
 © 2022 Indian Chest Society | Published by Wolters Kluwer - Medknow	 59

becoming ‘uncontrolled’ or which remains uncontrolled 
despite this therapy”.[3]

Despite the guideline‑based approach to the management 
of severe asthma, many continue to have uncontrolled 
symptoms making it pertinent to improve our understanding 
of the underlying pathophysiological mechanisms.[4]

The recognition of heterogeneity among patients with 
severe asthma and acknowledgment of the importance of 
a more precise classification of severe asthma led to the 
concept of phenotyping asthma.[5] In the field of severe 
asthma, these subtypes are now called phenotypes or 
endotypes based on observable characteristics or specific 
biological mechanisms.[6]

This phenotyping has clinical importance. The 
categorisation based on severity, progression, and 

INTRODUCTION

Epidemiology and  burden
Asthma is a condition of bronchial hyper‑reactivity 
associated with inflammation. It is a chronic inflammatory 
disease that ranges from mild to the severe form. Asthma 
affects 1–18% of the population globally and it is estimated 
that >300 million people in the world have asthma. Of 
this, 5–10% have severe asthma. Although the severe form 
affects a smaller proportion of patients, it is responsible 
for a larger component of the overall disease burden.[1,2]

DEFINITION AND PHENOTYPES

Severe asthma has been defined by the European 
Respiratory Society (ERS)/American Thoracic Society (ATS) 
as “the phenotype, which requires treatment with 
high‑dose inhaled corticosteroids plus a second controller 
(and/or systemic corticosteroids) to prevent it from 
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responsiveness to therapy helped understand physicians, 
which patients remain refractory to standard therapy and 
which subset requires a newer therapeutic target.

Today, severe asthma is a heterogeneous syndrome with 
variable clinical presentations, underlying mechanisms, 
and outcomes with specific phenotypes identified based 
on biomarkers.[3‑6]

Biomarkers that reflect the underlying pathophysiology 
of the disease  (endotype) and can assist in further 
classifying asthma phenotypes and determining a 
patient’s disease phenotype or endotype become crucial, 
particularly when selecting targeted immunomodulatory 
therapeutics.

PATHOPHYSIOLOGY

Severe asthma is a chronic inflammatory disease with 
a marked heterogeneity  [see Figure 1, adapted from 
Brusselle et  al., 2014] in etiology, pathophysiology, and 
clinical aspects, leading to the identification of different 
phenotypes  (early onset atopic/allergic, eosinophilic, 
exercise‑induced, obesity, and paucigranulocytic).[7] 
Subsequently, considering the molecular mechanisms 
underlying the pathophysiology of bronchial inflammation, 
the concept of endotypes has been studied to develop 
targeted therapy.[8]

For many years, from a pathogenic perspective, the 
focus of research has been on the role of T‑cells in the 
initiation and perpetuation of inflammation. T  helper 

2 (Th2) cells have been identified as the cells involved 
in controlling immunoglobulin E (IgE) production due 
to the generation of interleukin  (IL)‑4 and IL‑13 and 
influencing the functioning of eosinophils through the 
actions of IL‑5.[9]

The presence of Th2 cells in the bronchoalveolar lavage 
from atopic asthmatics was clearly demonstrated; 
however, subsequent analyses demonstrated that at least 
two different endotypes could be proposed based on the 
degree of Th2 inflammation and called T2 “high” and T2 
“low”.[9,10]

Allergic (or atopic) asthma represents the most frequent 
endotype of asthma representing over 60% of the cases, 
whereas the non‑atopic eosinophilic phenotype represents 
about 25–30% of them. Approximately 5–10% of patients 
suffering from asthma have severe refractory asthma. 
Based on existing data, 55% are eosinophilic forms, 20% 
are neutrophilic forms, 18% are paucigranulocytic, and 
6% mixed form.[8‑10]

Another group of cells that research shows to play 
a role in airway inflammation is the thymic stromal 
lymphopoietin (TSLP). Following the activation of airway 
epithelial cells, a wide range of cytokines including the 
TSLP is produced, which affect dendritic cells, natural 
killer cells, mast cells, and T cells, indicative of the 
broad role TSLP play in inflammatory processes. Recent 
studies have established that high levels of TSLP are 
associated with airway inflammatory disease in humans 
demonstrating that allergen‑activated basophils also 

Figure 1: Severe asthma mechanism and cytokine targets
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produce TSLP and thus also may be important in the 
initiation of TH2 responses.[10,11]

It is important to underline that among all severe forms 
of asthma, particularly in young subjects, a specific IgE 
sensitisation is demonstrable in a significant proportion 
of patients. For patients with severe uncontrolled 
asthma, monoclonal antibodies  (mAbs) against IgE or 
IL‑5 are now available as add‑on treatments to inhaled 
corticosteroid  (ICS) plus long‑acting β2‑agonist  (LABA) 
therapy. For Global Initiative for Asthma  (GINA) Step 
5 patients, a targeted therapy approach is recommended.[12,13]

BIOMARKERS

What is a biomarker?
As per the World Health Organization  (WHO), a 
biomarker can be any substance, structure, or process 
that can be measured in the body and that can influence 
or predict the incidence of an outcome or disease. In 
1998, the National Institutes of Health Biomarkers 
Definitions Working Group defined a biomarker as 
“a characteristic, that is, objectively measured and 
evaluated as an indicator of normal biological processes, 
pathogenic processes, or pharmacologic responses to a 
therapeutic intervention”.[12]

In severe asthma, biomarkers can be applied to determine 
the patient’s phenotype and help evaluate treatment 
response, thereby improving the precision therapeutic 
approach to severe asthma.

Biomarkers can be diagnostic or predictive in nature, and 
applying these biomarkers to identify phenotypes has been 
very purposeful. For example, early‑onset allergic asthma is 
characterised by the presence of allergen‑specific (IgE, and 
late‑onset hypereosinophilic asthma is characterised by 
elevated peripheral blood and sputum eosinophils.[9,11‑13]

Eosinophil and IgE levels can be used as diagnostic 
biomarkers for these phenotypes. However, blood 
eosinophils are commonly present in early‑onset allergic 
asthmatics, and allergen‑specific IgE may be present in 
late‑onset, hyper‑eosinophilic asthmatics. Therefore, 
these commonly used biomarkers may give clues as to the 
phenotype or endotype.[13,14]

In the following sections, we will discuss the use of 
commonly used biomarkers to identify phenotypes 
of severe asthma as there remains an unmet need to 
understand and discover clinically available biomarkers 
to target therapies for greater exacerbation control and 
improved quality of life. 

BIOMARKERS IN NON‑T2 INFLAMMATION

Recruitment of inflammatory cells to the airways is one 
of the crucial features of asthma.[15] The proportion of 

eosinophils and neutrophils in induced sputum samples are 
used to determine the inflammatory phenotype; however, 
only a few studies so far evaluated the pathophysiological 
mechanisms of asthma that drive the disease in relation to 
the asthma phenotype.[16] The next section describes the 
biomarkers predominant in non‑T2 inflammation.

SPUTUM NEUTROPHILS

Not all patients with severe asthma are characterised by 
eosinophilia.[17] Severe asthma can also be characterised 
by neutrophilic inflammation. The mechanism underlying 
neutrophilic inflammation and the functional role of these 
cells in disease progression remain unclear.[18,19]

The cut‑off for sputum neutrophilia is less clear than for 
sputum eosinophilia because even in healthy individuals, 
neutrophils are the most abundant inflammatory cells in 
induced sputum.[20] Additionally, the use of corticosteroids 
may affect sputum cellular profiles by suppressing T2 
inflammation. In patients with severe asthma receiving high 
doses of inhaled and oral corticosteroids, high numbers 
and percentages of neutrophils have been identified in 
bronchoalveolar lavage and biopsy specimens.[21]

To identify neutrophilic asthma phenotype sputum 
neutrophils are used instead of blood neutrophils.[21] Blood 
neutrophils are known to be poor predictors of sputum 
neutrophil count.[22] The neutrophilic asthma phenotype 
is usually defined by sputum neutrophils greater than 
61– 76%, depending on the reference control population. 
In a study conducted by Moore et  al., the cut‑off level 
for sputum neutrophilia  (>40%) was defined based 
on the median level of sputum neutrophils in patients 
with asthma.[21‑23] Defining a cut‑off value for sputum 
neutrophilia seems difficult because age and medication 
use are important confounding factors.[21,22]

INTERLEUKINS: IL‑17, IL‑8

IL‑17 receptor‑targeted therapies are under evaluation today 
as they have an indirect effect on neutrophil recruitment. 
Airway neutrophilia is associated with a type 17 (Th17) 
immune response, which induces chemokine IL‑8 in 
structural cells.[22,23] Several triggers have been shown to 
induce IL‑17 and recruitment of neutrophils to the airways, 
including infection, air pollution, cigarette smoke, irritants, 
intensive exercise and cold air.[24]

Depending on the trigger, different biomarkers have been 
evaluated that correlate with the degree of exposure or the 
degree of inflammation. The presence of IL‑17 promotes 
indirect recruitment of neutrophils, thereby inducing 
airway hyper‑responsiveness and as such has become an 
attractive target for patients with neutrophilic asthma.[25,26]

In clinical trials, sputum IL‑8 levels have been found 
to be increased in patients with sputum neutrophils by 
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64% compared with those with the non‑neutrophilic 
phenotype. However, this correlation has not been tested 
for accuracy.[27,28]

BIOMARKERS IN T2 INFLAMMATION

It is now established that type‑2 inflammatory pathways 
are involved in asthma, and many studies suggest 
that about 50% of SA patients present with type‑2 
inflammation, as measured by eosinophilia or high levels 
of fractional exhaled nitric oxide  (FeNO).[29] C Miranda 
et al.[30] distinguished early‑onset severe asthma patients, 
characterised by allergen sensitivity, allergic symptoms, 
eosinophilia and higher serum IgE levels, and late‑onset 
severe asthma subjects, with lower lung function than 
early‑onset ones, despite a shorter duration of illness and 
significantly more symptoms, if presenting with persistent 
eosinophils at the onset.[29,30]

Eosinophilic inflammation, which occurs in allergic and 
nonallergic patients with asthma, is driven by several 
inflammatory cells, not only those representing adaptive 
immunity such as the Th2 cells described above but also 
those representing innate immunity including the type 2 
innate lymphoid cells (ILC2).[31] Both Th2 and ILC2 cells 
are primarily responsible to produce the most effector 
cytokines including IL‑5 and IL‑13.[32] This inflammatory 
pathway of asthma has been labeled as Th2 high asthma. 
The presence of eosinophils is important in determining 
asthma phenotypes and is a consequence of T2‑related 
inflammation described above. Because IL‑5 and IL‑13 are 
produced not only by Th2 CD4 T cells but also by mast 
cells, eosinophils and basophils, the term T2 inflammation 
rather than Th2 inflammation reflects the diverse origin 
of these cytokines. Many proposed asthma biomarkers are 
linked to these T2 inflammatory pathways.[32,33]

EOSINOPHILS

Histologically, asthma is also characterised by the 
recruitment of eosinophils into the large airway wall and 
lumen along with mucus plugging and airway thickening. 
The number of these cells that are seen is now congruent 
with symptoms, severity, worsening of lung function and 
near‑fatal events.[34]

Eosinophilic asthma is found in approximately 50% of 
adult patients recruited at tertiary centers. Early‑onset 
eosinophilic asthma is usually associated with atopy, 
whereas atopy is less common in the subgroup of late‑onset 
eosinophilic asthma patients. Increased type 2 cytokines 
and eosinophils in the airways have been associated 
with allergic asthma but also nonallergic triggers have 
been found to induce or exacerbate type  2‑driven 
inflammation.[35,36]

Blood eosinophil count, either using the percent of blood 
eosinophils or the absolute blood eosinophil count, is one 

of the most used predictive biomarkers for the Th2 high 
asthma phenotype.[37,38] This test is easy to perform and 
readily available at most medical centers.

Along with sputum eosinophilia and elevated FeNO, a 
mepolizumab trial showed decreased exacerbations with 
treatment using blood eosinophilia ≥150 at inclusion.[16,39]

Subsequent mepolizumab trials with encouraging results 
used blood eosinophilia as a sole biomarker for the 
inclusion of severe eosinophilic asthma patients in the 
trials. Two trials evaluating reslizumab required a blood 
eosinophil count of >400 cells/μL for inclusion, and both 
showed improved forced expiratory volume in 1 s (FEV1) 
and asthma‑related quality of life with treatment.[39,40]

Trials for benralizumab, an anti‑IL‑5 receptor monoclonal 
antibody, stratified patients by eosinophil counts 
of  ≥300  cells/μL and demonstrated that patients 
with eosinophilia responded to the medication. In an 
evaluation of benralizumab in asthmatics on chronic oral 
glucocorticoids, patients with blood eosinophil counts of 
at least 150 cells/μL were included and showed reductions 
in exacerbation rates and oral steroid dose. Another trial 
with benralizumab, which enrolled patients with poorly 
controlled asthma without specifically selecting patients 
based on blood eosinophilia, only showed a treatment effect 
in patients with a blood eosinophil count >400 cells/μL. 
Patients with elevated blood eosinophils also responded 
to dupilumab, an IL‑4 receptor antibody, which blocks the 
downstream activation of the IL‑4 and IL‑13 pathways.[41,42]

Clinical trials, thus, have used eosinophil levels ranging 
from 150 to 400 as inclusion criteria. However, blood 
eosinophil levels may be elevated due to co‑existing 
conditions, especially in countries with a high prevalence 
of parasitic infestations, thus limiting its use as a predictive 
biomarker.[43,44]

Both blood eosinophils and FeNO have been found to 
be better than the total serum IgE in identifying sputum 
eosinophilia in adult asthma patients, irrespective of their 
clinical profile. Blood eosinophil levels have also been 
shown to be a better predictor of exacerbation and response 
to treatment than IgE levels.[45]

In another study, blood eosinophils also showed the 
highest accuracy to predict sputum eosinophilia when 
compared with FeNO and serum periostin.[45,46]

It is currently hypothesised that the use of blood eosinophils 
as biomarkers could help personalise asthma management 
in patients with severe allergic asthma. Although still in 
study and a source of debate, the persistent eosinophilic 
phenotype in adults might be a real candidate for specific 
therapies, thus potentially interfering with the natural 
history of SA with high exacerbation rates.
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INTERLEUKIN 5

Improved understanding of the contribution of 
eosinophils to various chronic inflammatory conditions, 
most notably allergic asthma, has encouraged the 
development of monoclonal antibodies specifically 
targeting mediators and surface receptors involved in 
eosinophil expansion and activation.[46] The pivotal 
role of IL‑5 in eosinophil biology, its high specificity 
for this leukocyte subset, and its involvement in 
the majority of eosinophilic conditions make it an 
important target for the treatment of eosinophil‑mediated 
disorders. Among the factors contributing to eosinophil 
maturation, IL‑5 is the most specific.[47] Interleukin‑5 
acts on eosinophils at multiple functional levels and 
time points during their lifespan. Besides stimulating 
proliferation, differentiation and maturation of 
IL‑5Rα‑expressing eosinophil‑committed progenitors 
in the marrow, IL‑5 contributes to eosinophil egress from 
the marrow toward the intravascular compartment. When 
produced in tissues, this cytokine also synergises with 
chemotactic factors such as eotaxin‑1 (CCL11) to attract 
eosinophils (homing) and primes these cells for activation 
in response to various mediators. Finally, IL‑5 prolongs 
eosinophil survival in concert with other anti‑apoptotic 
factors. Thus, increased IL‑5 production induces (hyper) 
eosinophil ia ,  both by s t imulat ing eosinophil 
production and reducing peripheral apoptosis.[46,47] 
Two types of antibodies have been developed to target 
eosinophils: antibodies against IL‑5  (mepolizumab 
and reslizumab),  and an antibody against the 
IL‑5‑receptor‑alpha‑chain  (IL‑5Rα)  (benralizumab). 
Both types of antibodies prevent IL‑5 from engaging 
its receptor, and in addition, anti‑IL‑5Rα antibodies 
induce target cell lysis. They have been shown to reduce 
circulating eosinophil counts rapidly in humans with 
various disorders.[48,49]

FENO (FRACTION OF EXHALED NITRIC 
OXIDE)

FeNO is produced by NO synthases, some of which 
can be induced by cytokines, and these elevated NO 
levels can be detected in diseases with prominent IL‑4 
and IL‑13 expression such as type  2 asthma.[50] The 
measurement of FeNO is used clinically as a biomarker of 
airway inflammation related to IL‑4‑ and IL‑13‑mediated 
pathways.[51]

Higher levels of FeNO are related to severe, early‑onset, 
allergic and eosinophilic asthma and can therefore 
help identify patients with these phenotypes. However, 
FeNO has only moderate predictive accuracy for sputum 
eosinophilia, with an estimated sensitivity of 66%.[52]

Measurement of FeNO is a simple, well‑tolerated and 
non‑invasive method of assessing airway inflammation. 

Nitric oxide is a mediator produced in cells by nitric oxide 
synthases  (NOS).[34,53] Inducible NOS is responsible for 
nitric oxide production in the airways, and FeNO levels are 
correlated with inducible NOS expression in the airway 
epithelium. In patients with asthma, FeNO is elevated and 
correlates with other markers of disease activity, including 
airway hyperresponsiveness, bronchodilator response and 
symptoms.[34]

FeNO is also a biomarker for monitoring treatment 
responses or adherence to inhaled corticosteroids. FeNO 
is therefore often measured as a point of care test in the 
clinical setting, through commercially available device 
systems, to phenotype patients with airway inflammation 
or adjust inhaled corticosteroid therapy.[54,55]

Two meta‑analyses showed that using FeNO levels to guide 
therapy in patients with asthma resulted in a reduced 
exacerbation rate. FeNO has been used less often as a 
predictive biomarker in recent clinical trials compared 
with blood or sputum eosinophil count.[56]

A trial for mepolizumab included a FeNO of greater than 
50 parts per billion  (ppb) as a marker of eosinophilic 
asthma and an inclusion criterion.[57] FeNO proved to 
be a good predictor of response to lebrikizumab but had 
limited value in dupilumab studies where eosinophils 
were the most predictive biomarker (QUEST clinical trial 
post‑hoc analysis).[58]

A study published by Hearn et  al.,[59] 2021, showed 
benralizumab cohort and not the mepolizumab cohort 
reduced FeNO. Benralizumab cohort also depleted the 
IL‑5‑expressing basophils, which are responsible for IL‑13 
production.

Taken together, this suggests that depletion of cells 
expressing IL‑5R may be driving the FeNO reduction. The 
clinical effectiveness of mepolizumab and benralizumab 
is independent of the baseline FeNO level.

Inhaled corticosteroid therapy typically suppresses 
FeNO levels, and thus measuring it serially can be 
useful as a marker of compliance among asthmatics.[60] 
However, despite its capabilities, the use of FeNO has 
some limitations. Normal values vary by age, height and 
according to the type of analyser used. Other confounding 
factors include smoking, atopic status and the use of 
anti‑inflammatory medications. According to the ATS 
recommendations, FeNO < 25 ppb in adults indicates that 
eosinophilic inflammation is less likely, and FeNO >50 ppb 
indicates that eosinophilic inflammation is likely. The 
value of a low FeNO in excluding airway eosinophilia 
is greater than the value of a high FeNO in predicting it. 
The current guidelines for the treatment of severe asthma 
use FeNO optionally as a guiding tool in the selection of 
therapy.[60]
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IMMUNOGLOBULIN E

The discovery of IgE in 1966 brought a change. The 
era shifted into the investigation of genetics, functions 
and clinical applications of this immunoglobulin. It 
was established that IgE has unique properties as it can 
induce rapid pathological responses and it can act as 
a highly sensitive immunological amplifier. It became 
well established that IgE levels are increased in patients 
affected by atopic conditions and that IgE provides the 
critical link between the antigen recognition role of the 
adaptive immune system and the effector functions of 
mast cells and basophils at mucosal and cutaneous sites 
of environmental exposure. These functions have made 
IgE an attractive target for pharmacological intervention, 
with IgE blockade having clinical potential across many 
different therapy areas. Despite focusing on IgE for several 
years, there has been relatively little consideration of 
pathways outside that of mast cells and the acute phase 
reaction.[61]

In the early 1990s, the discovery of Th2 lymphocytes and 
their role in controlling IgE production and in the late 
phase of allergic inflammation reduced the biological 
importance of IgE antibodies. Thus, traditionally, IgE 
antibodies were believed to be responsible for the classic 
“early phase” of an allergic reaction and considered to 
have only a minor  (peripheral) role in the “late phase” 
reaction. During this period, IgE lost some “popularity” 
and was only considered of importance from a diagnostic 
perspective to confirm forms of allergic asthma through 
the skin and in vitro testing. Total IgE did not have any 
diagnostic significance. Despite decreased interest in IgE 
antibodies, several studies achieved decidedly important 
results regarding not only the biological role of IgE but also 
the therapeutic effects of IgE‑blocking mAbs.[62]

This was the turning point in defining the biological role 
of IgE and, in 2003, the introduction of omalizumab, a 
humanised mAb that selectively binds to IgE, for the 
treatment of moderate‑to‑severe persistent allergic asthma, 
marked a milestone in both mAb and anti‑IgE therapy for 
asthma.[63,64]

SERUM PERIOSTIN

Periostin is an extracellular matrix protein induced by 
IL‑4 and IL‑13 in the airway epithelial cells and lung 
fibroblasts and has a role in accelerating eosinophil 
tissue infiltration.[63] Serum periostin has become another 
potential candidate as a biomarker of Th2‑high asthma. 
Elevated levels correlate with airway eosinophilia and 
decline in FEV1 and predict response to ICS.[64]

This protein is significantly increased in patients with a 
high composite airway eosinophil score (based on sputum 
and biopsy eosinophil levels) but the overlap among the 
different groups is high.[64,65]

Also, 20–30% of adult asthmatics are cigarette smokers 
and therefore have poorer disease control, corticosteroid 
insensitivity, and non‑eosinophilic/Th2‑low airways 
inflammation compared with never smokers with 
asthma. A  study by   Thomson NC et al[67] compared 
serum periostin levels in smokers and never smokers 
with asthma and in healthy controls. A notable finding 
was that although smokers with asthma had significantly 
lower serum periostin levels than asthmatic never smokers, 
approximately 40% of smokers with asthma had serum 
periostin levels above the group median, suggesting that 
subtyping of periostin high smokers with asthma may 
guide targeted anti‑Th2 interventions in this difficult 
patient group.[67,68]

Kanemitsu Y[70] et al showed that elevated serum 
periostin has previously correlated with accelerated lung 
function decline in asthma. This is further supported 
by another bronchial biopsy study by   Kanemitsu Y[71] 
et al in asthmatics that demonstrated both periostin and 
osteopontin (another extracellular matrix protein) to be 
associated with a long‑standing decline in pulmonary 
function.[69,70] In addition, in steroid‑naive asthmatics, 
ICS led to decreased serum periostin, improved airflow 
limitation, decreased sputum eosinophils and reduced 
airway wall thickness. Thus, collectively, these results 
strengthen the case for serum periostin as a biomarker 
for targeting not only eosinophilic inflammation but 
also the development of airway remodeling in asthma. 
Sputum periostin measurement may represent a more 
organ‑targeted asthma‑specific biomarker than serum 
periostin and has confirmed an association between 
sputum periostin levels and eosinophilic inflammation 
and airflow obstruction.[71]

Studies have shown periostin was the best predictor of 
a high composite eosinophil score when compared with 
FeNO, blood eosinophilia and total serum IgE. However, a 
more recent study conducted by  Pavlidis S[73] et al could not 
reproduce this finding. Furthermore, lebrikizumab trials have 
attempted to use periostin as a biomarker with varying results 
of statistical significance and whether periostin use can be 
expanded to predict response to therapy remains unclear.[71,72]

TSLP

TSLP is an epithelial cell‑derived cytokine that is 
produced in response to proinflammatory stimuli, leading 
to inflammation driven by type  2 helper T  (Th2) cells. 
TSLP thus may contribute to the mechanisms of airway 
remodeling in asthma and is a potential target for asthma 
management. It may also be used as an immunological tool 
in the differential diagnosis of obstructive lung disease. 
Tezepelumab is a human monoclonal antibody that binds 
specifically to TSLP, blocking it from interacting with its 
receptor. Phase II and Phase III studies showed that when 
this potential first‑in‑class medicine was added to SOC, 
there was a reduction in annualised exacerbation rate. 
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Tezepelumab has shown a potential role across a broad 
population of patients with severe asthma, regardless of 
the type of inflammation[73‑75]

We are currently in the era of precision medicine, where 
precision covers management as well as diagnosis of 
diseases. From the conventional definition of severe asthma 
to the inclusion of contemporary phenotypes, we certainly 
are making huge strides in our understanding of severe 
asthma. But currently in clinical practice, confirming the 
diagnosis and predicting response to therapy remain the 
need of the hour. This is where biomarkers play a very 
important role. It remains debatable whether the concept 
of a single diagnostic biomarker is plausible; however, one 
can certainly agree that the standardisation of existing 
biomarkers  (e.g., exhaled breath analysis) is critical to 
practice today. These molecular markers can also help us 
in answering a few critical questions such as who would 
be at a greater risk for exacerbation, selection, and titration 
of targeted treatment and response to treatment. The 
existing biomarkers from omics technologies have been 
of great support, giving a new approach to understanding 
molecular details of asthma but one of the hurdles, apart 
from the cost, is the overlapping information that we get 
from various different biomarkers (blood/sputum as well 
as breath analysis). The identification and daily use of 
standardised and defined biomarkers remain a long and 
winding journey but perhaps a suitable alternative will be 
a definition of different panels of asthma with clarity on 
different biomarkers that can be used depending on the 
eligibility of patients.[76‑80]

CONCLUSION

The evolving data supporting the heterogeneity of severe 
asthma necessitate the development, refinement and 
utilisation of biomarkers to better delineate asthma 
phenotypes, predict treatment response and monitor response 
to therapy. Multiple potential biomarkers in sputum, exhaled 
breath and blood have been identified for T2 asthma. Further 
study is needed to better clarify their role, individually or 
in combination, in the diagnosis and treatment of severe 
asthma but so far three readily applicable biomarkers 
(blood eosinophils, FeNO and IgE) have been extensively 
studied, which remain to have clinical significance. Future 
clinical trials of novel asthma therapies should include the 
use of biomarkers in their design, which may lead to a more 
stratified approach to therapy and improve outcomes.

Acknowledgements
Editorial support in the form of clinical guidance was 
provided by Dr. Amitha Athavle, who is the Head of Chest 
Medicine Dept., Seth GSMC & KEM Hospital, Mumbai, 
and editorial support in the form of draft preparation was 
provided by Dr. Disha Gupta, Medical Affairs, GSK, India.

Financial support and sponsorship
GSK funded.

Conflicts of interest
Dr.  Aanchal Gvalani and Dr.  Disha Gupta are GSK 
employees.

Dr.  Amitha Athavle has no relevant competing interest 
to disclose.

REFERENCES

1.	 Global Initiative for Asthma GINA Global Strategy for Asthma 
Management and Prevention Global Initiative for Asthma  (GINA). 
Available from: https://ginasthma.org/wp‑content/uploads/2021/05/
Whats‑new‑in‑GINA‑2021_final_V2.pdf.[Last accessed on2022 Jan].

2.	 WHO | Global Alliance against Chronic Respiratory Diseases. Available 
from: https://www.who.int/gard/en/. [Last accessed on 2022 Jan 18].

3.	 Lötvall J, Akdis CA, Bacharier LB, Bjermer L, Casale TB, Custovic A, 
et  al. Asthma endotypes: A  new approach to classification of 
disease entities within the asthma syndrome. J Allergy ClinImmunol 
2011;127:355‑60.

4.	 Haldar P, Pavord ID, Shaw DE, Berry MA, Thomas M, Brightling CE, 
et al. Cluster analysis and clinical asthma phenotypes. Am JRespirCrit 
Care Med 2008;178:218‑24.

5.	 Pavord   ID,  B r igh t l ing   CE ,  Wol tmann   G,  Ward law  AJ .
Non‑eosinophiliccorticosteroidunresponsive asthma.Lancet 
1999;353:2213‑4.

6.	 British Thoracic Society, Scottish Intercollegiate Guidelines 
Network. British guideline on the management of asthma.Thorax 
2014;69(Suppl 1):1–192.

7.	 Moore WC, Bleecker ER, Curran‑Everett D, Erzurum SC, Ameredes BT, 
Bacharier L, et al. Characterization of the severe asthma phenotype by 
the national heart, lung, and blood institute’s severe asthma research 
program. J Allergy ClinImmunol 2007;119:405‑13.

8.	 Wenzel SE. Asthma phenotypes: The evolution from clinical to molecular 
approaches. Nat Med 2012;18:716‑25.

9.	 Levy BD, Noel PJ, Freemer MM, Cloutier MM, Georas SN, Jarjour NN, 
et al. Future research directions in asthma. An NHLBI working group 
report. Am JRespirCrit Care Med 2015;192:1366‑72.

10.	 Kato  A, Favoreto  S, Jr, Avila  PC, Schleimer  RP. TLR3‑  and Th2 
cytokine‑dependent production of thymic stromal lymphopoietin in 
human airway epithelial cells.J Immunol2007;179:1080‑7.

11.	 Rochman Y, Leonard WJ. Thymic stromal lymphopoietin: A new cytokine 
in asthma. CurrOpinPharmacol 2008;8:249‑54.

12.	 Strimbu  K, Tavel  JA. What are biomarkers? CurrOpin HIV AIDS 
2010;5:463‑6.

13.	 Parulekar  AD, Diamant  Z, Hanania  NA.Role of T2 inflammation 
biomarkers in severe asthma.CurrOpinPulm Med 2016;22:59‑68.

14.	 Lambrecht BN, Hammad H.The immunology of asthma.NatImmunol 
2014;16:45‑56.

15.	 Chung KF, Wenzel  SE, Brozek  JL, BushA, Castro  M, Sterk  PJ, et  al. 
International ERS/ATS guidelines on definition, evaluation and treatment 
of severe asthma. EurRespir J 2013;43:343‑73.

16.	 Proceedings of the ATS workshop on refractory asthma. Am JRespirCrit 
Care Med 2000;162:2341‑51.

17.	 Fahy JV. Type 2 inflammation in asthma — present in most, absent in 
many. Nat RevImmunol 2014;15:57–65.

18.	 Wenzel  SE, Schwartz  LB, Langmack  EL, Halliday  JL, Trudeau  JB, 
Gibbs RL, et al.Evidence that severe asthma can be divided pathologically 
into two inflammatory subtypes with distinct physiologic and clinical 
characteristics.Am JRespirCrit Care Med 1999;160:1001‑8.

19.	 Green  RH. Analysis of induced sputum in adults with asthma: 
Identification of subgroup with isolated sputum neutrophilia and poor 
response to inhaled corticosteroids. Thorax 2002;57:875‑9.

20.	 Simpson  JL, Scott  R, Boyle  MJ, Gibson  PG. Inflammatory subtypes 
in asthma: Assessment and identification using induced sputum. 
Respirology (Carlton, Vic.) 2006;11:54‑61.

21.	 Jatakanon  A, Uasuf  C, Maziak  W, Lim  S, Chung  K, Barnes  PJ.
Neutrophilicinflammation in severe persistent asthma.Am JRespirCrit 
Care Med 1999;160:1532‑9.

22.	 Chiappori A, De Ferrari L, Folli C, Mauri P, Riccio AM, Canonica GW. 
Biomarkers and severe asthma: A  critical appraisal. ClinMol Allergy 
2015;13. doi: 10.1186/s12948‑015‑0027‑7.

23.	 Moore WC, Hastie AT, Li X, Li H, Busse WW, Jarjour NN, et al. Sputum 



Gvalani, et al.: Biomarkers in severe asthma 

66 	 Lung India • Volume 40 • Issue 1 • January-February 2023

neutrophil counts are associated with more severe asthma phenotypes 
using cluster analysis. J Allergy ClinImmunol 2014;133:1557‑63.e5.

24.	 Nair P, Gaga M, Zervas E, Alagha K, Hargreave FE, O’Byrne PM, et al. 
Safety and efficacy of a CXCR2 antagonist in patients with severe asthma 
and sputum neutrophils: A randomized, placebo‑controlled clinical trial. 
ClinExp Allergy 2012;42:1097‑103.

25.	 Al‑Ramli  W, Préfontaine D, Chouiali  F, Martin  JG, Olivenstein  R, 
Lemière C, et al.TH17‑associated cytokines (IL‑17A and IL‑17F) in severe 
asthma.J Allergy ClinImmunol 2009;123:1185‑7.

26.	 Hosoki K, Boldogh I, Sur S.Innate responses to pollen allergens.CurrOpin 
Allergy ClinImmunol 2015;15:79‑88.

27.	 Boldogh I, Bacsi A, Choudhury BK, Dharajiya N, Alam R, Hazra TK, 
et al. ROS generated by pollen NADPH oxidase provide a signal that 
augments antigen‑induced allergic airway inflammation. J ClinInvestig 
2005;115:2169‑79.

28.	 Shaw DE, Berry MA, Hargadon B, McKenna S, Shelley MJ, Green RH, 
et al. Association Between Neutrophilic Airway Inflammation and Airflow 
Limitation in Adults With Asthma. Chest 2007;132:1871‑5.

29.	 Fahy  JV, Kim  KW, Liu  J, Boushey  HA.Prominent neutrophilic 
inflammation in sputum from subjects with asthma exacerbation.J Allergy 
ClinImmunol 1995;95:843‑52.

30.	 Ordoñez CL, Shaughnessy TE, Matthay MA, Fahy JV. Increased neutrophil 
numbers and IL‑8 levels in airway secretions in acute severe asthma. Am 
J RespirCrit Care Med 2000;161:1185‑90.

31.	 Hastie AT, Moore WC, Meyers DA, Vestal PL, Li H, Peters SP, et al. 
Analyses of asthma severity phenotypes and inflammatory proteins 
in subjects stratified by sputum granulocytes. J  Allergy ClinImmunol 
2010;125:1028‑1036.e13.

32.	 Miranda C, Busacker A, Balzar S, Trudeau J, Wenzel SE. Distinguishing 
severe asthma phenotypes☆Role of age at onset and eosinophilic 
inflammation. J Allergy ClinImmunol 2004;113:101‑8.

33.	 Schleich FN, Manise M, Sele J, Henket M, Seidel L, Louis R. Distribution 
of sputum cellular phenotype in a large asthma cohort: Predicting factors 
for eosinophilicvsneutrophilicinflammation. BMC Pulm Med 2013;13. 
doi: 10.1186/1471‑2466‑13‑11.

34.	 Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, 
et al. An official ATS clinical practice guideline: Interpretation of exhaled 
nitric oxide levels (FENO) for clinical applications. Am J RespirCrit Care 
Med 2011;184:602‑15.

35.	 Brooks  CR, Gibson  PG, Douwes  J, Dalen  CJV, Simpson  JL.
Relationship between airway neutrophilia and ageing in asthmatics and 
non‑asthmatics.Respirology 2013;18:857‑65.

36.	 Drazen JM. Asthma: The paradox of heterogeneity. J Allergy ClinImmunol 
2012;129:1200‑1.

37.	 Hilvering B, Pavord ID. What goes up must come down: Biomarkers and 
novel biologicals in severe asthma. ClinExp Allergy 2015;45:1162‑9.

38.	 Gauthier  M, Ray  A, Wenzel  SE. Evolving concepts of asthma. Am J 
RespirCrit Care Med 2015;192:660‑8.

39.	 Scientific B, Clarke C. The Global Initiative for Asthma is supported 
by unrestricted educational grants from: AlmirallBoehringerIngelheim 
CIPLA Chiesi Novartis Takeda GLOBAL STRATEGY FOR ASTHMA 
MANAGEMENT AND PREVENTION Visit the GINA website at www.
ginaasthma.org© 2022 Global Initiative for Asthma Visit the GINA 
website at www.ginaasthma.org© 2022 Global Initiative for Asthma. 
Available from: https://ginasthma.org/wp‑content/uploads/2019/04/
wmsGINA‑2017‑main‑report‑final_V2.pdf.

40.	 Matucci A, Vultaggio A, Ridolo E, Maggi E, Canonica GW, Rossi O. 
Asthma: Developments in targeted therapy. Exp RevClinImmunol 
2012;8:13‑5.

41.	 Palomares O, Akdis M, Martín‑Fontecha M, Akdis CA. Mechanisms of 
immune regulation in allergic diseases: The role of regulatory T and B 
cells. Immunol Rev 2017;278:219‑36.

42.	 Szefler SJ, Wenzel S, Brown R, Erzurum SC, Fahy JV, Hamilton RG, et al. 
Asthma outcomes: Biomarkers. J Allergy ClinImmunol 2012;129:S9‑23.

43.	 Huang C‑S, Chen S‑J, Chung R‑L, Tang R‑B. Serum interleukin‑5 
measurements for monitoring acute asthma in children. J  Asthma 
2005;42:297‑300.

44.	 Abramson J, Barbu EA, Pecht I. Regulation of mast cell secretory response 
to the type I Fcepsilon receptor: Inhibitory elements and desensitization. 
Novartis FoundSymp 2005;271:78‑89; discussion 89‑99.

45.	 Dweik  RA, Sorkness  RL, Wenzel  S, Hammel  J, Curran‑Everett  D, 
Comhair SAA, et al.Use of exhaled nitric oxide measurement to identify 
a reactive, at‑risk phenotype among patients with asthma.Am J RespirCrit 
Care Med 2010;181:1033‑41.

46.	 Matucci A, Vultaggio A, Maggi E, Kasujee I. Is IgE or eosinophils the key 
player in allergic asthma pathogenesis? Are we asking the right question? 
Respir Res 2018;19. doi: 10.1186/s12931‑018‑0813‑0.

47.	 Flood‑Page P, Menzies‑Gow A, Phipps S, Ying S, Wangoo A, Ludwig MS, 
et  al. Anti‑IL‑5 treatment reduces deposition of ECM proteins in the 
bronchial subepithelial basement membrane of mild atopic asthmatics. 
JClin Invest 2003;112:1029‑36.

48.	 Mauri P, Riccio AM, Rossi R, Di Silvestre D, Benazzi L, De Ferrari L, et al. 
Proteomics of bronchial biopsies: Galectin‑3 as a predictive biomarker 
of airway remodelling modulation in omalizumab‑treated severe asthma 
patients. ImmunolLett 2014;162:2–10.

49.	 McGrath  KW, Icitovic  N, Boushey  HA, Lazarus  SC, Sutherland  ER, 
Chinchilli VM, et al. A Large subgroup of mild‑to‑moderate asthma is 
persistently noneosinophilic. Am J RespirCrit Care Med 2012;185:612‑9.

50.	 Gavala ML, Bertics PJ, Gern JE.Rhinoviruses, allergic inflammation, and 
asthma.Immunol Rev 2011;242:69‑90.

51.	 Romagnani S. Human TH1 and TH2 subsets: Doubt no more. Immunol 
Today 1991;12:256‑7.

52.	 Zietkowski  Z, Bodzenta‑Lukaszyk  A, Tomasiak  MM, Skiepko  R, 
Szmitkowski  M.Comparison of exhaled nitric oxide measurement 
with conventional tests in steroid‑naive asthma patients.
JInvestigAllergolClinImmunol 2006;16:239‑46.

53.	 Buchvald F, Baraldi E, Carraro S, Gaston B, De Jongste J, Pijnenburg MWH, 
et al. Measurements of exhaled nitric oxide in healthy subjects age 4 to 
17 years. J Allergy ClinImmunol 2005;115:1130‑6.

54.	 Heusser  C, Jardieu  P.Therapeutic potential of anti‑IgE antibodies.
CurrOpinImmunol 1997;9:805‑13.

55.	 Riccio  AM, Dal Negro  RW, Micheletto  C, De Ferrari  L, Folli  C, 
Chiappori A, et al.Omalizumab modulates bronchial reticular basement 
membrane thickness and eosinophil infiltration in severe persistent 
allergic asthma patients. Int JImmunopatholPharmacol 2012;25:475‑84.

56.	 Skiepko R, Ziętkowski Z,Łukaszyk M, Budny W, Skiepko U, Milewski R, 
et  al.Changes in blood eosinophilia during omalizumab therapy 
as a predictor of asthma exacerbation.PostȩpyDermatolAlergol 
2014;31:305‑9.

57.	 Dupont LJ, Rochette F, Demedts MG, Verleden GM. Exhaled nitric oxide 
correlates with airway hyperresponsiveness in steroid‑naive patients with 
mild asthma. Am J RespirCrit Care Med 1998;157:894‑8.

58.	 Jatakanon A, Lim S, Kharitonov SA, Chung KF, Barnes PJ.Correlation 
between exhaled nitric oxide, sputum eosinophils, and methacholine 
responsiveness in patients with mild asthma.Thorax 1998;53:91‑5.

59.	 Hearn AP, Kavanagh J, d’Ancona G, Roxas C, Green L, Thomson L, et al. 
The relationship between Feno and effectiveness of mepolizumab and 
benralizumab in severe eosinophilic asthma. J Allergy ClinImmunolPract 
2021;9:2093‑6.e1.

60.	 Payne DN, Adcock IM, Wilson NM, Oates T, Scallan M, et al.Relationship 
between exhaled nitric oxide and mucosal eosinophilic inflammation 
in children with difficult asthma, after treatment with oral prednisolone.
Am J RespirCrit Care Med 2001;164:1376‑81.

61.	 Stirling RG, Kharitonov SA, Campbell D, Robinson DS, Durham SR, 
Chung  KF, et  al. Increase in exhaled nitric oxide levels in patients 
with difficult asthma and correlation with symptoms and disease 
severity despite treatment with oral and inhaled corticosteroids. Thorax 
1998;53:1030‑4.

62.	 Strunk RC, Szefler SJ, Phillips BR, Zeiger RS, Chinchilli VM, Larsen G, 
et al. Relationship of exhaled nitric oxide to clinical and inflammatory 
markers of persistent asthma in children. J  Allergy ClinImmunol 
2003;112:883‑92.

63.	 Ishizaka K, Ishizaka T, Hornbrook MM. Physicochemical properties of 
reaginic antibody. V. Correlation of reaginic activity wth gamma‑E‑globulin 
antibody. JImmunol (Baltimore, Md.: 1950) 1966;97:840‑53.

64.	 Gouder C, West LM, Montefort S.The real‑life clinical effects of 52 weeks 
of omalizumab therapy for severe persistent allergic asthma.Int JClin 
Pharm 2015;37:36‑43.

65.	 Hanania NA, Alpan O, Hamilos DL, Condemi JJ, Reyes‑Rivera I, Zhu J, 
et al. Omalizumab in severe allergic asthma inadequately controlled 
with standard therapy. Ann Intern Med 2011;154:573. doi: 10.7326/0
003‑4819‑154‑9‑201105030‑00002.

66.	 Bobolea I, Barranco P, Del Pozo V, Romero D, Sanz V, López‑Carrasco V, 
et  al. Sputum periostin in patients with different severe asthma 
phenotypes.Allergy 2015;70:540‑6.

67.	 Hanania NA, Wenzel S, Rosén K, Hsieh H‑J, Mosesova S, Choy DF, et al.
Exploring the Effects of Omalizumab in Allergic Asthma.Am J RespirCrit 
Care Med 2013;187:804‑11.



Gvalani, et al.: Biomarkers in severe asthma 

Lung India • Volume 40 • Issue 1 • January-February 2023	 67

68.	 O’Neill  S, Sweeney  J, Patterson  CC, Menzies‑Gow  A, Niven  R, 
Mansur AH, et al. The cost of treating severe refractory asthma in the UK: 
An economic analysis from the British Thoracic Society Difficult Asthma 
Registry. Thorax 2014;70:376‑8.doi: 10.1136/thoraxjnl‑2013‑204114.

69.	 Warke TJ. Exhaled nitric oxide correlates with airway eosinophils in 
childhood asthma. Thorax 2002;57:383‑7.

70.	 Eltboli O, Brightling CE.Eosinophils as diagnostic tools in chronic lung 
disease.Exp RevRespir Med 2013;7:33–42.

71.	 Kanemitsu  Y, Ito  I, Niimi  A, Izuhara  K, Ohta  S, Ono  J, et  al.
Osteopontin and periostin are associated with a 20‑year decline of 
pulmonary function in patients with asthma. Am J RespirCrit Care Med 
2014;190:472‑4.

72.	 Kanemitsu Y, Matsumoto H, Izuhara K, Tohda Y, Kita H, Horiguchi T, 
et  al. Increased periostin associates with greater airflow limitation 
in patients receiving inhaled corticosteroids. J  Allergy ClinImmunol 
2013;132:305‑12.e3.

73.	 Brusselle Guy G, Koppelman Gerard H. Biologic therapies for severe 
asthma.N Engl J Med2022;386:157‑71.

74.	 De Filippo M, Votto M, Licari A, Pagella F, Benazzo M, Ciprandi G, 
et al. Novel therapeutic approaches targeting endotypes of severe airway 

disease. Exp RevRespir Med2021;58:1‑14.
75.	 Tezepelumab in Adults and Adolescents with Severe, Uncontrolled 

Asthma  |  NEJM. 2022. Available from: https://www.nejm.org/doi/
full/10.1056/NEJMoa2034975.

76.	 Katz LE, Gleich GJ, Hartley BF, Yancey SW, Ortega HG. Blood eosinophil 
count is a useful biomarker to identify patients with severe eosinophilic 
asthma. Ann AmThoracSoc 2014;11:531‑6.

77.	 Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et al.
Mepolizumab for severe eosinophilic asthma (DREAM): A multicentre, 
double‑blind, placebo‑controlled trial. Lancet 2012;380:651‑9.

78.	 Corren J, Lemanske RF, Hanania NA, Korenblat PE, Parsey MV, Arron JR, 
et  al.Lebrikizumab treatment in adults with asthma. NEngl J Med 
2011;365:1088‑98.

79.	 Fowler SJ, Sterk PJ. Breath biomarkers in asthma: We’re getting answers, 
but what are the important questions? EurRespir J 2019;54:1901411. doi: 
10.1183/13993003.01411‑2019.

80.	 Hoshino  M, Ohtawa  J, Akitsu  K. Effect of treatment with inhaled 
corticosteroid on serum periostin levels in asthma. Respirology 
2015;21:297‑303.


