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Recent Advances in Severe Asthma

From Phenotypes to Personalized Medicine
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This review focuses on recent clinical and translational discoveries in severe and uncontrolled

asthma that now enable phenotyping and personalized therapies in these patients. Although

asthma is common in both children and adults and typically responds to standard therapies, a

subset of individuals with asthma experience severe and/or persistent symptoms despite

appropriate therapies. Airflow obstruction leading to frequent symptoms requiring higher levels

of controller therapy is the cardinal feature of severe asthma, but the underlying molecular

mechanisms, or endotypes, are diverse and variable between individuals. Two major risk fac-

tors that contribute to severe asthma are genetics and environmental exposures that modulate

immune responses, and although these often interact in complex manners that are not fully

understood, certain endotypes converge in severe asthma. A number of studies have evaluated

various features of patients with severe asthma and classified patients into phenotypes with

clinical relevance. This phenotyping is now incorporated into clinical practice and can be used to

guide advanced biological therapies that target specific molecules and inflammatory pathways

that contribute to asthma pathogenesis. CHEST 2020; 157(3):516-528
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Asthma is the most common chronic
respiratory illness, and 8.2% of the US
population has asthma.1 Although recurrent
wheezing and airflow obstruction are
hallmarks of asthma, other features
associated with asthma are variable,
including age of onset, comorbidities,
laboratory abnormalities, and reversibility of
airflow obstruction. These observations
indicate that asthma is a heterogenous
disease, which is underscored by differences
in the exacerbation rate, response to therapy,
and remission rate. The heterogeneity of
asthma extends beyond clinical phenotypes,
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and over the last two decades, translational
research has established a number of genetic,
immunologic, and environmental factors
that contribute to asthma risk and asthma
pathogenesis. The identification of specific
immune pathways related to certain clinical
phenotypes has enabled targeted therapy for
a subset of patients with asthma and
continues to be an area of active research.

The clinical course for individuals diagnosed
with asthma is highly variable. Remission is
common, and rates of remission are higher
in children than adults.2-4 The persistence of
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asthma symptoms has been associated with a number of
relevant clinical features, including recent symptoms, a
reduced FEV1, and female sex.5 In 1999, the European
Respiratory Society6 defined therapy-resistant asthma as
persistent symptoms or evidence of obstruction despite
6 months of appropriate guideline-based asthma
management. This definition has been updated in a joint
statement by the European Respiratory Society and
American Thoracic Society7 and expanded to include
severe asthma, which is defined as asthma requiring
high-dose inhaled corticosteroids (ICSs) plus a second
controller medication. Persistent and severe asthma
frequently occur concurrently with a prevalence of 5% to
10% of all patients with asthma and consume a large
proportion of overall asthma resources.8

This review focuses on recent clinical and translational
advances related to persistent and severe asthma, with a
focus on emerging classification of patients by
phenotypes and endotypes and the new therapies that
have been developed based on these insights.

Assessment of Asthma and Related Conditions

Accurate Asthma Diagnosis

Symptoms of intermittent dyspnea, wheezing, and
cough are classically associated with asthma, but these
are nonspecific and presentation with atypical asthma
symptoms such as cough is common. Therefore,
asthma should be considered whether classical
symptoms are present or not, and evaluation for other
nonasthma diagnoses is warranted, even when patients
present with classical symptoms. Although the
diagnosis of asthma is based on clinical findings,
objective measurements, such as reversible airflow
obstruction, can be used to support a diagnosis.
Guidelines for the diagnosis of asthma have been
published by several organizations for both children
and adults.9,10 These guidelines emphasize the need for
a careful history, including identifying common
triggers, work exposures, personal history of wheezing,
symptoms with exercise, and family history of asthma
symptoms. Evaluation in patients > 5 years of age
should include spirometry with evaluation for a
bronchodilator response and in patients without
airflow obstruction consideration of
bronchoprovocation testing. Further testing may
include measurement of exhaled fractional excretion of
nitric oxide, CBC count with differential to evaluate for
eosinophilia, serum IgE levels, and allergy testing. In
cases of persistent or severe asthma, all of these tests
and imaging (chest radiograph and/or chest CT scan)
chestjournal.org
and alpha-1 antitrypsin level and phenotype are
indicated. Figure 1 provides a step-by-step approach to
evaluation, diagnostic testing, and interventions when
severe asthma is considered.

Alternate diagnoses need to be considered, particularly
in circumstances of persistent or severe asthma. Airflow
obstruction in the upper airway may be suggested by
auscultation and distinguished from asthma with
spirometry and otolaryngologic evaluation. However,
COPD, bronchiectasis, bronchiolitis obliterans,
sarcoidosis, and lower airway obstruction because of
masses or foreign objects can mimic spirometry patterns
seen in asthma. Dyspnea, particularly when other
asthma symptoms are minimal, warrants a broad
evaluation; cardiovascular disease, obesity, and anemia
are common conditions that can cause persistent
dyspnea. Additionally, interstitial lung disease should be
considered, particularly in settings of hypoxia. Many
years ago, it was recognized that chronic cough in the
absence of wheezing or dyspnea can be caused by
asthma, but a primary complaint of cough may also be
caused by acute infection, chronic infection, acid reflux,
aspiration, and interstitial lung disease.11 Medication
usage should be carefully reviewed because some asthma
symptoms can be induced by over-the-counter and
prescription medications. Although these considerations
apply generally to both children and adults, particular
considerations in children include cystic fibrosis,
immunodeficiency, and foreign body aspiration.11

Bronchoscopy with BAL, endobronchial biopsies,
transbronchial biopsies, and/or endobronchial
ultrasound-guided biopsies of lymph nodes should also
be considered in cases of severe asthma to both exclude
alternative diagnoses and confirm an accurate diagnosis
of asthma.

Comorbid Diseases

Comorbid diseases are common in patients with asthma,
and can substantially worsen asthma symptoms. Allergic
rhinitis is present in over one-half of children with
asthma, and is present at an increased frequency in both
adults and children with asthma compared with those
without asthma, reaching as high as 82% of nonsmoker
adults with severe asthma in one cohort.12,13 Allergic
sensitization also frequently co-occurs with asthma,
particularly in children. Obesity has an inverse
relationship with lung residual volume which can
exacerbate dyspnea symptoms in individuals with
asthma. However, inflammatory states in the lung and of
lung immune cells and adipose tissue are also altered in
subjects who are obese, including increased levels of the
517
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Symptoms compatible with asthma

Spirometry with evaluation for bronchodilator response
Bronchoprovocation testing
Chest radiograph

Pulmonary function testing
Chest CT imaging
Echocardiogram
Pro-brain natriuretic peptide
Empirical treatment with proton pump inhibitor

Serum IgE levels
Skin testing for aspergillus sensitivity
Aspergillus-specific IgG
ANCA
CBC count with differential

Trial of trigger avoidance

Assess inhaler technique

Serum IgE
Eosinophil count

Targeted asthma therapies (see Table 1)

Evaluate for alternate diagnoses

Chronic obstructive lung disease
Sarcoidosis
Gastroesophageal reflux disease
Acute or chronic respiratory infections
Sinus disease
Fixed airway obstruction
Bronchectasis
Bronchiolitis obliterans
Interstitial lung disease
Cardiovascular disease

Assess for asthma-associated diseases

Allergic bronchopulmonary aspergillosis
Eosinophilic granulomatosis with polyangiitis
Aspirin sensitivity
Chronic rhinosinusitis
Exercise-induced bronchospasm

Assess for environmental exposures and triggers

Tobacco smoke (firsthand or secondhand)
Dust
Smog
Weather changes
Mold
Animals
Scented products
Cold air
Work environment
Medications

Phenotyping

Evaluate medication regimen

High-dose ICS plus second controller
Proper medication delivery technique and adherence
Six months or more of symptoms
Two or more exacerbations per year

Figure 1 – Overview of evaluation of patients with severe asthma. Flowchart of clinical evaluation (left boxes) with indicated diagnostic testing (right
boxes). Tests in italics may be necessary depending on the clinical context and other diagnostic testing results. ANCA ¼ antineutrophil cytoplasmic
antibodies; ICS ¼ inhaled corticosteroid.
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proinflammatory molecules IL-6, leptin, and tumor
necrosis factor-alpha.14-16 The presence of OSA should
also be considered in patients with asthma.
Gastroesophageal reflux disease is also a common
condition and contributes to worsened symptoms in
both adults and children with asthma. In adults who
have smoked, asthma and COPD can coexist and has
been described as asthma-COPD overlap syndrome.17
Asthma-Associated Diseases

In addition to the comorbid diseases previously
described, several diseases contribute to asthma
symptoms, but are asthma-associated, rarely occurring
in the absence of asthma. Allergic bronchopulmonary
aspergillosis occurs in 1% to 2% of patients with asthma,
but in patients with persistent asthma, significantly
higher rates have been observed, including as high as
38.6% in patients with acute severe asthma
exacerbations.18,19 This condition is associated with
elevated IgE levels and aspergillus-specific antibodies.
Clinically, patients frequently have mucoid impaction
and may expectorate airway casts, whereas chest
radiographs can reveal transient or migratory opacities.
Aspirin sensitivity and chronic rhinosinusitis with nasal
polyposis in the setting of asthma has been described as
nonsteroidal antiinflammatory drug (NSAID)-
exacerbated respiratory disease and classically results in
bronchospasm within a few hours of ingestion of aspirin
or NSAIDs. Eosinophilic granulomatosis with
polyangiitis is a vasculitis, but is almost always preceded
by many years of asthma symptoms that do not respond
well to ICSs.20 Treatment of eosinophilic granulomatosis
with polyangiitis often requires systemic corticosteroids
with or without additional immunosuppression.
Patients with these conditions will often require additional
nonasthma medications, or in the case of NSAID-
exacerbated respiratory disease (also known as aspirin-
exacerbated respiratory disease), desensitization with
high-dose daily aspirin, before their asthma symptoms
improve.21 Exercise-induced bronchoconstriction may also
contribute to severe and persistent asthma symptoms, and
leukotriene receptor antagonists have been shown to
improve symptoms in a large portion of patients with
exercise-induced bronchoconstriction.22

Accurate diagnosis of asthma and identification of
comorbid diseases is crucial for patients who do not
demonstrate a rapid response to standard asthma
therapies. All patients, but in particular those with
refractory or severe symptoms, should have any
comorbid conditions treated when possible. In patients
chestjournal.org
where these measures fail, we recommend that
physicians refer patients to an asthma specialist with
experience in persistent and refractory asthma
management.

Asthma Classifications
A number of asthma classifications have been described
based on the onset of disease, phenotypes, and molecular
features. Many of these have overlapping features, and
persistent and severe asthma transgress all of these
classifications. Here, we highlight aspects within these
classifications that are associated with persistent and
severe asthma. Figure 2 illustrates the interplay between
risk factors, endotypes, and phenotypes.

Asthma Phenotypes

Recognizing that asthma is a heterogenous disease,
asthma phenotypes have been proposed as a way of
distinguishing groups of patients with asthma.
Phenotypes are features shared by some but not all
patients with asthma and can incorporate clinical,
physiological, laboratory, and/or molecular data. One
advantage of classifying patients into specific asthma
phenotypes is that it can provide personalized care.

Childhood-onset and adult-onset asthma differ
regarding sex ratios, exacerbation triggers,
comorbidities and severity, and genetics, suggesting
that these may have nonoverlapping features.23-25 In
childhood-onset asthma, older age of diagnosis (> 15
years of age), sensitization as measured by elevated
serum IgE levels, low lung function, and increased
airway hyperresponsiveness have been associated with
more severe or persistent asthma.26,27 Overall, adult-
onset asthma is more severe, has a lower remission rate,
and is not as frequently associated with allergy when
compared with childhood-onset asthma.28,29 Recently,
a study was conducted comparing the genetic
architecture of childhood-onset and adult-onset
asthma using genome-wide association studies
(GWASs) and found that the genetic risk for adult-
onset asthma is largely a subset of the genetic risk for
childhood-onset asthma but with overall smaller effect
sizes. The 17q12-23 locus that has had the strongest
association with asthma in many prior GWASs was
highly significant in the childhood-onset GWAS but
not the adult-onset GWAS. In contrast, the HLA region
on chromosome 6 was strongly associated with both
childhood-onset and adult-onset asthma.25 In another
study, differences in gene expression in several tissues
have suggested that severe asthma in children and
519
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Asthma risk factors Asthma endotypes

Immune responses
and memory

Transcriptome
(gene expression)

Metabolome

Proteome

Environmental
exposures

Genetic
variants

Severe asthma phenotypes

Elevated IgE

Eosinophilia

Th2 inflammation

Microbiome

Bronchodilator
responsiveness

Increased BMI

Figure 2 – Interplay between risk factors, endotypes, and phenotypes in severe asthma. Both genetics and environment contribute to asthma risk and
interact in complex ways to influence asthma endotypes or biological processes. Size of the lines indicates the relative proportion to severe asthma
phenotype.
severe asthma in adults differ regarding gene
expression and inflammatory pathways.30 In
combination, these studies suggest that genetic risk is
larger in childhood-onset asthma, and that adult-onset
asthma is influenced to a greater extent by
environmental exposures with immune mechanisms
contributing to both.

The Severe Asthma Research Program (SARP) has
identified five phenotypic clusters of severe asthma,
including three clusters in adults and two clusters in
children. These clusters are distinguished by the age of
onset, allergen sensitization, lung function, medications,
health-care utilization, and comorbidities.31,32

Unsupervised clustering using machine learning has
been applied to the SARP cohort to identify additional
variables that define severe asthma clusters and those
who are likely to have responses to corticosteroid
treatment.33,34 Within the SARP cohort, patients with
severe asthma and frequent exacerbations have been
reported to have higher blood eosinophil count, higher
BMI, and bronchodilator responsiveness.35 Although
SARP phenotypes have been important in identifying
features that distinguish different clusters of patients
with asthma, the phenotypes cannot be easily
incorporated into clinical decision-making. Using a
smaller cohort of patients, a different group has reported
520 CHEST Reviews
that frequent exacerbators were more likely to have
higher fractional excretion of nitric oxide and a history
of smoking.36 A number of other studies have also
evaluated different phenotypes in severe asthma,
including Unbiased biomarkers in prediction of
respiratory disease outcomes (U-BIOPRED) and the
Severe and Uncontrolled Asthma Registry from Italy,
and have contributed to our understanding of asthma
phenotypes and endotypes.

Ongoing clinical trials have been designed to target
specific phenotypes or compare responses between
patients grouped into different phenotypes.

Asthma Endotypes

Although phenotypes focus on observed or measured
features, endotypes subset individuals based on distinct
functional or pathobiologic mechanisms. This frequently
involves multiomic characterization, and asthma
endotypes have been described according to genomic,
transcriptomic, epigenomic, proteomic, and/or
metabolomic profiles. Additionally, immune profiling
enables phenotypes to be linked with endotypes.

Th2 inflammation has been linked to a subset of patients
with severe asthma and has primarily focused on IgE
levels and blood eosinophil count. One retrospective
analysis of patients with asthma, comparing high vs low
[ 1 5 7 # 3 CHES T MA R C H 2 0 2 0 ]



airway reversibility with bronchodilators suggested that
low airway reversibility has higher biomarkers of Th2
immune responses and better disease control.37

Response to mepolizumab, an anti-IL-5 antibody, has
also been used to phenotype patients retrospectively, and
the predictors of response included blood eosinophil
count, airway reversibility, and BMI.38 Limited studies
have expanded beyond evaluating Th2 inflammation in
severe asthma. One suggested that high soluble ST2, the
IL-33 receptor, in patients with stable asthma predicted
a severe asthma exacerbation within 3 months.39

Collectively, supervised and unsupervised phenotyping
of persistent and severe asthma suggests that patients
have higher BMI and higher markers of Th2
inflammation. Not surprisingly, persistent and severe
asthma phenotypes have more frequent exacerbations
and higher corticosteroid use.

Over 60 genetic loci have been associated with asthma.25

Some of these have been linked to severe asthma.
GWASs in children and adults have identified five loci
associated with severe exacerbations, and implicated
several genes involved in immune responses, including
IL33, IL1RL1, and CDHR3.40,41 A GWAS reported 24
loci that were associated with moderate-to-severe
asthma, and further analysis suggested that one of the
risk loci was associated with increased mucin
production.42 A number of studies have investigated
gene expression in persistent and severe asthma. These
studies have been conducted in various cell types,
including airway epithelial cells, whole blood, sputum,
and BAL, and it is important to recognize that gene
expression is tissue-specific.30,43-47 Moreover, some
studies have compared gene expression response
differences after specific treatments. Not surprisingly,
several gene expression signatures have been identified,
and the signatures implicate that diverse mechanisms
contribute to persistent and severe asthma. Many of
these mechanisms imply altered immune responses.
Although sputum proteomics has been an emerging area
of research in asthma, only a few studies have
investigated proteomics in severe asthma. In the largest
proteomic study of patients with severe asthma, sputum
supernatants were compared between patients with
severe asthma who smoked and those who were ex-
smokers or never smokers, and distinct proteomic
patterns were observed between all groups. Smokers in
this study had increased levels of colony-stimulating
factor 2 protein in their sputum, and ex-smokers had
increased levels of CXCL8, neutrophil elastase, and
azurocidin 1.48 Metabolomic differences between
chestjournal.org
persistent and severe asthma have been reported in both
children and adults, but the significance of these findings
is unclear because no single pathway was identified, and
there was a high coincidence of corticosteroid use that
confounds the results.49-51 In addition, the airway
microbiome in patients with severe asthma has been
associated with several clinical phenotypes, including
increased Pseudomonadaceae and Enterobacteriaceae in
the sputum of patients with severe asthma and
corticosteroid responsiveness with Actinobacteria in
bronchial brushings.52-54 Collectively, endotyping in
severe asthma has highlighted the prominent role of
several immune mechanisms. Further integration of the
various observations from different cell types is likely to
clarify severe asthma pathobiology.
Current Strategies for Management of
Persistent and Severe Asthma
The Expert Panel Report 3 guidelines9 categorize
persistent asthma as mild, moderate, or severe based on
symptom frequency and spirometry and can be used to
direct escalation of therapy. Importantly, these
guidelines recommend frequent reevaluation, and when
patients meet the European Respiratory Society and
American Thoracic Society criteria6,7 for persistent
asthma, they have been continued on appropriate
therapy, including high-dose ICSs and a long-acting
beta-agonist (LABA), for at least 6 months. Often
leukotriene receptor antagonists are added if symptoms
persist despite high-dose ICS and LABA therapy;
however, the benefit of this therapy in severe asthma is
unclear. The Global Initiative for Asthma55 was updated
in early 2019 and provides a detailed framework for the
evaluation and management of asthma.

Two studies evaluated the impact of increasing the ICS
dose in children or adults to prevent exacerbations, but
most subjects in these studies did not appear to meet the
criteria for persistent asthma. In children 5 to 11 years of
age with mild-to-moderate persistent asthma on low-
dose ICSs, quintupling the dose of ICSs did not change
the rate of severe asthma exacerbations compared with
control subjects assigned to usual controller medications
and a self-management plan.56 In a separate study of
adults who had an exacerbation within the previous
12 months, quadrupling the dose of ICSs resulted in a
modest reduction of severe exacerbations after 1 year
(45% for the intervention group vs 52% for the control
group).57 These studies suggest that in children and
most adults, increasing ICS dosing does not reduce
521
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exacerbation rate. However, in a small subset of adult
with asthma, aggressive increases in ICS dosing may
reduce exacerbation rate as demonstrated by the modest
reduction in severe exacerbations.

Oral corticosteroids were first reported to be of benefit
in treating severe asthma exacerbations in 1956, and
they continue to be the mainstay of pharmacotherapy
for persistent and severe asthma treatment.58

Corticosteroids elicit potent antiinflammatory responses
from a number of different cell types that can
dramatically alter asthma symptoms. Although most
patients with severe asthma respond to systemic
corticosteroid therapy, albeit sometimes only at high
doses, short-term and long-term adverse effects of
corticosteroid therapy often complicate their chronic use
in severe asthma.

The identification of altered immune responses in
subsets of patients with asthma has led to phenotyping
and now the regular use of targeted immunomodulatory
agents. Severe and persistent asthma with concurrent
allergen sensitization and an elevated IgE level warrants
consideration of omalizumab therapy (Table 1
summarizes features of omalizumab and other severe
asthma biologic therapies, including mechanisms,
patient considerations, routes of administration, dosing
frequencies, and contraindications). Omalizumab is an
anti-IgE antibody administered subcutaneously that has
been approved for the treatment of moderate-to-severe
persistent asthma in both children $ 6 years of age and
adults who have also demonstrated allergic sensitization.
It is dosed based on serum IgE levels and weight and is
administered every 2 to 4 weeks. Omalizumab has not
been shown to be effective in acute asthma exacerbations
and does not have a role in the management of acute
bronchospasm or status asthmaticus; however, one case
report has described clinical improvement and reduced
serum IgE level for a patient on salvage therapy for
several days after presenting with status asthmaticus.59

In the first two randomized controlled trials of
omalizumab, adults with moderate-to-severe asthma on
ICSs and SABA (short-acting beta agonist; not on
LABA) had fewer exacerbations per patient from >

5% to < 2.3% on stable ICS dosing during a 16-week
period of treatment. Omalizumab also reduced the
number of exacerbations in patients reducing ICS dosing
because of improved control of asthma symptoms
during a 12-week period of treatment.60,61 A third study
in adults that did not exclude patients on LABA did not
show a difference in the percent of patients with one or
522 CHEST Reviews
more exacerbations.62 In adults with severe asthma on
high-dose ICSs and LABA, the incidence of
exacerbations was reduced by 25% in patients receiving
omalizumab compared with placebo; however, the rates
of exacerbations per subject during the 12-month study
were relatively low at 0.66 and 0.88, respectively.63 In a
study of a limited number of children with severe
asthma (n ¼ 34), treatment with omalizumab was
associated with improved symptoms, improved FEV1,
and a reduction in oral corticosteroid dose.64 A number
of other clinical trials in both children and adults have
shown omalizumab to be beneficial in severe asthma and
mild-to-persistent asthma. A retrospective analysis of
data from two clinical trials in adults with moderate-to-
severe asthma suggests that patients with higher blood
eosinophil counts have a higher percent reduction in
asthma exacerbations65; however, a recent study
evaluating the course of asthma symptoms and
biomarkers in adults while on omalizumab treatment
did not find any association between exacerbation rates
and elevated fractional excretion of nitric oxide of $ 25
parts per billion or eosinophil count of $ 300 cells/mL.66

Therefore, although children and adults with severe
asthma and elevated IgE levels appear to benefit from
omalizumab treatment, further subphenotyping of
patients to predict response is not currently warranted.

Dupilumab is another monoclonal antibody that has
been developed and was recently approved for treatment
of moderate-to-severe asthma. Similar to omalizumab,
dupilumab targets a molecule in the Th2 pathway, but
dupilumab targets the IL-4 receptor alpha molecule and
blocks both IL-4 and IL-13 signaling. In a study of
subjects with glucocorticoid-dependent asthma,
dupilumab resulted in a decrease in the corticosteroid
dose of 70% compared with a decrease of 42% in the
placebo group. Treated subjects had a 59% lower rate of
severe asthma exacerbation compared with the placebo
group.67 Dupilumab was also evaluated in subjects with
moderate-to-severe uncontrolled asthma at two different
doses. Both doses (200 and 300 mg every 2 weeks)
reduced the rate of asthma exacerbations by nearly
50% compared with placebo groups, and the largest
reduction in exacerbations was seen in those with
elevated eosinophil counts ($ 300 cells/mL) with an OR
of 0.34 compared with placebo.68

A subset of patients with asthma have increased blood
and/or sputum eosinophil counts and this has been
identified as a risk factor for asthma exacerbations.69,70

IL-5 is a cytokine that potently enhances eosinophil
[ 1 5 7 # 3 CHES T MA R C H 2 0 2 0 ]



TABLE 1 ] Immunomodulatory Biologic Agents Approved for Use in Asthma

Pathway IgE IL-4 and IL-13 IL-5

Mechanism Blocks IgE-mediated immune
stimulation

Binds to IL-4R alpha subunit and
blocks IL-4 and IL-13 cytokine-
induced inflammatory
responses

Block IL-5 binding to the receptor and reduces survival of eosinophils

Medication Omalizumab Dupilumab Mepolizumab Benralizumab Reslizumab

Target Anti-IgE monoclonal antibody Anti-IL-4R alpha monoclonal
antibody

Anti-IL-5 monoclonal
antibody

Anti-IL-5 alpha
monoclonal antibody

Anti-IL-5 receptor
monoclonal
antibody

Considerations Elevated IgE Atopic dermatitis and/or
eosinophilia

Eosinophilia Eosinophilia Eosinophilia

Indications Add-on therapy for patients $ 6 y
old with moderate-to-severe
persistent asthma inadequately
controlled on ICS and a total
serum IgE level between 30 and
700 units/mL and a positive
allergen test

Moderate to severe asthma in
patients $ 12 y old; oral
corticosteroid-dependent
asthma or asthma with severe
atopic dermatitis or chronic
rhinosinusitis with nasal polyps

Severe asthma in
patients $ 12 y old
with eosinophilia

Severe asthma in
patients $ 12 y old with
eosinophilia

Severe asthma in
patients $ 18 y old
with eosinophilia

Dosing route Subcutaneous Subcutaneous Subcutaneous Subcutaneous IV

Dosing interval Every 2-4 wk depending on
pretreatment serum IgE level

Every 2 wk Every 4 wk Every 4 wk for the first
three doses, then once
every 4 or 8 wk

Every 4 wk

Outcomes
observed in
clinical trials

Reduced exacerbations by
approximately 25%-50% in
subjects with an FEV1 between
40% and 80% predicted

Reduced exacerbations by
approximately 50% in patients
with severe asthma compared
with placebo and improvement
in FEV1

Among patients on oral
glucocorticoids, 70% had a
reduction in the dose,
compared with 42% in placebo

Fewer exacerbations
compared with
placebo and
reduced
corticosteroid dose
in patients requiring
maintenance
corticosteroids

Reduced exacerbation
rate in moderate or
severe asthma. In
patients with eosinophil
counts $ 300 cells/mL,
rate ratio of < 0.55 for
both dosing regimens
and improved
prebronchodilator
FEV1.

Reduced glucocorticoid
use with an odds of
reduction of 4.09
compared with placebo

Decreased asthma
exacerbations by as
much as 59%.
Improvement in
lung function.

Improvement in
asthma symptoms
and asthma-related
quality of life

(Continued)
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viability, and mepolizumab was the first anti-IL-5
therapy to be approved for severe asthma. A clinical trial
of mepolizumab in subjects with asthma with a history
of two or more exacerbations in the previous year while
on high-dose ICSs plus an additional inhaler
demonstrated a reduction in the number of
exacerbations requiring corticosteroid therapy and/or
ED visits compared with a placebo group. In a separate
clinical trial of mepolizumab in subjects who required
oral corticosteroids at the time of enrollment, daily
corticosteroid dose was decreased compared with
placebo.

Two additional therapies, reslizumab and benralizumab,
block IL-5 activity and are approved for use in severe
asthma. Reslizumab has been shown to reduce the
exacerbation rate and increase the time to exacerbation
when compared with control subjects.71 Another trial of
reslizumab included subjects with blood eosinophil
counts of$ 400 cells/mL and demonstrated an increase in
prebronchodilator FEV1 at 16 weeks compared with
baseline FEV1 values, and the magnitude of effect was
dose-dependent.72 Benralizumab has also shown to be of
benefit in subsets of patients with severe asthma. In one
clinical trial of subjects with two exacerbations while on
high-dose ICSs and LABA, subjects were assigned to
either 4- or 8-week dosing intervals and stratified based
on blood eosinophil counts. Patients with blood
eosinophil counts$ 300 cells/mL had fewer exacerbations
than the placebo group (also with elevated eosinophil
counts) in both the 4- and 8-week dosing groups and had
an improvement in prebronchodilator FEV1, whereas
patients with blood eosinophil counts < 300 cells/mL did
not have a difference in exacerbation frequency for either
dosing interval compared with the placebo-treated
group.73 Concurrently, a separate clinical trial evaluating
benralizumab in a similar study design with enrollment
criteria targeting patients with more severe asthma also
demonstrated a decrease in annual exacerbations and
prebronchodilator FEV1 in patients on ICSs and LABA
with blood eosinophil counts $ 300 cells/mL with either
4- or 8-week dosing intervals.74 This study also observed a
decreased rate of exacerbations in subjects with blood
eosinophil counts< 300 cells/mL as well, but there was no
difference in prebronchodilator FEV1 in this group
compared with the placebo group. These clinical trials
indicate that patients with severe asthma and elevated
blood eosinophil counts are most likely to benefit from
the addition of anti-IL-5 therapies, and those without
elevated blood eosinophil counts may also have fewer
exacerbations with this medication.
[ 1 5 7 # 3 CHES T MA R C H 2 0 2 0 ]



Azithromycin, a macrolide antibiotic that inhibits
bacterial protein synthesis and also has
antiinflammatory mechanisms of action, has been
studied in clinical trials of asthma. In the largest
randomized trial, addition of 500 mg three times per
week of azithromycin to ICSs and long-acting
bronchodilators reduced asthma exacerbations with an
incident rate ratio of 0.59.75 Asthma-related quality of
life was also improved in this study. Subgroup analysis
suggested that subjects with eosinophilia responded
better than subjects without eosinophilia. However, this
result is overshadowed by other smaller studies and
meta-analyses that have failed to demonstrate the
efficacy of azithromycin in severe or poorly controlled
asthma. Because of these conflicting results,
azithromycin has not been added to guidelines for
asthma treatment. Several ongoing studies of
azithromycin are focusing on how it alters the
microbiome and whether these are clinically significant.

Limiting the effects of smooth muscle contraction has
been targeted by bronchial thermoplasty, which delivers
radiofrequency energy to the bronchial walls.
Interestingly, endobronchial biopsies taken after
bronchial thermoplasty have shown a reduction in the
number of nerve fibers in airway smooth muscle and
epithelium. Bronchial thermoplasty was approved by the
Food and Drug Administration nearly a decade ago and
clinical trials indicate that it may have a role in
management of adults with severe persistent asthma.

Potential Future Targets

Therapies that target other inflammatory molecules are
currently being evaluated for potential use in asthma. IL-
13 is a chemokine that elicits cell-specific responses in a
number of cell types that are relevant in asthma,
including airway smooth muscle contraction, class
switching to IgE in B cells, and eosinophil trafficking.
However, randomized controlled trials of two
monoclonal antibodies that block IL-13 have
demonstrated only modest or no benefit in severe and
persistent asthma. Blocking thymic stromal
lymphopoietin, a cytokine that initiates allergic
inflammation and is secreted by epithelial cells, has been
evaluated in limited clinical trials and is undergoing
further consideration in clinical trials of severe asthma
(tezepelumab76-78). IL-2 is a potent autocrine chemokine
that promotes the proliferation of antigen-specific
T cells, and blocking IL-2 is being investigated in
asthma. The cytokine IL-33 activates ILC2 cells and
promotes Th2 responses, and biological agents that
chestjournal.org
inhibit IL-33 activity are being studied (REGN350079

and etokimab80). Other targets being investigated in
early clinical trials include the transcription factor
GATA3 (SB01081), prostaglandin D2 receptor
(fevipiprant/QAW039A82-84), tyrosine kinases
(imatinib85), and endothelin-A receptor (sitaxenten86).
Although there is strong evidence that all of these
pathways can contribute to severe asthma, targeted
therapies are limited by the underlying phenotypic and
endotypic variation between patients. Therefore,
although some targeted therapies may be of limited
utility in the general asthma population, they may be of
substantial benefit to a subset of patients with asthma.
Conclusions
As physicians have recognized for many years, severe
and persistent asthma arises from heterogenous
conditions that result in shared symptoms. More
recently, a number of studies have reinforced the
heterogeneity at the level of asthma phenotypes and
asthma endotypes. These findings and in particular the
delineation of distinct immune phenotypes have led to
the development and testing of new classes of asthma
treatments that target specific immune pathways.
Emerging therapies now enable physicians to provide
personalized medicine to patients with severe asthma.
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