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Abstract

Despite the availability of effective inhaled therapies, many patients with asthma have poor asthma control.
Uncontrolled asthma presents a significant burden on the patient and society, and, for many, remains
largely preventable. There are numerous reasons why a patient may remain uncontrolled despite access to
therapies, including incorrect inhaler technique, poor adherence to treatment, oversight of triggers and
suboptimal medical care. Shared decision-making, good patient—clinician communication, supported self-
management, multidisciplinary patient education, new technology and risk stratification may all provide
solutions to this major unmet need in asthma. Novel treatments such as biologics could benefit patients’
lives, while the investigations into biomarkers, non-Type 2 asthma, treatable traits and disease modification
give an exciting glimpse into the future of asthma care.

Introduction

Globally, 339.4 million people are affected by asthma [1]. The cornerstone of asthma treatment is inhaled
corticosteroids (ICS), with the addition of a second controller (e.g. a long-acting B,-agonist (LABA) for
those with uncontrolled symptoms) [2]. However, despite the availability of these effective inhaled
therapies, approximately 39% of patients with asthma remain uncontrolled [3]. Uncontrolled disease can
have potential negative consequences, including risk of exacerbations [4], side-effects from oral
corticosteroid (OCS) use [5-7] and reduced quality of life (QoL) [8]. A United Kingdom (UK) report of
asthma deaths between 2012 and 2013 revealed that two-thirds of deaths due to asthma could be prevented
if care were improved [4]. There are numerous complex reasons why a patient may remain uncontrolled
despite access to therapies, including: poor management [9-12], poor adherence to treatment [11, 13-15],
incorrect inhaler technique [16, 17] and asthma that is treatment-resistant. This narrative review explores
the current unmet needs and the potential future of asthma management (figure 1).

What is uncontrolled asthma?

There is a general consensus that uncontrolled asthma is defined by poor symptom control and/or frequent
exacerbations that require OCS treatment or hospitalisation (table 1) [2, 18-28]. However, there is currently
no universal definition of uncontrolled asthma. Global guidelines include the Global Initiative for Asthma
(GINA) report [2] and the European Respiratory Society/American Thoracic Society (ERS/ATS) taskforce,
and many countries have national guidelines [29]. Guidelines have varying, although similar, management
recommendations (table 1). The GINA report stresses the importance of distinguishing between
uncontrolled and severe asthma, as the former may be more easily improved than the latter. The definition
of severe asthma from the ERS/ATS taskforce is similar to the GINA report (table 1), but stresses severe
asthma only includes patients with refractory asthma and those in whom treatment of comorbidities (e.g.
severe sinus disease, obesity) remains incomplete [18]. It should be noted that, since biologics are now in
use, GINA advises against use of the term “refractory” to describe asthma unresponsive to high-dose ICS.
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FIGURE 1 Interventions for uncontrolled asthma.

GINA offers guidance on identifying common causes of uncontrolled asthma which need to be excluded
before a diagnosis of severe asthma can be made, such as poor inhaler technique, poor medication
adherence, comorbidities, exposure to triggers and incorrect diagnosis of asthma, all of which are
discussed in this review [2]. The ERS/ATS taskforce also recommend patients who present with “difficult
asthma” should have their asthma diagnosis confirmed, evaluated and managed by an asthma specialist for
>3 months to determine whether asthma is severe or uncontrolled [18]. There are various terms to describe
uncontrolled asthma used in guidelines and literature, such as “difficult-to-control” and “poorly controlled”
[2, 20]. In this review, we use the term “uncontrolled” asthma throughout. Individual articles should be
consulted for exact terms and definitions.

What are the consequences of uncontrolled asthma?

Impact on the life of the patient

The greater risk of symptoms, exacerbations, comorbidities and side-effects that patients with uncontrolled
asthma experience can each have a major impact on their lives. Uncontrolled asthma can negatively impact
patients’ health-related QoL (limitations due to physical health problems, vitality, social functioning and
emotional wellbeing) [8, 30], and patients are more likely to have anxiety and depression versus patients
with better asthma control [31]. Sleep quality is also affected, with uncontrolled asthma contributing to
insomnia [32]. Children with uncontrolled asthma may have later bedtimes, increased frequency of
night-time awakenings and poorer sleep quality than children with controlled asthma [33]. Absenteeism
from work/school, and decreased productivity are also associated with uncontrolled asthma [34, 35], and
when children are affected, this can negatively impact absenteeism and work productivity for caregivers.

Patients with uncontrolled asthma are also at risk of side-effects from corticosteroids, largely through
frequent OCS use to control symptoms [5-7]. Add-on low-dose OCS (<7.5mg-day ' prednisone
equivalent) can be prescribed for patients requiring GINA Step 5 treatment to help control severe
asthma [2]. OCS are widely used in asthma management due to their anti-inflammatory, immunosuppressive
and vasoconstrictive properties [36]. Frequent OCS use is associated with serious short- and long-term
adverse effects including weight gain [5-7], diabetes [5-7], osteoporosis [5-7], cataracts [6, 7], anxiety [6],
depression [6], hypertension [5-7] and adrenal insufficiency [37]. Adrenal insufficiency may persist
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TABLE 1 Definitions of uncontrolled and severe asthma

Report [ref.] Uncontrolled asthma Severe asthma
GINA report [2] At least one of the following: Asthma that is difficult to treat (not controlled
1) Poor symptom control (frequent symptoms or despite GINA Step 4 or 5 treatment,” or that
reliever use, activity limited by asthma, night requires such treatment to maintain good
waking due to asthma) symptom control) and despite good
2) Frequent exacerbations (>2/year) requiring OCS adherence and inhaler technique, or that
treatment, or serious exacerbations (>1/year) worsens when high-dose treatment is
requiring hospitalisation decreased
International ERS/ATS guidelines At least one of the following: Asthma requiring treatment with high-dose ICS
[18] 1) ACQ consistently >1.5 or ACT <20 and >1 maintenance treatment (LABA, LAMA,
2) Frequent severe exacerbations (>2 courses of SCS leukotriene modifier or theophylline) or SCS
in the previous year) for >50% of the previous year to prevent it
3) Serious exacerbations (>1 hospitalisation in the from becoming uncontrolled, or remains
previous year) uncontrolled despite this therapy

NHLBI and NEAPP Guidelines for
the Diagnosis and
Management of Asthma
(EPR-3) [27, 28]

Canadian Thoracic Society
position statement [19]

BTS/SIGN British Guideline on
the Management of Asthma
[20]

NICE guidelines [26]

Japanese Guidelines for Adult
Asthma [21]

Predicted post-bronchodilator FEV; of <80% (in the
face of reduced FEV,/FVC defined as less than the
lower limit of normal)
1) Symptoms >2 days-week™* Asthma with EPR-3 Step 5 or 6" as the lowest
2) Night-time awakening >1/week level of treatment required to maintain control
3) Limitations with normal activity
4) SABA use >2 days-week™*
5) FEV; or peak flow <80% predicted/personal best
)
)

6) ATAQ >1

7) ACQ >1.5

8) ACT <19

Exacerbations >2/year

At least one of the following: Asthma requiring treatment with high-dose ICS

1) Poor symptom control: as per CTS asthma control and a second controller for the previous year,
criteria or other standardised questionnaires: ACQ or SCS for 50% of the previous year to prevent
consistently >1.5, ACT <20, or cACT <20 it from becoming uncontrolled, or remains

2) Frequent severe exacerbations: >2 courses of SCS uncontrolled despite this therapy

(3 days each) in the previous year
3) Serious exacerbations: >1 hospitalisation, ICU stay
or mechanical ventilation in the previous year
4) Airflow limitation: after appropriate bronchodilator
withhold FEV; <80% of personal best (or <the LLN,
in the face of reduced FEV;/FVC defined as less
than the LLN)
“Difficult asthma” is defined as at least one of the ND
following:
1) Persistent symptoms
2) Frequent asthma exacerbations despite treatment
with:
a) High-dose ICS (adults) or medium-dose ICS
(children) plus a LABA (age >5 years) or an LTRA
b) Medium-dose ICS (adults) or low-dose ICS
(children) plus LABA (age >5 years) or LTRA and an
appropriate additional therapy
¢) Continuous or frequent use of OCS
At least one of the following: ND
1) >3 days a week with symptoms
2) >3 days a week with required use of a SABA for
symptomatic relief
3) >1 nights a week with awakening due to asthma
ND Asthma controlled by, or uncontrolled despite
administration of high doses of ICS, LABA,
LTRA, theophylline, anti-IgE antibody or OCS.
Also known as intractable asthma
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TABLE 1 Continued

Report [ref.] Uncontrolled asthma Severe asthma
Brazilian Thoracic Association Three to four of the following: Asthma that remains uncontrolled on high-dose
[22] 1) Diurnal symptoms >2 times a week ICS and a second controller medication within
2) Nocturnal awakenings due to asthma the previous year or the use of OCS on >50%
3) Rescue medication >2 times a week of the days in the last year, or that needs this
4) Limitation of activities due to asthma or ACQ-7 treatment to prevent the disease from
>1.5 or ACT <15 becoming uncontrolled (in an attempt to

The Saudi Initiative for Asthma
[24]

Australian Asthma Handbook
[23]

NZ Adolescent and Adult
Asthma Guidelines [25]

reduce the dose of ICS or OCS), despite the
suppression or minimisation of factors that
impair asthma control
1) Symptoms and/or SABA use required throughout Asthma that requires treatment
the day SINA Step 4 or 5*
2) >2 exacerbations a week
3) Extremely limited daily activities
4) FEV, or peak flow <60% of predicted/personal best
5) ACT <16
>2 exacerbations per year requiring OCS or
hospitalisation

“Poor control” defined as three or more, and “partial Asthma that is uncontrolled despite treatment
control” as two or more of: with high-dose ICS/LABA (with correct inhaler

1) Daytime symptoms >2 days per week technique and good adherence) or

2) Need for SABA reliever >2 days per week maintenance OCS, or that requires such

3) Any limitation of activities treatment to prevent it becoming uncontrolled

4) Any symptoms during night or on waking

“Poor control” defined as three or more, and “partial ND

control” as two or more of:
1) Daytime symptoms >2 days per week
2) Need for SABA reliever >2 days per week
3) Any limitation of activities
4) Any symptoms during night or on waking

GINA: Global Initiative for Asthma; OCS: oral corticosteroid; ERS/ATS: European Respiratory Society/American Thoracic Society; ACQ: asthma control
questionnaire; ACT: asthma control test; SCS: systemic corticosteroid; FEV;: forced expiratory volume in 1s; FVC: forced vital capacity; ICS: inhaled
corticosteroids; LABA: long-acting B, agonist; LAMA: long-acting muscarinic antagonist; NHLBI: National Heart, Lung, and Blood Institute; NEAPP:
National Asthma Education and Prevention Program; EPR 3: expert panel report 3; SABA: short-acting B-agonist; ATAQ: Asthma Therapy Assessment
Questionnaire; CTS: Canadian Thoracic Society; cACT: child asthma control test; ICU: Intensive Care Unit; LLN: lower limits of normal; BTS: British
Thoracic Society; SIGN: Scottish Intercollegiate Guidelines Network; LTRA: leukotriene receptor antagonist; ND: no definition; NICE: National
Institute for Health and Care Excellence; SINA: Saudi Initiative for Asthma; NZ: New Zealand. *: medium- or high-dose ICS/LABA + add-on therapy

(LAMA, LTRA, OCS, biologics).

following corticosteroid discontinuation, potentially causing serious clinical consequences such as shock,
seizure, coma and sometimes death [37, 38]. Even short-term OCS use can increase rates of sepsis, venous
thromboembolism and fracture [39]. High OCS exposure is also associated with increased emergency
department (ED) and inpatient visits compared with low OCS exposure in patients with asthma [40]. ICS,
the gold-standard first-line therapy for asthma, can also cause adverse events with long-term use, including
oropharyngeal candidiasis, adrenal suppression, bone loss and cataracts [41].

Impact on healthcare and the economy

Patients with uncontrolled asthma are at greater risk of symptoms [42], exacerbations [43], increased ED
visits and hospitalisations [34]. Importantly, poor adherence to maintenance ICS has a negative impact on
asthma outcomes. In 115 patients referred to a specialist clinic for difficult-to-control asthma, 65% of those
prescribed ICS or ICS/LABA had poor adherence, and poor adherence was associated with reduced lung
function (lower forced expiratory volume in 1 s (FEV;)) and inflammation (higher percentage sputum
eosinophil count) [44]. Furthermore, greater OCS use and more frequent exacerbation are associated with
poor adherence to ICS in patients prescribed ICS with add-on anti-interleukin (IL)-5 monoclonal antibody
therapy, highlighting the importance of ICS maintenance with add-on therapy [45].

Exacerbations and uncontrolled symptoms can also be fatal. Since the 1980s, worldwide asthma mortality
rates have declined, in part, due to improved diagnosis and treatment, particularly with the availability of
ICS [46]. However, this trend may have stalled. The World Health Organization mortality database
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reported no improvement in asthma mortality from 2006-2012 (estimated global asthma mortality rate:
0.19 deaths/100000 people (90% CI 0.16-0.21)) [46]. Patients with severe, uncontrolled asthma are at
greater risk of mortality than those with severe asthma, and it has been found that this is largely
preventable [4].

The economic impact of uncontrolled asthma can be difficult to measure, as productivity-loss, side-effects
of OCS, burden of comorbidities, etc. may be underestimated. However, it is evident that uncontrolled
asthma is associated with major direct and indirect costs. In the UK, the direct and indirect costs of asthma
are estimated at GBP 6.2 billion/year [34], and double in patients with uncontrolled versus well-controlled
asthma [34]. Over-reliance on OCS can place additional strain on the economy: in a UK study,
OCS-dependent asthma patients had an average 43% greater associated direct treatment costs than patients
not receiving maintenance OCS [47].

Why is asthma uncontrolled in many patients?

Misdiagnosis of asthma

Asthma is characterised by variable respiratory symptoms and variable airflow limitation; this
heterogeneity, coupled with a wide variety of conditions and comorbidities that can present with symptoms
similar to asthma, can make asthma diagnosis challenging [48]. Studies suggest 20-70% of people with
asthma remain undiagnosed [49], and this can be caused by patient underreporting of symptoms, poor
communication and poor diagnostics [49, 50]. However, studies suggest that around one-third of patients
diagnosed with asthma do not have current asthma [51]. This may be due to failure to use objective lung
function tests at the time of diagnosis, or unrecognition of sustained remission. Patients with overdiagnosed
asthma may experience adverse effects related to unnecessary treatment, and a delay in alternative
diagnosis of their respiratory symptoms.

Poor inhalation technique

Different devices (pressurised metered-dose inhalers (pMDIs), dry powder inhalers (DPIs), soft mist
inhalers and nebulisers) offer various benefits and drawbacks, such as ease of use and portability [52]. If a
patient does not use their inhaler correctly, it is likely to diminish medication delivery. According to a
relevant systematic review, the most frequent pMDI errors were coordination, speed and/or depth of
inspiration and no post-inhalation breath-hold. Frequent DPI errors were incorrect preparation, no full
expiration before inhalation and no post-inhalation breath-hold. The overall prevalence of correct technique
was just 31%. Interestingly, errors in technique did not differ over the 20-year period observed [16]. In an
analysis of 3981 asthma patient reviews in the UK, significantly more patients who had >1 exacerbation
failed their first inhaler technique check than those without exacerbations, and 67% of patients who
required OCS for exacerbations were unable to use their pMDI [17]. Inhaler misuse may be driven by lack
of instruction, and/or physical/cognitive factors: in a study of 1664 adults in Italy with COPD or asthma,
the incorrect use of inhalers was common, with a strong association between inhaler misuse and older age,
lower education and lack of instruction for inhaler use [53]. Moreover, inhaler mishandling increased risk
of hospitalisation, ED visits, OCS use, antimicrobial use and poor disease control [53].

Poor adherence to medication

Suboptimal adherence to medication use is the most common reason for treatment failure in asthma and
has several known drivers (figure 2) [2, 15, 54-56]. Firstly, patients overestimate their asthma control, and
accept poor control as part of living with asthma. In a UK qualitative analysis of 42 adults with asthma,
patients often did not think daily treatments preventing inflammation were needed if their asthma was not
bothersome [13]. In a study of the perception of control among 329 adults in Trinidad, uncontrolled
asthma correlated with routine work limitation, night-time disturbances, work absenteeism, exacerbations
and rescue inhalation; however, 65% believed that they had to live with their symptoms [11]. In an online
survey of 2467 adults with asthma from eight Asian countries/regions (REALISE Asia), 50% of patients
had diagnosed uncontrolled asthma [10]; however, approximately 90% of respondents felt their asthma was
under control. Patients consistently overestimated their asthma control and considered control as the
management of exacerbations [10].

Smart inhalers, which feature a sensor and link to an app on a phone/tablet to track inhaler usage, are
becoming increasingly widely available and enable reliable, longitudinal adherence data to be shared with
physicians [57]. Data suggest electronic inhaler-monitoring devices could have a beneficial effect on
medication adherence. In a randomised, open-label trial of an inhaler-monitoring device in severe
uncontrolled asthma, improvement in adherence after 3 months was greater in patients given biofeedback
on inhaler usage and technique versus counterparts blinded to biofeedback [58].
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While the onus of adherence to medication is considered to be mainly on the patient, the patient—clinician
relationship exerts a large influence on whether a patient will take medication as directed (figure 2) [2, 15,
54-56]. Health care professionals (HCPs) may not give patients an asthma action plan: in an asthma
call-back survey in the USA, only 35% of adults with asthma reported receiving a written asthma action
plan [42]. For patients, suboptimal adherence could be unintentional: as they may have a lack of
understanding of asthma as a chronic illness, or not know the importance of taking their medication [54].

Lack of awareness about trigger avoidance

Exposure to triggers can worsen asthma symptoms and cause exacerbations. Triggers include house dust
mites, moulds, pets, pollens, air pollution, weather/temperature changes, viral infections and smoking
(including inhaled cannabis) [59, 60]. E-cigarettes may also worsen lung function and airway
inflammation [61]. In a survey of 1202 adults with asthma in five European countries, uncontrolled asthma
was more common in patients with a high trigger burden (>16 triggers) than those with a low trigger
burden (1-5 triggers). High versus low trigger burden was also associated with an increased likelihood of
previous severe asthma, exacerbations during a lifetime, more hospitalisations and more missed days at
work or study [62]. Aeroallergen exposure may contribute to the chronicity of disease and difficulty to
maintain disease control. Allergen avoidance has proven difficult, but experience in selected patients with
immunotherapy has proven beneficial [63]. Furthermore, immunotherapy may have ongoing benefit
following discontinuation of treatment, suggesting its effects may represent disease modification [64].

Impact of comorbidities

Conditions such as obesity, chronic sinusitis with nasal polyps (CRSwNP), gastroesophageal reflux disease
(GERD), anxiety/depression, obstructive sleep apnoea, rhinitis and COPD are often observed in patients
with asthma and may affect asthma control [65-67]. These are potential confounding factors for diagnosis/
assessment of asthma control, and/or may alter responses to therapy [65, 66]. For example, patients with
asthma and comorbid obesity experience more symptoms, more frequent and severe exacerbations, greater
impairment of QoL, and have a reduced response to several asthma medications versus people with asthma
and healthy weight [68]. Patients with obesity and asthma have been demonstrated to have higher asthma
medication use than asthma patients with healthy weight, despite lower lung function [69]. Weight loss has
also been demonstrated to be effective in improving asthma outcomes [70, 71]. It is therefore debatable if
conventional asthma therapy or weight loss-based approaches offer the greater likelihood of improving
symptom control. Low-grade systemic inflammation of obesity may contribute to airway inflammation [71],
and other comorbidities such as GERD can lead to airway inflammation and contribute to asthma obesity
association [72]. There is a need for research to better understand the interaction between metabolic and
inflammatory dysregulation [71]. Asthma with comorbid CRSwNP is another difficult-to-treat phenotype
that remains poorly characterised [73]. CRSWNP shares inflammatory traits with asthma, and there is a
need for research that characterises biomarkers in people with CRSWNP and asthma to predict response to
intervention [73]. Furthermore, some comorbidities such as vocal cord dysfunction and dysfunctional
breathing may mimic the symptoms of asthma and be confused for poor asthma control [74].

Suboptimal medical and professional care

There are many factors — such as poor patient—clinician communication, overestimation of asthma control
and little importance given to symptoms that do not cause exacerbations — that may contribute to
suboptimal medical and professional care.

For patients diagnosed with asthma, physicians may overestimate their patients’ asthma control: in a survey
conducted in patients undergoing routine asthma reviews, physicians perceived 80% of patients as
well-controlled, whereas only 52% had well-controlled asthma using asthma control questionnaire
scores [9]. HCPs may also not offer an action plan or regular asthma reviews [12], and lack of consensus
of global and national asthma guidelines with respect to definitions, terminology and treatment could cause
uncertainty among primary care HCPs for the management of asthma (table 1). Consequently, patients may
not be stepped up to optimal treatment, or patients with severe disease not referred to a specialist [75].
However, even among patients who are stepped up in their treatment, some remain uncontrolled. In a
1-year follow-up of patients with asthma in the UK, of the 1046 patients uncontrolled on medium-dose
ICS/LABA and subsequently stepped up to high-dose ICS/LABA, 35% remained uncontrolled [3].
Physicians may also overprescribe short-acting p-agonists (SABAs), leading to reliance on a rescue
medication that does not control inflammation. In the SABINA study, prescription and/or dispensing data
for >1000000 patients with asthma (2006-2017) revealed the prevalence of SABA overuse was: 9% in
Italy, 16% in Germany, 29% in Spain, 30% in Sweden, and 38% in the UK. SABA overuse was not
correlated with asthma severity, except in the UK — where overuse was greater in patients with
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moderate-to-severe asthma (58%) versus mild asthma (27%) [76]. Overuse of SABAs is associated with
increased risk of exacerbation and death [4, 56].

For patients uncontrolled despite adhering to high-dose ICS/LABA, GINA suggests phenotypic assessment
to guide the selection of add-on treatment, such as biologics [2]. Biologics are currently approved for
severe asthma target type 2 cytokines such as IL-4, IL-5 and IL-13, and immunoglobulin E (IgE) and
therefore should only be prescribed to patients with typical biomarkers of type 2 airway inflammation (e.g.
high eosinophils or IgE) [2]. These patients with underlying type 2 inflammation mediated by a T-helper
(Th) type 2 pathway are generally known as having Type 2, or eosinophilic asthma. However, physicians
may have difficulty identifying the optimal biologic for their patient, especially when agents target similar
pathways. Also, they may have trouble identifying responders or recognising when a switch should be
considered because of suboptimal control [77]. Biomarkers (e.g. IgE, fractional exhaled nitric oxide
(Feno), sputum or blood eosinophils), when available, can help inform biologic selection but may not be
specific enough to clearly identify an asthma phenotype and the biologic best suited to a patient [78]. The
National Asthma Education and Prevention Program (NEAPP) guidelines conditionally recommend
frequent assessment of Fgno levels [27]. Identification of further biomarkers is ongoing. The high cost of
biologics may also be prohibitive for patients, practitioners and insurers [79]. For patients with non-Type 2
asthma, there are currently no approved therapies with specific clinical benefits [80].

Potential solutions to the challenge of uncontrolled asthma

Shared decision-making

Firstly, verifying that patients are diagnosed accurately with asthma ensures they are on the first step to
managing their condition; data indicate that up to one-third of presumed patients with asthma may not have
asthma [49]. Once diagnosed, talking with patients openly and sharing treatment decisions with them can
empower them to take control of their asthma [55]. Good patient—clinician communication can improve
adherence, QoL and asthma control [81]. It is therefore important for HCPs to arrange regular asthma
reviews or reassessments with their patients. The National Review of Asthma Deaths (NRAD) — a UK
enquiry report — recommends asthma reviews to be carried out by a primary care practitioner at least
annually, but more frequently in patients with poor control or high risk of exacerbation [4]. Sufficient time
should be given to explore concerns about medication and potential nonadherence. Clinicians should help
patients understand that asthma is a chronic illness that requires adherence to maintenance medication,
including during periods of reduced symptoms. For difficult and severe asthma, systematic assessment
(identifying and managing poor adherence, poor inhaler technique, uncontrolled comorbidities,
misdiagnosis, and/or undertreated severe asthma biology) has been shown to significantly improve asthma
outcomes [82]. Clinical guidelines in asthma advocate use of an asthma action plan, including information
on how and when to take medicines, how to avoid triggers and when to seek medical help. These are
particularly important for patients following emergency treatment for asthma [4].

HCPs should also consider a patient’s health literacy — whether a patient has the capacity to understand
basic health information (figure 3) [2]. Encouraging patients to lose weight and stop smoking can also help
with managing asthma [83, 84]. As well as physicians and nurses, pharmacists can play an important part
in disease management: community pharmacists see patients regularly and may therefore be able to address
common issues by screening for asthma, providing training and monitoring treatment [85].

Self-management

Asthma management should not lie solely with the HCP. It is vital patients are given personalised advice
to develop their knowledge and skills to enable them to optimise how they self-manage their asthma.
Regularly supported self-management — face-to-face, or remote via telehealth/digital technology — may
improve QoL and reduce healthcare resource use across all levels of asthma severity [86]. Education and
training are key for patient self-management. HCPs ensuring patients understand how to use their inhalers
correctly can improve asthma control and reduce SABA use [87]. Analysis of data from a community
pharmacy dataset in Australia found that 24% of patients with asthma had correct inhaler technique.
Following training in inhalation technique, this rose to 50% after 1 month [88]. This highlights the need
for patients to practice their inhaler technique, and for HCPs to check their technique regularly. This is
particularly important before switching medications/devices or increasing dosages. Devices that monitor
inhaler technique and usage-frequency may be beneficial; data can be shared with HCPs, allowing adherence
monitoring [89]. Training that includes visual aids could reinforce correct inhaler technique [2, 90].
Inhaled devices that are intuitive and minimise critical errors, as well as simplifying treatment regimens to
once-daily fixed-dose combination inhalers may also facilitate successful dosing, adherence and asthma
control [91, 92].
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Key strategies to facilitate good communication

A congenial demeanour (friendliness, humour and attentiveness)
Allowing the patient to express their goals, beliefs and concerns

Empathy, reassurance and prompt handling of any concerns
Giving encouragement and praise
Giving appropriate (personalised) information

Providing feedback and review

How to reduce the impact of low health literacy

Order information from most to least important

Speak slowly and use simple words (avoid medical language, if possible)

Simplify numeric concepts (e.g. use numbers instead of percentages)

Frame instructions effectively (use illustrative anecdotes, drawings, pictures, tables or graphs)
Confirm understanding by using the “teach-back” method (ask patients to repeat instructions)
Ask a second person (e.g. nurse, family member) to repeat the main messages

Pay attention to non-verbal communication by the patient

Encourage patients to feel comfortable about asking questions

FIGURE 3 Communication strategies for healthcare professionals. Reproduced from [2] with permission.

Educating patients about asthma is essential. Patients can be taught to recognise asthma worsening, how to
avoid triggers and to understand the importance of taking their medications correctly to control
inflammation. Training from nurses [93], school nurses/teachers [94, 95], pharmacists [85], community
health workers [96] and physiotherapists [97] can benefit asthma control, lung function and QoL [85, 94,
95, 97]. Even coaching performed remotely via telephone, text and e-mail can improve patient-reported
outcomes [98]. Learning about asthma is also accessible via pamphlets, websites and smartphone
applications (apps) [99, 100]. For children, innovative ways to make learning fun and engaging have been
utilised, such as activity books, music, videos and smartphone apps that include games and quizzes [101].

With the ubiquity of smartphones and tablets, there has been a drive for digital health solutions for asthma
management. Smartphone or mHealth apps present an opportunity to engage with patients on an everyday
basis using a familiar format. Apps allow users to create reminders, identify triggers and manually record
symptoms and exacerbations that can be shared with HCPs [89]. Apps can have a positive impact on
asthma control [100]; some apps can be used in conjunction with smart spirometers and peak flow meters
so lung function results can be shared with HCPs [89, 102]. Using a smart inhaler and certain apps,
patients can enter details of asthma control and passively/manually record medication use — which can be
shared with their HCP — and also create reminders and access asthma management tips [57, 89]. Smart
inhalers can improve asthma control and reduce SABA use [103].

Risk stratification

Close monitoring of the patients most at risk of uncontrolled asthma can facilitate timely identification and
treatment interventions to avoid exacerbations. Risk factors include: poor adherence and inhaler technique,
prior exacerbations, continued exposure to triggers, obesity, female sex, smoking, low educational level,
low income, eosinophilia and comorbidities (e.g. COPD, depression, allergic rhinitis) [34, 65, 104-110].
Prior ED visits and hospitalisations, excessive OCS use, and poor lung function predict the risk of future
exacerbations [43, 111, 112], so the close monitoring of patients who experience these concerns is
paramount. The NRAD report made several recommendations to prevent life-threatening exacerbations,
including: regular asthma reviews, in which excessive SABA use, inhaler technique and regimens should
be discussed; encouragement of patient self-management; and outlining systems that should be
implemented within healthcare organisations (such as the referral of patients with severe asthma to
specialist care, documenting asthma reviews in medical records, electronic alerts for excessive SABA use/
preventer inhaler underuse, and follow-up arrangements after every ED visit) [4]. Electronic alerts that
notify HCPs of their patients’ ED visits could be useful to prevent exacerbations [4, 89]. Remote
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Ve - N Severe asthma uncontrolled despite optimal therapy
Predictors of response to according to guidelines
anti-IgE therapy * *
* Feno 220 ppb " n
Allergic asthma to Nonallergic Predictors of response to
+ Early-onset asthma perennial allergens; asthma anti-TSLPY
« Clinical his'Fory of total IgE 230 IU-mL"? « Effective in Type 2 and
allergen-driven symptoms | Blood eosinophils 2150 cells-uL* non-Type 2 asthma
Levels of serum IgE do not l l
predict response | Yes | | No |—>| Alternative treatment; e.g. anti-TSLP"

Levels of blood eosinophils
do not predict response®

Anti-IgE may control associated /|> Anti-IgE

N
- l Predictors of response to
| Anti-IL-5 or anti-1L-4/13 | anti-IL-4/13 therapy

|—

comorbidities; e.g. CRSWNP, « High blood eosinophils®
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foodgallergy | Effective | | Non-effective | | Effective | | Non-effective | High Feno
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A J -
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| Continue anti-IgkE | | Continue anti-IL-5 or anti-IL-4/13 Anti-IL-4/13 may control associated

comorbidities; e.g. CRSWNP and
atopic dermatitis

Predictors of response to anti-IL-5 therapy

« High blood eosinophils® « Maintenance OCS use

« High number of severe exacerbations « Effective in allergic and nonallergic asthma
+ Late-onset asthma « Total IgE does not predict response

« CRSWNP

Anti-IL-5 may control associated comorbidities; e.g. CRSWNP

FIGURE 4 Care pathways and predictors of response for biologics in asthma. CRSwWNP: chronic rhinosinusitis
with nasal polyposis; CSU: chronic spontaneous urticaria; Feyo: fractional exhaled nitric oxide; IgE:
immunoglobulin E; IL: interleukin; OCS: oral corticosteroid; TSLP: thymic stromal lymphopoietin. *in
randomised control trials, there was a greater decrease in exacerbations in patients with blood eosinophil
levels of >260 cells-.uL™* (omalizumab versus placebo) [115, 127]. The higher the eosinophil level, the higher
the expected impact. SAnti-TSLP not approved in patients with asthma at time of publication. Reproduced and
modified from [77].

monitoring, such as smart inhalers and compliance devices, gives HCPs further opportunities to regularly
monitor patients and provide tailored feedback [89].

Although the risk of exacerbations increases with asthma severity, even patients with mild asthma are at
risk of potentially life-threatening exacerbations. The NRAD report showed that, of 155 asthma deaths
where severity could be estimated, 9% were in patients with mild asthma [4]. Overuse of SABAs is
associated with increased risk of asthma exacerbation and mortality [56], and use of a SABA alone can
mask inflammation until a severe exacerbation occurs [49]. Because of these detrimental effects, GINA
recently made significant updates to their recommendations in mild asthma management to no longer
support SABA-only therapy [2, 113].

Advances in treatment: biologics

The breakthrough in the treatment of severe asthma in recent years is the introduction of biologics.
Currently, five monoclonal antibody treatments are approved for asthma in the US and EU (omalizumab
(anti-IgE); mepolizumab, benralizumab, reslizumab (anti-IL-5/IL-5R); dupilumab (anti-IL-4/13)), and all
target patients with Type 2 asthma. Figure 4 gives a suggested care pathway and predictors of response for
biologics in asthma [2, 77, 114-127].

As discussed earlier, physicians may have difficulty in identifying which biologic should be chosen for
their patient, especially as current biologics target similar pathways [128]. Guidance for the consideration
of specific approved biologics appear in the GINA 2021 report [2] and EACCI guidelines [117]. Patients
can undergo aeroallergen skin prick testing and IgE measurement to assess for the allergic asthma
phenotype, and a Fgno test to detect type 2 inflammation (Fgno >50 ppb). Blood count and white cell
differential can also detect the presence of eosinophilia as a marker of type 2 inflammation [2, 129].
However, critical research into biomarkers that can easily and cheaply identify patients likely to benefit
from specific biologics is ongoing, and biomarkers to assess non-Type 2 asthma represent a particular
unmet need [129]. Integrated care pathways — structured multidisciplinary care plans detailing essential
patient management steps — could help physicians identify which biologics suit specific patients [77].
Biologics can be administered subcutaneously or intravenously, in the clinic or at home, and with different
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dose regimens (every 2, 4 or 8 weeks) [130]. If patients have the option of >1 biologic, patient preference
should be taken into consideration.

Advances in treatment: fixed-dose combination inhaled therapies

The GINA 2021 report now recommends long-acting muscarinic antagonists (LAMA) as an add-on
therapy for patients at Step 4 or 5, uncontrolled on ICS/LABA [2]. This can be in the form of tiotropium,
or a triple combination inhaler — ICS/LABA/LAMA (fluticasone furoate/vilanterol/umeclidinium (FF/VI/
UMEC), mometasone/indacaterol/glycopyrronium (MF/IND/GLY), or beclometasone/formoterol/
glycopyrronium (BDP/FF/GLY)). This decision was based on positive results from phase 3 trials which
demonstrated improvements in lung function and exacerbations for ICS/LABA/LAMA versus ICS/LABA
alone [131-133]. In the ARGON phase 3 trial, high-dose MF/IND/GLY also improved QoL and lung
function versus the loose triple combination of twice-daily fluticasone propionate/salmeterol plus
tiotropium [134]. Simplifying treatment regimens to a single, once-daily inhaler may also improve
adherence and reduce healthcare resource use [135].

Adherence to maintenance therapy can be low if symptoms are not bothersome [13], leading to reliance on
SABAs that do not control inflammation. As evidence suggests significant adverse effects with SABA
overuse, GINA no longer supports SABA-only therapy, and now recommends as-needed low-dose ICS/
formoterol as the preferred reliever [2]. The 2020 updates to the NEAPP guidelines also recommend ICS/
formoterol at Steps 3 and 4 [27].

Advances in treatment: therapies for severe non-Type 2 asthma

While effective treatments for Type 2 asthma exist, there are currently no specific therapies for non-Type 2
asthma [80]. This phenotype is less well characterised and is generally described as noneosinophilic
asthma without the presence of Type 2 inflammatory markers. Potential mechanisms include neutrophilic-,
IFN- and IL-17-mediated airway inflammation [68]. Recognising these patients is important, as they may
not benefit from increased doses of maintenance ICS [136]. In a recent study of 301 patients with severe
asthma, that categorised patients using a composite biomarker strategy, 23% were deemed “T2-low” on the
basis of Fgno, blood eosinophils and serum periostin at study entry; however, only 5% were consistently
T2-low in serial assessments every 8 weeks for 48 weeks, highlighting the difficulty of identifying
biomarkers for noneosinophilic/nontype 2 asthma [137].

Data show that patients with asthma and obesity are more likely to have non-Type 2 asthma, and
neutrophilia is associated with pollution, infections, cigarette smoke and some occupational exposures
[138]. Nonpharmacological interventions such as cessation of smoking and avoidance of exposure to
pollutants may reduce neutrophilic inflammation in asthma [139, 140]. Pharmacological interventions
include off-label medications such as macrolides and PDE (phosphodiesterase)-4 inhibitors [2, 141].
However, these therapies currently lack the clinical data to support wider use in non-Type 2 asthma. Novel
therapies that target neutrophils and cytokines associated with non-Type 2 asthma are under development;
however, they have so far been unsuccessful. Clinical trials with brodalumab (an anti-IL-17 receptor mAb)
and AZD5069 (a CXCR?2 antagonist) failed to meet their primary objectives [142, 143].

One therapy under development shows promise in patients with non-Type 2 asthma. Tezepelumab is a
mAb that blocks thymic stromal lymphopoietin (TSLP), an upstream cytokine mediator that initiates
multiple Type 2 signalling pathways. In the phase 3 NAVIGATOR trial, tezepelumab reduced asthma
exacerbation rates in patients with both Type 2 and non-Type 2 severe uncontrolled asthma (defined as IgE
level <100 IU-mL™" or blood eosinophil count <140 cells-pL. ") [144]. However, the recent 48-week
tezepelumab SOURCE trial failed to meet its primary end-point in reduction of daily OCS use. Other
end-points were consistent with results from NAVIGATOR [145]. The efficacy of tezepelumab may be due
to the activity of TSLP early in the inflammatory cascade [123]. While tezepelumab is administered by
subcutaneous injection, another anti-TSLP, CSJ117, is a once-daily inhaled formulation of a mAb
fragment. In a 12-week phase 1 trial in patients with mild asthma, the primary end-point was met:
CSJ117 reduced late-asthmatic response versus placebo [146]. A phase 2 trial is also in progress
(NCT04410523) [147].

Future directions

Treatable traits

Although patients with asthma are broadly split into Type 2 and non-Type 2 asthma, this approach is likely
to be over-simplified, given the growing evidence of asthma populations that do not neatly fit into either
phenotype. A precision medicine strategy based on “treatable traits” that are specific to distinct phenotypes
and endotypes of patients with asthma may represent the next step in the search for new therapeutic
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approaches. Treatable traits can be put into three domains: pulmonary (e.g. eosinophilia, neutrophilia,
airflow variability, exacerbation-prone asthma); extrapulmonary (e.g. obesity, osteoporosis, depression,
cardiovascular disease); and behavioural/risk factors (e.g. smoking, aspergillus sensitisation, multiple
inhaler use) [110]. A trial in 55 patients with severe asthma found that individualised treatment that
targeted predefined treatable traits led to significantly improved health-related QoL (p<0.001) and asthma
control (p=0.01) [148]. Ongoing research into the underlying pathobiological mechanisms of patients with
asthma is leading to the discovery of multiple subpopulations of patients displaying distinct phenotypes
and endotypes.

Disease modification: journey towards remission

At present, there is no cure for asthma and treatment typically involves therapies that prevent or reduce
asthma symptoms, without modifying the underlying disease [149]. If a treatment can address the
pathogenesis of a disease, preventing progression or leading to a long-term reduction in symptoms, this
can be classed as disease modifying. Such therapies have been investigated and approved in other
indications, such as rheumatoid arthritis [150]. The heterogeneous nature of asthma has made the discovery
of similar therapies in asthma more difficult, although novel therapies such as biologics may have the
potential to exhibit disease-modifying properties. For example, omalizumab can reduce reticular basement
membrane thickness [151], mepolizumab can reduce expression of markers of airway remodelling [152]
and tezepelumab can decrease matrix remodelling [153]. Clinical trials investigating the disease-modifying
properties of biologics are ongoing but incomplete [154, 155]. Other therapies such as prostaglandin D2
(PGD?2) receptor 2 antagonists have also shown promise [156]. Halting or reversing the progression of
asthma with disease-modifying therapies could potentially lead to the “holy grail” of full disease remission
or prevention; therefore, further investigation into these therapies is imperative, with careful consideration
of end-points, trial length and study population.

Conclusions

Despite the availability of effective treatments, asthma still causes significant disease burden and mortality.
Exacerbations may be largely preventable: we know that action plans, regular asthma reviews, patient
self-management and risk stratification can improve asthma outcomes, yet there is evidence that these
strategies are not always put into practice. An individualised and effective patient—clinician partnership that
involves good communication, patient education and supported self-management is particularly vital for
maintaining asthma control. Translating this into routine care from physicians and multidisciplinary teams
should be a focus in asthma management. Research into existing and new molecular targets is vital, and
novel therapies for patients whose asthma does not respond to available treatments need to be developed
and applied effectively in clinical practice. As these therapies become available, physicians should have the
guidelines and tools available to them to optimally implement treatment. Encouraging patient—clinician
communication and embracing present and future technology and therapies may offer the best potential for
further advances in the management of this chronic disease.
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