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ABSTRACT  33 

Asthma and chronic obstructive pulmonary disease (COPD) are currently diagnosed and treated after 34 

demonstration of variable airflow limitation and symptoms. Under this framework, undiagnosed and 35 

unchecked airway inflammation is associated with recurrent acute attacks, airway remodeling, airflow 36 

limitation, adverse effects of corticosteroids, and impaired quality of life, ultimately leading to the 37 

collection of side-effects termed ‘people remodeling’. This one-size-fits-all, damage control approach aims 38 

to control symptoms and treat exacerbations rather than modify the underlying disease process. The 39 

advent of highly effective therapies targeting proximal drivers of airways inflammation calls for a paradigm 40 

shift; upstream-acting therapies offer potential to alter the disease course and achieve clinical remission. 41 

We propose moving away from downstream firefighting and towards a predict and prevent model, 42 

measuring inflammation and providing anti-inflammatory therapy early, without waiting for further 43 

clinical deterioration. Much in the same way that high blood pressure and cholesterol are used to predict 44 

and prevent heart attacks, in asthma elevated blood eosinophils and/or exhaled nitric oxide (FeNO) can 45 

be used to predict and prevent asthma attacks. We advocate also moving research further upstream by 46 

identifying patients with subclinical airways inflammation or disease who may be at risk of progressing to 47 

airflow limitation and associated morbidities and intervening early to prevent them. In summary, we call 48 

for a ‘predict and prevent’ approach in obstructive airways disease.  49 
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ABREVIATIONS 50 

COPD: chronic obstructive pulmonary disease 51 

FeNO: fractional exhaled nitric oxide 52 

FEV1: forced expiratory volume in 1 second 53 

FVC: forced vital capacity  54 

GP: general practitioner  55 

ICS: inhaled corticosteroid 56 

IL: interleukin 57 

OCS: oral corticosteroid 58 

T2: type 2 59 

TSLP: thymic stromal lymphopoietin  60 
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Introduction   61 

Obstructive lung diseases, such as asthma and chronic obstructive pulmonary disease (COPD), affect 500 62 

million people worldwide and cause significant morbidity and mortality.[1] Healthcare resource utilization 63 

for severe asthma is disproportionately high with significant socioeconomic impact,[2] and COPD accounts 64 

for 13% of acute hospital admissions.[3] The majority of asthma deaths occur in those with mild-to-65 

moderate disease,[4] and COPD is the third leading cause of adult mortality.[1] Despite increased 66 

healthcare expenditure, health outcomes – particularly mortality – have plateaued in the last decade.[5] 67 

While reasons for these observations are complex, contributing factors relate to how airways diseases are 68 

currently diagnosed, classified, and managed using a “one-size fits all” approach. 69 

I. Why do we need to predict and prevent airways disease? 70 

The current patient journey and trajectory towards established, chronic disease   71 

Obstructive lung diseases are broadly classified as either asthma or COPD. However, there is significant 72 

overlap, and within these umbrella terms there is vast heterogeneity in underlying pathophysiology and 73 

patient phenotypes. Asthma is often diagnosed in the absence of testing by “trial of treatment”[5] and 74 

managed by sequentially increasing the dose of inhaled corticosteroids (ICS) and adding bronchodilators 75 

and leukotriene receptor antagonists tailored to symptom control[6, 7] and reduction of exacerbations 76 

with biologics.[8] In asthma, the focus on symptom relief may result in suboptimal treatment. For 77 

example, patients showing mild disease symptoms but significant risk factors for exacerbation may be 78 

undertreated, while those who have been misdiagnosed as asthmatics or who have phenotypes that do 79 

not respond well to treatment may suffer medication (and side-effects) overload.[9]  80 

COPD is diagnosed too late in the disease process when post-bronchodilator obstruction becomes 81 

apparent on spirometry [ratio of forced expiratory volume in 1 second to the forced vital capacity of the 82 

lungs (FEV1/FVC) <0.7], with severity traditionally graded using FEV1% predicted.[6] Treatment similarly 83 

includes the stepwise introduction of various bronchodilators and ICS.[6] By the time COPD is diagnosed, 84 

significant disease has accumulated unnoticed in the small airways causing irreversible damage.[10, 11] 85 

This misses the opportunity for early detection and intervention, particularly in young people who may 86 

not yet be functionally limited or symptomatic.  87 
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Is there room for prediction and prevention beyond smoking cessation?  88 

Despite smoking being the main risk factor for COPD, only 30% of smokers develop COPD,[12] and there 89 

is growing evidence of a non-smoking COPD phenotype in 20-30% of all patients.[13] Furthermore, 90 

multiple lung function trajectories can lead to COPD in later life: some people start off with low lung 91 

function in early adulthood but have a relatively slow lung function decline, while others progress more 92 

rapidly,[14] with the rate of decline being more rapid in earlier disease stages.[15, 16] Indeed, small 93 

airways dysfunction occurs early in the disease process, is a precursor of further disease development 94 

(e.g., emphysema),[17] and is independently associated with lung function decline.[18]  95 

A study comparing disease trajectories in patients with COPD-alone, asthma-alone, and asthma+COPD 96 

identified maternal smoking, childhood respiratory infections before 5 years of age, and family history as 97 

more prevalent in those with both asthma and COPD than the other groups.[19] Furthermore, patients 98 

with COPD-alone showed rapid lung function decline, while those with asthma+COPD had lower starting 99 

lung function in early adulthood but only marginally faster decline than healthy controls.[19] In the 100 

Copenhagen City Heart Study, patients with asthma-COPD overlap and early-onset asthma were 101 

compared to patients with COPD-alone and to patients with asthma-COPD overlap and late-onset 102 

asthma.[20] The latter group showed more rapid lung function decline, increased exacerbation frequency, 103 

and reduced life expectancy.[20] While biological reasons may underlie this observation, one possibility 104 

is that patients with asthma-COPD overlap and late-onset asthma suffer delayed asthma diagnosis. For 105 

these patients, earlier identification and treatment of asthma pathology may be associated with improved 106 

prognosis. 107 

This calls for efforts to identify risk factors predictive of the development of future airways disease in early 108 

adulthood or late childhood when attainment of maximal lung function occurs. It seems more useful to 109 

search for traits that not only put one at risk but that are also modifiable, i.e., “treatable traits”,[21] and 110 

aim to predict but also prevent the development of airways diseases and its consequent morbidity.  111 

Can biology help us predict the development of airway disease?  112 

Type 2 (T2) airway inflammation – characterized by T2 cytokine production (e.g., interleukin (IL)-5, IL-4, 113 

IL-13) and eosinophilic and allergic inflammation in the presence of atopy – is present in a large proportion 114 
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of patients with established airways diseases.[22-24] In both asthma and COPD, T2 inflammation is the 115 

most treatment-responsive trait targeted by inhaled and systemic corticosteroids.[24] Asthma can now 116 

be treated with biologics targeting inflammatory pathways (anti-IgE, anti-IL-5/5R, anti-IL-4/IL-13, and anti-117 

thymic stromal lymphopoietin (TSLP)),[8] resulting in reduced exacerbation rates. T2 inflammation is 118 

easily recognized with clinically accessible biomarkers: fractional exhaled nitric oxide (FeNO) and blood 119 

eosinophil count.[25] The combination of these two biomarkers is prognostic of asthma attacks and 120 

predictive of treatment response.[26, 27]  121 

There is increasing evidence that the presence of T2 inflammation may predict the development of 122 

airways disease. Allergic rhinosinusitis and atopic dermatitis not only coexist with asthma but often 123 

precede its development,[28] and the combination of atopic sensitization to aeroallergens with multiple 124 

respiratory tract infections in childhood predisposes to subsequent persistent asthma.[29] In a recent 125 

large longitudinal cohort study of young healthy individuals, an association was demonstrated between 126 

the baseline blood eosinophil count and development of obstructive lung disease with a hazard ratio of 127 

1.3 for blood eosinophils >200 cells/µL and an almost 2-fold risk in those with blood eosinophils >500 128 

cells/µL, compared to <100 cells/µL, in both smokers and non-smokers.[30] In additional studies, blood 129 

eosinophils correlated with lung function decline even in healthy individuals without asthma,[31, 32] and 130 

a 3-fold increase in baseline blood eosinophils was associated with an increase in the rate of FEV1 decline 131 

equivalent to that seen with a 10 pack-year history.[32] FeNO has also been associated with lung function 132 

decline in asthma,[33, 34] although this association has not been tested in health.  133 

 134 

II. A proposed framework to predict and prevent in airways disease  135 

From downstream firefighters to upstream predict-and-preventors  136 

In view of the substantial body of knowledge recently gained to predict and prevent airways-related 137 

morbidity,[5, 27, 35] there is an opportunity to move past ‘downstream firefighting’ and become ‘predict-138 

and-preventors’ (Figure 1). 139 

 140 
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Current model: the firefighter approach 141 

In mild-to-moderate airways disease, general practitioners (GPs), or “firefighters”, routinely assess risk 142 

factors for airflow obstruction (e.g., environmental exposures and smoking) and recommend measures to 143 

mitigate the risk of acute or chronic airflow deterioration. For example, they prescribe bronchodilators 144 

and/or higher-dose ICS according to a predefined treatment ladder largely based on symptomatic disease 145 

control, i.e., reacting when symptoms or airflow deteriorates.[7, 36, 37] This delayed approach in airways 146 

disease, which waits for recurrent exacerbations when treatment-responsive biology is present, is at odds 147 

with the GP’s actions in cardiovascular disease, where blood pressure, serum cholesterol, and functional 148 

capacity as well as imaging tests guide therapeutic decision-making before deleterious health outcomes 149 

occur.[38] This is also in contrast to the approach taken by GPs predicting and preventing osteoporosis, 150 

where a biomarker (bone mineral density) is used to identify patients at risk of a specific outcome 151 

(fracture), and treatment is started to prevent this outcome. In an increasing number of patients, this 152 

preventive, biomarker-driven treatment is accomplished with a biologic.[39]   153 

While some progress has been made in asthma and COPD guidelines, where the peripheral blood 154 

eosinophil count can guide the initiation of ICS in COPD [6] and biologics in asthma,[7] national guidelines 155 

do not always endorse this approach.[37] This results in lack of awareness on the utility of T2 biomarkers 156 

such as blood eosinophils and/or FeNO to target increased airways inflammation.[40] If left untreated, 157 

airways inflammation can provoke acute attacks requiring prescription of systemic corticosteroids and/or 158 

antibiotics to provide relief, with the unfortunate consequence of adverse events.[41-44] Progress has 159 

also been made with use of the combination of ICS and a long-acting bronchodilator for both maintenance 160 

and quick relief therapy, which has been shown to reduce severe exacerbations and cumulative steroid 161 

exposure.[45] The hypothesis that the success of this approach is related to the early treatment of T2 162 

inflammation that is increased prior to a period of loss of control[46] is still under investigation.[47]  163 

When disease remains uncontrolled, a proportion of patients will be referred to the respirologist-164 

firefighter. If the diagnosis is indeed asthma, specialists assume that most (≥50%) of severe disease is 165 

caused by smouldering T2 eosinophilic airway inflammation.[48]  High-dose ICS are prescribed first, and 166 

for some patients, oral corticosteroids (OCS) are necessary.[49-53] Indeed, OCS are helpful when airway 167 

mucosal mechanisms drive recruitment of eosinophils towards the airway epithelium because they may 168 
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deplete the reservoir of circulating eosinophils,[54] thus preventing eosinophil recruitment even in the 169 

presence of a strong chemotactic pull towards the airway epithelium.[53, 55] More recently, the 170 

availability of monoclonal antibodies to treat patients with severe asthma has translated to extraordinary 171 

efficacy in both ‘red-hot’ inflammatory asthma, defined as asthma with elevated levels of blood 172 

eosinophils and FeNO, as well as in patients with less evidence of T2 inflammation.[8, 56] At last, the 173 

specialist-firefighter addresses the scarred and scared severe asthmatic’s problem with a targeted 174 

biologic. 175 

Thus, from start to end of the asthmatic’s experience under the firefighter approach, recurrent attacks 176 

can lead to irreversible airflow limitation, lung function decline, and airway remodelling.[57, 58] While 177 

systemic corticosteroids may treat the inflammation causing the clinical problem, their combination with 178 

uncontrolled airway disease reshapes the appearance, health status, and life of patients.[41, 42, 44, 59] 179 

Similar to airway remodelling, involving loss of airway lumen and function due to recurrent asthma 180 

attacks, the impairment in quality of life due to the impacts of uncontrolled airway disease and 181 

physiognomic changes due to the adverse effects of systemic corticosteroids can lead to what is referred 182 

to as “people remodelling”. With the downstream-firefighter approach, the processes of airway and 183 

people remodelling are progressive and universal because the treatments are not tailored to the patients’ 184 

airway biology or biomarkers until the very last stage of the disease, at which point they have suffered 185 

irreversible damage (Figure 1A). 186 

The predict-and-preventors  187 

The predict-and-preventor’s tasks involve early phenotyping of patients clinically (by looking for treatable 188 

comorbidities) and objectively (by measuring T2 inflammatory biomarkers and lung function) to decipher 189 

the underlying mechanisms of their airway disease,[60] estimate the risk of asthma attacks,[35] predict 190 

lung function decline,[30, 32, 34, 61] and most importantly, choose the right treatment for the right 191 

patient before airway and people remodeling occur.[5, 27, 62] 192 

This approach is based on recent analyses of the control arms of randomized clinical trials and real-world 193 

cohorts across the range of asthma severities showing that the baseline combination of blood eosinophil 194 

count and FeNO level identifies patients at risk of future asthma attacks,[26, 35, 63-68]  and lung function 195 
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decline.[32, 34, 61] Similar relationships have been observed at all stages of COPD for acute attacks[40, 196 

69-74] and lung function decline.[30] This relationship between baseline blood eosinophils, FeNO, and 197 

deleterious outcomes appears to be similar in strength and additive to that seen with other risk factors 198 

such as a history of an attack in the last year and treatment step.[75, 76] Importantly, the excess risk 199 

associated with elevated T2 biomarkers can be reduced with ICS in mild asthma[77] or COPD, higher-dose 200 

ICS in moderate asthma,[66, 67] and biologics targeting T2 inflammation in severe asthma.[78-83] 201 

Collectively, these findings suggest that, in T2 asthmatics, blood eosinophils and FeNO are important 202 

prognostic and theragnostic biomarkers across the range of airways disease severities.[35]Admittingly, 203 

these conclusions are mostly based on post-hoc analyses and, in consequence, the derivation and 204 

validation of a robust clinical prediction model centered on blood eosinophils and FeNO in people with 205 

asthma is under investigation.[84] Whether the use of biomarkers in patients with established airways 206 

diseases supports extrapolation of these biomarkers as predictors of early disease or disease onset is not 207 

entirely known and requires further study.   208 

The predict-and-preventor identifies patients with inflamed (T2) airways, who are at risk of airway and 209 

people remodeling and act upstream to avoid predictable and avoidable downstream firefighting. (Figure 210 

1B) 211 

III. Pathomorphosis of airways disease: the influence of novel therapeutics and environment 212 

on the treatment paradigm 213 

Because of environmental changes and the introduction of new therapeutic approaches, we are 214 

witnessing several changes – a pathomorphosis – in what we call airways disease.[85] Pathomorphosis is 215 

defined as the changes in clinical disease presentation that occur under the influence of various factors, 216 

including genetic and environmental changes, new treatments, and owing to lung ontogenic 217 

evolution.[86] Throughout history there have been examples of medicine altering the trajectory of 218 

disease: in World War I, the hypovolemic shock resulting from major trauma and blood loss led to the use 219 

of rudimentary blood transfusion, which led to acute renal failure. This brought about dialysis, which 220 

increased the incidence of acute respiratory distress syndrome (ARDS), which in turn led to improved 221 

methods of life-saving mechanical ventilation. Prolonging life through mechanical ventilation has led to 222 

ventilator-associated pneumonia and septic shock. Thus, through therapeutic interventions, shock has 223 
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morphed from hypovolemic to septic. Asthma and COPD are undergoing comparable modifications from 224 

purely bronchoconstrictive conditions to modifiable inflammatory ones.         225 

The advent of biologics targeting inflammatory pathways in asthma 226 

Although asthma was first described several centuries ago,[87] specific phenotype-designed therapeutic 227 

approaches have only been developed in the last two decades. This may be the result of using a general 228 

umbrella diagnosis for a syndrome that consists of different –sometimes overlapping – traits. Asthma was 229 

initially considered a purely bronchospastic disorder, and it was only in the mid-1990s that airways 230 

inflammation was demonstrated even in mild asymptomatic asthmatics.[88] More recently, different 231 

types of airways inflammation have become apparent, notably the continuum ranging from T2 low to T2 232 

high.[89, 90] Of note, this continuum is dynamic, with nearly 1 in 2 patients with severe asthma assigned 233 

to a different biomarker cluster after 1 year of follow-up.[91] 234 

If left untreated, the natural history of asthma ranges from mild symptoms to life-threatening or even 235 

death.[92] Asthma can go into clinical remission for periods of time and even indefinitely.[93] In this 236 

regard, mild asthma does not necessarily mean low-risk asthma, and it is now time to start thinking of 237 

treating the inflammation signature to avert further deterioration of the disease.  238 

Over the years asthma has been treated with bronchodilators, xanthines, leukotriene modifiers, 239 

corticosteroids, immunosuppressants, and now biologics.[94] Each type of asthma treatment can provoke 240 

different levels of benefits and pathophysiological changes in the airways. In severe asthma, targeted 241 

therapy with biologics has increased our understanding of how blocking specific immune pathways (e.g., 242 

IgE, IL-4/13, IL-5, and TSLP) influences clinical outcomes and may modify its natural course. With such 243 

therapeutic armamentarium and increased knowledge on biomarkers, we are now able to assess the 244 

prognosis of individuals with asthma, predict the clinical response to treatment, and avert further 245 

deterioration of lung function as well as reduce the risk of exacerbations and hospitalizations.[95]  246 

This is certainly doable now in T2-high asthma where reduction of the risk of exacerbations and 247 

hospitalizations and induction of clinical remission may be possible in a biomarker-directed fashion.[96] 248 

Although work is needed to identify and treat T2-low asthmatics, who in general exhibit several other 249 

comorbidities (i.e., COPD and obesity), new therapies are emerging.[97, 98] There are now therapies 250 
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available that target T2-high asthma, therapies that target T2-low asthma, and therapies that can treat 251 

both phenotypes by targeting the epithelium (Table 1). Conversely, the lack of currently available and 252 

effective biologic treatments for COPD leaves an unmet need for effective therapeutics to treat COPD. 253 

However, by targeting within the COPD group those patients with T2 inflammation and co-existence of 254 

asthmatic features, we may be able to target the right therapeutic to the right disease phenotype by 255 

targeting treatable traits irrespective of the diagnostic label.   256 

Understanding the environmental and social determinants of airways disease 257 

Environmental factors such as infection, pollution, allergens, climate change, and housing conditions are 258 

known to contribute to both the initial onset and exacerbation of airways disease,[99] and greater 259 

understanding – and hopefully mitigation – of these environmental insults on the asthma landscape will 260 

inform next-generation treatment paradigms. In tandem with a patient’s genetic predisposition, asthma 261 

can evolve into several phenotypes owing to in utero exposures,[100, 101] factors in the environment that 262 

trigger immune responses and inflammation in the airways,[102] personalized targeted therapies,[95] and 263 

climate change.[103, 104] The latter affects air quality and likely plays a role in the displacement of vectors 264 

that provoke respiratory infections that can influence the epidemiology of asthma.[90]  265 

Environmental factors often synergize with social determinants of health (e.g., economic stability, access 266 

to healthcare and education, and health literacy) to disproportionately skew the burden of asthma 267 

morbidity and mortality towards underrepresented groups, particularly Black and Latinx patients.[105] To 268 

address the goal of health equity for all, current and future therapeutics should be evaluated in clinical 269 

trials with racially and ethnically diverse populations,[106] and those trials need to collect better data on 270 

participants’ socioeconomic status, level of education, insurance coverage, and other social determinants 271 

of health to ensure that the information used for creation of national guidelines is generalizable to all 272 

patients.[107]          273 

Raising the bar for effective therapies: achieving clinical remission and withdrawal of OCS 274 

The bar for demonstrating effective treatment of severe asthma has been raised, with new therapeutic 275 

targets focused on disease modification and clinical remission. The ambition to achieve a stable period 276 
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with little to no disease activity, optimized lung function, and lack of systemic steroid treatment – termed 277 

clinical remission – has now become a therapeutic target with the advent of biologic therapies.[96, 108] 278 

The campaign for remission in asthma is supported by outstanding progress in rheumatology, where 279 

clinicians treating rheumatoid arthritis with disease-modifying antirheumatic drugs and biologics have 280 

advanced the treatment paradigm to long-term complete control with less disease progression.[109] In 281 

asthma, severe exacerbations with associated bursts of OCS and hospital care contribute to a self-282 

perpetuating cycle of epithelial damage, inflammation, tissue remodeling, and impaired lung function.[57, 283 

110] Biologics are effective OCS-sparing agents, particularly in patients with eosinophilic asthma, and 284 

increasing use of biologics has made tapering and cessation of maintenance OCS more common and 285 

feasible. A recent consensus study found that 95% of experts agree the goal should be to avoid OCS 286 

completely, yet long-term OCS therapy is estimated to be used in 20-60% of severe asthma patients.[111] 287 

Even in mild asthma, as few as 4-5 lifetime OCS courses increases the risk of osteoporosis, diabetes, and 288 

cataract,[112] and long-term OCS use is associated with increased mortality, reduced quality of life, and 289 

increased healthcare resource utilization and costs.[59]  290 

Thus, further research is needed to substantiate clinical guidelines aimed at tapering or replacing OCS 291 

with safer management options. Ongoing clinical trials will aim to assess whether available biologic 292 

therapies can modify the natural history of moderate-to-severe asthma, through reductions in airway 293 

hyperresponsiveness and remodeling and prevention of lung function decline. The development and 294 

evaluation of new biologic therapies combining symptom control with disease modification will likely be 295 

needed to establish clinical remission as a realistic treatment goal. Yet more work is needed in mild 296 

asthma. In children, predicting the development of asthma has been attempted using different clinical 297 

indices methods,[113] and more recently algorithms and machine learning have been identified as a tool 298 

to predict asthma development.[27, 114] The treatment paradigm for childhood asthma has begun to 299 

shift towards earlier intervention, as control of inflammation early in life may help to preserve lung 300 

function in adulthood, although there is a paucity of data in children under 5 years of age.[115] The goal 301 

should be to diagnose early predisposition in healthy individuals using biomarkers as well as polygenic risk 302 

scores, at which time patients can be advised of risks and make therapeutic or preventive decisions. 303 

 304 
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Conclusion 305 

In summary, with the availability and validation of accessible biomarkers, it is now possible to determine 306 

if T2 airway inflammation – a treatable trait – is present in all patients with asthma and COPD, even in 307 

asymptomatic individuals. The first step in the way forward is to implement a predict and prevent 308 

approach in those diagnosed with airways disease early in their patient journey. For the busy clinician, the 309 

message is to phenotype early in the patient’s disease and direct treatment to treatable processes rather 310 

than just relying on symptoms. Indeed, appropriate biomarker-based phenotyping can identify high-risk 311 

disease, defined as multiple exacerbations or accelerated lung function decline, and effectively target the 312 

right therapy to the right patient at the right time. The aim here should be to achieve clinical remission 313 

and prevent further airway and people remodeling. We advocate for research to move the predict and 314 

prevent approach further upstream in the disease process, identifying T2 airways inflammation early – 315 

even in the subclinical state, as this may pose significant risk of developing future airflow limitation and 316 

morbidity – and intervening to prevent it. For this to be realized, what is required is to combine accessible 317 

biomarkers (i.e., blood eosinophils, FeNO) with new, sensitive physiological measures that can detect 318 

subtle or early changes in the small airways,[116] in order to identify those in whom intervention may be 319 

more impactful.  320 
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Table 1. Currently available treatments that avert asthma exacerbations in severe asthmatics. 321 

T2 HIGH[7, 117, 118] T2 LOW[66, 119, 120] 

Corticosteroids   

Long-acting beta-2 agonists  

Macrolides (in the presence of infection) 

Mepolizumab                                   

Reslizumab                             

Benralizumab                              

Omalizumab                                     

Dupilumab 

Tezepelumab 

 

Long-acting beta-2 agonists  

Antimuscarinics (for airway obstruction) 

Macrolides  

Tezepelumab 

 

  322 
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Figure Legends 323 
 324 
Figure 1A. ‘Downstream firefighting’ of airway disease involves prescribing inhaled therapy and systemic 325 

corticosteroids at times of loss of control to alleviate symptoms and acute airway attacks. Because the 326 

underlying incendiary process of type 2 inflammation remains active, this one-size-fits-all downstream 327 

approach is associated with airway remodelling (e.g., loss of airway lumen and function due to recurrent 328 

airway attacks – especially in inflamed, ‘red hot’ airways, identified by elevated type 2 biomarkers) and 329 

people remodelling (e.g., impairment in quality of life due to the impacts of uncontrolled airway disease 330 

and physiognomic changes due to the adverse effects of corticosteroids). With the firefighter approach, 331 

the process of airway/people remodelling is universal because our treatments are not tailored to the 332 

patients’ airway biology and biomarkers until the very last stage of the disease, at which point they have 333 

suffered irreversible damage.  334 

 335 
Figure 1B. An upstream ‘predict and prevent’ approach could avoid substantial airway/people remodelling 336 

by identifying and tackling underlying causal pathways that may lead to the development of airway 337 

disease, uncontrolled symptoms, loss of lung function, and recurrent attacks. Predict-and-preventors 338 

measure biomarkers with mechanistic, prognostic, and theranostic values such as the blood/sputum 339 

eosinophil (eos) count and fractional exhaled nitric oxide (FeNO) to pulverize the problem at its source. 340 

We speculate that measuring biomarkers early can lead to faster identification of ‘hot-but-well’ people 341 

with high-risk airways. The potential impact of targeting modifiable risk at all stages of disease would be 342 

to avoid substantial airway/people remodelling in airway disease – a pathomorphosis. 343 
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