
Pierachille Santus
Università degli Studi di Milano

UOC Pneumologia
Ospedale “L. Sacco” – Polo Universitario

ASST Fatebenefratelli Sacco - MILANO
pierachille.santus@unimi.it

Asma severo: quale farmaco per quale paziente



GINA 2020

2020 GINA Report, Global Strategy for Asthma Management and Prevention. https://ginasthma.org/wp-content/uploads/2020/06/GINA-
2020-report_20_06_04-1-wms.pdf5.





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-speci!c 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 re"ux 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 (!rsthand 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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Recent Advances in Severe Asthma
From Phenotypes to Personalized Medicine

Nathan Schoettler, MD, PhD; and Mary E. Strek, MD

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,

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

ABBREVIATIONS: GWAS = genome-wide association study; ICS =
inhaled corticosteroid; LABA = long-acting beta-agonist; NSAID =
nonsteroidal antiinflammatory drug; SARP = Severe Asthma Research
Program
AFFILIATIONS: From the Department of Medicine, Section of Pul-
monary and Critical Care, University of Chicago, Chicago, IL.
FUNDING/SUPPORT: This work was funded by the National Institues
of Health [grant NHLBI T32 HL007605].

CORRESPONDENCE TO: Nathan Schoettler, MD, PhD, Department of
Medicine, University of Chicago, 5841 S Maryland Ave, Chicago, IL
60637; e-mail: nschoett@uchicago.edu
Copyright ! 2019 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.
DOI: https://doi.org/10.1016/j.chest.2019.10.009

[ Asthma CHEST Reviews ]

516 CHEST Reviews [ 1 5 7 # 3 CHES T MA R C H 2 0 2 0 ]

Recent Advances in Severe Asthma
From Phenotypes to Personalized Medicine

Nathan Schoettler, MD, PhD; and Mary E. Strek, MD

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

KEY WORDS: asthma; endotype; phenotype; severe asthma

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,

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

ABBREVIATIONS: GWAS = genome-wide association study; ICS =
inhaled corticosteroid; LABA = long-acting beta-agonist; NSAID =
nonsteroidal antiinflammatory drug; SARP = Severe Asthma Research
Program
AFFILIATIONS: From the Department of Medicine, Section of Pul-
monary and Critical Care, University of Chicago, Chicago, IL.
FUNDING/SUPPORT: This work was funded by the National Institues
of Health [grant NHLBI T32 HL007605].

CORRESPONDENCE TO: Nathan Schoettler, MD, PhD, Department of
Medicine, University of Chicago, 5841 S Maryland Ave, Chicago, IL
60637; e-mail: nschoett@uchicago.edu
Copyright ! 2019 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.
DOI: https://doi.org/10.1016/j.chest.2019.10.009

[ Asthma CHEST Reviews ]

516 CHEST Reviews [ 1 5 7 # 3 CHES T MA R C H 2 0 2 0 ]







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

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

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 in!ammation

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.
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receptor blockers will be developed further for the treat-
ment of asthma.
Two recent exploratory studies have examined anti-

IL5 monoclonal antibody (mepolizumab) treatment in
patients with severe asthma [26,27]. In 61 patients with
refractory eosinophilic asthma and a history of recurrent
severe exacerbations mepolizumab treatment reduced
severe exacerbations [27] (Figure 2) and in 20 patients
with severe oral corticosteroid dependent asthma an
oral corticosteroid sparing effect was observed [26].
Phase 3 trials are now underway. The relevance of this
approach to clinical practice has been debated [28] as
possibly only a small proportion of patients with persis-
tent sputum eosinophilia are also concordant with
inhaled or oral corticosteroid treatment [29].
A number of clinical trials employing monoclonal

antibodies targeting IL-4 and/or IL-13 in asthma are

underway [30,31]. Both cytokines exert their actions
through the IL-4Ra/IL-13Ra1 receptor complex.
Blocking IL-13 binding to the IL-4 receptor a with
IMA-638 reduces allergen-induced bronchoconstric-
tion [32]. Pitrakinra, a recombinant protein that binds
to IL-4Ra, reduces allergen-induced late responses
with few adverse events [33] and is undergoing devel-
opment as an inhaled medication. A clearer picture of
the role of IL-4 and IL-13 blockers in the treatment of
severe asthma is likely to emerge over the next few
years.
Daclizumab is a humanized monoclonal antibody that

binds specifically to the CD25 subunit of the high-affi-
nity IL-2R, and inhibits IL-2 binding and T-cell activa-
tion. A pilot study of daclizumab in patients with
moderate to severe asthma reported minor improve-
ments in lung function and asthma control [34].

Figure 1 Potential targets for selected novel therapies for treatment resistant asthma. The figure summarizes targets for a selection of
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, proliferator-
activated receptor; PDE, phosphodiesterase; PGD2, prostaglandin D2.

Thomson et al. BMC Medicine 2011, 9:102
http://www.biomedcentral.com/1741-7015/9/102
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TABLE 1 ] (Continued)

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

Common (>
3%) or
severe side
effects

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

Injection site reaction (10%-
18%)

Oral herpes simplex infection
(4%)

Antibody response with
neutralizing activity (2%-4%)
Conjunctivitis (10%)

Eosinophilic granulomatosis
with polyangiitis and
eosinophilic pneumonia

Hypersensitivity reactions

Headache (19%)
Injection site reaction
(8%-15%)

Antibody response with
neutralizing activity
(12%)

Headache (8%)
Pharyngitis (5%)

Antibody to
medication (5%)

Transient increased
creatine
phosphokinase
(20%)

Oropharyngeal pain
(3%)
Increased
malignancies
observed at 6
mo (diverse
types)

Anaphylaxis
(0.3%) – black
box warning

Serious side effects are in bold font.
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The clinical course for individuals diagnosed
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common, and rates of remission are higher
in children than adults.2-4 The persistence of
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characteristics of the different treatment options with predefined
targets and experience in clinical practice.94 Recent research and
clinical studies have provided new information regarding severe
asthma phenotyping and treatment options.

A PubMed literature search for English-language clinical trial
reports, randomized-controlled trials, and meta-analyses on the use
of biologic medications to treat patients with severe asthma was
conducted. Search terms included “biologic” AND “monoclonal
antibody” AND “serious” AND “asthma.” The search yielded 65
results, including literature associated with omalizumab, mepolizu-
mab, reslizumab, benralizumab, and dupilumab from 2010
until 2020.

A roundtable meeting, consisting of a group of global experts in
asthma management on the use of biologics from 9 countries, was
held to review the available data in the medical literature and develop
a consensus that may be used to offer expert opinion to assist health
care providers in making difficult decisions regarding the quality of
care for adult patients with severe asthma in an effort to improve
treatment outcomes in this group of patients with asthma that often
remains uncontrolled. The roundtable participants considered the

most relevant clinical variables in choosing the optimal treatment for
individual adult patients with severe asthma.

The objective of the roundtable was to develop treatment rec-
ommendations that address the investigation of biomarker concen-
trations (BEC along with FeNO levels), clinical features (OCS
dependence and comorbid disease entities associated with severe T2
asthma [perennial allergy, CRSwNP, and severe atopic dermatitis]),
and safety considerations associated with the biologic medications.

RESULTS
An expert opinion about treatment recommendations was

developed for optimal management of patients with severe
asthma with biologic medications (Figure 1). In choosing the
optimal biologic medication for patients with severe T2 asthma
in clinical practice, BEC and FeNO levels can be used to assist in
anti-IL-5, anti-IL-5Ra, and anti-IL-4/13 selection. Should a
patient have a suboptimal response to first-line therapy, an
alternative treatment option that targets a different T2 inflam-
matory pathway or the possibility of non-T2 disease would be

FIGURE 1. Biologic treatment algorithm for severe asthma. Recommendations for biologic treatment selection for patients with severe
asthma. aConsider historic adherence to treatment or reassess the inhaler technique first and address non-T2 comorbid disease entities
associated with severe asthma. bBEC thresholds provided are not absolute, and patient response to biologics should be considered on a
continuum of blood eosinophil levels. cFor patients with high BEC to FeNO levels (high BEC being the predominant signal), treatment with
anti-IL-5/5Ra is recommended, and for patients with high FeNO to BEC levels (high FeNO being the predominant signal), treatment with
anti-IL-4/13 is recommended. BEC and FeNO levels used to indicate a predominant signal are not established and should be based on
clinical judgment. dAlthough clinical trial data to support efficacy in these patients are limited, real-world data and clinical experience
indicate the effectiveness of treatment with anti-IgE for patients who have sensitivity to allergies (including those patients with high
FeNO and BEC levels). eAnti-IgE is recommended as a possible choice but not as the only treatment option, especially in patients with
high BEC (anti-IL-4/13, anti-IL-5, and anti-IL-5Ra). fDupilumab is to be avoided in these patients because of the risk of hypereosinophilia.
gAlthough these additional considerations may influence biologic selection, these factors and safety considerations are not essential to be
captured as part of the overall biologic treatment choice. BEC, Blood eosinophil count; BMI, body mass index; CRSwNP, chronic rhi-
nosinusitis with nasal polyposis; EGPA, eosinophilic granulomatosis with polyangiitis; FeNO, fractional concentration of exhaled nitric
oxide; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IL, interleukin; OCS, oral corticosteroid;
ppb, parts per billion; T2, type 2.
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considered. An adequate trial of at least 4 to 6 months is
necessary to assess treatment response for biologic medications in
patients with severe asthma.12,97,99 Response to treatment should
be assessed by physicians and based on prespecified goals shared
with the patient at treatment initiation. A multifaceted approach
is generally employed to evaluate treatment, including OCS
reduction, symptom control, lung function, and exacerba-
tions.101 Where improvement in any of the prespecified goals
may be considered treatment success, exacerbations are the most
important of the outcomes.

Baseline assessment
A baseline assessment to screen patients who are planned to be

treated with mAb is essential to optimize treatment.92 The
current treatment recommendations consist of a 4-part baseline
assessment.

Baseline assessment part 1. Confirm the presence of se-
vere asthma, according to the Global Initiative for Asthma
(GINA) report12 (Table II), along with OCS dependence or
exacerbations !2 per year and T2 inflammation (BEC !150
cells/mL and/or FeNO !25 parts per billion [ppb]) and/or
asthma that is clinically allergen driven. Assess adherence to ICS
(and maintenance OCS) and other controller medication treat-
ment and reassess the inhaler technique. Identify and address
comorbid disease entities associated with severe asthma and po-
tential exposure to risk factors or complicating factors (aspiration,
infection). Asthma may not be classified as severe if significant
improvement in asthma control occurs when the inhaler tech-
nique or adherence is optimized.12

Baseline assessment part 2. If severe asthma diagnosis is
confirmed and treatment has been optimized, establish BEC and
FeNO levels. BEC and FeNO levels should ideally be measured
in patients who have not used OCS acutely within the past 2
weeks. T2 asthma diagnosis in OCS-dependent patients can be
difficult, particularly if excessive systemic steroid is used, and
historic values before commencement of OCS should be sought
if possible, to avoid these patients being incorrectly labeled as a
non-T2 phenotype. Repeat BEC and FeNO level measurements
up to 3 times (eg, when asthma worsens acutely or before giving
OCS) before assuming that asthma is non-T2.12 BEC and FeNO
levels are both modifiable risk factors for exacerbations.12 The
prognostic and predictive values of biomarkers are related to the
intensity, consistency (ie, result always abnormal), and concor-
dance between 2 biomarkers; if both values are abnormal, that is
more predictive than only one being abnormal.43

Baseline assessment part 3. Validate T2 biomarker levels
by reviewing historic values and performing repeated measures
(especially if the adherence/inhaler technique has been
addressed), to confirm the presence/activity of T2 asthma and
comorbid disease entities associated with severe asthma. If his-
toric eosinophil counts are not available, consider an OCS-
tapering approach in patients receiving daily or frequent OCS
treatment who appear T2 low to assess for change in levels.

Baseline assessment part 4. Biomarkers and comorbid
disease entities associated with severe asthma should be consid-
ered in combination and in context. Although it is important to
consider BEC and FeNO levels, always consider comorbid dis-
ease entities associated with severe asthma, severity of the co-
morbid diseases relative to asthma, and whether comorbid disease
entities associated with severe asthma are a predictor of response
to biologics or a treatment target (eg, CRSwNP, EGPA, eosin-
ophilic pneumonia, severe atopic dermatitis). In considering
comorbid disease entities associated with severe asthma, the
highest clinical need of the patient should be addressed.

Biologic treatment choice based on predictors of
response

After the 4-part baseline assessment is complete, biologic
treatment choice should be made based on the predictors of
response, with BEC along with FeNO levels and OCS use being
the key factors. Although these factors may influence the choice
of a specific biologic, there are additional secondary factors in
comparison to BEC, FeNO, OCS, and also IgE. Additional
factors and safety considerations that may influence individual-
ized biologic selection that may be considered for certain patients
but are not essential to be captured as a part of the overall bio-
logic treatment choice in the treatment recommendations
include pregnancy, BMI, patient preference, treatment adher-
ence, frailty, dexterity, and age.

The BEC thresholds determined for these treatment recom-
mendations were BEC <150 cells/mL, BEC !150 to "1500
cells/mL, and BEC >1500 cells/mL. These thresholds are not
absolute, and patient response to biologics should be considered
on a continuum of BEC. Consider switching to a different
treatment option if a suboptimal response to first-line therapy is
observed.102

Patients with BEC <150 cells/mL. For patients who are
not on systemic corticosteroids, there is no evidence to support
biologic efficacy for patients with persistently low BEC and
FeNO levels. In the absence of high BEC (although within the

TABLE II. Confirming the presence of asthma12

Patient status Asthma diagnosis confirmation

Variable respiratory symptoms and airflow limitation Asthma diagnosis confirmed
Variable respiratory symptoms but airflow limitation not

variable
Repeat spirometry after withholding BD or during symptoms; check between-visit variability

of FEV1 and BD reversibility; if normal, then asthma diagnosis not confirmed (consider
alternative diagnoses)

Few respiratory symptoms, normal lung function, and no
variable airflow limitation

Repeat BD reversibility test after withholding BD as above or during symptoms. If normal,
then asthma diagnosis not confirmed (consider alternative diagnoses)

Persistent shortness of breath and persistent airflow
limitation

Consider stepping up controller treatment for 3 mo and reassessing symptoms and lung
function; if no change, then asthma diagnosis not confirmed (consider additional/alternative
diagnoses)

BD, Bronchodilator; FEV1, forced expiratory volume in 1 second.
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high BEC (anti-IL-4/13, anti-IL-5, and anti-IL-5Ra). fDupilumab is to be avoided in these patients because of the risk of hypereosinophilia.
gAlthough these additional considerations may influence biologic selection, these factors and safety considerations are not essential to be
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Asthma affects more than 300 million people worldwide. Char-
acterized by variable symptoms of shortness of breath, cough, and chest 
tightness, asthma is associated with chronic airway inflammation, revers-

ible expiratory airflow limitation, and airway hyperresponsiveness.1 In difficult-to-
treat asthma, poor control can be linked to poor adherence to inhaled glucocorti-
coids, incorrect inhaler technique, and coexisting conditions, including exposure 
to allergens and irritants.2 Asthma that is difficult to treat is considered to be 
severe when control remains poor despite measures that adequately address each 
of these three variables (see Section I in the Supplementary Appendix, available 
with the full text of this article at NEJM.org).3,4

Up to 10% of adults and 2.5% of children with asthma have severe asthma, with 
a reduced quality of life and an increased risk of fixed airflow limitation, exacerba-
tions, health care resource use, hospitalization, and death.5 Patients with severe 
asthma have persistent symptoms or frequent exacerbations that require repetitive 
glucocorticoid bursts, maintenance oral glucocorticoid therapy, or both, despite ad-
equate treatment with high-dose inhaled glucocorticoids, long-acting β2-agonists, 
and long-acting muscarinic antagonists.1 In these patients, add-on treatment, 
which may include biologic therapies, is needed to reduce the disease burden.

Severe asthma is a heterogeneous syndrome encompassing several clinical pheno-
types that differ according to age at the onset of asthma (onset in childhood vs. 
onset in adulthood), presence or absence of allergy and other coexisting condi-
tions, severity of airflow limitation, frequency of exacerbations, response to treat-
ment, and prognosis.6 Severe asthma is also heterogeneous biologically, with dis-
tinct patterns of airway inflammation defined by the predominant granulocyte in 
sputum or bronchial biopsy specimens and often identified by means of blood or 
exhaled-breath biomarkers. Type 2 high-inflammation (type 2–high) asthma is 
characterized by eosinophilic airway inflammation (Fig. 1), which is associated 
with increased blood eosinophil counts or elevations of fractional exhaled nitric 
oxide (Feno), whereas type 2 low-inflammation (type 2–low) asthma encom-
passes neutrophilic asthma and paucigranulocytic asthma; the coexistence of 
eosinophilic and neutrophilic airway inflammation characterizes mixed granulo-
cytic asthma.7 Approximately 50% of cases of mild-to-moderate asthma and 
probably a larger proportion of cases of severe asthma are type 2–high asthma.8,9 
This review outlines recent insights into type 2 inflammation in asthma and the 
currently available biologic treatments, including their mechanism of action, effi-
cacy, and safety in children and adults with severe asthma (Table 1).

T y pe 2  Infl a mm ation in A s thm a

Type 2 cytokines include interleukin-5, interleukin-4, and interleukin-13 (Section 
II in the Supplementary Appendix).10 Interleukin-5 promotes proliferation, differ-
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asthma have persistent symptoms or frequent exacerbations that require repetitive 
glucocorticoid bursts, maintenance oral glucocorticoid therapy, or both, despite ad-
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and long-acting muscarinic antagonists.1 In these patients, add-on treatment, 
which may include biologic therapies, is needed to reduce the disease burden.
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tinct patterns of airway inflammation defined by the predominant granulocyte in 
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cytic asthma.7 Approximately 50% of cases of mild-to-moderate asthma and 
probably a larger proportion of cases of severe asthma are type 2–high asthma.8,9 
This review outlines recent insights into type 2 inflammation in asthma and the 
currently available biologic treatments, including their mechanism of action, effi-
cacy, and safety in children and adults with severe asthma (Table 1).
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