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Symptoms compatible with asthma

Spirometry with evaluation for bronchodilator response
Bronchoprovocation testing
Chest radiograph

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

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

Assess for asthma-associated diseases
Allergic bronchopulmonary aspergillosis
Eosinophilic granulomatosis with polyangiitis
Aspirin sensitivity
Chronic rhinosinusitis
Exercise-induced bronchospasm
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Serum IgE
levels
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Skin testing for aspergillus sensitivity
Aspergillus-specific IgG
ANCA
CBC count with differential
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Assess for environmental exposures and triggers
Tobacco smoke (firsthand or secondhand)
Dust
Smog
Weather changes
Nathan Schoettler,
PhD;
and Mary E. Strek, MD
Trial MD,
of trigger
avoidance
Mold
Animals
Scented products
Cold air
Work environment
This review focuses on recent clinical and translational discoveries in severe and uncontrolled
Medications

From Phenotypes to Personalized Medicine

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

[
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asthma is common in both children and adults and typically responds to standard therapies, a
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
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subset of individuals with asthma experience severe and/or persistent symptoms despite
appropriate therapies. Airﬂow obstruction leading to frequent symptoms requiring higher levels
Assess inhaler
technique therapy is the cardinal feature of severe asthma, but the underlying molecular
of controller

mechanisms, or endotypes, are diverse and variable between individuals. Two major risk fac-
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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
Phenotyping
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Serum IgE understood, certain endotypes converge in severe asthma. A number of studies have evaluated
Eosinophil count

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
Nathan Schoettler, MD, PhD; and Mary E. Strek, MD
guide advanced biological therapies that target speciﬁc molecules and inﬂammatory pathways
that contribute
to asthma
Targeted asthma
therapies (see
Table 1) pathogenesis.
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Asthma risk factors

Asthma endotypes

Severe asthma phenotypes

Elevated IgE

Genetic
variants

Immune responses
and memory
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Th2 inflammation
Eosinophilia
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This review focuses on recent clinical and translational discoveries in severe and uncontrolled

Bronchodilator
responsiveness
asthma is common in both children and adults and typically responds
to standard therapies, a
Metabolome
subset of individuals with asthma experience severe and/or persistent symptoms despite

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

Environmental
exposures

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-

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

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

features of patients with severe asthma and classiﬁed patients into phenotypes with
Figure 2 – Interplay between risk factors, endotypes, and phenotypes various
in severe
asthma. Both genetics and environment contribute to asthma risk and
clinical relevance. This phenotyping is now incorporated into clinical practice and can be used to
interact in complex ways to inﬂuence asthma endotypes or biological processes. Size of the lines indicates the relative proportion to severe asthma
guide advanced biological therapies that target speciﬁc molecules and inﬂammatory pathways
phenotype.
that contribute to asthma pathogenesis.
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Un punto di vista che è cambiato

ONE SIZE
FITS ALL

Wenzel, Lancet 2006

Specifiche terapie per specifici target immunoflogistici
dell’asma
Thomson et al. BMC Medicine 2011, 9:102
http://www.biomedcentral.com/1741-7015/9/102
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Figure 1 Potential targets for selected novel therapies for treatment resistant asthma. The figure summarizes targets for a selection of
Thomson,
BMC Medicine
2011
therapies that are recently licensed or under clinical development for patients with severe treatment resistant asthma.
Abbreviations:
CRTH2,
chemoattractant receptor-homologous molecule expressed on Th2 cells; FLAP, lipoxygenase-activating protein; IL-, interleukin-; PPAR, proliferatoractivated receptor; PDE, phosphodiesterase; PGD2, prostaglandin D2.

Pathway

Decreased asthma
exacerbations by as
much as 59%.
Improvement in
lung function.
Improvement in
asthma symptoms
and asthma-related
quality of life
Reduced exacerbation
rate in moderate or
severe asthma. In
patientswitheosinophil
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
Fewer exacerbations
compared with
placebo and
reduced
corticosteroid dose
in patients requiring
maintenance
corticosteroids

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

IV
Subcutaneous
Subcutaneous

Eosinophilia

Subcutaneous

Atopic dermatitis and/or
eosinophilia

Every 2 wk

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

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

Anti-IgE monoclonal antibody
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Headache (6%-12%)
Arthralgias (3%-8%)
Anaphylaxis (0.3%) – black
box warning
Serum sickness-like reaction
Cardiovascular events,
including transient ischemic
attack and ischemic stroke
Eosinophilic granulomatosis
and polyangiitis

Dosing route Subcutaneous

This review focuses on recent clinical and translational discoveries in severe and uncontrolled

Indications

Considerations Elevated IgE

IgE

chestjournal.org

Serious side effects are in bold font.

Outcomes Reduced exacerbations by
Reduced exacerbations by
observed in approximately 25%-50% in
approximately 50% in patients
clinical trials subjects with an FEV1 between with severe asthma compared
40% and 80% predicted
with placebo and improvement
in FEV1
Among patients on oral
glucocorticoids, 70% had a
reduction in the dose,
compared with 42% in placebo

Anti-IL-4R alpha monoclonal
antibody

]
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Target

Omalizumab
Medication

] (Continued)

Common (>
3%) or
severe side
effects

Moderate to severe asthma in Severe asthma in Severe asthma in
Severe asthma in
patients $ 12 y old; oral
patients $ 12 y old patients$12yold with patients $ 18 y old
corticosteroid-dependent
with eosinophilia eosinophilia
with eosinophilia
asthma or asthma with severe
atopic dermatitis or chronic
rhinosinusitis with nasal polyps

Eosinophilia
Eosinophilia

Anti-IL-5 monoclonal Anti-IL-5 alpha
Anti-IL-5 receptor
antibody
monoclonal antibody monoclonal
antibody

Reslizumab
Benralizumab
Mepolizumab
Dupilumab

Binds to IL-4R alpha subunit and Block IL-5 binding to the receptor and reduces survival of eosinophils
blocks IL-4 and IL-13 cytokineinduced inﬂammatory
responses
Blocks IgE-mediated immune
stimulation
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Mechanism

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

TABLE 1 ] Immunomodulatory Biologic Agents Approved for Use in Asthma

TABLE 1

[

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
with asthma experience severe and/or
persistent symptoms despite
IL-4of
andindividuals
IL-13
IL-5

Headache
(19%) leading
Antibody
response
with
Antibody
to higher levels
Injection
site reaction
(10%appropriate
therapies.
Airﬂow
obstruction
to frequent
symptoms
requiring
Injection site reaction
neutralizing activity
medication (5%)
18%)
(12%) asthma, but the
Transient
increased
Oralof
herpes
simplex therapy
infection is the (8%-15%)
controller
cardinal feature of severe
underlying
molecular
Headache (8%)
creatine
(4%)
mechanisms,
or endotypes, are diverse and variable
between
Two major risk facPharyngitis
(5%) individuals.
phosphokinase
Antibody
response with
(20%)
neutralizing activity (2%-4%)
tors that(10%)
contribute to severe asthma are genetics and environmental exposures
thatpain
modulate
Oropharyngeal
Conjunctivitis
(3%)
Eosinophilic granulomatosis
immune responses, and although these often interact in complex manners
that are not fully
Increased
with polyangiitis and
malignancies
eosinophilic pneumonia
understood, certain endotypes converge in severe asthma. A number of studies
have evaluated
observed at 6
Hypersensitivity reactions
mo
(diverse
various features of patients with severe asthma and classiﬁed patients into phenotypes with
types)
Anaphylaxis
clinical relevance. This phenotyping is now incorporated into clinical practice
and can be used to
(0.3%) – black
box warning pathways
guide advanced biological therapies that target speciﬁc molecules and inﬂammatory

that contribute to asthma pathogenesis.

CHEST 2020; 157(3):516-528

BUHL ET AL

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 2

42

FIGURE 1. Biologic treatment algorithm for severe asthma. Recommendations for b
asthma. aConsider historic adherence to treatment or reassess the inhaler technique
associated with severe asthma. bBEC thresholds provided are not absolute, and pati
continuum of blood eosinophil levels. cFor patients with high BEC to FeNO levels (high
anti-IL-5/5Ra is recommended, and for patients with high FeNO to BEC levels (high F
anti-IL-4/13 is recommended. BEC and FeNO levels used to indicate a predominant
clinical judgment. dAlthough clinical trial data to support efficacy in these patients
indicate the effectiveness of treatment with anti-IgE for patients who have sensiti
FeNO and BEC levels). eAnti-IgE is recommended as a possible choice but not as th
high BEC (anti-IL-4/13, anti-IL-5, and anti-IL-5Ra). fDupilumab is to be avoided in the
g
Although these additional considerations may influence biologic selection, these fac
captured as part of the overall biologic treatment choice. BEC, Blood eosinophil co
nosinusitis with nasal polyposis; EGPA, eosinophilic granulomatosis with polyangii
oxide; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; IgE, immuno
ppb, parts per billion; T2, type 2.
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Difficult-to-treat asthma
Assess and address the following
• Confirm asthma diagnosis
• Improve adherence to IGs
• Correct inhaler technique
• Identify and avoid exposure to risk factors and
triggers (e.g., allergens, irritants, smoking)
• Assess and treat coexisting conditions

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

Severe asthma despite
high-dose IGs + LABA and
adequate management

Review Article
• Determine blood eosinophil counts and FENO
• Assess coexisting conditions (e.g., severe atopic dermatitis,
CRSWNP, allergic rhinitis, eosinophilic pneumonia, EGPA)

Darren B. Taichman, M.D., Ph.D., Editor
Severe asthma (without daily OGs)

OG-dependent severe asthma

Biologic Therapies for Severe Asthma
Blood eosinophils
<150 cells/µl

Blood eosinophils
150 to 1500 cells/µl

Blood eosinophils
>1500 cells/µl

Guy G. Brusselle, M.D., Ph.D., and Gerard H. Koppelman, M.D.,
Ph.D.
Current or historic

A

FENO <25 ppb

FENO ≥25 ppb

Integrate clinical
characteristics,
biomarkers, and
coexisting conditions

Rule out parasitic
infections, hematologic diseases, and
other hypereosinophilic conditions

evidence of
increased blood
eosinophil count?

sthma affects
more than 300 million people worldwide. CharAllergic asthma
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acterized by variable symptoms of shortness of breath, cough, and chest
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revers1
ibleAnti-IgE
expiratory
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to poor adherence
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inhaled
glucocortianti-IL-5R,
or
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coexisting conditions, including exposure
2
to allergens and irritants. Asthma that is difficult to treat isTaper
considered
to be
OGs gradually
Monitor for adrenal insufficiency
Monitor for unmasking
of EGPA each
severeAssess
when
control remains poor despite measures that adequately
address
response (after 4 to 6 months), side effects, and patient satisfaction
Assess response, side effects,
and patient satisfaction
of these three variables (see Section I in the Supplementary Appendix, available
with the full text of this article at NEJM.org).3,4
Good response
Poor response
Good response
Up to 10%
of adults and 2.5% of children
with asthma have severe
asthma, with
Decrease in exacerbation rate of
• Reassess differential diagnosis, adherence,
Decrease in OG dose of ≥50% and
≥50%, decrease
in symptoms,
coexisting
conditions, phenotypes,
and biomarkers
decrease
in exacerbation rate;
a reduced
quality
ofandlife and• Stop
anineffective
increased
risk of
fixed airflow
limitation,
exacerbaimproved asthma control; continue
biologic agent
continue add-on treatment with
add-on treatment with biologic agent
• Consider switching to a different biologic agent
biologic
agent
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