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Abstract

Purpose of Review Asthma is one of the most common chronic respiratory diseases worldwide, yet only a small percentage of
patients are categorized as having severe disease. Severe asthmatics, however, are responsible for the largest burden of healthcare
costs and lost productivity. Several recent guidelines have addressed disease pathogenesis and treatment modalities for these
complex patients. Herein, we review the severe asthma guidelines, compare the existing guidelines, address key areas that are yet
to be addressed in the guidelines, and discuss future directions for severe asthma research.

Recent Findings This is a narrative review of the 2019 European Respiratory Society/American Thoracic Society (ERS/ATS)
and Global Initiative for Asthma (GINA) guidelines that specifically address the diagnosis and management of severe asthma.
The pathophysiological mechanisms that underlie severe asthma are reviewed, and novel therapies that target specific patho-
physiological pathways in severe asthma are discussed in detail. Although the guidelines address the use of novel biological
therapies for patients with T2-mediated disease, data comparing these agents remain sparse. This review addresses several areas
that are topics beyond the guidelines and highlight key areas where future research is warranted.

Summary This review provides a comprehensive overview of the current state of severe asthma treatment and discusses potential

avenues for future research for this patient population.

Keywords Asthma - Severe asthma - Guidelines - Endotype - Treatment

Introduction

Asthma is estimated to effect 334 million people worldwide
[1]. Approximately 4—10% of patients with asthma are cate-
gorized as having severe disease [2—5]. Despite this group of
patients making up a minority of asthma patients, the largest
burden of healthcare costs associated with asthma are dedicat-
ed to treatment of patients with severe disease [6, 7].
Patients with severe asthma are notoriously difficult to
treat given refractory disease to standard asthma therapies
and frequent dependence on oral corticosteroids. Until the
last decade, there has been a paucity of information for
clinicians on how to identify these patients and approach
disease management. In 2009 and 2010, the first attempts
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to define severe asthma were made by the European
Respiratory Society (ERS) [8] and American Thoracic
Society (ATS) [9]. The initial guidelines allowed for the
appropriate epidemiologic investigation of severe asthma
and created standard definitions for use in clinical trials
involving this subgroup of patients.

Over the past decade, there has been a growing body of
literature around the optimal approach for management of
patients with severe asthma. Further, the development of
new biologic agents targeted towards specific inflamma-
tory pathways has revolutionized the way these patients
are treated. As a result, guidelines specifically providing
an evidence-based approach to management of severe
asthma have been developed with the most recent rendi-
tions being published in 2019 by ERS/ATS [10+] and by
the Global Initiative for Asthma (GINA) [11ee]. The pur-
pose of this article is to discuss the diagnosis and man-
agement of adolescent and adult severe asthma in context
of the most recent updates to the severe asthma guide-
lines. Limitations of the current guidelines as well as op-
portunities for future research around treatment of severe
asthma will also be addressed.
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Current Asthma Guidelines

There are multiple guidelines for the diagnosis and manage-
ment of asthma currently available. The majority of these con-
centrate on the approach to treatment of mild to moderate
asthma. Only a subset addresses the management of severe
disease. Table 1 provides an overview of current asthma
guidelines including target population and date of most recent
publication. The remainder of this article will discuss the 2019
ERS/ATS and GINA guidelines that specifically address the
diagnosis and management of severe asthma.

Of important note, GINA releases a yearly report on asth-
ma management. Reference to these general guidelines will be
notated as GINA Main Report along with the year published.
The notation GINA SA will refer specifically to the severe
asthma guidelines.

Approach to the Diagnosis of Severe Asthma

The ERS/ATS and GINA SA guidelines provide specific def-
initions for the diagnosis of severe asthma. Both sets of guide-
lines highlight that severe asthma must be differentiated from
difficult-to-treat disease, which is asthma that exhibits im-
proved control with optimal adherence to asthma treatment
or after diagnosis and management of potential co-
morbidities or confounders. Finally, determination of a pa-
tient’s asthma inflammatory phenotype is crucial to determin-
ing the optimal treatment strategy for severe asthma patients.

Diagnosing Severe Asthma

The ERS/ATS guidelines define severe asthma as asthma re-
quiring treatment with high-dose inhaled corticosteroids plus
a second controller medication and/or systemic corticosteroids
to maintain asthma control or that remains uncontrolled de-
spite the aforementioned medications [5]. GINA SA similarly
defines severe asthma as a subset of difficult-to-treat asthma or
asthma that is uncontrolled despite adherence with maximal
optimized therapy (GINA step 4-5 treatment including
medium- or high-dose ICS with a second controller or main-
tenance oral corticosteroid) and treatment of contributory fac-
tors or that worsens when high-dose treatment is decreased
[1Tee].

The need to rule-out confounding diagnoses is vital to mak-
ing an accurate diagnosis of severe asthma. When appropriate,
this includes evaluation for diseases that may mimic or be
associated with asthma, but may not respond to standard asth-
ma therapies. Specific diagnoses to consider include allergic
bronchopulmonary aspergillosis (ABPA), eosinophilic granu-
lomatosis with polyangiitis (EGPA), bronchiectasis,
tracheobronchomalacia, endobronchial lesions (e.g., foreign
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bodies, tumors, strictures), interstitial lung diseases, vocal
cord dysfunction, and/or congestive heart failure [5, 11e°].

Determining Asthma Phenotype

Severe asthma can be further subdivided based on the under-
lying inflammatory pathways driving asthma pathogenesis.
Specifically, differentiating between a type 2 (T2) versus
non-type 2 (non-T2) inflammatory phenotype is crucial for
determining which asthma therapies a patient may ultimately
be eligible for.

Approximately 55% of patients with severe asthma exhibit
T2 inflammation [12, 13]. The T2 phenotype has been shown
to be associated with increased asthma severity, increased
frequency of exacerbations, and reduced lung function
[14—-16]. The T2 phenotype is classically described as allergic
eosinophilic asthma and involves cytokines such as
interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-13
(IL-13), which drive eosinophil recruitment to the airway.
T2 asthma is identified by clinical biomarkers including in-
creased blood and sputum eosinophil counts, elevated immu-
noglobulin E (IgE) level, and elevated fractional exhaled nitric
oxide (FeNO) [17].

If a patient does not exhibit evidence of T2 inflammation,
they are considered to have a non-T2 phenotype. This subset
of patients tends to include those with adult-onset disease,
obese subjects, or individuals who have a history of exposure
to cigarette smoke [18¢]. Additionally, these individuals often
respond poorly to corticosteroid therapy [19, 20]. While pa-
tients with non-T2 asthma often exhibit neutrophilic airway
inflammation, there is a subgroup of patients that exhibit little
airway inflammation and are classified as having smooth
muscle-mediated paucigranulocytic asthma [18¢].
Identification of other clinical biomarkers that can be used to
identify this subgroup of patients remains an area of active
research.

Guideline-Directed Treatment of Severe
Asthma

The ERS/ATS and GINA SA guidelines published in 2019
provide an updated framework for managing severe asthma
patients. The following sections will discuss severe asthma
management in the context of the new guidelines, and key
differences between the guidelines will be highlighted.

Biologic Therapies

Treatment of severe asthma has evolved over the past decade
with the development of targeted biologic therapies aimed at
downregulating the T2 inflammatory cascade. Currently, there
are five US Federal Drug Administration (FDA)-approved
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biologic therapies for the treatment of severe T2 asthma, with
several other agents currently in development. Clinically,
these therapies have been shown to reduce exacerbations
[21, 22, 23-29], decrease corticosteroid use [27, 30, 31e¢],
improve lung function [22e¢, 23, 29, 32], and subjectively
improve symptoms in patients with severe T2 asthma [23,
33, 34]. The 2019 severe asthma guidelines recommend con-
sideration of add-on biologic therapy in adolescents and adults
with uncontrolled severe asthma who exhibit a T2 inflamma-
tory phenotype and/or with severe corticosteroid—dependent
asthma [10ee, 11ee].

The first biologic agent used for treatment of severe asthma
was the humanized recombinant monoclonal anti-IgE anti-
body, Omalizumab. Initially approved in 2003, Omalizumab
functions via binding directly to IgE. These Omalizumab-IgE
complexes prevent IgE from interacting with the IgE receptors
on the surface of mast cells and basophils leading to decreased
release of allergic response mediators [35]. Selective use of
Omalizumab as add-on therapy in patients classified as having
severe allergic asthma (proven via sensitivity testing) with
elevated IgE levels has been guideline recommended dating
back to 2010 [36]. The current 2019 ERS/ATS and GINA SA
guidelines give additional specifications for whom
Omalizumab therapy should be considered. They recommend
add-on anti-IgE therapy in adolescents and adults with severe
allergic asthma whom have blood eosinophil levels >260/ul
and elevated FeNO >20 [10ee, 11e].

Three agents aimed at downregulating the IL-5 inflamma-
tory pathway have also been developed. Mepolizumab and
Reslizumab are human monoclonal antibodies to IL-5 (anti-
ILS). Through inactivation of IL-5, they lead to reduced levels
of eosinophils and eosinophil precursors in the bone marrow
and bronchial mucosa [37-39]. Benralizumab is a monoclonal
antibody against the alpha chain of the IL-5 receptor (anti-
IL5R ) leading to antibody-dependent cell-mediated cytotox-
icity of eosinophils and reduced levels of eosinophils in the
bone marrow, blood, and peripheral tissues [37, 40]. Both the
2019 ERS/ATS and GINA SA guidelines recommend consid-
eration of anti-ILS/ILSR«x therapies for adults with uncon-
trolled severe eosinophilic asthma [10ee, 11¢]; however, the
guidelines differ in what biomarker cutoffs should be used
when identifying patients likely to benefit from these thera-
pies. The ERS/ATS guidelines recommend using a blood eo-
sinophil cut-point of > 150/ul to guide anti-IL5/IL5SR« initia-
tion [10e¢], whereas the GINA SA guidelines recommend a
blood eosinophil cutoff >300/ul [11ee].

Most recently, the human monoclonal antibody,
Dupilumab, was FDA approved for the management of
moderate-to-severe asthma in October 2018. In addition to
severe asthma, Dupilumab carries additional FDA approvals
for the management of atopic dermatitis and chronic
rhinosinusitis with nasal polyposis. Dupilumab binds with
the alpha subunit of the IL-4 receptor, decreasing signal
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transduction of IL-4 and IL-13 leading to a decreased T2-
mediated inflammation [41]. While just recently approved
for severe asthma treatment, both the 2019 ERS/ATS and
GINA SA guidelines recommend its consideration for add-
on therapy for patients with severe eosinophilic asthma
[LOee, 11ee]. The guidelines differ in which subset of severe
asthmatic patients Dupilumab should be considered in. The
ERS/ATS guidelines recommend use of Dupilumab in adults
with severe eosinophilic asthma or those with severe
corticosteroid-dependent asthma regardless of blood eosino-
phil levels [10+¢]. GINA SA recommends Dupilumab for adult
patients with severe eosinophilic asthma and ongoing exacer-
bations who have blood eosinophils > 150/ul, FeNO >25 ppb,
need for maintenance oral corticosteroids, or in patients with
concurrent moderate-to-severe atopic dermatitis and/or nasal
polyposis [11ee].

Long-Acting Muscarinic Agents

Long-acting muscarinic antagonists (LAMAs) have been
shown to have beneficial effects on lung function and im-
proved asthma control in adults and adolescents with severe
asthma [42, 43¢, 44]. Use of the LAMA, tiotropium, for add-
on therapy in adolescents and adults with severe uncontrolled
asthma despite GINA step 4-5 or NAEPP step 5 therapies is
recommended by the ERS/ATS and GINA SA 2019 guide-
lines [10ee, 11+¢]. GINA SA also recommends consideration
of a trial of tiotropium in patients with severe asthma and a
non-T2 inflammatory phenotype [11¢¢]. Neither set of guide-
lines comments on if or how other LAMAsS, such as
umeclidinium and glycopyrroniumm, should be utilized citing
the lack of data on use of these agents as adjunctive therapy in
severe asthma.

Macrolide Antibiotics

Macrolide antibiotics have been shown to significantly reduce
rates of asthma exacerbations and improve quality of life in
adult patients with moderate-to-severe persistent asthma [45,
46]. While prior versions of the severe asthma guidelines had
recommended against their use, the 2019 guidelines suggest a
trial of chronic macrolide treatment with azithromycin or
clarithromycin to reduce asthma exacerbations in severe adult
asthmatics. However, its use in children and adolescents is not
advised [10ee, 11+¢]. GINA SA further specifies that macrolide
use should be considered in non-T2 asthmatics or T2 asth-
matics without access to biologic therapies. They note that
use of chronic macrolide therapy for asthma is off-label, and
there is the potential for the development of antibiotic resis-
tance with use [11e¢]. Thus, the risks and benefits must be
weighed and discussed with the patient when this therapy is
considered.
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Other Therapies

Bronchial thermoplasty has been shown to improve quality of
life and decrease the rate of severe exacerbations in patients
with severe asthma [47, 48]. Use of bronchial thermoplasty for
management of severe asthma was addressed in the 2014
ERS/ATS severe asthma guidelines [5], but not in the most
recent 2019 guidelines. GINA SA recommends consideration
of bronchial thermoplasty in severe asthmatics with non-T2
inflammation and in patients with T2 inflammation that do not
respond adequately to targeted biologic therapy [11ee].

Finally, the use of anti-fungal agents are recommended for use
in severe adult asthmatics with recurrent exacerbations of allergic
bronchopulmonary aspergillosis. Use of anti-fungal agents in
asthmatics without confirmed allergic bronchopulmonary asper-
gillosis is not recommended [5, 11ee].

Treatment of Severe Asthma
Beyond the Guidelines

It is well-known that there is significant heterogeneity among
patients with severe asthma, and this heterogeneity is present
even within the classic T2 and non-T2 asthma phenotypes [17,
18¢]. Thus, it not surprising that the response to biologic ther-
apy is variable within the clinical setting, despite patients with
similar levels of clinical biomarkers. While the 2019 severe
asthma guidelines provide evidence-based recommendations
for use of targeted biologic therapy in severe asthmatics, there
are several limitations to the current guidelines. The following
sections will further consider the limitations of the 2019 se-
vere asthma guidelines, with a primary focus on the choice
and use of biologic therapies in the management of severe
asthma. Current knowledge as well as opportunities for ongo-
ing research in these areas will be discussed.

Choosing Between Biologic Therapies

The 2019 ERS/ATS and GINA SA guidelines provide a gen-
eral framework for clinicians to use when considering initia-
tion of biologic therapy in patients with severe eosinophilic
asthma. However, there is minimal guidance on how to
choose between the various biologic agents in a patient who
may meet criteria for more than one agent.

Lack of direct comparisons between currently approved
biologic therapies significantly contributes to the paucity of
recommendations around choosing between biologic agents.
Recently, use of indirect comparisons between biologic ther-
apies has been attempted to try and fill this existing knowledge
gap. However, the results of these studies are conflicting. A
2018 systemic review by Bourdin and colleagues found
Benralizumab and Mepolizumab had similar efficacy in re-
ducing exacerbation rates and improving FEV when baseline

patient characteristics were matched across clinical trials [49].
A 2019 network meta-analysis by Casale and colleagues sug-
gested Reslizumab to have greater efficacy than Benralizumab
in patients with moderate-to-severe eosinophilic asthma with
elevated peripheral eosinophil count and two or more exacer-
bations in the previous year [50]. However, other meta-
analyses have failed to show significant benefit of one biolog-
ic over the others [51, 52]. Future studies directly comparing
biologic therapies are necessary to clarify differences in effi-
cacy between these agents.

Use of clinical biomarkers has also been proposed as a
means for predicting treatment response, but their use in clin-
ical practice remains controversial. Measurement of airway
eosinophilia through induced sputum samples has been con-
sidered the gold standard for identifying patients with eosino-
philic asthma [53]. However, lack of availability in routine
clinical practice has led to preferential use of alternative non-
invasive biomarkers for identifying patients with a T2 pheno-
type. Clinical biomarkers, including peripheral eosinophil
count, FeNO, serum periostin, and number of exacerbations
in the past year at baseline, have been evaluated for the use of
predictors of therapeutic response in severe asthma [54, 55].

Several studies have shown that elevated peripheral eosin-
ophil counts correlate with airway eosinophilia in severe asth-
ma [56-58]. From studies on anti-IL5/anti-IL5SR therapies,
baseline peripheral eosinophil count has been the primary
identified determinant of who may benefit from therapy, with
increased levels of peripheral eosinophils predicting improved
response [21, 25, 59, 60]. However, there are several impor-
tant limitations to using peripheral eosinophilia as a sole mark-
er for predicting biologic treatment response. For one, a low
blood eosinophil count does not necessarily rule-out the pres-
ence of airway eosinophilia [61, 62] as the use of OCS therapy
is known to lower the peripheral eosinophil count [63].
Furthermore, eosinophil counts have also been shown to fluc-
tuate in a circadian pattern [64]. Thus, the timing of measure-
ment may be an important consideration when measuring eo-
sinophil counts. More recently, a combined predictor of pe-
ripheral eosinophil count and FeNO was shown to have great-
er predictive value for response to Mepolizumab therapy than
using either clinical predictor alone. These findings were rep-
licated in a cohort of patients treated with Dupilumab [65].
These results suggest composite clinical biomarkers may have
superior clinical predictive value than use of a single biomark-
er alone and deserve exploration in future studies.

Serum periostin has been shown to be a reliable, non-
invasive biomarker in the research setting for identification
of eosinophilic inflammation in asthma [66]. There is limited
data on use of serum periostin as a predictor for biologic
treatment response; however, the few studies that have been
performed show promising results. A study of 30 patients on
Omalizumab therapy for at least one year showed that baseline
periostin levels were significantly higher in patients without
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asthma exacerbations during the first year of treatment [67]. A
retrospective analysis of the EXTRA study, which included
850 patients with uncontrolled severe persistent allergic asth-
ma, showed a combined predictor with high peripheral eosin-
ophil count (>260/ml), FeNO (>19.5 ppb), and periostin
levels (>50 ng/ml) at baseline predicted decreased asthma
exacerbation rates after treatment with Omalizumab [68].
Finally, a phase IIb study of the anti-IL13 antibody,
Lebrikizumab, for the treatment of steroid-resistant asthma
showed that high periostin levels were significantly associated
with the primary endpoint of greater FEV; improvement at
12 weeks when compared to the placebo group. No efficacy
was seen for Lebrikizumab in the low periostin group when
compared to the placebo [69]. There are currently no pub-
lished studies evaluating serum periostin and treatment re-
sponse to anti-ILS/ILSRe therapies or Dupilumab. Despite
encouraging results from research studies, use of serum
periostin as a predictive biomarker has seen minimal use in
routine practice given lack of clinical availability. Further, use
of this biomarker may be restricted to adults as it is produced
from growing bone in children and adolescents making mea-
surements difficult to interpret [70]. Additional studies
confirming efficacy are ultimately needed prior to widespread
implementation of this biomarker in clinical practice.

Finally, gene expression has also been considered as a po-
tential biomarker for predicting treatment response in severe
asthma. Research has previously demonstrated that both bron-
chial and nasal epithelial RNA sequencing can be used as
biomarkers for differentiating asthma patients from controls
[71, 72<] as well as for classifying asthmatic patients into T2
and non-T2 phenotypes [73]. Studies have additionally shown
airway gene expression changes following initiation of asthma
treatment [74], and baseline gene expression is associated
with clinical response to inhaled corticosteroids [72¢]. To date,
there have been no studies using airway gene expression to
predict response to biologic therapies, but this remains an area
of opportunity for future research efforts.

Assessment of Biologic Treatment Response

The 2019 ERS/ATS and GINA SA guidelines provide limited
guidance on assessment of treatment response to targeted ther-
apies and duration of therapy. The ERS/ATS guidelines pro-
vide no comment on assessing response to treatment with
biologic therapy [10+¢]. For biologic therapies, GINA sug-
gests evaluating patients after 3—6 months of therapy and tak-
ing “exacerbations, symptom control, lung function, side-ef-
fects, treatment intensity (including OCS dose), and patient
satisfaction” into consideration when determining treatment
response [11ee].

Part of the ambiguity around these guideline recommenda-
tions stems from lack of a standard definition in the literature
for defining adequate treatment response to biologic therapy.
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Randomized control trials on biologic therapies have used
improvement in lung function [22¢, 23, 29, 32], decreased
exacerbation rates [21, 22¢, 23, 25-29], reduction in cortico-
steroid doses [27, 30, 31e¢], and subjective improvement in
asthma symptoms [23, 33, 34] as outcomes for indicating
treatment response. Additional studies have suggested use of
reduction in serum biomarkers associated with T2 inflamma-
tion for assessing treatment response [75, 76]. However, no
studies to date have proposed a standard definition for treat-
ment response. Determining specific criteria that can be used
to measure biologic treatment response will allow for im-
proved definitions for determining efficacy of these therapies
and provide much needed guidance for practitioners caring for
severe asthma patients in the clinical setting.

Next Steps When Initial Biologic Treatment Fails

GINA SA provides guidance on the next steps for responders
to biologic therapy, including guidance on tapering asthma
therapy and when to consider stopping biologic therapy.
However, questions remain on what to do if a patient is
deemed to have treatment failure.

As per GINA SA, if a patient fails initial biologic therapy
switching to a different biologic agent can be considered.
Current research does suggest that switching between biologic
therapies after initial failure may be efficacious for some pa-
tients. A 24-week prospective, multicenter, open-label study
of 29 patients with severe eosinophilic asthma who had poor
response to Omalizumab showed switching to Reslizumab led
to a significant improvement in asthma symptoms with 60%
of patients achieving control of their asthma [77]. Another
study showed clinical benefit when patients with uncontrolled
severe eosinophilic asthma were switched to Mepolizumab
after failing Omalizumab [78]. Clinical improvement when
switching between anti-IL5 therapies was also described
[79]. Despite the potential clinical benefit of switching be-
tween biologic therapies after initial treatment failure, there
remains a lack of guidance on how to approach switching
between biologic therapies or which biologic to switch to.

Combination biologic therapy can also be considered in
patients who have failed to achieve adequate response to bio-
logic monotherapy. However, there is minimal information
around use of more than one biologic for management of
severe eosinophilic asthma, with current data limited to a case
report of 3 patients [80]. Thus, combination biologic therapy
remains an area for ongoing investigation and with a need for
proof of efficacy and safety prior to this approach being wide-
ly recommended.

Treatment of Non-T2 Asthma

Medication strategies and targets for therapy in non-T2 asth-
ma remains an area of ongoing research and clinical need. As
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such, consensus guidelines around treatment of non-T2 asth-
ma are currently lacking. GINA SA recommends considering
trial of LAMA, leukotriene modifier, macrolide, low-dose oral
corticosteroid, and bronchial thermoplasty as potential thera-
peutic options [11e¢]. Which treatment strategy to choose and
what to do if these treatment strategies fail however are not
addressed. Expert opinion on treatment of non-T2 asthma ad-
ditionally recommends lifestyle management, including
smoking cessation, avoidance of secondhand smoker expo-
sure, and weight loss in obese patients, given these co-
morbidities are associated with non-T2 asthma [81].
Importantly, there are currently no approved biologic thera-
pies for non-T2 asthma.

Limitation around developing non-T2 asthma guidelines
partially stems from lack of a specific definition for identify-
ing this group of patients. Currently, non-T2 asthma is the
default phenotype when a patient is considered to have absent
markers (e.g., peripheral eosinophilia, low FeNO, normal IgE)
of T2 inflammation. However, patients can be easily
mischaracterized into the non-T2 phenotype if they are on
treatments (e.g., chronic oral corticosteroids) that suppress
T2 inflammatory biomarkers. Further, this definition may
overly generalize a heterogenous group of patients. For exam-
ple, a study using gene expression profiling to categorize asth-
ma patients identified three distinct transcriptional phenotypes
of'asthma. One subgroup appeared most similar to T2 asthma.
The other two subgroups would both be classified under the
non-T2 asthma phenotype despite having distinct gene ex-
pression profiles suggesting important differences between
the groups [82]. Another study using sputum cell transcripto-
mics to classify patients similarly showed distinct non-T2
asthma subgroups [83]. These studies provide further evi-
dence that the non-T2 asthma classification may be an over-
simplification of complex inflammatory pathways. Thus,
more specific definitions and identification of biomarkers to
better classify patients within this non-T2 asthma population
remain areas in need of further investigation.

Adolescents and Children with Severe Asthma

Currently, there are no dedicated guidelines to the manage-
ment of severe asthma in the pediatric population. The 2019
ERS/ATS and GINA SA guidelines primarily focus on the
management of adolescents and adults. Management of chil-
dren with asthma is addressed in the NAEPP [84], GINA
Main Report [85], BTS/SIGN [86], NICE [87], and ICON
[88] guidelines via a stepwise approach beginning with initi-
ation of inhaled corticosteroids, followed by consideration of
long-acting bronchodilator, leukotriene inhibitor, and/or
maintenance of OCS if symptoms remain uncontrolled.
However, there is limited guidance on the management of
difficult-to-control severe persistent asthma in this population
when the aforementioned therapies fail. This deficiency stems

from few advanced therapies approved for this age group as
well as lack of large randomized studies on advanced thera-
pies that include pediatric patients.

Use of muscarinic agents in the management of pediatric
asthma has been shown to be safe and effective [89-91]. The
LAMA, tiotropium, has been FDA approved for maintenance
therapy in children > 6 years old, and use in this age group as
add-on therapy is recommended by ERS/ATS and GINA
[10ee, 85]. Recently in 2018, a small randomized control trial
of tiotropium demonstrated safety and the potential to reduce
asthma exacerbation risk in children 1-5 years old with per-
sistent asthma [91]. However, rigorous, well-powered studies
are needed to confirm these findings prior to extending the
recommendation for use of tiotropium to this age group.

Until recently, the only asthma biologic agent currently
approved for use in the pediatric population was
Omalizumab, which is approved for add-on treatment in chil-
dren > 6 years old with moderate-to-severe asthma. In
September 2019, Mepolizumab also received approval for
use in children > 6 years old and is currently the only therapy
with an anti-ILS mechanism approved for use in the pediatric
population. Randomized controlled studies on efficacy of
Reslizumab, Benralizumab, and Dupilumab in severe eosino-
philic asthma included adolescents [23-25, 29, 31+, 32], sug-
gesting a potential role for these agents in this population.
However, these agents as well as Mepolizumab have not been
rigorously studied in the pediatric population. Thus, large
studies specifically evaluating safety and efficacy in children
and adolescents continue to be needed for future development
of evidence-based guidelines around use of these agents in the
pediatric population.

Asthma-Associated Sinus Disease

Asthma is well-known to be associated with rhinosinusitis and
nasal polyposis [92, 93]. Severity of asthma has been shown
to correlate with severity of sinus disease [94, 95], and comor-
bid chronic rhinosinusitis is a negative predictor of quality of
life in asthma patients [96]. Finally, it has been shown that
medical or surgical treatment of chronic rhinosinusitis may
lead to improvement in asthma control [97, 98].

There is currently limited guideline recommendations for
the management of asthma-associated sinus disease. The 2015
American Academy of Otolaryngology—Head and Neck
Surgery Foundation update to the clinical practice guidelines
for management of adult sinusitis added asthma and nasal
polyps as conditions that modify management of
rhinosinusitis, and recommended that patients with uncon-
trolled asthma symptoms should be evaluated for concurrent
sinus disease [99]. The 2019 GINA SA guidelines recom-
mend consideration of Dupilumab initiation for patients with
severe asthma and concurrent sinus disease [11¢¢], as this is
the only biologic currently approved for chronic rhinosinusitis
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with nasal polyposis. Further guideline recommendations on
evaluation and treatment options for chronic rhinosinusitis
and nasal polyposis may benefit patients whose uncontrolled
severe asthma may be confounded by untreated asthma-
associated sinus disease.

Conclusion

Management of severe asthma has rapidly evolved with the
development of biologic agents to treat those exhibiting a T2
inflammatory phenotype. The 2019 ERS/ATS and GINA
guidelines for severe asthma management provide a needed
update to evidence-based recommendations around initiation
of the multiple therapies currently available. However, many
questions around the management of severe asthma patients
remain unanswered, including how to predict and assess treat-
ment response to biologic therapy, next steps when initial
biologic therapy fails, what is the optimal approach to man-
agement of non-T2 asthma, and which therapies should be
considered for children < 12 years old with severe persistent
asthma. Future editions of the guidelines should address these
limitations and take into further consideration the heterogene-
ity among severe asthma patients. This personalized approach
to severe asthma management will reduce unnecessary expo-
sure to medications and minimize healthcare costs through
decreased exposure to expensive therapies.
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