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The CURE Asthma roadmap

Why CURE Asthma and why now?

condition, but there is no scientific basis

for believing that asthma is fundamentally
incurable. The CURE Asthma initiative grew
directly out of the Asthma Australia National
Asthma Research Agenda' and the National Health
and Medical Research Council Centre of Research
Excellence in Treatable Traits (CRE-TT) consultations
for establishing the research need priorities of people
with asthma and their carers in Australia. They
unequivocally want cures: no more asthma attacks,
no further loss of life, work, or school, and markedly
improved quality of life.” People with asthma and their
carers ask, as we can already achieve on-treatment
remission in some people with asthma:** why are
permanent cures not possible? The CURE Asthma
initiative was born of the refusal to accept that asthma
is incurable, to specifically assert the ambition to cure
asthma and to end the burden of asthma through
focused translational research.

Asthma is invariably described as an incurable

The objective of this article is to summarise the CURE
Asthma roadmap, an integrated research strategy
developed by Australian experts in clinical medicine,
epidemiology, and basic science in our leading
universities, research institutions, and hospitals, and
developed in direct partnership with people with
asthma and their carers and key organisations and
groups involved in asthma research or improving the
lives of people with asthma (Box 1). It is a stand-alone
overview of the CURE Asthma research strategy and
complements the detailed reviews of the scientific
evidence discussed in the other articles in this
supplement.

What is a cure? Asthma or the asthmas?

There is currently no consensus definition of “asthma
cure”, although definitions of remission have been
proposed. Building on the framework of Dennis and
colleagues in this supplemen’c,5 we can reasonably
anticipate that the definition of cure will encompass
either a sustained elimination of clinical disease, with
resolution of pathophysiological and molecular disease
indices; or, preferably, the assessment of a biomarker
or combination of biomarkers that definitively
establish cure. Asthma is a clinically diverse syndrome
with several distinct clinical endotypes (molecular
disease pathways associated with different targeted
therapies).® “Asthma” therefore describes a family of
related conditions, the asthmas, for which a single
curative intervention is unlikely. Achieving cures

will require precise molecular signatures that define
each endotype, and validated responses to therapy:.
Ultimately, it is probable that elimination of the
asthmas will not result from a single breakthrough,
but rather a series of targeted advances in therapy,
tailored to specific molecular endotypes and probably
applied early in the disease course, when its trajectory
can still be modified and before irreversible pathology

has clevelopecl.6 In this article, we focus on treating
established asthma and on key opportunities for
intervention during transitions in health status, but we
acknowledge the importance of ongoing research into
primary prevention, the optimisation of current care,
and severe asthma, areas in which important progress
has been made.”!!

Tractable opportunities

Our tractable opportunities strategy is built on
Australian epidemiological findings that confirm that
the asthmas are acquired conditions in susceptible
people, as detailed in this supplement by Evans and
colleagues'? and Lodge and colleagues.” In brief, if
something has switched asthma on, we can discover
how to switch it back off. This strategy has allowed us
to:

o Identify key epidemiological transitions and
trajectories from health to disease; for example,
when children at risk develop asthma after repeated
viral infections. Transitions are important because
they are also points of contact with health care,
provide the paradigms for clinical trials, and
can be ri§or0usly modelled in experimental
sys’cems.l A3

e Define the nature of the pathobiological processes
underlying these transitions; for example,
reprogramming of the immune system and
dysregulated injury and repair. As we know that
our most effective anti-inflammatory strategies do
not prevent asthma, our scientific task is to swim
further upstream to higher level biological control
mechanisms that distinguish health from disease,
as discussed by Zhuang and colleagues."*

e Harness leading science, new technologies, and
the rapid advances in artificial intelligence (AI)-
assisted computational biology to elucidate the
molecular regulatory machinery involved in
these transitions; for example, machine learning
enables the interrogation of complex datasets and
cellular control mechanisms for advanced pathway
deconvolution," and new digital twins technology
facilitates clinical trial refinement.'®*”

We could develop this strategy because it builds

on more than fifty years of Australian longitudinal
cohort and fundamental asthma research, allowing
us to focus on key transitions from health to asthma
in children and adults and disease trajectories,
including how asthma causes complex secondary
medical conditions, such as accelerated decline of
lung function. This also raises the possibility of
intervening during the pre-asthma period, especially
in children, before tissue is too damaged and effector
pathways become established, making the disease
much harder to modify. It would be hubris to think
this is the only way to approach cures. It is instead a
strategy that leverages the competitive advantages of
Australian asthma research; it is grounded in rigorous
science, is technically innovative and feasible, and is
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* CURE Asthma was established in close consultation with people with asthma and their carers, and with key organisations and groups involved in asthma research
orimproving the lives of people with asthma, including Indigenous knowledge holders. About half the CURE delegates were early and mid-career researchers who
worked with representatives of people with asthma and their carers and senior researchers to develop the roadmap. The organisations who developed the CURE
Asthma initiative included Asthma Australia, major universities (Melbourne, Monash, Sydney, UNSW, Macquarie, Newcastle, Western Australia, Curtin), institutions
and foundations (Bio21, Peter Doherty, Walter and Eliza Hall Institute of Medical Research, Murdoch Children’s Research Foundation, Hunter Medical Research
Institute, the George Institute, the Woolcock Institute of Medical Research, the Snow Foundation, the Telethon Kids Institute), and hospitals (Royal Melbourne,
Monash Health, Newcastle and Hunter Community Health, Monash Health, Sir Charles Gairdner), as well as representatives from the Thoracic Society of Australia
and New Zealand, TSANZ), the Lung Foundation of Australia, and the Medical Research Futures Fund (MRFF), experts from the biopharmaceutical industry, and
representatives from the federal Health and Medical Research Office (HMRO). The full list of participants is included in the Supporting Information. 4

the reasons for these limitations is expected to identify
established mechanisms of disease.

directed from conception to execution to achieving
transformative outcomes for people with asthma.

The structure of the research program has four People who do not develop asthma are also highly
related major themes, operationalised as distinct informative, but much neglected. For example,
workstreams, each designed to be competitive, alone or  the prevalence of atopy and allergy is very high

in combinations, for major grant schemes (Box 2). in Australia, and both increase the risk of asthma.
However, allergen challenge and biopsy studies in
the 1980s found only small differences in cellular
inflammation and markers between groups."
Multi-omic approaches can uncover previously
This workstream seeks to define how genetic inapparent and more subtle core programs that
susceptibility (such as atopy) and exposures (allergens,  distinguish tolerant atopy from asthma, facilitating

Workstream 1. Mechanisms: molecular drivers of
disease
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poor air quality, endotoxins, viral infections, early
life factors) interact to initiate asthma and impair the
resolution of airway injury. We know that only

a subset of exposed people develop asthma; the

goal is to pinpoint why at the molecular level.
Gene—environment interactions remodel the airway
(increased smooth muscle mass, epithelial barrier
and host defence failure with mucus hypersecretion,
maladaptive immunity), sustaining symptoms

and exacerbations. Current therapies (inhaled
corticosteroids, biologics) improve but seldom reverse
this remodelling, and on-treatment remission often
ends when therapy is withdrawn.'”"*® Determining

the identification of causal injury pathways and pro-
resolution circuits. Computational and molecular
profiling studies focused on these outcomes have
already identified targets for reprogramming
diseased tissue to restore health.*! On-treatment
remissions are more likely for people with less
severe disease of shorter duration; the window for
reversal is probably greatest during childhood, when
plasticity is greatest. Renewed attention to mild and
moderate disease is needed. In contrast, Australian
epidemiological findings indicate that asthma during
early life is associated with accelerated lung function
decline and fixed airflow limitation in some adults."



2 Overview of the CURE Asthma initiative research strategy: the four major workstreams (WS)*

Our foundations Operationalising the CURE Asthma vision The national road map
= Mechanisms w
Molecular drivers
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*The four major workstreams probe the nature of disease trajectories and transitions in longitudinal studies and insults that drive incident disease and progression
(Mechanisms), provide clinical and molecular endotype definitions derived from analytical and predictive technologies (Precision), leading to new therapies
(Therapeutics) and clinical trials of potentially transformative medicines by the CURE-IT trials network (Trials). The strategy is built on the foundations provided
by the National Asthma Research Agenda, the Centre of Research Excellence: Treatable Traits research prioritisation consultations, First Nations cultural advice,
and research findings for several cohort studies and legacy biological samples analysed using machine learning and Al-assisted interrogation (CURE-ADIRE) and
validation against the findings of partner international cohort studies. The data for these cohorts span the entire life course; one includes information from pre-
conception, three include at least two generations, and one has continued for 60 years. A full list of the cohort studies is provided in Box 3. The collected information
for the Australian cohort studies includes comprehensive data on risk, environments, and clinical phenotyping, as well as genomic DNA, biological samples, and
multi-omic datasets that can be further studied in collaboration with overseas cohort studies to increase statistical power and for validation. The CURE vision was

developed from its inception in partnership with people with asthma and their carers, and with the cultural advice of First Nations people. 4

CURE Asthma is also investigating lung function
preservation in long standing disease in adults, aiming
to clarify the major factors associated with irreversible
remodelling and progression so that these potentially
lethal developments can be halted, which would greatly
increase the health of adults with asthma.

Workstream 2. Precision: biomarker and clinical
definitions

The development of clinical cures will be aided by
precisely defined molecular signatures that identify
who should be treated and is likely to respond, as

well as response biomarkers that would give early
confidence that a medication is working. We need to do
this because drug development is extremely expensive;
innovative medicines are investigated only when three
molecular conditions are met: very high confidence

in the implicated molecular pathway in humans;

the pathway must be matched with a subgroup of
people with a disease defined at the molecular level
(endotype); and compelling molecular biomarker
evidence of target engagement and early confirmation
of likely clinical success. This approach has led to
considerable progress in treatin§ orphan diseases and
with single target cancer drugs.”? Australian research
already leads the world with clinical definitions of
remission.” By extending these definitions to include
adjunct molecular definitions, we will develop
molecular biomarker signatures for people at risk

of transitioning from health to asthma. We will also
define specific signatures of early success in achieving
lasting remission for the different molecular endotypes
of asthma, possibly by sampling the nasal epithelium
or based on exhaled breath-omics profiles, both safe

and convenient methods.”* This approach will enable
trials of new therapies for secondary prevention and
remission induction in more rapid and cost-effective
phase 2 and phase 3 clinical trials.

To support these aims, we need data, biological
samples, and sophisticated analysis methods. One

of the major advantages of our approach is the
availability of very large datasets and legacy biological
samples from Australian life-course cohorts of people
with asthma. For their analysis we are building the
CURE Asthma Data Integration Research Engine
(CURE-ADIRE), a harmonised, machine learning-
capable resource that integrates life course data

and legacy biological samples data for about 75000
participants in eleven major cohorts, from the antenatal
period to the sixth decade of life. With this scale and
depth, we can apply predictive causal inference,
trajectory modelling, and generative Al digital twin
methods to identify targets and design more efficient
trials.” This approach is already a core technology

for advanced clinical trial design in cancer research.”®
By re-interrogating legacy biological samples with
contemporary multi-omics (concurrent profiles

for parameters such as genes, proteins lipids, and
regulatory mechanisms in fluids and tissues) we will
precisely define the molecular signatures of early
remission in asthma. This approach has been designed
to facilitate data interrogation and cross-validation
against large overseas consortium studies (Box 3). The
outcome will be a practical precision framework for
linking targeted interventions with pathways and the
people with asthma likely to benefit, and with early
predictive biomarkers of success, for achieving off-
treatment cures.
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Overseas studies

COPDGene

NOVELTY

SARP

SHARP

SPIROMICS

U-BIOPRED*

Australian studies

3 Australian and international asthma cohort studies relevant to the CURE Asthma initiative

Airway Epithelium Respiratory llinesses and Allergy
https:/foriginsproject.thekids.org.au/about-origins/news/whats-in-the-air-for-aerial

Barwon Infant Study
https://barwoninfantstudy.org.au

Busselton healthy aging study
https://bpmri.org.au/research/key-projects-studies/busselton-health-study-2.html

Childhood Asthma Prevention Study

https://www.woolcock.org.au/asthma-research-in-children

Australian arm of the European Community Respiratory Health Survey and Respiratory Health in Northern
Europe, Spain and Australia) studies

https://www.ecrhs.org; https://www.helse-bergen.no/fag-og-forsking/forsking/rhinessa/rhinessa-english

Childhood allergy study
https://www.mcri.edu.au/research/projects/healthnuts

Melbourne Atopy Cohort study
https://mspgh.unimelb.edu.au/research-groups/centre-for-epidemiology-and-biostatistics-research/aller
gy-and-lung-health

Melbourne Study of Childhood Asthma https://researchdata.edu.au/outcome-childhood-asthma-interaction-
copd/78454

Perth Infant Asthma Follow-up
https://cahs.health.wa.gov.au/404?item=%2fresearch%?2fclinical-research-overview%?2frespiratory-and-sleep
-medicine&user=extranet%5cAnonymous&site=cahs

Strong IUNg health for First Nations Infants and cHildren: early life factors that affect lung health outcomesin a
population-based First Nations birth cohort
https://www.menzies.edu.au/page/Research/Projects/Lungs/SUNFISH_Strong_Lungs_for_First_Nations_
Children

Tasmanian Longitudinal Health Study, previously known as the Tasmanian Asthma Study

https://tahs.com.au

Genetic Epidemiology of COPD

http://copdgene.org

NOVEL Observational longiTudinal study: observational study for phenotyping and endotyping chronic
obstructive airway diseases in clinical practice

http://noveltystudy.com

Severe Asthma Research Program
www.severeasthma.org

Severe Heterogeneous Asthma Research collaboration, patient-centred
https://europeanlung.org/sharp

SubPopulations and InteRmediate Outcome Measures in COPD Study
http://www.spiromics.org

Unbiased Biomarkers for the Prediction of Respiratory Disease Outcomes
https://europeanlung.org/en/projects-and-campaigns/past-projects/u-biopred

COPD = chronic obstructive pulmonary disease.
*This study has been discontinued; its legacy is continued in SHARP. 4

Workstream 3. Therapeutics: new medicines

anticipated developing transformative therapeutic

The value of the global asthma therapeutics market is agents of high economic value that reverse disease

currently estimated to be US$30-32 billion (2024-25),
and is projected to grow at 5-6% per year, reaching

processes. While the aim of restoring diseased tissue
to health is ambitious,”® CURE Asthma researchers

US$38-45 billion by 2030-2033,% but recent innovation  have already identified candidate targets that

has been limited to the introduction of anti-type 2
inflammation biologic therapies for treating severe
asthma. From its inception, CURE Asthma has

will require sophisticated new trial designs for
testing. For example, dysregulation of epithelial cell
differentiation, which shifts the balance of airway
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lining cells from protective ciliated cells to a pro-
inflammatory and immune-attenuated muco-secretory
phenotype, is possibly a key pathogentic transition,*
linked with the 17q21 major asthma gene locus® and
the root cause of airway mucus plugging.” Inhaled
JAG-1/Notch?2 inhibitors can reverse muco-obstructive
pathology and restore ciliated epithelium in human
epithelial in vitro cell models and in vivo animal
models.? IL-36 axis blockers for treating persistent
pathology and epigenetic strategies for remediating
molecular scarring in the epithelium and immune
system show similar promise."*"** These approaches
can reverse key pathogenic changes, such as epithelial
metaplasia, but measuring the success of interventions
with the aim of clinical remission and cure requires
innovation and possibly validation of trial endpoints
beyond familiar symptom control and exacerbation
endpoints. In parallel, biological therapies, such as
anti-IL-5 drugs that target eosinophils, can be further
refined by knowledge of the molecular signatures of
individual patients.”® Drugs that can epigenetically
re-program disease-affected tissue, and new antiviral
strategies, are also being inves’ciga’ced.34

Importantly, while the CURE Asthma research
program and this supplement were drafted without
input from commercial organisations, the CURE
Asthma program also recognises the need for

the biopharmaceutical industry to develop new
transformative medicines. The focus is increasingly
on mild to moderate asthma, for which the prospect
of finding cures is brightest. Two articles in this
supplement discuss the importance of computational
biology for pathway analysis, advanced trial design,
and advanced drug design modalities."*!> The drug
discovery infrastructure for proteins, small molecules,
and cell therapies is well developed and increasingly
successful in Australia. New in silico computational
methods that facilitate virtual drug screening, and
refinement and new protein engineering methods,
such as AlphaFold, that enable the digital evolution of
proteins into binding pockets or target epitopes have
been woven into our drug discovery strategy. Together
with CURE-ADIRE, these advances could entirely
supplant current asthma standard of care therapy,
dominated by inhaled corticosteroids and long-
acting beta-agonist combination therapy and older
monoclonal antibodies, the patents for some of which
will soon expire. Pharmaceutical firms are intensely
interested in our strategic approach because it could
influence future market opportunities. Those who
develop cures shape the future.

Workstream 4. Trials: the CURE-IT network

Science becomes medicine when it changes clinical
practice. Put simply, innovative trials are needed to
establish cures. The CURE Asthma team includes
leaders in trial design and is at the forefront of
defining and delivering clinical remission, disease
modification, and ultimately cure. Australia is well
placed to build an adaptive, nimble, and innovative
academic CURE Innovative Trial network (CURE-IT),
a goal that will be supported by advances in Al and
machine learning technologies, such as digital twin
methods."#1

CURE Asthma is pursuing innovative trial design in:

e preventing and reversing early asthma in children,
especially during the pre-asthma period;

o studying the molecular basis remissions (and
controlled relapse when therapy is tapered);

e re-purposing approved interventions and exploring
new therapies; and

e preventing complex adverse conditions in people
with asthma, especially progression to subsequent
fixed airflow limitation.

For example, vaccinating children against the
respiratory syncytial virus (RSV) protects them against
viral bronchiolitis, a major risk factor for asthma, but
whether this reduces the risk of asthma is debated, and
if so, in whom and why.35 We also know that viruses
trigger asthma and that people with asthma are
particularly susceptible to viral infections. However,
less aggressive viral infections may train the lung in

a protective sense; how can we replicate this effect?®
There is evidence that antenatal factors could alter
risk profiles after birth by affecting lung development,
such as remodelling airway smooth muscle and
causing imbalances between airway and lung size
(dysanapsis), but are these factors modifiable?”

New trial designs are being devised to examine

these questions that integrate mechanistic science

and biomarkers, innovative end points, and systems
biology approaches. Only through innovation can we
move beyond symptom control and toward long term
remission and cure. The CURE-IT trial network will
bring together collaborators from across Australia to
deliver an adaptive platform for the rapid and robust
testing of novel interventions.

The need for a sustained research Initiative

Collectively, the CURE Asthma initiative is both a
national strategy and a roadmap for discovering and
translating transformative therapies into practice. Its
goal is to change the lives of people with asthma while
delivering therapies of immense medical and economic
value. Cures for asthma will deliver enormous benefits
to Australia and the world. We are poised to transform
the future of people with asthma, and are uniquely
positioned to succeed, offering hope to the hundreds of
millions of people affected around the world.

Increasing support for the search to find cures should
not be at the expense of health services research with
the aim of better disease management, or of primary
prevention research or research into severe asthma.
We have made great progress in these areas and much
remains to be achieved; continuing?r to support research
in these areas remains essential.”?

We believe cures for asthma are within reach, but they
will not come easily. They will require a sustained,
decade-long program of discovery science partnered
with best clinical expertise and underpinned by
substantial and targeted financial support. The CURE
Asthma Initiative is above all a formal call to establish
a major sustained research program initiative to
transform the lives of people with asthma by delivering
cures for this fundamentally curable disease.
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