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1  | INTRODUC TION

In 1958, Dr Harry Morrow Brown published a seminal paper in the 
Lancet, which demonstrated the clinical response to corticosteroids 
in patients with chronic persistent asthma was associated with the 
presence of eosinophils in sputum.1 This study was performed after 
the United Kingdom Medical Research Council subcommittee on 
clinical trials in asthma reported no advantage of cortisone acetate 
in the treatment of chronic asthma, which was a result that many in‐
cluding Dr Morrow Brown found surprising.2 This outcome may have 
been due in part to the study design and reported outcomes but 
also in part to the inclusion of a heterogeneous patient population 
with a clinical diagnosis of asthma. Many years later, a study using 

sputum samples induced with hypertonic saline also demonstrated 
that patients with asthma and a sputum eosinophil count ≥3% had a 
greater response to inhaled corticosteroids (ICS) compared to those 
with an eosinophil count <3%.3 Woodruff and colleagues subse‐
quently demonstrated that an IL‐13‐derived epithelial gene signa‐
ture (periostin, serpin B2 and CCLA1) was associated with airway 
eosinophilia and upregulation of type‐2 cytokines IL‐5 and IL‐13 but 
importantly this gene signature was only seen in 50% of asthmatics 
who had withdrawn ICS.4 Further, reintroduction of ICS was again 
associated with an improvement in lung function in subjects with 
evidence of eosinophilia and upregulation of type‐2 cytokines, but 
which importantly was not seen in those subjects without evidence 
of airway type‐2 inflammation/eosinophilia. The authors coined the 
terms Th2‐high and Th2‐low asthma and reinvigorated the debate 
about noneosinophilic asthma and, importantly, asthma which is not 
responsive to ICS. In another study, using data from the National 
Asthma Research Programme in the United States, McGrath and 
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The identification of sputum eosinophilia indicating corticosteroid responsiveness in 
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is needed to clarify underlying non‐type‐2 mechanisms in severe asthma pathways 
and possible therapeutic targets. This review addresses progress to date in clinical as‐
sessment and management of severe asthma and some of the challenges and unmet 
needs in severe asthma to achieve the goal of delivering individualized patient care.
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colleagues also demonstrated that subjects with mild‐to‐moderate 
asthma and no evidence of sputum eosinophilia (defined as sputum 
eosinophil count <2%) had no improvement in lung function with 
ICS but showed evidence of a bronchodilator response consistent 
with asthma.5 This study also identified that in ICS naive subjects, 
47% have no evidence of sputum eosinophilia in serial samples taken 
at various points over a 1‐year period but this proportion increased 
to 72% in subjects currently taking ICS treatment. Taken together, 
these data would suggest that substantial groups of patients with 
mild and moderate asthma have little evidence of type‐2 cytokine‐
driven airway eosinophilia (T2‐low asthma) and by extension are 
likely to have little response to either initiation or escalation ICS 
treatment.

McGrath and colleagues also reported that the patients with 
noneosinophilic mild asthma had less bronchial hyperrespon‐
siveness than those with airways eosinophilia. Likewise, Arron 
and colleagues demonstrated an inverse relationship between 
an IL13‐high gene signature (T2‐high asthma) and bronchial hy‐
perresponsiveness, suggesting that T2‐low/noneosinophilic dis‐
ease is associated with less physiological abnormality.5,6 This is 
supported by data which suggest that noneosinophilic asthma 
is associated with lower risk of asthma exacerbation and there 
is strong evidence that surrogate biomarkers of type‐2 airways 
inflammation (blood eosinophil count, fractional exhaled nitric 
oxide [FeNO], serum ECP and serum periostin) are all prognos‐
tic biomarkers for exacerbation.7-9 The evidence is most robust 
for elevated blood eosinophil count and FeNO, which have con‐
sistently been associated with a higher exacerbation rate in the 
placebo arms of clinical trials in patients with severe asthma se‐
lected on the basis of a prestipulated biomarker threshold.10-12 
Taken together, this would suggest there are those with per‐
sistent symptoms who meet the diagnostic criteria for severe 
asthma (Box 1)13 but have little evidence of active T2‐driven 
disease. Although these patients are biomarker low and have a 

Major Milestone Discoveries

•	 Characterisation of type‐2 cytokine pathways, which 
have allowed identification of molecular targets for bio‐
logical therapies.

•	 Development of novel biological therapies effective 
in treating type‐2 cytokine‐driven eosinophilic severe 
asthma.

•	 Identification of clinically useful biomarkers of type‐2 in‐
flammation that are easily measured, are prognostic for 
exacerbation, aid phenotyping and guide treatment in 
severe asthma.

•	 Development of smart inhalers with aligned biomarker 
profiling to define treatment pathways in severe asthma.

Future Research Perspectives

•	 A greater understanding of non‐type‐2 mechanisms 
driving asthma to enable the development of biomark‐
ers and identification of therapeutic targets.

•	 Clarity around the factors and mechanisms driving 
residual severe exacerbations in type‐2 high asthma 
treated with biologics targeting these pathways.

•	 Further data on molecules targeting epithelial alarmins 
in the treatment of severe asthma.

•	 Elucidating the best interventions to improve adherence 
in subjects with severe asthma likely to benefit from 
regular treatment with inhaled corticosteroids.

•	 Identification and development of disease‐modifying 
treatments for severe asthma.

Box 1 GINA guideline definitions of uncontrolled asthma, difficult‐to‐treat asthma and severe asthma13

Uncontrolled asthma
Defined as one or both of the following:
•	 Poor symptom control
•	 Frequent exacerbations

Difficult‐to‐treat asthma
Defined as either of the following:
•	 Uncontrolled asthma despite GINA 4/5 treatment
•	 Asthma that requires GINA 4/5 treatment to maintain good control and reduce exacerbation risk

Severe asthma
Defined as either of the following:
•	 Asthma uncontrolled despite adherence with maximal optimized therapy and treatment of contributory factors
•	 Asthma that worsens when high‐dose treatment is decreased
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comparatively low exacerbation risk, it is important to comment 
that severe asthma exacerbations still occur in these symptom 
high, type‐2 biomarker‐low patients albeit at a much lower rate.

It is recognized that treatment with corticosteroids will down‐
regulate type‐2 inflammation and related biomarkers and that 
prednisolone may have a larger effect on peripheral blood eosin‐
ophil count compared with sputum eosinophil count or FeNO.14-

16 High‐dose ICS and oral corticosteroid therapy are therefore 
an important confounder in subjects with more severe asthma. 
This raises two important issues—firstly, whether true T2‐low 
asthma exists in more severe asthma when corticosteroids are 
down titrated and secondly, what is the mechanism of persistent 
symptoms in subjects with asthma when type‐2 corticosteroid‐
responsive asthma is not present. As discussed above, “true” T2‐
low asthma appears to be relatively common in mild asthmatic 
subjects who do not require regular ICS treatment but is gen‐
erally associated with mild symptoms, less bronchial hyperres‐
ponsiveness and a lower risk of asthma exacerbation compared 
to subjects with T2‐high disease. Intuitively, it seems improbable 
that this group of patients would be progressed to high‐dose ICS 
treatment; however, if symptoms are persistent and not ICS re‐
sponsive as appears to be the case, it is possible that some of 
these patients may be escalated to high‐intensity treatment to 
try and improve their symptoms. The issue of whether true T2‐
low asthma exists in severe asthma is currently being explored in 
the RASP‐UK programme, where patients are having corticoste‐
roids “downtitrated” if their biomarkers of T2‐driven disease are 
low.17 This study offers much needed exploration of the use of 
T2 biomarkers in high‐dose ICS and oral corticosteroid‐treated 
asthmatics, and a comparison of their performance to more tradi‐
tional markers such as sputum eosinophil counts. The other ques‐
tion on the mechanism of persistent symptoms and lung function 
impairment in T2‐low asthma (type‐2 biomarker‐low patients) is 
discussed further below.

2  | DISE A SE STR ATIFIC ATION IN SE VERE 
A STHMA—UNR AVELLING COMPLE XIT Y

The 2018 GINA Guideline on difficult‐to‐treat and severe asthma in 
adults and adolescents outlines the definitions for uncontrolled, dif‐
ficult‐to‐treat and severe asthma (Box 1).13 It is recognized that severe 
asthma is a complex clinical problem which is not exclusively about 
airways inflammation and response to treatment—behavioural factors, 
common comorbidities, cough reflex hypersensitivity, bronchial hy‐
perresponsiveness and structural change are all features that may be 
related or separate to inflammatory events in the airways (Figure 1).18 
Over a decade ago, studies of severe asthma cohorts first described the 
contribution of multiple comorbidities to patients' disease burden.19,20 
These comorbidities appear to be very reproducibly represented in se‐
vere asthma cohorts and where possible should be considered poten‐
tial targets for intervention or “treatable traits” in severe asthma.21,22 
As an exemplar of this complexity and how important it is to have a ho‐
listic approach to the assessment of poorly controlled severe asthma, 
Ten Brinke and colleagues examined risk factors for frequent exac‐
erbations in difficult‐to‐treat asthma and demonstrated psychological 
dysfunction was the greatest driver of recurrent exacerbation in this 
population.23 Thus, detailed systematic assessment, including a firm 
diagnosis of asthma and identification of all contributing factors and 
particularly traits which are potentially treatable, is an important part 
of clinical assessment in severe asthma rather than continually escalat‐
ing treatment in response to persistent symptoms.24

3  | FAILURE TO RESPOND TO INHALED 
CORTICOSTEROID TRE ATMENT

Assuming a robust diagnosis of asthma and that other factors con‐
tributing to symptoms have been identified and addressed insofar as 

F I G U R E  1   Deconstructing severe 
asthma into component parts which can 
be identified and potentially addressed in 
the clinic—this includes extra‐pulmonary 
factors that can contribute to persistent 
symptoms (reproduced with permission 
from reference 17). These factors may 
evolve with time, necessitating regular 
patient evaluation13
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is possible, there are broadly speaking three reasons why patients 
with asthma do not respond to ICS treatment in the clinic 7:

1.	 Nonadherence: ICS responsive but not taking ICS treatment.
2.	 Relative resistance to corticosteroids: Persistent type‐2 inflam‐

mation despite good adherence with high‐dose ICS treatment 
(before biological therapy, these patients usually progressed to 
maintain systemic steroids).

3.	 Non‐T2 mechanisms: ICS unresponsive mechanisms.

In terms of inhaled medication nonadherence, this is known to be 
common and remains the major challenge in achieving much better 
asthma control. Adherence with inhaled treatment in mild asthma 
can be less than 35% of prescribed treatment when compared to 
objective monitoring.25,26 Even in UK patients with severe asthma 
who were very prone to exacerbation and had a high symptom 
burden, 65% of new referrals for specialist assessment collected 
less than 80% of their inhaled preventive medication.27,28 In an 
elegant study from the Netherlands, 17.4% of the adult asthma 
population had “difficult‐to‐control” asthma (poor asthma control 
despite prescription of high‐intensity treatment) but after exclud‐
ing nonadherence/poor inhaler technique, only 3.6% had severe 
refractory asthma.29

Nonadherence is consistently associated with poor clinical out‐
comes including death, hospital admission, poor control and qual‐
ity of life.30-32 It is economically expensive for healthcare systems 
due to increased healthcare utilization costs, systemic corticoste‐
roid‐induced morbidity in severe disease33-35 and the potential for 
inappropriate escalation of treatment to the novel biological thera‐
pies targeting the type‐2 cytokine axis. In mild asthma, recent data 
have suggested that as required use of a combination inhaled rapid 
onset long‐acting β2‐agonist and ICS inhaler may be a good option 
for treating mild disease.36,37 This strategy is superior to as required 
short‐acting β2‐agonist alone and equivalent to regular ICS (with 
good adherence) in terms of exacerbation reduction, but regular ICS 
treatment appeared to deliver overall better asthma control. As an‐
ticipated, the exacerbation rate in this mild population is relatively 
low so an as required treatment strategy in patients with intermit‐
tent symptoms may be intuitively more attractive and deliverable in 
the mild asthma population.

However, there are patients with more severe asthma where as 
required ICS treatment is unlikely to be effective and where reg‐
ular treatment needs to be delivered to maintain disease control 
and reduce exacerbation risk. As a starting point, it is helpful in 
this population to confirm that type‐2 inflammation is present and 
the use of easily measureable biomarkers of type‐2 inflammation 
such as FeNO and blood eosinophil count should be advocated 
prior to “blindly” escalating treatment in this population. FeNO is 
an excellent biomarker of response to ICS,15,38 and it has previ‐
ously been shown that suppression of this biomarker with 5 days 
of directly observed treatment is useful to identify nonadherence 
in subjects referred for specialist assessment with poor asthma 
control despite prescription of GINA 4/5 treatment.39 This type 

of approach facilitates the identification of patients who would 
achieve a good response to better adherence with inhaled treat‐
ment but also identifies patients who, despite adequate treat‐
ment with high‐dose ICS treatment, are likely to have persisting 
type‐2 inflammation and will probably require escalation to novel 
biologic therapies.38 The advent of novel “Smart inhalers” aligned 
with biomarker profiling (FeNO and blood eosinophil count) will 
make this an important process in the clinic prior to treatment 
escalation.40,41 It is important to note alignment of ICS exposure 
using a “smart inhaler” technology with biological response is a 
“phenotyping” process to identify where to initiate novel biologic 
treatments but also to identify those patients to target adherence 
interventions. It does not “fix” poor adherence but relatively sim‐
ple interventions, such as mobile text messaging in chronic disease 
management, have been shown to improve adherence and simple 
reminder systems have also been shown to improve inhaled main‐
tenance treatment in asthma.42,43 The pharmaceutical industry 
is now moving into smart inhaler technology with digitally con‐
nected inhaler systems; however, we need further studies to de‐
fine the best intervention to improve adherence in subjects where 
optimized inhaled treatment is likely to be effective.

4  | RECENT NOVEL THER APEUTIC 
ADVANCES

Novel treatments in severe asthma target components of the type‐2 
cytokine axis (Figure 2). In a recent Cochrane review of 13 studies 
examining add‐on mepolizumab, reslizumab and benralizumab in ca 
6000 patients with poorly controlled, severe eosinophilic asthma (ei‐
ther ≥2 exacerbations in preceding year/ACQ ≥1.5) despite standard 
treatment, all reduced exacerbation rates (rescue OCS ≥3 days) by ap‐
proximately 50%.44 There were modest improvements in symptoms 
and asthma‐related quality of life measured by ACQ and AQLQ (which 
did not meet the minimally clinically important difference [MCID]) 
with improvements in St. George's Respiratory Questionnaire (SGRQ) 
assessed in two studies. A small improvement in prebronchodilator 
FEV1 of 80‐110  mL was noted. There were no excess serious ad‐
verse events with anti‐IL‐5 treatment, although drug discontinuation 
was significantly more for benralizumab than placebo; however, the 
numbers were small (36/1599 benralizumab versus 9/998 placebo). 
Benralizumab and mepolizumab have also been shown to reduce oral 
corticosteroid dose compared to placebo with a parallel reduction 
in exacerbation rate.45,46 Drugs targeting IL‐13 alone (lebrikizumab 
and tralokinumab) have demonstrated less efficacy than anticipated 
in phase 3.47,48 However, dupilumab, which targets the IL4 receptor 
preventing IL‐4 and IL‐13 signalling, demonstrated a significant reduc‐
tion in severe exacerbations (47.7% reduction for 200 mg dupilumab 
compared to placebo, P < 0.001) and additionally demonstrated lung 
function improvement which was evident early after treatment ini‐
tiation (at week 12, FEV1 increased 0.14 litres compared to placebo, 
P < 0.001).11 Dupilumab treatment also resulted in a significant re‐
duction in OCS in subjects on maintaining OCS treatment (70.1% 



306  |     MCDOWELL and HEANEY

with dupilumab vs 41.9% in the placebo group [P < 0.001] with a 59% 
lower exacerbation rate than placebo and mean increase in FEV1 of 
0.22 litres more than placebo).49

In all these studies, it has become clear that type‐2 biomarkers 
(FeNO and blood eosinophils) are not only prognostic for severe ex‐
acerbations, they are also predictive of therapeutic response to these 
therapies. In other words, for anti‐IL5 treatment, in patients with a 
higher peripheral blood eosinophil count, there is a greater thera‐
peutic effect.50-54 Similarly for dupilumab, a greater treatment effect 
is seen in patients with either increased FeNO or peripheral blood 
eosinophil count.11 The current evidence on the role of T2 biomark‐
ers as a predictor of response to anti‐IgE therapy is conflicting. Post 
hoc analysis of pivotal clinical trials reported a greater reduction in 
exacerbations with omalizumab treatment in T2 biomarker‐high sub‐
groups.55,56 In contrast, real‐world observational studies STELLAIR 
and PROSPERO have shown no difference in exacerbation reduction 
between the biomarker‐high and biomarker‐low subgroups treated 
with omalizumab.57,58 What may also be clinically useful is that these 
studies have helped identify biomarker thresholds for blood eosino‐
phil count and FeNO, where intervention with a drug targeting the 
type‐2 cytokine axis is unlikely to deliver significant clinical benefit—
specifically little benefit is seen if blood eosinophil count is <150 cells/
µL (anti‐IL‐5/anti‐IL‐4R) and FeNO is <25 ppb (anti‐IL‐4R).43,49 It has 
become clear that the available type‐2 biologics target overlapping 
clinical populations, and it remains to be seen if these biomarkers can 
also be helpful in selecting the best drug for individual patients. For 
example in a patient who has a blood eosinophil count <150 cells/

µL but elevated FeNO, then dupilumab may be a better therapeutic 
option, but this remains to be tested in clinical trials or potentially in 
real‐world clinical settings using severe asthma clinical registries. A 
50% reduction in severe exacerbations has been seen consistently in 
clinical trials targeting the IL‐5 or IL4/13 axes, and understanding the 
mechanism of the residual severe exacerbations with these therapeu‐
tic interventions is a pressing unmet need in severe asthma.

Tezepelumab targets thymic stromal lymphopoietin which is an 
epithelial alarmin and in a phase 2 clinical trial reduced exacerba‐
tions by 60%‐70% in patients on moderate dose ICS and a second 
controller.12 All biomarkers of type‐2 biology were suppressed in‐
cluding blood eosinophil count, FeNO and serum immunoglobulin 
E, suggesting a broader profile of action against the type‐2 cytokine 
axis than currently available biologic therapies. In addition, in sub‐
jects with FeNO <24 ppb, a small but significant exacerbation reduc‐
tion has been seen, raising the possibility that this treatment may 
impact exacerbations which are not primarily caused by type‐2 in‐
flammation.12 Subsequently, this agent was awarded “breakthrough 
therapy designation” by the US Food and Drug Administration in 
September 201859; however, it remains to be seen if this promise 
is maintained in phase 3 of the clinical drug development. Clinical 
trials targeting another epithelial alarmin namely the IL33/ST2 axis 
are also currently in phase 2, and results are eagerly awaited.

Azithromycin taken regularly reduced moderate exacerba‐
tions in a large Australian study in moderate‐to‐severe asthma 
(AMAZES).60 The definition of moderate exacerbations included 
episodes requiring antibiotics or increased medication usage but 

F I G U R E  2   Novel therapies in severe asthma target components of the type‐2 cytokine axis. anti‐Il4R, anti‐IL4 receptor antagonist; anti‐
IL5R, anti‐IL5 receptor antagonist; DC, dendritic cell; DP2, prostaglandin D2 receptor; IgE, immunoglobulin E; IL, interleukin; ILC2, innate 
lymphoid cell type‐2; PGD2, prostaglandin D2; EOS, eosinophil; MC, mast cell; BAS, basophil
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importantly in a predefined post hoc analysis azithromycin reduced 
severe exacerbations requiring rescue systemic corticosteroids. Of 
interest, the treatment benefit of azithromycin was reported to be 
seen in subjects with both eosinophilic and noneosinophilic asthma 
where noneosinophilic asthma was defined by sputum eosinophil 
count of less than 3% at study entry or, if sputum was unavailable, a 
blood eosinophil count of less than 300/µL. This would suggest that 
this intervention potentially works in all patients with asthma who 
remain exacerbation prone despite background ICS treatment in‐
cluding those with T2‐high phenotype. However, widespread use of 
this approach needs to be weighed up against the potential for anti‐
biotic resistance, which is a recognized problem with regular macro‐
lide use, but in subgroups of patients where there are persistent or 
frequent bacterial isolates, this is a clinically useful strategy.

Other interventions putatively targeting non‐type‐2 inflamma‐
tion in asthma including IL‐17 and CXCR2 have thus far been disap‐
pointing in clinical trials but importantly, these trials did not preselect 
on the basis of the relevant target being both upregulated and causal 
in recruited patients with asthma.61,62 It has been suggested that 
IL‐17 and IL‐13 are reciprocally regulated in asthma which may mean 
that targeting these inflammatory pathways together may be advan‐
tageous but the reduced efficacy in targeting IL‐13 alone has poten‐
tially questioned the efficacy of this strategy.63

There has been interest in a potential role of IL‐6 in severe 
asthma and other pulmonary disease.64 Data from the Severe 
Asthma Research Programme (SARP) in the United States have 
suggested that elevated IL‐6 is seen predominantly in obese pa‐
tients with asthma and is associated with metabolic dysfunction 
including elevated CRP and neutrophil leucocytosis.65 Of note, lung 
function was lower in IL6‐high patients, including those who were 
not obese, but the precise mechanism remains to be established 

and whether this is an effect on lung function which is independent 
of having asthma. Data from the Seinäjoki Asthma Study in Finland 
also reported high circulating levels of CRP and/or IL‐6 in adult‐
onset asthma patients with multiple comorbidities noting associa‐
tion with female gender, higher body mass index, greater smoking 
pack‐years and poor asthma control with worse lung function, 
again linking comorbidity, elevated IL‐6 and CRP with poor asthma 
control.66 However, elevated IL‐6 is associated with metabolic dys‐
function in other disease areas and the question remains whether 
the elevated IL‐6 is related to metabolic dysfunction in a subgroup 
of severe asthma patients than specifically to asthma.67-69

Bronchial thermoplasty is a physical rather than pharmacological 
modality shown to have a small clinical benefit, but in the context 
of a large placebo effect.70-72 It is thought to reduce the bronchial 
smooth muscle mass that contributes to airflow obstruction in 
chronic asthma, although the exact mechanism of action and the 
phenotype most likely to benefit from this treatment have yet to 
be defined. Interestingly, unlike the monoclonal antibodies where 
cessation of treatment is associated with clinical relapse,73,74 there 
is some evidence that the beneficial effects of thermoplasty may be 
longer lasting postprocedure with an improvement in exacerbation 
rate maintained at 5  years post‐treatment in the AIR2 trial,71 al‐
though unfortunately outcome data for the placebo arm of this trial 
are not available.

5  | THE CHALLENGE OF DEFINING T2‐
LOW SE VERE A STHMA

As discussed above, T2‐low asthma has been most clearly described 
in mild disease where suppression of background type‐2 inflammation 

F I G U R E  3   The clinical challenge of T2‐
low severe asthma: an obese patient with 
a clinical diagnosis of asthma on high‐dose 
treatment when assessed clinically with 
appropriate clinical investigations may 
have very different clinical outcomes, and 
in the absence of precise biomarkers to 
define non‐T2 mechanism in asthma/T2‐
low asthma, precise clinical phenotyping 
will be required to ensure both adequate 
clinical assessment and meaningful 
mechanistic investigation. ‘…… *This 
patient may have treated T2‐asthma but 
the exercise‐induced bronchoconstriction 
is probably independent of T2‐
inflammation, that is a T2‐low mechanism
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is not confounded by current ICS treatment. The mechanism of this 
asthma endotype remains unclear and is potentially heterogeneous. It 
may involve different inflammatory processes, for example, driven by 
IL17, IL6, IL23 or other inflammatory pathways or be independent of 
a specific inflammatory process and instead be due to airway smooth 
muscle or neural dysfunction. It is also likely that in some patients, other 
factors such as bacterial infection, other environmental exposures and 
extra‐pulmonary host factors, for example obesity, may be important in 
driving persistent symptoms which are not specifically asthma related. 
Accurate clinical phenotyping and defining the precise mechanism un‐
derlying symptoms in individual patients is critical to unravelling the 
complex heterogeneity seen regularly in any severe asthma clinic.

This heterogeneity and the clinical challenge of unravelling this 
complexity in the clinic are illustrated in Figure 3. If one considers a 
new patient referral with “difficult‐to‐control” asthma (Figure 3 and 
Box 1), on high‐dose treatment with persistent symptoms, low for 
biomarkers of type‐2 inflammation and might thus be considered to 
have little evidence of inflammation responsive to therapies target‐
ing this inflammatory axis or “type‐2 low” asthma. However, if fur‐
ther investigations are performed, different clinical outcomes may 
emerge which are very different in both defining the clinical problem 
and specific inflammatory endotype. We have previously shown that 
cardiopulmonary exercise testing is useful in discriminating patients 
with exercise‐induced airflow obstruction or ventilatory limitation 
from other nonasthma factors or conditions, which limit exercise 
tolerance (including hyperventilation, physical deconditioning and 
submaximal effort) and which can be defined physiologically on the 
basis of exercise testing.75 However, lung mechanics are altered in 
obesity, with a lower functional residual capacity and tidal volume, 
which unloads airway smooth muscle causing more fibre shorten‐
ing during bronchoconstriction76,77; thus, determining the precise 
mechanism of exertional limitation is important.

In many of these patients, when it is established that asthma is 
not the limiting factor, treatment can be substantially reduced, es‐
pecially corticosteroid treatment. If treatment is withdrawn, it may 
be the case that markers of type‐2 inflammation become apparent, 
in which case treatment might reasonably be optimized using these 
markers as treatment guidance.78 However, it is also possible that 
type‐2 biomarkers remain low despite complete withdrawal of ICS 
treatment, and at this stage, a measure of bronchial hyperrespon‐
siveness should be undertaken to confirm a diagnosis of asthma. It 
is recognized that a substantial minority of patients with a label of 
asthma, and taking regular treatment, will have little evidence of un‐
derlying asthma when treatment is withdrawn.79

6  | SUMMARY

It is now recognized that severe asthma is a complex clinical syn‐
drome and multiple comorbidities are prevalent and associated with 
poorer asthma outcomes. Poor adherence to inhaled medication is 
widespread in difficult‐to‐treat severe asthma and cannot be de‐
tected subjectively. Short‐term profiling of the biomarker responses 

to monitored inhaled treatment, particularly ICS, in subjects with 
difficult‐to‐control severe asthma is a helpful part of clinical phe‐
notyping. Monitoring helps to dichotomize those likely to respond 
to higher‐dose ICS/long‐acting beta‐agonist therapy when used 
regularly, from those who, despite good adherence with inhaled 
treatment, are likely to require additional treatment. A systematic 
multidisciplinary approach in a specialist service is a good clinical 
model to comprehensively address all these issues and is associated 
with improved patient outcomes.

We currently have clinically useful biomarkers of T2‐high asthma 
specifically sputum eosinophil counts, blood eosinophil counts and 
FeNO. Of these, blood eosinophil count and FeNO have performed 
remarkably well as prognostic markers of risk for severe exacerbations, 
predictive markers of corticosteroid responsiveness and predictive 
markers of response to novel biologic therapies targeting the type‐2 
cytokine axis to the extent that sputum eosinophilia will become largely 
obsolete outside a research setting or to assist in specifically challeng‐
ing clinical cases. FeNO and blood eosinophil count have also helped 
define thresholds where we can exclude type‐2 biology at a given time.

We are struggling to identify biomarkers of T2‐low asthma, and 
currently, we define this as a patient with asthma and persistent 
poor control who does not have evidence of T2 inflammation (bron‐
choscopic sampling, sputum) or related biomarkers (FeNO, blood eo‐
sinophil count) at that point in time. It is recognized that background 
ICS treatment suppresses type‐2 inflammation and these associated 
biomarkers. The precise mechanisms of asthma pathophysiology, 
which is not mediated by type‐2 cytokine‐driven inflammation, re‐
main to be more clearly defined. Precise clinical phenotyping and ac‐
curate dissection of the clinical problem are required to understand 
the mechanism of persistent symptoms in an individual patient prior 
to assigning a rather arbitrary label of T2‐low asthma. This would be 
best achieved by a consensus approach to clinical assessment and 
definitions accepting that the T2‐low population is likely to be het‐
erogeneous with multiple extra‐pulmonary factors, which are not 
asthma, likely to be involved in the overall symptom complex.
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