that enable longitudinal tracking of key
outcomes, such as spirometry, long-term OCS use, exacerbations, and asthma control, at both
individual patient and site/country levels. These interactive reports also provide evidence and
data-based practice change suggestions, and account for variations between countries in
control score type, biologic eligibility criteria, input language, medication trade names, and

treatment guidelines.

Vision for the Future

The ISC convened at the 2023 European Respiratory Society Congress to set out their priorities
for the future. ISAR envisions a world where QISAR tools are used to collect standardized data
during consultations, and to track and optimize each patient’s treatment journey, long-term
systemic corticosteroid use is eliminated, asthma management is tailored to achieving clinical

remission, timely specialist referral and initiation of biologic therapy are facilitated, and
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primary and secondary asthma care pathways and management are integrated to expedite
specialist management of severe asthma and improve patient care and clinical trial
recruitment. Embedding clinical trials to real-world practice will facilitate development of the

best possible care in severe asthma.

ISAR State in the World

Over seven successful years, ISAR has become a preeminent resource for global research on
severe asthma and its management in real-world clinical settings. ISAR successfully
established the first global adult severe asthma registry, which uniquely allows multiple
national and regional registries to pool standardized data to create a comprehensive central
dataset with sufficient statistical power to answer key research questions. Operating on the
principles of openness and inclusivity, ISAR has catalyzed the assembly of a global community
with the shared goal of enhancing care for patients with severe asthma through high quality
research. Since 2017, ISAR has expanded to include 29 countries across five continents, and
curated data on nearly 35,000 patients worldwide at time of writing. ISARs key strengths lie in
its global reach and wealth of experience in data capture and management, coupled with a
strong governance framework that supports robust and ethical scientific research. Building on
these foundations, ISAR research has already made substantial contributions to progress in
identifying the right patients, at the right time, for the right treatments, while ongoing Ql
initiatives will facilitate the management of patients in the right ways. Our overarching
ongoing mission is to continue to contribute to improving global health, both by influencing
guidelines and healthcare policy and practice, and through advocacy and stakeholder

engagement to reduce inequalities and address unmet needs.
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Figure 1. ISAR State in the World 2017-2024

UAE, United Arab Emirates; UK, United Kingdom.
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Figure 2. International Severe Asthma Registry organization and governance

ISAR, International Severe Asthma Registry; ADEPT Anonymised Data Ethics & Protocol
Transparency; OPC, Optimum Patient Care.

This work is modified from Fig. 2 International Severe Asthma Registry governance, by
FitzGerald et al., in International severe asthma registry (ISAR): protocol for a global registry.
BMC Medical Research Methodology 2020; 20: 212. https://doi.org/10.1186/s12874-020-

01065-0. Licensed under CC BY 4.0.
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Figure 3. ISAR research journey and milestones, 2017-2024

ISAR, International Severe Asthma Registry; T2, Type 2; BEC, blood eosinophil count; FeNQO,
fraction of exhaled nitric oxide; OCS oral corticosteroids; HRCU, healthcare resource utilization;
IL5, interleukin 5; IgE, immunoglobulin E; PASS, post-authorization safety study.

Road design adapted from PresentationGO (www.presentationgo.com)
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Figure 4. ISAR quality improvement model

OCS, oral corticosteroids.
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Table 1. International Severe Asthma Registry research project outputs and related publications

Topic area, article title (study acronym) reference doj

Key insight

ISAR & severe asthma data collection

Development of the International Severe Asthma Registry (ISAR): A Modified Delphi

Study.® doi: 10.1016/j.jaip.2018.08.016

International severe asthma registry (ISAR): protocol for a global registry.?
doi: 10.1186/s12874-020-01065-0
International Severe Asthma Registry: Mission Statement.!
doi: 10.1016/j.chest.2019.10.051
Adult Severe Asthma Registries: A Global and Growing Inventory.?

doi: 10.2147/POR.S399879

Early national/region-specific asthma registries collected disparate data of varying quality.
First standardized set of core severe asthma registry variables established.

This first global registry for adult severe asthma provides a rich real-life data resource for
research to understand severe asthma better and improve patient care worldwide.

ISAR aspires to achieve global reach, standardize metrics, ensure ethical and clinically
appropriate research, and disseminate findings.

Standardized data collection enables registries to collect unified data and increase the

statistical power of studies on severe asthma.

Severe asthma characteristics and epidemiology

Characterization of Severe Asthma Worldwide: Data from the International Severe
Asthma Registry.® doi: 10.1016/j.chest.2019.10.053

Potential Severe Asthma Hidden in UK Primary Care.®? doi: 10.1016/].jaip.2020.11.053

Asthma exacerbations are associated with a decline in lung function: a longitudinal

population-based study.” ® doi: 10.1136/thorax-2021-217032

Clinical presentations, biomarkers, and treatments vary internationally. High OCS usage

and fixed airways obstruction are global problems.
Many UK patients with potential severe asthma are underrecognized in primary care.

Asthma exacerbations accelerate lung function decline, especially in younger patients.
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https://doi.org/10.1016/j.chest.2019.10.051
https://doi.org/10.2147/POR.S399879
https://doi.org/10.1016/j.chest.2019.10.053
https://doi.org/10.1016/j.jaip.2020.11.053
https://doi.org/10.1136/thorax-2021-217032

Cluster Analysis of Inflammatory Biomarker Expression in the International Severe

Asthma Registry (BRISAR).2 doi: 10.1016/j.jaip.2021.02.059

Eosinophilic and Noneosinophilic Asthma: An Expert Consensus Framework to

Characterize Phenotypes in a Global Real-Life Severe Asthma Cohort.®

doi: 10.1016/j.chest.2021.04.013

Biomarker-defined clusters by level of Type 2 inflammatory involvement in severe

asthma (EMBER).1° Abstract: https://erj.ersjournals.com/content/60/suppl_66/2814

Impact of Socioeconomic Status on Adult Patients with Asthma: A Population-Based

Cohort Study from UK Primary Care (RADIANT).*** doi: 10.2147/JAA.5326213

Analysis of comorbidities and multimorbidity in adult patients in the International

Severe Asthma Registry (PRISM 1).22 doi: 10.1016/j.anai.2023.08.021

International Variation in Severe Exacerbation Rates in Patients With Severe Asthma.'3

doi: 10.1016/j.chest.2024.02.029

Individualized risk prediction model for exacerbations in patients with severe asthma:

protocol for a multicentre real-world risk modelling study.*

doi: 10.1136/bmjopen-2022-070459

Biomarker positivity overlaps but distinct expression clusters suggest discrete patterns of
underlying inflammatory pathway activation.
The severe asthma eosinophilic phenotype is phenotypically distinct and more prevalent

than was previously recognized.

Clusters varied in biomarker elevation, highlighting the complexity of T2 inflammatory
involvement in severe asthma. A predominantly female cluster had low biomarker levels,
suggesting low T2 involvement.

Asthma control and exacerbation rates worsen with socioeconomic deprivation, yet the
most deprived patients have referral rates similar to the least deprived.
Comorbidity/multimorbidity affects most adults with severe asthma and is associated with
poorer asthma-related outcomes. Patients with OCS-related comorbidities had more
frequent exacerbations.

Patients with similar characteristics but from different jurisdictions have varied severe
exacerbation risks, suggesting that unknown patient or system-level factors are involved.
Risk prediction models and guidelines should be tailored accordingly.

Developing and validating a model for predicting the risk of severe exacerbations in
patients with severe asthma has potential clinical utility in guiding asthma treatment

escalation.
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https://doi.org/10.1016/j.anai.2023.08.021
https://doi.org/10.1016/j.chest.2024.02.029
https://doi.org/10.1136/bmjopen-2022-070459

Heterogeneity of asthma-chronic obstructive pulmonary disease (COPD) overlap from

a cohort of patients with severe asthma and COPD.?

doi: 10.1177/17534666231169472

Patients with pure severe asthma or pure chronic obstructive pulmonary disease (COPD)
have similar prevalence of overlapping asthma/COPD (ACO). Patients in each group with

ACO have comparable exacerbation risk and lung function impairment.

Biologic treatments: usage, responsiveness, and outcomes

Real World Biologic Use and Switch Patterns in Severe Asthma: Data from the
International Severe Asthma Registry and the US CHRONICLE Study (SUNNIE).X®
doi: 10.2147/JAA.S328653

Global Variability in Administrative Approval Prescription Criteria for Biologic
Therapy in Severe Asthma (BACS).'” doi: 10.1016/].jaip.2021.12.027

Clinical Outcomes and Emergency Health Care Utilization in Patients with Severe Asthma
Who Continued, Switched, or Stopped Biologic Therapy: Results from the CLEAR Study
(CLEAR).'® Abstract: https://doi.org/10.1016/j.chest.2022.08.019

Comparative effectiveness of anti-IL5 and anti-IgE biologic classes in patients with
severe asthma eligible for both (FIRE).*® doi: 10.1111/all.15711

Characterization of Patients in the International Severe Asthma Registry with High
Steroid Exposure Who Did or Did Not Initiate Biologic Therapy (GLITTER 1).2°

doi: 10.2147/1AA.S377174

Patients who stopped/switched biologics had comparatively lower lung function, higher

baseline eosinophil count and exacerbation rate, and more healthcare resource utilization.

The Biologic Accessibility Score highlighted marked between-country differences in ease
of access to biologic treatments.

Biologic switchers (25.5%) or quitters (14.5%) had higher rates of exacerbations and
uncontrolled asthma than patients who continued an initial biologic; switchers had a
higher long-term OCS dose and more hospitalizations and emergency visits.

Both anti-IgE and anti-IL5/5R improved asthma outcomes in eligible patients, but anti-
IL5/5R more effectively reduced exacerbations and long-term OCS use.

Approximately 30% of patients with severe asthma who had high OCS exposure did not

receive biologics despite a high exacerbation rate similar to that of biologics initiators.
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https://doi.org/10.1016/j.jaip.2021.12.027
https://doi.org/10.1016/j.chest.2022.08.019
https://doi.org/10.1111/all.15711
https://doi.org/10.2147/jaa.s377174

Impact of Initiating Biologics in Patients with Severe Asthma on Long-Term Oral
Corticosteroids or Frequent Rescue Steroids (GLITTER): Data from the International

Severe Asthma Registry (GLITTER I1).2! doi: 10.1016/j.jaip.2023.05.044

Association between T2-related co-morbidities and effectiveness of biologics in severe

asthma (PRISM 11).22 doi: 10.1164/rccm.202305-08080C
Impact of pre-biologic impairment on meeting domain-specific biologic responder

definitions in patients with severe asthma (BEAM).?3

doi: 10.1016/j.anai.2023.12.023

Association between pre-biologic T2-biomaker combinations and response to biologics

in patients with severe asthma (IGNITE).%*

doi: 10.3389/fimmu.2024.1361891

Exploring definitions and predictors of response to biologics for severe asthma (FULL
BEAM 1).% doi: 10.1016/j.jaip.2024.05.016

Exploring definitions and predictors of severe asthma clinical remission post-biologic in
adults (FULL BEAM 11).%6 doi: 10.1164/rccm.202311-21920C

Real-world biologics response and super-response in the International Severe Asthma

Registry cohort (LUMINANT).?” doi: 10.1111/all.16178

Patients with high OCS use who initiated biologics had greater improvements in severe
asthma outcomes, including OCS exposure, exacerbation rate and healthcare utilization,
compared to others who continued long-term or frequent rescue OCS.

Chronic rhinosinusitis with or without nasal polyps, and nasal polyps alone predict the
effectiveness of biologic treatments for severe asthma.

Exacerbations, long-term OCS use, and asthma control can assess response to biologics.
Responsiveness varied by domain assessed and increased with baseline impairment,
which was worst in anti-IL5/5R initiators.

Higher baseline blood eosinophil count, fraction of exhaled nitric oxide, and both together,

predict biologic-associated lung function improvement.

Many biologic responders have residual symptoms post-initiation; predictors of response
vary with the outcome assessed.

Remission was more likely in patients with less severe asthma and shorter disease duration
at baseline; biologic treatment should not be delayed if remission is the goal.
Responses/super-responses in all outcome domains were more frequent in biologic
initiators than in non-initiators; however, 40-50% of biologic initiators did not meet

response criteria.
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https://doi.org/10.1016/j.anai.2023.12.023
https://doi.org/10.3389/fimmu.2024.1361891
https://doi.org/10.1016/j.jaip.2024.05.016
https://doi.org/10.1164/rccm.202311-2192oc
https://doi.org/10.1111/all.16178

Disease Burden and Access to Biologic Therapy in Patients with Severe Asthma, 2017— Patients without access to biologics or not receiving them have a substantial disease
2022: An Analysis of the International Severe Asthma Registry (EVEREST).?® doi: burden; many biologic recipients respond sub-optimally, with persisting exacerbations,

10.2147/JAA.S468068 uncontrolled asthma, healthcare utilization, and long-term OCS use.

OCS, oral corticosteroid; UK, United Kingdom; IgE, immunoglobulin E; IL5, interleukin 5; IL5R, interleukin 5 receptor.
a Study analyzed data from the International Severe Asthma Registry and Optimum Patient Care Research Database.

b Study analyzed data from the Optimum Patient Care Research Database.
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Table 2. International Severe Asthma Registry (ISAR) quality improvement agenda

Priority | Quality improvement goal Timeframe

1 Collect 100% of key research variables® agreed by the 2024 Delphi exercise from all | 2024 onward
patients with severe asthma in long-term follow-up.

2 Eliminate long-term (maintenance) use of systemic corticosteroids to treat severe | 2025 onward
asthma.

3 Maximise achievement of clinical remission by patients with severe asthma.¢ Future goal

4 Improve the visibility of the longitudinal patient journey in severe asthma, focusing | Future goal
on core outcome measures.®

5 Integrate asthma care pathways and management between primary and secondary | Ongoing

care®, to expedite specialist management for patients with high-risk asthma,

standardize care, and facilitate clinical trial recruitment.

@Participating ISAR centres undertake to collect 100% of key research variables and 90% of core variables, as

defined by the ISAR 2023/24 Delphi exercise (Table S1).

®Where healthcare systems permit (i.e. electronic medical records exist, and primary care data are accessible).

‘Both short-term, by using the best biologic for each patient, and long-term, by starting biologic treatment

earlier

dRemission, long-term OCS use, exacerbations, lung-function, and asthma control.
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Table S1. International Severe Asthma Registry (ISAR) core variables and key research variables

Baseline visit

Core variable® data categories and fields

Key®

Follow-up visits

Core variable? data fields Key®

Patient details

On GINA 2018 Step 5 asthma treatment, or uncontrolled® on Step 4?

Visit date

Birth date

Gender

Weight

Height

Ethnicity

Current occupation

X X 4N QL S

Medical history
Smoking status
Pack years (if indicated for ex-smoker or current smoker)?
Years since last smoked (if indicated for ex-smoker)
Age at asthma onset®
Has patient had bronchial thermoplasty?

v
v

Date patient quit (if indicated for ex-smoker)
X
X

Exacerbation assessment
Total exacerbations requiring rescue steroids in past 12 months
Total ever episodes of invasive ventilation
Total emergency hospital visits for asthma in past 12 months
Total hospital admissions for asthma in past 12 months

Total since last visit
X

Total since last visit
Total since last visit

Relevant comorbidity
Indication of eczema
Indication of allergic rhinitis
Indication of chronic rhinosinusitis
Indication of nasal polyps
Diagnosis of osteoporosis
Date of osteoporosis diagnosis
Diagnosis of type 2 diabetes
Date of type 2 diabetes diagnosis

N N NN NN

Blood counts
Highest blood eosinophil count in past year
Date of highest blood eosinophil count in past year
Was highest blood eosinophil count during an exacerbation?
Current/latest blood eosinophil count
Latest IgE count
Date of immunoglobulin E count

Highest count since last visit
Date of highest count since last visit
X

X X «

Lung function

Pre-bronchodilator FEV: (actual or predicted %)
Post-bronchodilator FEV1 (actual or predicted %)
Pre-bronchodilator FVC (actual or predicted %)
Post-bronchodilator FVC (actual or predicted %)
FEV1/FVC ratio pre-bronchodilator®

FEV1/FVC ratio post bronchodilator®

Was fractional exhaled nitric oxide test done?
Date of fractional exhaled nitric oxide test
Fractional exhaled nitric oxide test result®

XCAasas s

S

Allergen testing
Was an environmental allergen test done?
Serum allergen/skin prick test result positive to perennial allergen?




Baseline visit

Core variable? data categories and fields Key®

Follow-up visits

Core variable? data fields Key®

Specify serum allergen/skin prick test positive perennial allergen

X

Asthma control
Asthma control"
Current clinical management plan

RN

Asthma medications: oral corticosteroids
Is the patient being prescribed long-term oral corticosteroid?
Daily dose of long-term oral corticosteroid
Name of long-term oral corticosteroid
Start date of long-term oral corticosteroid

X A&

Asthma medications: background therapies

Is the patient being prescribed ICS + LABA?

Is the patient being prescribed ICS only?

Is the patient being prescribed LABA only?

Is the patient being prescribed LAMA?

Is the patient being prescribed a theophylline?

Is the patient being prescribed LTRA?

Is the patient being prescribed a macrolide antibiotic?

Start date of ICS+LABA/ICS only/LABA only/LAMA/theophylline/
LTRA/macrolide antibiotic

Daily dose of inhaled corticosteroids

Has ICS + LABA therapy changed?

Has ICS only therapy changed?

Has LABA only therapy changed?

Has LAMA therapy changed?

Has theophylline therapy changed?

Has LTRA therapy changed?

Has macrolide antibiotic therapy changed?
v

v

Asthma medications: biologic agents
Is the patient being prescribed anti-IL4?
Is the patient being prescribed anti-IL5
Is the patient being prescribed anti-IgEE?

Has anti-IL4 therapy changed
Has anti-IL5 therapy changed
Has anti-IgE therapy changed

Start date of anti-IL4/anti-IL5/anti-IgE v

Has the patient switched biologic therapies? v

Reason for switching biologic therapy v
Adherence

Is there evidence of poor adherence? X

GINA, Global Initiative for Asthma; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; LABA,
long-acting beta agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist; ICS,
inhaled corticosteroids; IL4, interleukin 4; IL5, interleukin 5, IgE, immunoglobulin E..

v =variable is core/key at follow-up ; X = variable is optional at follow-up.

3Per-patient payments require 90% completion for core variables.

bKey research variable —100% data coverage required for per-patient payments.

‘Uncontrolled defined as 21 of: poor symptom control, airflow limitation, serious exacerbations, frequent

exacerbations.
dAutomatically derived variable.
®Whole years or months if <1 year.

fAll pre-bronchodilator values are to be considered 'on-treatment'.
8Subject to reimbursement being available.

PAs defined by GINA guidelines.

Reference
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https://ginasthma.org/wp-content/uploads/2024/05/GINA-2023-Report-WMSA.pdf

International Severe Asthma Registry (ISAR) Collaborators (non-authors)

Argentina: Vanessa Abrate, Ledit R. F. Ardusso, Matias Ardusso, Gabriela Chirino, Mdnica De
Gennaro, Romina Fernandez, Maria Eugenia Franchi, Yasmin Garcia-Castafieda, Marcos Hernandez,
Veronica Lawriwskyj, Diego Litewka, Maria Orazi, lleana Palma, Josefina Pascua, Carla Ritchie, Ramdn
Rojas, Fernando Saldarini, Fernando Ariel Serrano, Martin Sivori, Ana Maria Stok, Evelyn Sureda,
Giselle Tomaszuk, Alejandro Videla, Anahi Yafiez.

AstraZeneca: Alexander de Giorgio-Miller, Benjamin Emmanuel, Cathy Emmas, Hisham Farouk, Joshi
Sachin Ravinda, Rafal Kucharski, Carrie Lancos, Hannah Urbanski, Lee Wulund.

Australia: Philip Bardin, John D. Blakey, Li Ping Chung, Belinda Cochrane, Eve Denton, Graham Hall,
Rebecca Hetherington, Christine Jenkins, Gregory P. Katsoulotos, David Langton, Joanna Lee, Bharvi
Maneck, Peter G. Middleton, Laura Mitchell, Natasa Petrovic, Paul Reynolds, Hayley See, Vincent So,
Rachel Tan, John W. Upham.

Belgium: Anne Chévremont, Renaud Louis, Virginie Paulus.

Brazil: Marcos Antunes, Adyléia Aparecida Dalbo Contrera Toro, Milena Baptistella Grotta, Carolina
Barbosa Souza Santos, José Gustavo Barian Romaldini, Daniela Blanco, Lilian Caetano, Paulo José
Cauduro Marostica, Débora Carla Chong-Silva, Amanda da Rocha Olveira Cardoso, Maria Enedina de
Aquino Scuarcialupi, Luciana de Freitas Veloso Monte, Kamila Ticiana Dias Ferreira, José Elabras Filho,
Marina Lima, Lucia Helena Messias Sales, Matheus Augusto Nunes Ventura, Maria Ines Perello,
Marcia Pizzichini, Luiz Vicente Ribeiro Ferreira da Silva Filho, Faradiba Sarquis Serpa, Felipe Souza,
Adalberto Sperb-Rubin.

Bulgaria: Plamen Hristov Yakovliev, Diana X. Hristova, Cvetanka Hristova Odzhakova, Miroslav lvanov
Stamenov, Mariana Mandajieva, Sonya Metodieve Genova, Violina Milchova Vasileva, Darina
Petrova Dimova, Eleonora M. Stamenova, Nadezhda K. Takovska, Michail Todorov, Katya Vasileva
Noeva.

Canada: Shawn D. Aaron, Shelley Abercromby, Hannah Anstruther, Mohit Bhutani, Marie-Eve Boulay,
Emma Bullock, Kayla Cardoso, Kenneth R. Chapman, Andréanne C6té, Simon Couillard, Beth Davis,
Delbert R. Dorscheid, Jane Duke, Martine Duval, Cathy Fugere, Kylie Haydey, Leiana Hoshyari, Angie
Johnson, M. Diane Lougheed, Amy May, Carrie McPhee, Alison Morra, Maria Naval, Ron Olivenstein,
Shoshana Parker, Leeanne Parris, Brianne Philipenko, Heather Ryan, Mohsen Sadatsafavi, Hana
Serajeddini, Lindsay Simmonds, Kathy Vandemheen.

Colombia: Abraham Al-Munive, Fabio Bolivar, Carlos Andrés Celis-Preciado, Christian Chapman,
Mauricio Duran-Silva, Julian Esteban Londoino Hernandez, Maria Jose Fernandez Sanchez, Elizabeth
Garcia Gomez, Diana Jimena Cano Rosales, Libardo Jiménez-Maldonado, Jaime Ocampo Gomez,
Patricia Parada, Héctor Paul, Isabella Perna Reyes, Audrey Piotrostanalzki Vargas, Mariel Farina
Puentes, Diana Rey Sanchez, Janeth Rocio Higuera Sarmiento, Bellanid Rodriguez-Céaceres, Lucy
Yaquelin Sanchez Duran, lvan Solarte, Leslie K. Vargas-Ramirez.

Denmark: Maria Bisgaard Borup, Anne-Sofie Bjerrum, Lycely Dongo, Kjell Erik Julius Hakansson,
Susanne Hansen, Ole Hilberg, Sofie Johansson, Claus Rikard Johnsen, Linda M. Rasmussen, Johannes
Schmid, Marianne Sgndergaard, Niels Steen Krogh, Charlotte Suppli Ulrik, Truls Sylvan Ingebrigtsen,
Roxana Vijdea, Anna von Biilow.

Ecuador: Juan Carlos Calderon, Karla Robles, Eunice Robles.

Estonia: Marily Jaagor, Kai Kliiman, Pilleriin Liiva, Jana Marinina, Renata Melnikova, Triin Sadam,
Svetlana Sergejeva, Liina Viks.



France: Karima Bourayou, Abla Chaachoua, Jérémy Charriot, Cecile Chenivesse, Gilles Devoussoux,
Candice Estellat, Gilles Garcia, Amal Gouider, Amina Kertobi, Nicolas Roche, Linda Thieulon, Yannick
Vacher, Eric Van Ganse.

Germany: Ina Haasler, Stephanie Korn.

Greece: Xenophon Aggelides, Petros Bakakos, Konstantinos P. Exarchos, Mina Gaga, Nick
Gavogiannakis, Athena Gogali, Maria Kallieri, Lampros Kalogiros, Konstantinos Kostikas, Aggelos
Ladias, Stelios Loukides, Michael P. Makris, Dimitris Mitsias, Maria Ntakoula, Anastasia
Papaporfuriou, Giannis Paraskevopoulos, Fotis E. Psarros, Agni Sioutkou, Konstantinos Tatsis, Lefteris
Zervas.

Hungary: Zsuzsanna Csoma.

India: Priyanka Dhumal, Swapnil Gadhave, Jyoti Narwadkar.

Ireland - Beaumont Hospital: Breda Cushen, Deirdre Long, Elaine MacHale, Dorothy Ryan.
Ireland - Tallaght: Cacimhe Murphy.

Italy: Nicola Barbarini, Luisa Brussino, Cristina Cardini, Giovanna Elisiana Carpagnano, Cristiano
Caruso, Stefano Del Giacco, Matteo Gabetta, Giuseppe Guida, Laura Pini, Francesca Puggioni, Cristina
Recalcati, Luisa Ricciardi, Giulia Scioscia, Concetta Sirena, Morena Stuppia, Martina Zappa.

Japan: Kazuhisa Asai, Chei Choy-Lye, Hajime Fujimoto, Takao Fujisawa, Yuuji Fujita, Hironobu Fukuda,
Kana Hamada, Yoshinori Haruta, Masahiro Hirose, Tanaka Hiroshi, Takahiko Horiguchi, Soichiro
Hozawa, Yoshikazu lwasaki, Yoko Kajino, Tetsu Kobayashi, Hisako Matsumo, Mayumi Matsunaga,
Yumi Matsuoka, Kimiko Mori, Tatsuya Nagano, Akio Niimi, Yoshihiro Nishimura, Kazutaka Nogami,
Tsuyoshi Oguma, Hiroshi Ohnishi, Kumiko Ota, Kiyoshi Sekiya, Hironobu Sunadome, Tomoko Tajiri,
Hiroshi Tanaka, Yuji Tohda.

Kuwait: Amr Attiya, Ahmed Maher, Sumi Rajeevan, Wafa Talaat.

Mexico: Shagra G. Arana-Berrera, Hugo Alberto Azuara Trujillo, Lilia Margarita Borboa, Ricardo
Campos Cerda, Rosa Isela Campos Gutiérrez, Begonia Casas, Nidia Karen Castillon Benavides, Saraid
Cerda Reyes, Aurora Alejandra Chavez Garcia, Ana Karina Z. Clavellina, Elvia Angelica Contreras
Contreras, Alberto Correa, Maria de la Luz Garcia, Blanca del Rio Navarr, Liliana Dominguez Vaca,
Veronica Dominguez Vaca, Miryam Lizet Flores Cruz, Ulises Garcia, Rodrigo Hiroshi Gonzalez Luna,
Yair Humberto Gonzalez Tuyub, Victor Gonzalezu, Diana Herrera, Nadia Margarita Hinojosa, Claudia
Elizabeth Jiménez Carrillo, Alejandro Jiménez Chobilldn, Ana Paola Macias Robles, Laura Dafne
Mendoza Reyna, Claudine Isela Nava Ramirez, Elsy Maureen Navarrete, Patricia Maria O’Farril
Romanillos, ltzel Vianney Ochoa Garcia, Karen Lillian Rivera Alvarado, Fernanda Rodriguez Monroy,
Francisco Salcedo Rodriguez, Victor Sandoval, Mariano Temix.

Netherlands: Elisabeth Bel, Anke-Hilse Maitland-van der Zee, Job F.M. van Boven, Katia M.C.
Verhamme.

Norway: Bernt Bggvald Aarli, Tomas Eagan, Anders Floymo, Mads Frigstad, Aida Kvitting.
Poland: Agnieszka Lawkiedraj.

Portugal: Paula Maria Alendouro Ribeiro, Ana Maria Arrobas, Ines Belchior, Margarida Borges, Filipa
Carrico, Carla Chaves Loureiro, Claudia Chaves Loureiro, Marta Drummond, Emilia Faria, Ricardo
Lima, Carlos Lopes, Cristina Lopes, Ana Mendes, Ana Margarida Pereira, Luis Pereira Amaral, Vania
Catarina Pereira Caldeira, Claudia Sofia Pinto, Paula Leiria Pinto, Frederico Regateiro, Cecilia
Rodrigues Pardal, Hadassa Santos, Natacha Santos, José Alberto Silva Ferreira, Anna Sokolova,
Claudia Sousa, Wanda Videira.



Respiratory Effectiveness Group: Sinthia Z. Bosnic-Anticevich, Mina Gaga, Graham Lough, Valeria
Perugini, Dermot Ryan, Michael Walker.

Saudi Arabia: Walaa Abuzahra, Salama Ahmed, Abdalla Alasiri, Hamdan Allahdali, Lujain Alshaigi,
Julmilyn Arnuco, Adeeb A. Bulkhi, Ma Carla Gimoro, Yahya Habis, Amr Salah, Siraj Wali.

Singapore: John Arputhan Abisheganaden, Wenlia Chen, Eileen Chew, Sanjay Chotirmall, Tavleen
Kaur Jaggi, Mei Fong Liew, Pee Hwee (Esther) Pang, Tze Lee Tan, Tunn Ren Tay, Augustine Tee.

South Korea: Hyonsoo Joo, Jae Ha Lee, Seung Won Ra, Kwang Ha Yoo.
Spain: Jose Antonio Gullén, Eva Martinez-Moragdn, Isabel Urrutia, Cristina Vega.

Taiwan: Ling-Yi Chang, Joanna Chen, Kuan-Yuan Chen, Xiang Ying Chen, Shih-Lung Cheng, Ying-Chun
Chien, Kuo-Chin Chiu, Chu-Kuang Chou, Yi Rou Du, Pin-Kuei Fu, Yun Rui Fu, Liang-Wen Hang, Yuan
Zhen Hong, Meng-Jer Hsieh, Jeng-Yuan Hsu, Erick Wan-Chun Huang, Hsin-Kuo Ko, Kang-Yun Lee, Shu
Wen Lee, Xiao Ting Lee, Rong Ru Lim, Ching-Hsiung Lin, Horng-Chyuan Lin, Ming-Shian Lin, Sheng-
Hao Lin, Shih-Feng Liu, Jia Yi Ng, Pei Jun Ou, Sheng-Yeh Shen, Chau-Chyun Sheu, Yi Jun Shi, Ming-Ju
Tsai, Hao-Chien Wang, Wan Ru Wong, Cheng Hui Xu, Yu Qiao Zheng.

United Arab Emirates: Laila Salameh.

USA - National Jewish Health: Jennifer Brandorff, Nicholas Chapman, Jessica Cummings, Amanda
Grippen Goddard, Flavia Hoyte, Christena Kolakowski, Jacqui Marti, Kanao Otsu, Joy Zimmer.

USA - University of Michigan: Amirbehzad Bagheri, Raul Desiderio, Michael Hadden, Hannah
Harwood, Pam James, Arjun Mohan.

USA - University of North Carolina: Stephen Schworer, Stephen Tilley.
USA - University of Texas Health San Antonio: Diego J. Maselli.


https://www.researchgate.net/publication/388773347

	‎D:\accepted 작업 파일\250206\trd-2024-0198(David price)\Main_Document_24.12.23.pdf‎
	‎D:\accepted 작업 파일\250206\trd-2024-0198(David price)\Online_Supplement_24.12.23.pdf‎

