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The burden of severe asthma is significant and needs to be 
better recognised and managed by patients and clinicians. 
Advances in severe asthma management include machine 
learning to optimise diagnosis, case finding, smart inhaler 
technologies and implementation of a structured 
multidisciplinary approach. Treatment strategies focusing 
on treatable traits and available biologics should help 
reduce asthma morbidity, including cumulative harm from 
the use of oral corticosteroids. 

Asthma is a highly prevalent heterogeneous condition that is 
both over- and underdiagnosed.1,2 In high-income countries, 
including Australia, people with severe asthma have dispro-

portionately high healthcare resource utilisation and rates of morbidity 
and mortality, in addition to significant psychological and socio
economic burdens.3-6 As such, severe asthma is an important topic 
for ongoing research and quality improvement initiatives around 
diagnosis, personalised management and emerging therapeutics. 

This article highlights some of the recent advances in the model 
of clinical care and the promise of new technologies for the manage-
ment of severe asthma. It also discusses how our increased under-
standing of asthma pathophysiology is moving us towards more 
effective treatment and helping to protect patients from accruing 
lung damage and harm from use of oral corticosteroids (OCS). 
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Key points
•	Severe asthma is under-recognised, often resulting in 

delayed access to specialist input. 
•	Case finding through machine learning, integrating clinical

decision support tools and improving access to smart 
inhaler technology are feasible ways to optimise asthma 
care using available technology. 

•	A structured multidisciplinary approach improves severe 
asthma diagnosis and outcomes. Aspects of this approach
can be implemented in primary care.

•	Asthma outcomes are significantly improved with 
availability of biologic therapies and adoption of the 
treatable traits approach.
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Identifying patients with severe asthma 
Asthma is diagnosed based on compatible symptoms in the presence 
of supportive objective information: variable airflow obstruction, 
airway inflammation or both. Severe asthma identifies the group of 
patients with persistent uncontrolled asthma, defined by symptom 
burden, exacerbation or compromised lung function despite optimised 
inhaled therapy with long-acting beta-agonists and inhaled cortico
steroids, and systematic assessment and management of comorbidities.7 
About 3 to 10% of people with asthma have severe disease.8 The current 
paradigm of asthma diagnosis and severity assessment heavily relies 
on the recognition of clinical features of severe asthma by both patients 
and clinicians. Previous large-scale, observational studies have found 
that most patients who meet specialist referral criteria for their asthma 
remain in primary care or are subjected to prolonged wait times.9,10 

Advances in machine learning
The routine use of electronic medical records in primary care affords 
an opportunity to identify individuals with uncontrolled asthma earlier, 
before severe harm has accrued and while there is a higher chance of 
achieving excellent long-term control. Advances in machine learning 
capacity and its increased availability have shown great promise in 
similar scenarios in other disease areas, helping to identify patients with 
familial hypercholesterolaemia and diabetes and its associated compli-
cations through automated analysis of risk factors and test results.11,12 It 
is already possible to leverage routine clinical data in primary care to 

flag individuals on the basis of features, such as OCS consumption and 
persisting eosinophilia, and to highlight comorbidities. With GPs under 
ever greater time pressure, machine learning-supported approaches 
to identify patients, report tests (Figure 1) and pre-prepare referrals 
appears likely to become an essential aspect of primary care.13

Clinical decision support tools
The use of new technologies is also becoming increasingly common 
as a central aspect of consultation. Clinical decision support tools 
embedded in electronic health records can help implement guideline- 
based care in an efficient manner. A recent Norwegian trial investi-
gating the use of web-based, clinical decision support systems in 
managing chronic obstructive pulmonary disease is one of several 
that have demonstrated improved diagnostic accuracy with their use.  
Furthermore, patient management more closely resembled guideline 
recommendations when the tool was used.14 Both the identification 
of individuals at risk of poor outcomes and improved quality of 
supported consultations will be key elements to substantially improve 
patient care in the near future. 

Smart inhaler technologies
Smart inhalers with electronic monitoring devices attached to, or 
integrated into, the inhaler device provide data on the frequency of 
device use and adequacy of inhaler technique. They have been used in 
trials for many years and are now in routine clinical use in other coun-
tries. Data from smart inhalers helps identify high salbutamol use, 
which is an independent risk factor for asthma fatalities, as shown by 
several studies including the UK National Review of Asthma Deaths. 
Currently, salbutamol overuse – defined as using greater than three 
canisters per year – often goes unnoticed,15 particularly in Australia 
where it is easily accessible over the counter, and escalation of preventive 
interventions may not be undertaken. Furthermore, smart inhalers 
can differentiate severe asthma from difficult-to-treat asthma by record-
ing medication concordance for physician review, and have also been 
shown to promote concordance by providing feedback to patients.16,17 
It is worthwhile highlighting that salbutamol monotherapy is associated 
with increased risk of asthma-related death. Since 2019, international 
guidelines have resolved that people with asthma should not be treated 
with salbutamol alone.18 

Important features of severe asthma assessment 
Using a structured multidisciplinary approach with multiple inves-
tigations improves severe asthma diagnosis and outcomes, although 
complete implementation of this approach is currently limited to 
a subspecialist care setting.19 However, with improved clinical 
decision-support tools and case finding capability in primary care, 
it is important to consider features that form part of specialist 
assessment and can be recorded or enacted in primary care.

Assessing cumulative OCS toxicity
Cumulative OCS toxicity is resulting in an increasingly frail and 
multimorbid asthma population. A recent important finding has been 

Figure 1. Cates plot comparing results obtained by pulmonologists 
versus artificial intelligence (AI) software. For every 100 pulmonary 
function tests, 44 will be read correctly and placed on correct diagnostic 
category by pulmonologists (green) and an additional 38 will be correctly 
interpreted by AI (yellow), representing an improvement of 34% for 
interpretation of pulmonary function test patterns (p<0.0001). A small 
portion of tests will be incorrectly interpreted by both (18%, red). Based 
on results from Topalovic, et al. Eur Respir J 2019; 53: 1801660.13
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the very low threshold at which this toxicity begins – a lifetime cumu-
lative dose of 1 g or less.20 In recent years, a retrospective study using 
PBS dispensing data estimated that over a quarter of people with 
asthma have reached this threshold.21 Moreover, the range of organ 
systems affected by OCS toxicity is larger than originally thought. 
Despite this increased risk, people with asthma and their healthcare 
practitioners may not immediately attribute issues, such as a deep vein 
thrombosis, to OCS use.22 Harm reduction strategies aimed at 
minimising OCS prescribing have been proposed by the Thoracic 
Society of Australia and New Zealand.20 This includes addressing 
issues of appropriate diagnosis, optimisation of inhaler therapy, 
management of risk factors and comorbidities and prompt referral 
of at-risk patients for specialist review for consideration of steroid-
sparing advance therapies, such as biologics.

Clarifying gestational age
Advances in neonatal critical care means more children born preterm 
or very preterm are surviving into adulthood.23 Impaired lung function 
at birth for any reason, including prematurity, often persists into 
adulthood, with trajectories further affected by other early life and 
adult risk factors.24 This cohort are therefore more likely to have an 
asthma diagnosis and be more poorly controlled. Clarifying gesta-
tional age in people with asthma is therefore recommended as a way 
to better understand their lung pathology and to identify individuals 
at higher risk of dysfunction in other organs such as the heart.

Measuring exhaled nitric oxide levels
For decades we have assessed asthma using a marker of airflow 
obstruction (spirometry) but have relatively neglected the other key 
element of the condition: airway inflammation. Measuring exhaled 
nitric oxide as a simple point of care test for airway inflammation 
can help with diagnostics and identify people who are likely to 
respond to inhaled corticosteroids. Fractional exhaled nitric oxide 
(FeNO) can also help predict response to some biologic therapies, 
with individuals who have high levels (>40 ppb) being very likely to 
respond well compared with those who have intermediate (25 to 

40 ppb) or normal (<25 ppb) levels.25 A persistently elevated FeNO 
level despite use of appropriate inhaled corticosteroid and long-acting 
beta-2 agonist treatment may indicate treatment-resistant disease. 
However, it more often indicates an issue with preventer adherence, 
inhaler technique or uncontrolled comorbid respiratory inflamma-
tion such as allergic rhinitis.26 FeNO suppression testing with a smart 
inhaler device preventer could delineate these issues. Although 
multiple large trials have assessed whether personalised FeNO-guided 
treatment can aid in exacerbation prevention, symptom control or 
OCS avoidance, the results have not been consistent in adults or 
children.27 This may be due to the variations between trial protocols 
and further studies are needed to clarify the role of FeNO-adjusted 
management. Nevertheless, FeNO remains a useful point of care 
test along with phenotyping blood, including eosinophil counts and 
immunoglobulin E tests.  

Emerging treatments for severe asthma
Identifying and treating clinically relevant traits 
The treatable traits model of care provides an increasingly practical, 
label-free approach to personalised management for a heterogeneous 
disease and patient population. Identifying clinically relevant traits 
that respond to targeted management can optimise outcomes for 
patients with asthma (Figure 2). This approach has broadened the 
delivery of asthma care. Although not an exhaustive list, traits such 
as obesity, anxiety and depression, poor adherence patterns, uncon-
trolled allergic rhinitis, gastro-oesophageal reflux disease, smoking 
and limited self-management skills can be addressed and their impacts 
mitigated. 

Diagnosing and managing vocal cord dysfunction
Of increasing interest is the diagnosis and management of inducible 
laryngeal obstruction (also known as vocal cord dysfunction), which 
frequently mimics and often coexists with asthma. Advanced testing, 
such as flexible nasoendoscopy with perfume provocation, dynamic 
CT of the larynx, or continuous laryngoscopy during exercise, can 
identify the sometimes subtle, transient laryngeal narrowing on 

Figure 2. The treatable traits model provides a structured, personalised approach to optimising asthma outcomes. Identifying pulmonary, extrapulmonary and 
behavioural traits, which are identifiable, measurable, treatable and clinically relevant, can improve asthma control and health-related quality of life.
Reproduced with permission from the Centre of Excellence in Treatable Traits, originally developed as part of the Centre of Excellence in Treatable Traits (https://treatabletraits.org.au).
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inspiration, which is the hallmark of this treatable condition.28-30 

Speech pathology-led multidisciplinary management using tech-
niques, such as biofeedback and laryngeal retraining, can substantially 
improve the symptom burden of these patients. 

Identifying small airways disease
Small airways disease is more prevalent in severe asthma and has 
important associations with asthma control and exacerbations.31,32 
The identification of small airways disease and ventilation heteroge-
neity is an area of increasing interest. New investigations, such as 
oscillometry, functional imaging modalities and electrical impedance 
tomography, are becoming more widely used.33-35 More clinical data 
on the potential benefits of extra fine particle inhaled therapies in 
such patients are awaited with interest. 

Biologics and emerging drug classes
Monoclonal antibody (biologic) drugs have provided a breakthrough 
in severe asthma management over the past two decades. They have 
significantly improved exacerbation rates and asthma control and 
reduced OCS burden for individuals with type 2 inflammatory 
profiles. The impressive efficacy of biologics in well phenotyped 
patients has prompted analyses of ‘super-responders’ and reinvig-
orated discussion around the possibility of asthma remission. This 
raised expectations of what is possible in asthma is most welcome, 
and inducing remission in asthma is likely to prevent the commonly 
seen physical and psychological effects of acute asthma and its 
treatment. However, there is not yet a consensus on what defines 
clinical remission or complete biological remission on and off treat-
ment, and how this label affects management and future treatment 
considerations.36,37 To achieve the goal of remission for all, therapies 
that target other pathways in asthma and that are more affordable 
at scale are needed. These must include targeting airway smooth 
muscle and remodelling, an aspect of asthma relatively lacking in 
effective treatments, and also the recent elucidated and biologically 
important airway adipose tissue. 

Beyond biologics, newer drugs in other classes are under inves-
tigation in asthma, such as small interfering RNA (siRNA) and 
inhaled anticalins, giving hope for an inhaled biologic in the near 
future.38-40 Reinvestigating and repurposing existing medications 
from other disease areas may also be a fruitful avenue, such as 
dexpramipexole for eosinophilic asthma,41 and azithromycin to 
influence efferocytosis and reduce airway inflammation. The poten-
tial for biologics to reduce future OCS use for acute exacerbations 
is well established, but the direct replacement of rescue courses of 
steroids with a dose of a monoclonal antibody is an exciting area 
of research. A randomised controlled trial of acute benralizumab 
use has recently completed recruitment.

Pulmonary rehabilitation
Although the progress in asthma pharmacotherapies grabs head-
lines, the huge potential benefit of nonpharmacological interventions 
cannot be ignored. Pulmonary rehabilitation has repeatedly demon-
strated its indispensable place in chronic obstructive pulmonary 
disease management; however, its role in asthma is less well defined. 
A recently published systematic review and meta-analysis explored 
the beneficial effects of pulmonary rehabilitation on quality of life, 
exercise tolerance and lung function in patients with asthma, and 
called for large-scale quality randomised control trials to further 
investigate promising signals.42 

An international severe asthma registry
A welcome development in recent years has been the increase in the 
number of national registries of individuals with severe asthma, 
and their incorporation into an international registry (www.isar.
opcglobal.org). The findings from such platforms have already 
influenced the international asthma guidelines and continue to 
produce fruitful collaborative research. 

Conclusion
Severe asthma is a rapidly evolving area of medicine. Case finding 
through machine learning, integrating clinical decision support tools 
and improving access to smart inhaler technology are feasible ways 
to optimise asthma care using available technology. OCS harm 
minimisation strategies are under investigation following the recent 
finding of the low cumulative dose threshold for toxicity. Furthermore, 
implementing a practical model of care that encourages personalised 
and holistic asthma management can improve asthma care while 
broadening research opportunities for otherwise overlooked condi-
tions. Finally, the emergence of novel biomarkers and drug classes 
further builds on the momentum and enthusiasm generated in the 
biologic era, potentially ushering in a new era of asthma remission 
built on international collaborative research.� RMT
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