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Abstract

Asthma has classically been categorized into several phenotypes to address the complexities of this disease.
However, phenotypes only cover the clinically relevant aspects of the disease, but do not address the relationship
between the disease and its etiology and pathophysiology. This led to the development of the term “endotypes”
which links key pathogenic mechanisms with asthma phenotypes, and ultimately leads to better selection of
treatment resulting in improved response. Although the exact pathogenesis of asthma is still under investigation,
targeted-therapy based on asthma phenotypes and endotypes has shown some success, and the future appears
promising for patients suffering from severe asthma since treatment is being tailored according to individual biology.
We review in this manuscript the best evidence and updates currently available in the classification and treatment
recommendations for severe asthma.
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Introduction
Asthma is a chronic inflammatory disease of the lower airways

accompanied with acute symptoms like cough, shortness of breath, and
chest tightness, and in few instances, fatal or near-fatal exacerbations
[1]. It is a global health problem affecting around 300 million people
worldwide. Due to geographical diversity, there is significant
heterogeneity within the population of patients with asthma-like
symptoms [1,2]. This heterogeneity is recognized on many levels of
disease including pathophysiological mechanisms, environmental
exposures, age and comorbidities, response to therapy, asthma
exacerbations and long-term disease morbidities [3].

A significant minority of asthmatic patients are diagnosed with
severe asthma, characterized by having daily symptoms and recurrent
exacerbations despite compliance with high doses of inhaled steroids
and other conventional medications [4]. It is important to identify
these patients, properly diagnose them, and provide them with
alternative or adjunctive therapies [5]. Many variables come into play
in understanding asthma and it is important to comprehend the basic
pathogenesis and merge it with the best clinical practice. Classifying
patients based on baseline or static asthma severity score remains
debatable. A recent trend has emerged to identify patients’ disease
according to phenotype which aids in both prognostication of
exacerbation risk and providing endotype-specific treatment to
minimize future exacerbations. This concise review aims to compile
the best evidence and updates currently available in the classification
and treatment recommendations for severe asthma.

Definition of Severe Asthma
Severe asthma is a broad term that encompasses formerly used

terms such as difficult asthma, difficult-to-control asthma, brittle

asthma, and refractory asthma [6]. It comprises 5-10% of asthmatic
patients, and consumes a significant percentage of the health care
resources in Western countries [7,8]. Concepts of asthma severity are
important in clinical evaluation of patients and also in assessing
response to treatment. The World Health Organization (WHO) has
specifically defined this population of patients in the following phrase:
“Uncontrolled asthma which can result in risk of frequent severe
exacerbations (or death) and/or adverse reactions to medications
and/or chronic morbidity (including impaired lung function or
reduced lung growth in children)” [9]. Under this definition of severe
asthma, three subgroups of this family are recognized. These include
untreated severe asthma, which is common in developing countries
where access to therapy is limited and patients are often undertreated.
The second subgroup is the difficult-to-treat asthma, in which patients
have persistent uncontrolled asthma symptoms despite using inhaled
controller therapy. These patients have increased exacerbation risks
and significant comorbidities (like sinonasal disease, obesity, sleep
apnea, gastroesophageal reflux disease, anxiety, and depression) [10].
The third class is treatment-resistant severe asthma, which is
uncontrolled despite the use of highest level of recommended therapy.
These patients suffer from persistent daily symptoms and recurrent
and severe exacerbations [6].

The European Respiratory Society (ERS)/American Thoracic
Society (ATS) Task Force on severe asthma reviewed the definition and
provided recommendations and guidelines on the evaluation and
treatment of severe asthma in children and adults [11]. When a
diagnosis of asthma is confirmed and comorbidities have been
addressed, severe asthma is defined as “asthma which requires
treatment with high dose inhaled corticosteroids (ICS) plus a second
controller (and/or systemic corticosteroids) to prevent it from
becoming ‘uncontrolled’ or which remains ‘uncontrolled’ despite this
therapy.” Table 1 summarizes the recommended asthma treatment. A
stepwise approach is usually advocated to assist, not replace, the
clinical decision making required to meet individual patient needs.
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This approach requires that preferred treatment is used, when response
to alternative is inadequate, before stepping up [11].

Step/level Treatment

1 Preferred: SABA PRN

2 Preferred: low dose ICS

 Alternative: cromolyn, LTRA, nedocromil, or theophylline

3 Preferred: low dose ICS+LABA or medium dose ICS

 Alternative: low dose ICS plus either LTRA, theophylline or zileuton

4 Preferred: medium dose ICS+LABA

 Alternative: medium dose ICS plus either LTRA, theophylline or zileuton

5 Preferred: high dose ICS+LABA and consider omalizumab for patients who have allergies

6 Preferred: high dose ICS+LABA+oral corticosteroid and consider omalizumab for patients who have allergies

Table 1: Stepwise approach in managing asthma in adolescents and adults, Abbreviations: SABA: Short-Acting Beta2-Agonist; ICS: Inhaled
Corticosteroid; LTRA: Leukotriene Receptor Antagonist; LABA: Long-Acting Beta2-Agonist.

Severe Asthma Phenotypes
Generally, asthma is described based on phenotype, which is the

expression of the patients’ observable characteristics, manifested by the
interaction between his/her genes (genotype) and the environment.
These characteristics are divided into 2 categories: clinical phenotypes
and inflammatory phenotypes (Table 2) [12,13]. The three most
relevant clinical phenotypes are: (a) Frequent severe exacerbations with
periods of relative stability between exacerbations (asthma with
frequent severe exacerbations), (b) Irreversible airway obstruction
(asthma with fixed airflow obstruction), and (c) Disease requiring
systemic corticosteroids for its routine control (corticosteroid-
dependent asthma) [13]. Inflammatory sub-phenotypes are classified
according to the predominant cells in sputum as eosinophilic (>3%
eosinophils), neutrophilic (>61% neutrophils) and paucigranulocytic
(both cells are within normal values) [14]. However, this phenotypic
characterization is not static and may change over time in response to
new environmental insults. Hence, it may be wrong to select a single
dominant phenotype for each individual as it often leads to an inherent
bias by ignoring the overlap between different groups.

Clinical phenotypes

·         Asthma with frequent severe exacerbations

·         Asthma with fixed airflow obstruction

·         Corticosteroid-dependent asthma

Inflammatory phenotypes

·         Persistent severe eosinophilic asthma

·         Non-eosinophilic severe asthma with increased neutrophils

·         Severe paucigranulocytic asthma

Table 2: Phenotypes of severe asthma.

Endotypes: New Asthma Classification
Asthma has always been described in terms of its different

phenotypes, without these being related to the underlying disease
mechanisms. The pathogenetic mechanisms described in asthma
include allergic and eosinophilic inflammation, neuro-immune
interaction, airway hypersensitivity, bronchial remodeling, steroid
resistance and decreased response to other therapies [15]. The
heterogeneity observed in asthma demands a non-uniform treatment
approach, and treating asthma based on phenotype alone is
suboptimal, given the variability in treatment response [16]. To address
such constraints, researchers are validating the term endotype as a link
between a certain phenotype and the underlying pathogenetic
mechanisms. Endotypes refer to subpopulations of a disease with
similar molecular mechanisms or treatment responses and this
approach, when combined with phenotypes, elicited more effective
treatment responses [16,17]. It is believed that phenotypic clusters of
diseases may come out from a specific endotype. Such asthma
classification based on phenotypes and endotypes also provides
advantages for genetic, epidemiological and medication-related
longitudinal studies [15,18].

In order to differentiate between asthma endotypes, 7 different
parameters have been identified as clinically relevant: clinical
characteristics, biomarkers, lung physiology, genetics, histopathology,
epidemiology, and treatment response. There characteristics have been
recorded in the PRACTALL consensus (PRACTical ALLergy), which
includes experts from the European Academy of Allergy and Clinical
Immunology and the American Academy of Allergy Asthma and
Immunology [18]. Six endotypes meeting at least 5 of the proposed 7
parameters have been recognized. Wenzel recently proposed another
classification of 5 asthma endotypes [19]. The different endotypes are
summarized in Table 3. The description of these endotypes was also
discussed by others [18,19].
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PRACTALL Consensus classification [16] Wenzel classification [17]

·         Aspirin-sensitive asthma ·         Early-onset allergic asthma

·         Adult allergic asthma ·         Persistent eosinophilic asthma

·         Allergic bronchopulmonary mycosis ·         Allergic bronchopulmonary mycosis

·         Severe late-onset hypereosinophilic asthma ·         Obese female

·         Preschoolers with wheezing and positive asthma predictive indices ·         Neutrophilic asthma

·         Asthma in cross-country skiers  

Table 3: Endotype of severe asthma.

Asthma Endotypes and Biomarkers
Detailed knowledge of the basic inflammatory patterns underlying

bronchial asthma is fundamental. Figure 1 illustrates an overview of
asthma pathophysiology. There is promising research involving
biomarkers and cytokines that will better define the endotypes of
asthma, which will certainly lead to better asthma control.

Figure 1: Overview of asthma pathophysiology as illustrated by the
interaction between different inflammatory cells and the external
environment including allergens. Key players in this mechanism
include the T helper type 2 (Th2) cells which secrete cytokines
including IL-4, IL-5 and IL-13, that activate inflammatory cells such
as eosinophils and mast cells. Ultimately, airway smooth muscle
cells are activated and airway epithelial cells over-secrete mucus.

Cytokines
Out of many, T helper type 2 cells (Th2) and their related cytokines

were discovered in blood or respiratory secretions, and in some
bronchial-derived proteins and electronic breath prints. Such detection
will set up grounds for a predictive assessment, targeted therapy and
enhanced follow-up. A simple diagnostic test in evaluating asthmatic
patients and stratifying them would be the identification of blood or
sputum eosinophils, as it is usually an evidence of Th2-type

inflammation in the lungs [20]. In this eosinophilic asthma phenotype,
patients who have significant eosinophilia (>150/µL) or more than
25% in this study, will continue to have blood eosinophilia; a simple
measurement considered as a reliable biomarker for this phenotype
[21]. In addition, another study concluded that blood eosinophil
counts and derived ratios (eosinophil/lymphocyte ratio and
eosinophil/neutrophil ratio) can accurately predict eosinophilic
asthma in patients with persistent uncontrolled asthma despite
treatment [22].

In addition to IL-5 and IL-13, IL-17 is another cytokine known to
play an important role in certain subgroups of asthma [23]. Izuhara et
al. by cluster analysis, recognized a particular asthma phenotype that
has a rapid FEV1 decline (>30 ml y-1) with low ACT (Asthma Control
Test) and high serum IL-6. This group had a mixed component
(eosinophilic and neutrophilic on cell blood count, ≥ 250
eosinophil/µL and ≥ 5000 neutrophil/µL) [24]. On-going effort is made
to enhance the existing cytokine inhibitors, and to develop new ones,
which would be a valuable additional treatment in refractory, difficult-
to-treat asthma.

Epithelial cell-derived cytokines including thymic stromal
lymphopoietin (TSLP), IL-25, and IL-33 are believed to potentiate the
immune system in the presence of actual or perceived damage in
asthma. AMG 157 is a human anti-TSLP monoclonal immunoglobulin
that has been tried in a double-blind, placebo-controlled study
enrolling patients with mild allergic asthma; AMG 157 showed a
decrease in allergen-induced bronchoconstriction [25]. A monoclonal
anti-IL-25 antibody in mice prevented airway hyper-responsiveness
[26], which may be promising in asthma treatment. There is also
evidence that anti-IL-33 reduces airway inflammation and remodeling
in mice [27].

Periostin
Further biomarkers are being developed which accurately correlate

with the underlying pathophysiology. Serum periostin is one of these
markers that have been evaluated in reflecting the status of
inflammation. In asthmatic subjects, it is overexpressed in the
bronchial subepithelium and affects collagen in the extracellular
matrix, consequently leading to subepithelial remodeling and fibrosis.
Periostin serum levels are significantly increased in subjects with Th2
phenotype and probable excess IL-13 activity [28]. A vital role in
airway remodeling is to be better identified. It is anticipated by experts
that serum periostin will be applied to treatment of asthma [29].
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Exhaled NO and breathprints
Analysis of exhaled breath condensate by nuclear magnetic

resonance spectroscopy is a novel promising technique that helps
identify advanced pathophysiological mechanisms, biomarkers and
therapeutic targets [30]. Such futuristic technologies still lack
convincing data, especially in severe asthmatics, and the best
biomarker is yet to be determined. A more classic diagnostic technique
currently available is exhaled nitric oxide (NO) measurement. NO is
produced by all tissues in the body, including the respiratory system.
The concerned enzyme is NO synthase, which is under the direct
control of Th2 cytokine IL-13 [31]. Exhaled NO has been shown to
correlate moderately with bronchial and blood eosinophilia in
asthmatic patients [32]. Elevated concentrations of exhaled NO
therefore reflect increased IL-13 activity, and indicate the presence of a
Th2 phenotype. The determination of a Th2 or non-Th2 phenotype
plays a central role in predicting therapy response. Blood eosinophilia
and elevated NO levels suggest that patients will be more likely to
respond to corticosteroids. It was found that patients with severe
asthma, characterized by an elevated exhaled NO level and sputum
eosinophils despite high-dose corticosteroid therapy; correspond to a
steroid-insensitive subgroup (U-BIOPRED Asthma Cohort). Poor
asthma control with a non-Th2 or non-eosinophilic phenotype poses
an even greater challenge. In the presence of sputum neutrophilia,
options may include chronic macrolide therapy [33]. This beneficial
effect might be from macrolides’ anti-inflammatory and
immunomodulatory properties.

Therapy of severe asthma

Biological treatments
Several molecules involved in the pathogenesis of asthma have been

targeted as a treatment for severe asthma. Most are still in various
phases of research, and currently only omalizumab is approved for use.
Omalizumab is a humanized monoclonal antibody that can bind to
free circulating IgE and consequently inhibits its binding to mast cells.
This action reduces the release of mediators of allergic reactions.
Omalizumab has been studied in patients with severe asthma, and it
was shown that it is effective as a steroid-sparing drug and in
decreasing the frequency of asthma exacerbations [34,35].

Mepolizumab, an IL-5 inhibitor, significantly reduced the number of
asthma exacerbations [36], as well as sputum production, blood
eosinophil counts, the number of prednisolone doses required in
steroid-dependent subjects [37] and improved AQLQ (Asthma Quality
of Life Questionnaire) scores [38]. A study by Bel et al. showed that
mepolizumab had a significant glucocorticoid-sparing effect, reduced
exacerbations, and improved control of asthma symptoms in patients
requiring daily oral glucocorticoid therapy [39]. In severe eosinophilic
asthma, mepolizumab, administered either intravenously or
subcutaneously, significantly reduced asthma exacerbations and was
associated with improvements in markers of asthma control [40].
Interestingly, mepolizumab did not show clinical benefit in mild-to-
moderate asthmatic patients; only patients with severe asthma and
persistent eosinophil expression had a reduction in their exacerbations
[41,42].

Anticholinergics
In refractory cases or with continuous usage of oral corticosteroids,

severe asthmatics on standard combination therapy may benefit from

adding tiotropium. Several years ago, Barnes et al. demonstrated that
after prolonged LABA (long-acting beta agonists) stimulation,
cholinergic transmission would be down-regulated. Nonetheless, this
effect can be dampened by the concomitant usage of anticholinergic
drugs [43]. Moreover, B2-adrenoreceptors are desensitized via the
muscarinic M3 protein kinase C-mediated phosphorylation, and
anticholinergic agents will protect against such heterologous
desensitization [44]. Furthermore, tiotropium exhibited a possible
anti-inflammatory effect, as shown by a limited reduction in exhaled
NO [45]. A recent study illustrated that poorly controlled asthmatics
on inhaled glucocorticoids and LABAs had modest sustained
bronchodilation, and an increased time to first exacerbation episode
with the addition of tiotropium [46]. This dual combination of LABA/
LAMA (long-acting muscarinic antagonists) does not clearly reveal the
cardiovascular side effects, and its use in clinical practice is awaiting
further large randomized studies.

Macrolides
Currently, the asthma treatment guidelines do not recommend

antibiotics for the treatment of asthma if a bacterial infection is not
confirmed. However, there is evidence that some patients with severe
asthma are infected with atypical bacterial such as Chlamydia
pneumonia and Mycoplasma pneumonia [47,48]. There is evidence to
suggest that macrolides like clarithromycin target neutrophilic airway
inflammation. A study of 45 refractory asthmatics showed that an 8
week course of clarithromycin at a dose of 500 mg twice daily
significantly reduced airway neutrophilia and sputum IL-8 and
significantly improved AQLQ scores [49]. However, a Cochrane review
concluded that there is not enough evidence to recommend using
macrolides in patients with asthma [50]. Consequently, the role of
macrolide antibiotics in patients with severe asthma remains
controversial and future research is needed to verify its use.

Immunotherapy
In allergic asthma, subcutaneous immunotherapy is recommended

as an adjunct to standard medications. However, since multiple
triggers can induce asthma, cautious selection of patients is needed in
order to gain maximum benefit. Objective outcomes were described in
some studies, including improved symptoms and peak expiratory flow
rate measurements when used in ragweed-induced asthma [51],
reduced methacholine-induced hyperreactivity in patients allergic to
grass pollen [52] and a reduction by half of fluticasone requirements in
a 2 year study using dust mite allergoid preparation [53]. Despite its
constraint to the allergic asthma phenotype, immunotherapy carries
additional limitations. The sublingual form lacks consistent evidence in
advanced asthmatic patients and overall home safety. In severe, high-
risk asthmatics, including recent in-hospital care for exacerbation,
those with an FEV1 less than 75% or on chronic oral steroid usage,
such groups are at a higher risk for systemic allergic reactions or
airways constriction and immunotherapy should be withdrawn [54]. It
is recommended to initiate anti-IgE with an aggressive control by the
standard therapy, then adding the immunotherapy for up to 3 to 5
years [55]. Also relevant data states that children will have a better
profit in prevention of disease progression, as long-standing allergic
asthma would respond less to immunotherapy [56].

Anti-IL-4
IL-4 is involved in asthma through many pathways such as IgE

production, eosinophil chemotaxis, and production of IL-5 [57]. IL-4
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seems to be a rational target to control inflammation and reduce IL-5-
dependent pulmonary eosinophilia [58]. IL-4 inhibition was evaluated
by Hart et al. using a pascolizumab which is a humanized anti-IL-4
monoclonal antibody [59]. Although the in vivo studies demonstrated
a good tolerability of the drug, trials were aborted because
pascolizumab did not significantly reduce circulating IgE [60].

Pitrakinra is an IL-4 variant that prevents binding of IL-4 and IL-13
to IL-4 alpha receptor. It was evaluated by inhalation in a double-blind
trial in patients with moderate-to-severe asthma; however, it failed to
demonstrate measurable clinical efficacy [61].

Dupilumab is another monoclonal antibody that blocks the alpha
subunit of IL-4/IL-13 receptor. Wenzel et al. enrolled adult patients
with moderate-to-severe asthma symptoms and high blood eosinophils
or sputum eosinophil level in a double-blind placebo-controlled phase
II clinical trial using dupilumab [62]. The number of asthma
exacerbations was significantly lower in patients as compared to
control. In addition, lung function was significantly improved as
reflected in an increased FEV1.

Anti-IL-13
IL-13 displays an important role in Th2 inflammation, which makes

it a potential target for therapy. Currently, there are three anti-IL-13
monoclonal antibodies under clinical evaluation: anrukinzumab,
lebrikizumab and tralokinumab. Anrukinzumab is undergoing clinical
trials and has been tested in asthma and ulcerative colitis in phase II
studies [63]. Corren et al. conducted a randomized, double-blind,
placebo-controlled study of lebrikizumab in asthmatic patients with
uncontrolled disease [64]. Patients on lebrikizumab at a dose of 250
mg/month for 6 months had a higher increase in FEV1 versus at
baseline. Hanania et al. provided more evidence in support of
lebrikizumab efficacy through two randomized, double-blind, placebo-
controlled studies; they found that treatment with lebrikizumab
reduced asthma exacerbations, in particular in periostin-high patients,
with a significant 60% reduction, versus the subgroup of periostin-low
patients [65]. However, the same group could not replicate these
results in phase 3 trials and lebrikizumab did not consistently show
significant reduction in asthma exacerbations in periostin-high
patients [66]. Tralokinumab was tries in moderate-to-severe asthma
patients with results in quality of life variation in subjects treated
versus placebo [67]. Another randomized, double-blind, phase 2b
study showed an acceptable safety profile for tralokinumab but a non-
significant decline of asthma exacerbations [68].

Ongoing Perspectives
In order to practice better medicine, physicians must bear in mind

the molecular/biological profile of each patient, and identify the
interactions with the environment. Recent trends encourage moving
from a simplified asthma diagnostic approach and classification
towards a more complex phenotype and endotype-based strategies.
However, organizing all the variables into new categories is very
challenging. Scientists, researchers and pharmaceutical industries have
combined their efforts in order to implement cross-sectional and
longitudinal cohorts, with extensive testing and bio-banked samples,
into an on-going U-BIOPRED asthma project consortium [69]. Such
expertise is expected to improve diagnosis and therapeutic
interventions mostly in difficult-to-treat asthmatics. Although the
exact pathogenesis of asthma is still under investigation, targeting
therapy based on asthma phenotypes and endotypes has shown some

success, and the future appears promising for patients suffering from
severe asthma since treatment is being tailored according to individual
biology.
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