
1https://doi.org/10.1183/20734735.0058-2020� Breathe  |  June 2020  |  Volume 16  |  No 2

Educational aims
This article is mainly intended for trainees and specialists who are interested in 
the management of severe asthma.

●● It aims to inform readers about the updated ERS/ATS recommendations 
for management of severe asthma, specifically on the topics of biologics, 
macrolides and long-acting muscarinic antagonists.

●● It also provides guidance on utilisation of available biomarkers in selecting 
advanced therapies in severe asthma.
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Background

Severe asthma is a heterogenous condition with 
many phenotypes identified in adults and children 
[1–4]. Until recently, asthma was considered 
predominantly a T-helper 2 cell (Th2) disease, 
characterised by allergic eosinophilic inflammation 
mediated by Th2 cytokines (interleukin (IL)-4, IL-5 
and IL-13) and IgE. While the majority of early-onset 
and mild–moderate asthma exhibits Th2-biased 
inflammation, the inflammatory basis of severe 
asthma is more complex. Innate type-2 lymphoid 
cells (ILC2), which secrete IL-5 and IL-13, play a role 
in nonallergic eosinophilic inflammation. The term 
“type 2” (T2) asthma has replaced “Th2 asthma” 
to include contributions from ILC2 and associated 
cytokines (figure 1). A substantial number of 

patients with severe asthma do not have markers 
of T2 inflammation (non-T2 or T2-low asthma). 
Currently available biological therapies only target 
T2 asthma. The immunological basis of non-T2 
asthma is not fully understood and remains an area 
of active research.

The first European Respiratory Society (ERS)/
American Thoracic Society (ATS) task force report, 
published in 2014, reviewed the definition and 
provided guidance on evaluation and treatment 
of severe asthma in children and adults [5]. Severe 
asthma was defined as “asthma that requires 
treatment with high-dose inhaled corticosteroids plus 
a second controller and/or systemic corticosteroids 
to prevent it from becoming ‘uncontrolled’ or that 
remains ‘uncontrolled’ despite this therapy” [5]. The 
task force placed emphasis on excluding asthma 
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mimics and controlling comorbidities, particularly 
in difficult-to-treat asthma. The 2014 severe 
asthma guidelines addressed the use of computed 
tomography, certain biomarkers (sputum eosinophils 
and exhaled nitric oxide fraction (FENO)), omalizumab, 
methotrexate, macrolides, antifungals and bronchial 
thermoplasty in severe asthma [5].

Four new biological therapies have become 
available for treatment of severe eosinophilic 
T2 asthma since the first task force report 
(table 1). Three biologics target the IL-5 pathway 
(mepolizumab, reslizumab and benralizumab). 
Dupilumab is an IL-4 receptor α (IL-4Rα) antagonist, 

and blocks the IL-4 and IL-13 pathway (figure 1). 
Results of randomised controlled trials (RCTs) have 
also been reported evaluating efficacy of long-acting 
muscarinic antagonists (LAMA) and macrolides in 
asthma.

The Severe Asthma Task 
Force of the ERS/ATS

The second joint ERS and ATS Severe Asthma 
Task Force was commissioned in 2017 to address 
new treatments for severe asthma that were 
introduced after the first task force report [6]. This 
task force included clinicians and researchers with 
expertise in severe asthma in adults and children, 
methodologists, and patient representatives. The task 
force specifically addressed six questions pertaining 
to management of severe asthma (table 2).

The rigorous GRADE (Grading of 
Recommendations Assessment, Development 
and Evaluation) approach was used for formulating 
questions, grading the evidence and deciding 
the strength of recommendations. Using this 
process, the task force developed evidence-based 
guidelines for these aspects of the management of 
severe asthma, full details of which were recently 
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Figure 1  T2 inflammation in asthma and available biologics. DC: dendritic cell; Th0: naïve T-cell; Th2: T-helper 2 cell; B: B-cell; TSLP: thymic 
stromal lymphopoietin.

Table 1  Currently available biologics for T2 asthma

Drug Mechanism Route

Omalizumab Anti-IgE Subcutaneous

Mepolizumab Anti-IL-5 Subcutaneous

Reslizumab Anti-IL-5 Intravenous

Benralizumab Anti-IL-5Rα Subcutaneous

Dupilumab Anti-IL-4Rα Subcutaneous

R: receptor.
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published [6]. The aim of this article is to provide a 
concise review of the guidelines for use by trainees 
and secondary and tertiary care physicians.

What questions did the 
task force consider?

The ERS/ATS task force considered six questions 
focused on the use of new biologics in adults and 
children with severe asthma, the role of biomarkers 
in selecting such biologics, and the use of LAMA 
and macrolides in adults and children with severe 
asthma (table 2).

The treatments considered were:

●● Antil-IL-5 therapies (mepolizumab, reslizumab 
and benralizumab)

●● Anti-IL-4/13 antibody (dupilumab)
●● LAMA
●● Macrolides

The biomarkers considered were:

●● Sputum eosinophils
●● Blood eosinophils
●● FENO
●● Serum periostin

Should a monoclonal anti-IL5 
or antil-IL-5 receptor α-subunit 
antibody be used in adults and 
children with severe asthma?

IL-5 plays a key role in eosinophil biology including 
recruitment, maturation and survival of eosinophils 
in severe asthma. Eosinophilic inflammation 
in asthma is associated with increased risk of 
exacerbations. Monoclonal antibodies that target 
the IL-5 pathway have been found to be effective in 
RCTs. There are currently three anti-IL-5 therapies 
approved by the US Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA) 
for use in severe eosinophilic asthma.

●● Mepolizumab, an anti-IL-5 monoclonal 
antibody, is administered at a fixed dose of 
100 mg subcutaneously every 4 weeks. In 
RCTs, mepolizumab therapy was associated 
with a 50% reduction in the rate of asthma 
exacerbations in patient with severe uncontrolled 
asthma and blood eosinophil count ≥300 cells 
per µL in 12 months prior or ≥150 cells per 
µL at screening [7, 8]. Mepolizumab was also 
associated with 50% median reduction in the 
dose of maintenance oral corticosteroid (OCS) 
dose [9].

●● Reslizumab is an anti-IL-5 monoclonal antibody 
administered as an intravenous infusion at a 
weight-based dose of 3 mg·kg−1 every 4 weeks. 
In RCTs, reslizumab therapy was associated with 
a 54% reduction in the rate of any exacerbations 
and 33% reduction in the rate of exacerbations 
requiring emergency room visit or hospitalisation 
[10–13].

●● Benralizumab binds to the α-subunit of the 
IL-5 receptor (IL-5Rα). The dose is 30 mg every 
4 weeks for the initial three doses, followed 
by 30 mg every 8 weeks, administered 
subcutaneously. In patients that met the ERS/
ATS criteria of severe asthma, benralizumab 
therapy resulted in a 55% reduction in the 
number of patients with exacerbations [14, 15]. 
Benralizumab was associated with 50% mean 
reduction in the dose of maintenance OCS dose 
in patients with OCS-dependent asthma [16].

When deliberating recommendations for use 
of anti-IL-5 therapy, the task force considered 
the evidence from 12 RCTs. The panel deemed 
the following outcomes as “critical”: asthma 
exacerbations, asthma symptoms, asthma control, 
quality of life, systemic corticosteroid exposure 
and adverse events. Change in lung function was 
considered an “important” outcome. The ERS/ATS 
task force concluded that all anti-IL-5 therapies 
reduce exacerbations in patients with severe 
eosinophilic asthma. However, only mepolizumab 
and benralizumab have been systematically studied 
in patients with OCS-dependent asthma and were 

Table 2  Questions selected by the ERS/ATS Severe 
Asthma Task Force

1.	Should a monoclonal anti-IL-5 antibody be 
used in adults and children# with severe 
asthma?

2.	Should a measurement of a specific biomarker 
be used to guide initiation of treatment with 
a monoclonal anti-IL-5 or IL-5Rα antibody 
in adults and children with severe asthma? 
(Chosen biomarkers being FENO, peripheral or 
sputum eosinophils and serum periostin)

3.	Should a measurement of a specific 
biomarker be used, in addition to total IgE 
level, to guide initiation of treatment with 
a monoclonal anti-IgE antibody in adults 
and children with severe asthma? (Chosen 
biomarkers being FENO, peripheral or sputum 
eosinophils and serum periostin)

4.	Should an inhaled LAMA be used in adults 
and children with severe asthma?

5.	Should a macrolide (i.e. azithromycin, 
clarithromycin) be used in adults and 
children with severe asthma?

6.	Should a monoclonal anti-IL-4Rα be used in 
adults and children with severe asthma?

R: receptor. #: for the purposes of this guideline, 
age >5 years. Reproduced and modified from [6].
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effective in reducing OCS maintenance dose. The 
effects of anti-IL-5 strategy on asthma control, quality 
of life and forced expiratory volume in 1 s (FEV1) were 
modest and did not meet the minimal clinically 
important difference (MCID) threshold. It is important 
to note that the studies included patients with varying 
degrees of asthma severity that did not consistently 
meet the ESR/ATS criteria for severe asthma.

Task force recommendation

The task force conditionally suggested the use of 
“an anti-IL-5 strategy as add-on therapy for adult 
patients with severe uncontrolled asthma with an 
eosinophilic phenotype and for those with severe 
corticosteroid-dependent asthma”. The task force 
could not provide a recommendation in adolescents 
due to the limited number of participants in this age 
group across studies.

Should a monoclonal anti-
IL-4Rα be used in adults and 
children with severe asthma?

Dupilumab is a monoclonal antibody that blocks 
signalling of two key T2 cytokines, IL-4 and IL-13, 
by binding to the α-subunit of the IL-4 receptor 
(IL-4Rα). The task force identified three RCTs of 
dupilumab in moderate–severe asthma, data from 
which were pooled for analysis [17–19]. One trial 
was in patients with OCS-dependent asthma [19]. 
Dupilumab add-on therapy was associated with 
a significant reduction in exacerbation frequency 
and OCS dependence. Statistically significant 
improvements were observed in FEV1, and Asthma 
Control Questionnaire (ACQ)-5 and Asthma Quality 
of Life Questionnaire (AQLQ) scores but did not reach 
the MCID. In one study that further stratified results 
by blood eosinophils and FENO, the effect was greater 
in patients with blood eosinophils ≥150 per µL or 
FENO ≥25 ppb [18]. The task force concluded that 
“dupilumab add-on therapy substantially decreases 
exacerbations in moderate to severe uncontrolled 
asthma and is effective in reducing OCS dose in 
patients with severe OCS-dependent asthma”.

Task force recommendation

The task force conditionally suggested use 
of dupilumab as add-on therapy for adult 
patients with severe eosinophilic asthma, 
and for patients with severe corticosteroid-
dependent asthma with or without 
eosinophilia. Again, the task force could not 
provide a recommendation in adolescents 
due to the limited number of treated patients 
in this age group.

Should a LAMA be used 
in adults and children 
with severe asthma?

The panel reviewed three RCTs in adults, one in 
adolescents and one in children (age 6–11 years) 
evaluating efficacy of tiotropium delivered via 
Respimat soft-mist inhaler [20–23]. The addition of 
tiotropium 5 µg led to improvements in mean peak 
FEV1 and asthma control (measured by ACQ-7), as 
well as prevented worsening of asthma across all 
age groups. In adults, tiotropium 5 µg did not result 
in significant differences in asthma quality of life 
measured by AQLQ, but did increase time to first 
exacerbation requiring OCS. The task force concluded 
that “LAMA treatment in children, adolescents and 
adults with severe asthma may improve FEV1 and may 
reduce loss of asthma control. In adults, treatment 
with tiotropium 5 µg also improves asthma control 
and increases time to first exacerbation”.

Task force recommendation

The task force recommended the addition 
of tiotropium in patients with severe asthma 
that is uncontrolled despite Global Initiative 
for Asthma (GINA) step 4/5 or National 
Asthma Education and Prevention Program 
(NAEPP) step 5 therapies. This was a strong 
recommendation with moderate quality of 
evidence.

Should a macrolide be 
used in adults and children 
with severe asthma?

The 2014 ERS/ATS guidelines, based on then 
available evidence, provided a conditional 
recommendation against the use of long-term 
macrolide antibiotics in adults or children with 
severe asthma [5]. The current task force evaluated 
six RCTs: five included adults and one included 
children 6 to <18 years of age [24–29]. Four 
studies evaluated azithromycin and two studies 
evaluated clarithromycin. Of note, the study 
subjects did not always meet ERS/ATS criteria for 
severity. In one study, azithromycin reduced the 
frequency of moderate and severe exacerbations, 
and increased the time to first exacerbation [25]. 
Macrolides did not, however, reduce the rate of 
severe exacerbations or improve lung function 
in children or adults. Similarly, macrolides did 
not improve asthma control (ACQ-7) or asthma 
quality of life (AQLQ) beyond the MCID. The task 
force concluded that “chronic macrolide therapy 
reduces the risk of having an asthma exacerbation. 
However, there is no conclusive evidence that 
treatment shows any effect in reducing severe 
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Biomarkers in severe asthma

The task force considered four biomarkers: 
sputum eosinophils, blood eosinophils, FENO and 
serum periostin (figure 2). Sputum eosinophils 
have traditionally been used to identify patients 
with eosinophilic asthma with a cut-off of ≥3% 
generally accepted as significant. However, sputum 
induction and processing for eosinophils can be time 
consuming and not always successful. Sputum 
analysis, therefore, remains largely a research tool 
available at select asthma centres. Blood eosinophils 
have been used successfully to select patients with 
severe eosinophilic asthma in recent clinical trials 
of anti-IL5 and anti-IL-4/13 biologics. Low cost 
and ease of measurement make them an attractive 
surrogate biomarker of eosinophilic inflammation. A 
single low blood eosinophil value, however, should 
be interpreted with caution as blood eosinophils can 
be highly variable and affected by OCS or high-dose 
inhaled corticosteroid therapy. FENO is a noninvasive 
biomarker of airway inflammation associated with 
IL-13, allergic and eosinophilic inflammation. It can 
be easily measured at the point of care in adults and 
children, and is currently available for clinical use. 
Periostin is an extracellular matrix protein involved 
in homeostatic and disease processes. In asthma, it 
is associated with increased IL-4/IL-13 activity and 
eosinophilic airway inflammation. Periostin levels are 
influenced by age, skeletal growth and puberty, and 
there is evidence that it is not a suitable biomarker 
in children and adolescents. Serum periostin was 
used as a surrogate biomarker of Th2 inflammation 
in clinical trials evaluating an anti-IL-13 biologic [30]. 
It is not currently available for clinical use.

Task force recommendation

The task force suggested a trial of macrolide 
treatment to reduce asthma exacerbations in 
adult asthma subjects on GINA/NAEPP step 5 
therapy that remain persistently symptomatic 
or uncontrolled. The task force suggested 
against the use of chronic macrolide 
treatment in children and adolescents with 
severe uncontrolled asthma. These were 
conditional recommendations with low 
quality of evidence.

Should a specific biomarker 
be used to initiate treatment 
with an anti-IL-5 therapy 
in severe asthma?

The task force identified 12 RCTs of anti-IL-5 
therapies in children and adults that evaluated 
treatment response based on eosinophil cut-offs 
[8, 10–16, 31–33]. Blood eosinophil count was 
the most commonly used biomarker although 
threshold varied across anti-IL-5 strategies. Only 
one study evaluated sputum eosinophils. The 
task force concluded that “although the data 
suggest that subjects with higher levels of blood 
eosinophil counts benefit more from anti-IL-5 
strategies, the evidence reviewed did not show 
that a specific level of blood eosinophils (≥150 per 
µL for mepolizumab, ≥300 per µL for benralizumab 
and ≥400 per µL for reslizumab) is an absolute 
response threshold”. It is important to note that 
eosinophil counts can vary considerably over time 
and repeated measurements may be necessary. 
Treatment effect, particularly from use of OCS or 
high-dose inhaled corticosteroids, must also be 
considered when evaluating patients’ eosinophil 
status.

Task force recommendation

The task force conditionally suggested that 
a blood eosinophil threshold of ≥150 per µL 
can be used to guide initiation of anti-IL-5 
therapy in adults with severe asthma and a 
history of asthma exacerbations.

exacerbations or hospitalisations”. The task force 
further cautioned that “it is unknown whether 
this therapy will improve outcomes among those 
meeting ERS/ATS criteria for severe asthma”. The 
risk of prolonged antibiotic exposure including 
emergence of resistant pathogens must be weighed 
against potential benefit when considering such 
therapy. It is also important to note that safety and 
efficacy of macrolides in asthma beyond 1 year have 
not been studied.
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Figure 2  Biomarkers in T2 asthma. Eos: Eosinophil; iNOS: inducible nitric oxide synthase.
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Should measurement of 
a specific biomarker, in 
addition to total IgE level, 
be used to guide initiation 
of treatment with anti-IgE 
antibody in severe asthma?

Omalizumab is a monoclonal anti-IgE antibody 
approved by the FDA (in 2003) and EMA (in 2005) 
as add-on therapy for management of severe 
allergic asthma. It is administered subcutaneously 
every 2–4 weeks at a dose determined by patient’s 
weight and total serum IgE level. It has been 
extensively evaluated in RCTs, and found to be 
efficacious in decreasing exacerbation frequency 
and improving asthma symptom scores as well 
as quality of life [34]. The first ERS/ATS task 
force report recommended use of omalizumab 
as add-on therapy in adults and children with 
severe allergic asthma [5]. The current task force 
evaluated utility of biomarkers other than serum 
IgE in guiding anti-IgE treatment. The group 
identified three RCTs that performed subgroup 
analyses based on blood eosinophils, FENO and 
serum periostin [35–37]. Higher blood eosinophils 

Task force recommendation

The task force conditionally suggested 
utilising a blood eosinophil threshold of ≥260 
per µL and FENO ≥19.5 ppb to identify patients 
more likely to benefit from omalizumab 
therapy. These recommendations were made 
with an important caveat that these cut-offs 
were determined largely by one study and 
have not been prospectively tested. Patients 
with biomarker levels below the proposed 
thresholds may still benefit from anti-IgE 
therapy.

were associated with a greater improvement in 
lung function and exacerbations. Similarly, higher 
FENO was associated with improvement in asthma 
quality of life and exacerbations. Higher serum 
periostin levels, however, did not correlate with 
better outcomes. The task force concluded that 
“blood eosinophil counts and FENO levels may be 
useful in choosing patients most likely to achieve 
a more positive effect on exacerbations and lung 
function when treated with omalizumab compared 
with placebo”.

Table 3  Summary of ERS/ATS severe asthma task force recommendations

Question Recommendation Strength Quality of evidence

1 Suggest an anti-IL-5 strategy as add-on therapy for adult patients with 
severe uncontrolled asthma with an eosinophilic phenotype and for those 
with severe corticosteroid-dependent asthma

Conditional Low

2 Suggest that a blood eosinophil cut-point ⩾150 per µL can be used to guide 
anti-IL-5 initiation in adult patients with severe asthma and a history of 
prior asthma exacerbations

Conditional Low

3 Suggest using a blood eosinophil cut-off ⩾260 per µL to identify adolescents 
(>12 years) and adults with severe allergic asthma more likely to benefit 
from anti-IgE treatment

Conditional Low

Suggest using a FENO cut-off ⩾19.5 ppb to identify adolescents (>12 years) 
and adults with severe allergic asthma more likely to benefit from anti-IgE 
treatment

Conditional Low 

4 For children, adolescents and adults with severe asthma uncontrolled 
despite GINA step 4–5 or NAEPP step 5 therapies, recommend the addition 
of tiotropium

Strong Moderate

5 Suggest a trial of macrolide treatment to reduce asthma exacerbations 
in adult asthma subjects on GINA/NAEPP step 5 therapy that remain 
persistently symptomatic or uncontrolled

Conditional Low

Suggest against the use of chronic macrolide treatment in children and 
adolescents with severe uncontrolled asthma

Conditional Low

6 Suggest dupilumab as add-on therapy for adult patients with severe 
eosinophilic asthma and for those with severe corticosteroid-dependent 
asthma regardless of eosinophil levels

Conditional Low

Reproduced and modified from [6].



Breathe  |  June 2020  |  Volume 16  |  No 2 7

Management of severe asthma

Conclusions and 
future perspectives

The second joint ERS/ATS severe asthma task force 
systematically addressed six questions relating to 
the use of biomarkers and advanced treatments in 
severe asthma. A summary of recommendations is 
provided in table 3. A conditional recommendation 
was made for the use of anti-IL-5 and anti-IL-4/13 
therapies in patients with severe eosinophilic 
asthma, and for anti-IL-4/13 antibody in patients 
with OCS-dependent asthma regardless of 
eosinophil count. Recommendations were also 
made for utilisation of specific biomarker thresholds 
to identify patients most likely to respond to 
anti-IL-5 or anti-IgE therapy. Inhaled tiotropium 
was recommended for children and adults with 
severe asthma that remains uncontrolled despite 
high-intensity therapy. A trial of macrolides was 
conditionally suggested in adult patients with 
uncontrolled asthma on step 5 therapy while 
simultaneously weighing the potential benefit 
of such therapy against the risk of emergence of 
antimicrobial resistance.

While deliberating each question, the task 
force considered the benefit of the intervention 
versus the burden (adverse effects and cost), 
quality of evidence, feasibility and acceptability. 
The recommendations were based on the 

best evidence at this time and should be 
reconsidered when new evidence becomes 
available. Understanding the context and caveats 
surrounding these recommendations is critical 
as clinicians prepare to incorporate them into 
practice. Before applying these new and often 
expensive interventions, every effort must be 
made to use standard therapies to maximum 
benefit, ensure that patients are adherent with 
prescribed treatments and comorbidities have 
been optimally addressed. Many of the advanced 
diagnostics and treatments may only be available 
through specialised centres. It is important that 
all clinicians who care for patients with asthma 
can identify the patients most likely to benefit 
from referral to specialist care.

With an ever-increasing choice of biologics 
for treatment of T2 asthma, pragmatic clinical 
trials are needed to guide selection of the most 
effective therapy with improved precision. RCTs 
are also needed to evaluate the ability of individual 
and composite biomarkers to predict response 
to treatment for clinically important outcomes. 
Furthermore, we need biomarkers that can aid 
clinical decision making in terms of continuing versus 
stopping of specific therapies. While we have made 
significant progress in management of patients with 
T2 asthma, there is an urgency for future research 
to focus on treatments for non-T2 severe asthma as 
this remains an area of great unmet need.

Key points
●● Severe asthma is defined as “asthma that requires treatment with high-dose inhaled corticosteroids 

plus a second controller and/or systemic corticosteroids to prevent it from becoming ‘uncontrolled’ 
or that remains ‘uncontrolled’ despite this therapy”.

●● In 2019, the European Respiratory Society (ERS)/American Thoracic Society (ATS) Severe Asthma 
Task Force published recommendations on the management of severe asthma, specifically on the 
use of anti-interleukin (IL)-5 strategy, anti-IL-4/13 antibody, long-acting muscarinic antagonists 
and macrolides, and the role of biomarkers in directing therapy.

1.	 The task force suggested the use of an anti-IL-5 strategy as add-on therapy in adult patients 
who have severe uncontrolled eosinophilic asthma and for those with severe corticosteroid-
dependent asthma.

2.	 The task force suggested the use of dupilumab as add-on treatment for adult patients with 
severe asthma of eosinophilic phenotype and for those with severe corticosteroid-dependent 
asthma irrespective of eosinophil status.

3.	 The task force recommended tiotropium as add-on treatment in children, adolescents and 
adults with severe asthma that remains uncontrolled despite Global Initiative for Asthma 
(GINA) step 4/5 or National Asthma Education and Prevention Program (NAEPP) step 5 
therapy.

4.	 The task force suggested a trial of a macrolide in adult patients with severe asthma that remains 
uncontrolled on GINA/NAEPP step 5 therapy. The potential benefit from macrolide therapy 
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