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Abstract
Purpose of Review Asthma is a common inflammatory airway disease, which affects more than 300 million people worldwide.
Although conventional drugs are effective for most of the patients with mild-to-moderate asthma, they are less effective for
patients with difficult-to-treat or severe asthma. Identification of asthma endotypes and biomarkers will lead to more precise
approaches to treat asthma.
Recent Findings Asthma subphenotypes and endotypes have been described based on clinical variables and sputum
granulocytes. A recent asthma endotype study has been summarized based on the combination of T2 (FeNO) and non-T2 (IL-
6) biomarkers. Discovery of potential biomarkers for asthma has been discussed in the context of omics approaches. Current
biologic drugs for asthma have been summarized, and the future direction of precise treatment of asthma has been suggested.
Summary This review provides a concise overview of the current state of subphenotypes, endotypes, biomarkers, omics ap-
proaches, and biologic drugs in asthma.
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Introduction

Asthma is a common respiratory disease characterized by
chronic airway inflammation, history of respiratory symp-
toms, and variable expiratory airflow limitation, which affects
more than 300 million people worldwide [1]. The main con-
ventional drugs used for asthma control are inhaled cortico-
steroids (ICS), short-acting β2-agonist (SABA), long-acting
β2-agonist (LABA), and leukotriene receptor antagonist
(LTRA). Although these drugs are effective for most of the
patients with mild-to-moderate asthma, they are less effective
or even have side effects for patients with difficult-to-treat (~
17% of asthma) or severe asthma (~ 4% of asthma) [1].
Identification of asthma endotypes linking pathophysiological
pathways and molecular mechanisms to asthma clinical phe-
notypes and incorporating systems biology or omics findings

should lead to more precise approaches to categorize and treat
asthma.

Subphenotypes and Endotypes

Asthma is currently considered a heterogeneous syndrome
rather than a single Th2 cytokine-mediated allergic disease.
Asthma can be clinically categorized based on age onset of
asthma, atopic status, obesity, and asthma severity. An un-
supervised hierarchical cluster analysis has been performed
in 726 subjects with asthma from the NHLBI-sponsored
Severe Asthma Research Program (SARP) using 34 clinical
variables covering a broad spectrum of measurements of
asthma [2•]. Five distinct asthma subphenotypes have been
identified in SARP, which can be described as early-onset
atopic mild, moderate, and severe asthma, late-onset non-
atopic obese asthma, and late-onset non-atopic COPD-like
asthma [2•]. Although cluster analysis can identify more
homogeneous subphenotypes of asthma, the identified
subphenotypes are not always associated with definite path-
ophysiological pathways or treatment response. That’s why
identification of asthma endotypes (subphenotypes with
clear pathophysiological mechanism) is an essential step
of precision medicine for asthma.
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Combination of epidemiological, clinical, and pathophysi-
ological characteristics with biomarkers, genetics, and treat-
ment response may define endotypes of asthma. Stratified by
sputum granulocytes (eosinophils and neutrophils), subjects
with asthma can be categorized into four groups: mixed gran-
ulocytic, eosinophilic, neutrophilic, and paucigranulocytic
asthma. Eosinophilic and neutrophilic asthma present type 2
(T2) and non-type 2 (non-T2) asthma, respectively.
Paucigranulocytic asthma may present well-controlled asthma
or asthma with low airway inflammation and is driven by
structural changes of the airway or other mechanisms [3].
Subjects with mixed granulocytic asthma have the lowest lung
function and highest health care use and asthma symptoms in
SARP [4]. Cluster analysis in SARP using both clinical vari-
ables and sputum granulocytes shows that subjects with in-
creased sputum neutrophils are associated with more severe
asthma [5]. Sputum granulocytes are good biomarkers for
airway inflammation; however, induced sputum is mainly a
research-based approach and difficult for routine clinical use.
Instead, measurement of fractional exhaled nitric oxide
(FeNO) and serum IL-6 levels is non-invasive and may reflect
airway inflammation process. Subjects with higher IL-6 levels
tend to bemore obese with higher blood neutrophil counts and
have more severe asthma and asthma exacerbations [6••].
Subjects with higher FeNO levels tend to have T2 asthmawith
eosinophilic inflammation and havemore severe asthma, asth-
ma exacerbations, and greater improvement after systemic
corticosteroid administration [6••]. Combination of T2 and
non-T2 biomarkers may identify distinct asthma endotypes:

high T2 & high non-T2, high T2 & low non-T2, low T2 &
high non-T2, and low T2 & low non-T2 asthma (see Fig. 1).

Biomarkers and Omics

Biomarkers are biological indicators of a specific pathophys-
iological process, which can be used to stratify patients, track
disease status and progression, and indicate drug effects. A
good biomarker should be quantifiable, reproducible, non-in-
vasive, and cost-effective [7]. Identification of biomarkers for
different asthma endotypes is another essential step of preci-
sion medicine for asthma. At the current stage, blood eosino-
phils, sputum eosinophils, FeNO, and total serum IgE have
been commonly used as biomarkers for T2 asthma (see Fig.
1). These T2 asthma biomarkers are positively correlated to
each other; however, the correlations are not perfect which
may indicate more than one T2 asthma endotype [6••].
Furthermore, different cutoff criteria have been suggested for
these T2 biomarkers. Combination of several T2 biomarkers
may be applied to fine-tune T2 asthma endotypes. In contrast,
biomarkers for non-T2 asthma are less well defined. Some
potential non-T2 asthma biomarkers are sputum neutrophils,
Th1 cytokines, Th17 cytokines, and inflammation biomarkers
such as IL-6 (see Fig. 1). Importantly, non-T2 asthma is not
homogeneous but composed of multiple endotypes, and thus,
identification of non-T2 asthma biomarkers is urgently
needed.

Fig. 1 Summary of asthma
endotypes (T2 and non-T2
asthma). The boxes on the left
refer to endotypes while the white
boxes on the right refer to
potential therapeutic drugs
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Omics aims to collect and quantify biological molecules at
genome-wide scales, including genomics, epigenomics, tran-
scriptomics, proteomics, metabolomics, and microbiomics.
Early trials of using single nucleotide polymorphisms (SNPs)
to predict asthma are not very successful due to the limited
heritability explained from the small number of SNPs identified
in genome-wide association studies (GWAS). For example, area
under the ROC curve (AUC) for asthma susceptibility is only
0.58 using SNPs in GSDMB, IL33, IL1RL1, TSLP, IL13, and
HLA-DRA [8].With the large biobanks andmeta-analyses, more
than a hundred asthma susceptibility genes have been identified
[9, 10]. More importantly, Incorporation of omics findings into
asthma subphenotypes or endotypes may reveal new bio-
markers. A recent GWAS has identified SNPs in GATA3,
MUC5AC, and KIAA1109 associated with moderate-to-severe
asthma [11]. Another GWAS has identified shared and distinct
SNPs/genes for childhood-onset and adult-onset asthma [12].
Polygenic risk score (PRS) approaches which account for the
variable yet cumulative effects of GWAS loci may help identify
subjects with high risk for asthma or asthma endotypes.
Epigenomics, transcriptomics, proteomics, metabolomics, and
microbiomics studies have also been used to identify biomarkers
for asthma [13]; however, interpretation needs to bemore careful
since the findings are time-sensitive and tissue-specific.
Integration of multi-omics findings is necessary to identify caus-
al and/or hub genes. The NHLBI-sponsored Trans-Omics for
Precision Medicine (TOPMed) program, ~ 144,000 subjects
with whole-genome sequence and subset with other omics data
(RNAseq, epigenomics, and metabolomics), may help identify
novel biomarkers for asthma (https://www.nhlbiwgs.org).

Precision Medicine for Asthma

Precision medicine is a clinical approach to treat patients ac-
cording to genes, environment, and lifestyle of each individ-
ual. To utilize precision medicine approach, we must under-
stand not only molecular and pathophysiological mechanisms
for disease risk in patients, but also therapeutic response to
drugs. Pharmacogenetic studies evaluate the drug effects on
patients based on genetic differences between individuals.
Many candidate gene and some genome-wide pharmacoge-
netic studies have been performed for conventional asthma
drugs such as ICS, SABA, LABA, and LTRA; however, the
findings are largely inconsistent or unconvincing mainly due
to small sample size and lack of replication [14]. To solve this
problem, post hoc analyses of existing drug trial cohorts, large
meta-analyses of these cohorts, and prospective studies strat-
ified by genotypes and asthma subphenotypes or endotypes
are necessary.

Biologic drugs are products from living organisms with
known molecular mechanisms based on biotechnology
methods. Currently, there are five FDA-approved biologic

drugs for asthma treatment: omalizumab (anti-IgE antibody),
mepolizumab and reslizumab (anti-IL-5 antibody),
benralizumab (anti-IL-5Rα antibody), and dupilumab (anti-
IL-4Rα antibody). These biologic drugs are recommended
for patients with severe T2 asthma as add-on drugs when
asthma symptoms are uncontrolled by high doses of ICS.
Biologic drugs for non-T2 asthma are still in clinical trials
including anti-inflammation, anti-IL-17, and anti-CXCR2
drugs [15]. Combination of anti-T2 and anti-non-T2 drugs
may be required for high T2 & high non-T2 asthma; anti-T2
and anti-non-T2 drugs may be effective for high T2 & low
non-T2 and low T2 & high non-T2 asthma, respectively; and
other biologic drugs may be needed for low T2 & low non-T2
asthma (see Fig. 1). In the future clinical trials, collection of
omics data and stratification of patients by endotypes should
be taken into account at the stage of experimental design. The
NHLBI-sponsored Precision Interventions for Severe asthma
and/or Exacerbation-Prone Asthma Network (PrecISE), a
clinical study from over 30 locations across the USA, may
forward precision medicine treatment for severe asthma
(https://preciseasthma.rog/preciseweb/).

Conclusions

In conclusion, it is time to re-analyze available clinical data
stratified by genotypes and endotypes, to identify novel bio-
markers using systems biology approaches on omics data, and
to incorporate subphenotypes/endotypes and biomarkers/
omics into future experimental design and clinical trials.
Identification of asthma endotypes and biomarkers will lead
to more precise approaches to treat asthma.
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