Review article

Korean J Pediatr 2013;56(5):191-195
http://dx.doi.org/10.3345/kjp.2013.56.5.191
pISSN 1738-1061elSSN 2092-7258

Korean J Pediatr

Phenotypes and endotypes of severe asthma in

children
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Severe childhood asthma is a complicated and heterogeneous disorder with distinct phenotypes.
Children with severe asthma have more persistent symptoms despite receiving treatment, more
atopy, greater airway obstruction, and more air trapping than those with mild-to-moderate asthma.
They also have higher morbidity and substantial airflow limitations that persist throughout adulthood.
Identification of the phenotype clusters and endotypes of severe asthma can allow further modulation
of the natural history of severe asthma and may provide the pathophysiologic rationale for appropriate
management strategies.
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Introduction

Children with severe asthma account for about 5% to 10% of all patients with asthma".
Severe asthma is characterized by persistent chronic symptoms or exacerbations or
persistent airflow obstruction despite high-dose inhaled corticosteroid (ICS) therapy with
long-acting -agonists or leukotriene receptor antagonists™”. Interest in the heterogeneity
of clinical phenotypes and the biological mechanisms underlying severe asthma
has substantially increased in recent years. An asthma phenotype includes clinical,
physiological, morphologic and biochemical characteristics, as well as the response
to different treatments. Although most phenotypes manifest clinically, they do not
implicate the underlying disease process. The term asthma endotypes refers to subtypes
characterized by a distinct functional or pathophysiological mechanism®. This review will
discuss recent findings on phenotypes and endotypes of severe asthma in children.

Phenotypes of severe asthma

1. Classification of asthma severity

According to the Global Initiative for Asthma and the National Asthma Education and
Prevention Program Guidelines for the Diagnosis and Management of Asthma, asthma
can be divided into 4 levels of severity: mild intermittent, mild persistent, moderate
persistent, and severe persistent. In children older than 5 years, daytime symptoms,
nighttime symptoms, and pulmonary function are key factors in determining the asthma
severity. Therefore, severe asthma is defined primarily by the presence of persistent
symptoms and lung function abnormalities despite appropriate therapy. There is, however,
increasing evidence that this approach does not reflect the heterogeneous characteristics
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Table 1. American Thoracic Society workshop consensus for definition
of severe/refractory asthma*

Major criteria (need >1)
Treatment with continuous or near continuous (>50% of year) 0CSs
Requirement for treatment with high-dose ICSs
Minor criteria (need >2)
Requirement for additional daily treatment with a controller medication (e.g.,
LABA, theophylline, or leukotriene antagonist)
Asthma symptoms requiring SABA use on a daily or near-daily basis
Persistent airway obstruction (FEV, <80% predicted, diumal peak expiratory
flow variability >20%)
One or more urgent care visits for asthma per year
Three or more oral steroid bursts per year
Prompt deterioration with a <25% reduction in oral or inhaled corticosteroid
dose
Near-fatal asthma event in the past

0CS, oral corticosteroid; ICS, inhaled corticosteroid; LABA, long-acting B-
agonist; SABA, short-acting B-agonist; FEV1, forced expiratory volume in 1
second.

Reprinted from Moore et al. J Allergy Clin Immunol 2007;119:405-13, with
permission of Elsevier”.

*Requires that other conditions have been excluded, exacerbating factors
treated, and patient felt to be generally adherent.

of severe asthma®

diagnosis of severe asthma in children are needed to define the
heterogeneous phenotypes of this disorder.

. More specific approaches for the differential

2. SARP definition of severe asthma

The National Heart, Lung, and Blood Institute (NHLBI) spon-
sored a workshop titled ‘Severe Asthma Research Program’
(SARP)”. The SARP defined severe asthma in childhood based
on the American Thoracic Society (ATS) consensus panel report
(Table 1).

3. Severe asthma clusters

Severe asthma in children is a heterogeneous disorder with
many phenotypes. An SARP cohort defined the phenotypes
of 161 children with severe asthma (ATS criteria) on the basis
of their clinical features and inflammatory biomarker levels
(cluster analysis)s’. Four clusters of severe childhood asthma
were identified: (1) late-onset symptomatic asthma with normal
pulmonary function test (PFT) results and less atopy, (2) early-
onset atopic asthma with normal PFT results, (3) early-onset
atopic asthma with greater comorbidity and mild airflow
limitations, and (4) early-onset atopic asthma with advanced
airflow limitations and the greatest symptoms and medication

use”.
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Characteristics of severe asthma

1. Clinical features

Children with severe asthma have greater airway obstruction,
poor symptom control, elevated fractional exhaled nitric oxide
(FeNO), and increased allergic sensitization'". The frequency of
asthma exacerbations is higher in children with severe asthma
than in those with mild-to-moderate asthma. Children with
severe asthma have greater airway obstruction (lower forced
expiratory volume in 1 second [FEV,]) both at baseline and after
bronchodilator administration'”. Airway hyperresponsiveness
to methacholine and lung overexpansion are also greater in
children with severe asthma than in those with mild-to-moderate
asthma. A marked increase in air trapping is another feature
of severe asthma, which is suggestive of a disproportionate
involvement of small airways”.

2. Development of severe asthma

There are several factors that may lead to the development
of severe asthma”'”. (1) Multiple environmental factors and
host immune responses are critical for the inception of the
disease and the development of a severe form of asthma. Gene-
environment interactions involving certain gene polymorphisms
are essential in determining disease expression, progression,
and responses to treatment. (2) Allergens are also important
factors in the development of asthma; however, it is not clear
whether the level of exposure to allergen or the kind of allergens
involved are associated with the progression of severe asthma'”.
(3) Many respiratory viruses, Chlamydia, and Mycoplasma spp
have also been shown to be associated with the aggravation of
asthma symptoms. Prolonged presence of respiratory pathogens
in the lower airway may contribute to both the chronicity
and severity of asthma'. (4) Glucocorticoid insensitivity is
also likely to play a role in the pathogenesis of severe asthma.
Corticosteroid therapy is currently the most potent approach for
the treatment of airway inflammation. Thus, failure to respond
to corticosteroid therapy is likely to result in persistent airway
inflammation, airflow obstruction, and progression to severe
asthma. SARP showed that there is a subgroup of children with
severe asthma who have extreme morbidity and differentiating
clinical features that are identifiable very early in life'®. Fig. 1
depicts a hypothesis for the development of severe asthma in
children'®.

3. Molecular characteristics

Using the data obtained by Fitzpatrick and colleagues on
bronchoalveolar lavage (BAL) and bronchial biopsies, the
molecular phenotype of severe asthma in children has become
apparent'”'?. In BAL fluid, growth-related oncogene (GRO;
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Fig. 1. Hypothesized development of severe asthma in children. Reprinted from
Fitzpatrick and Teague. Pediatr Allergy Immunol Pulmonol 2010;23:131-8, with

permission of Mary Ann Liebert, Inc.'®.

CXCL1), regulated on activation, normal T cell expressed and
secreted (RANTES; CCL5), interleukin (IL)-12, and IL-10 can
be used to characterize severe asthma in children. Neutrophil
chemoattractant GRO (CXCL1), IL-8 (CXCL8), the Th1 cytokine
interferon-v, as well as the Th2 cytokine IL-13 are also highly
expressed in children with severe asthma'®. Furthermore, given
that the levels of both neutrophils and eosinophils are elevated
in children with severe asthma, cellular inflammation appears
complex without a clear Th1 or Th2 pattern™®
and Th17 activate a variety of downstream signaling pathways
and induce effects such as glucocorticoid resistance in severe

asthma'.

. Expression of Th1

4. Airway remodeling in severe asthma

Bronchoscopic studies of patients with severe asthma demon-
strate a wide range of cellular inflammatory pattern and struc-
tural changes™”". Histopathologic changes that occur within the
airways of severe asthmatics include epithelial desquamation
and regeneration, goblet cell hyperplasia, subepithelial fibrosis,
or thickening of the basement membrane, inflammatory cell
infiltration, hyperplasia and hypertrophy of the bronchial
smooth muscle, and vascular changes”. Airway remodeling is
a distinctive pathologic feature of asthma, which is thought to
be the result of an aberrant reparative process associated with
ongoing allergic inflammation.

5. Noninvasive indirect markers of severe asthma

Indirect and noninvasive methods for the correct diagnosis
of severe asthma include induced sputum test, FeNO measure-
ment, exhaled breath condensate analysis, and high resolution
computed tomography (HRCT)?”. The ATS guidelines sug-

gest that FeNO may be useful for detecting eosinophilic air-
way inflammation and for determining the likelihood of
corticosteroid responsiveness. HRCT is a noninvasive technique
that may be valuable for assessing airway remodeling in
patients with severe asthma®. New noninvasive magnetic
resonance-based ventilation scans obtained before and after
bronchodilator administration could potentially be more
sensitive to the detection of gas trapping and airway narrowing,.
Position emission tomography-computed tomography imaging
studies can be used to spatially map the distribution of active
inflammation along the airways and to evaluate the distribution
of inhaled therapeutic agents.

Endotypes of asthma

1. Moving from phenotypes to endotypes

Although considerable advances have been made over the past
decade in the understanding of severe asthma in children, the
next step should be focused on the development of personalized
medications for the disorder. However, phenotypic characteristics
biologically linked to clinical responses still remain unknown.
An endotype is proposed to be a subtype of a condition defined
by a distinct pathophysiological mechanism. If the term
phenotype describes observable characteristics such as clinical,
physiological, and morphological characteristics, the term
endotype defines distinct functional and pathophysiological

mechanisms for the disease?”.
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2. Endotypes of severe asthma

Recently, 6 asthma endotypes have been demonstrated, of
which at least 4 are relevant to severe asthma’”. These 4 endo-
types are early-onset severe allergic asthma, late-onset persistent
eosinophilic asthma, aspirin-exacerbated airway disease, and
allergic bronchopulmonary mycoses. Among these, early-onset
severe allergic asthma begins in childhood”. Although Th2
inflammation may be a possible mechanism for early-onset
severe allergic asthma, this Th2 pathobiology has to be tested
for its selectivity for this phenotype. It remains to be determined
what percentage of these early-onset patients have severe asthma
since childhood. Monoclonal antibodies to immunoglobulin E
(IgE)- or Th2-modifying drugs, such as IL-4R receptor antagonist
and antibody to IL-13, have been studied in this endotype of
severe asthma’®.

It is necessary to classify patients according to the underly-
ing mechanisms of their disease rather than their clinical
characteristics. Classification of severe asthmatic patients
according to endotypes will facilitate future research to
establish genetic associations, to identify biomarkers for disease
endotypes, and to test novel therapeutic targets and endotype-
specific treatments.

Differences between pediatric and adult severe
asthma

SARP confirmed that there is marked heterogeneity in
childhood severe asthma similar to that seen in adults with
severe asthma®”. However, clinical differences in children and
adults are considerable. In contrast to adults with severe asthma,
children with severe asthma were highly atopic with peripheral
blood eosinophilia, aeroallergen sensitivity, elevated serum IgE
concentrations, and sustained increases in FeNO concentrations.
Children are more likely to be male, to be more sensitive to the
suppressive effects of glucocorticoids, and to have less impaired
lung function™.

Similar to adults with severe asthma, children with severe
asthma are characterized by baseline airflow limitation that is
not completely reversed with bronchodilation. However, the
magnitude of airflow limitation is significantly less in children
with severe asthma as compared to adults. These findings raise
important questions regarding the stability of the severe asthma
phenotype in children and the critical developmental time
frame during which loss of lung function occurs™. Jenkins et
al.”” have shown that children with more severe and frequent
symptoms have ongoing airflow limitation and more severe
asthma throughout adulthood. They also stated that despite
higher mean FEV, values, children with severe asthma displayed
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a greater annual decline in FEV, than their adult peers with
mild-to-moderate asthma onset in childhood. According to the
longitudinal follow-up data from NHLBI's SARP, children with
severe asthma have premature loss of lung function during their
adolescence, which is associated with an increased frequency
of wheezing and asthma symptoms and greater allergic
sensitization during childhood”.

Interestingly, prepubertal girls with severe asthma have no
residual air trapping after maximal bronchodilation, whereas
boys with severe asthma have incomplete reversal of air trapping
with persistent elevations of TLC*”. These findings suggest that
the adult physiological patterns of severe asthma are already
present in school-age boys but may not yet be fully developed
in girls. The years surrounding puberty may be a critical window
wherein the phenotype of severe asthma in children is intensified
and worsened.

Natural history of severe asthma in childhood

The risk of asthma persistence increases with severity,
allergen sensitization, smoking, and female sex’". More severe
disease in female subjects may be related to hormonal factors
that contribute to the immunological inflammatory processes;
some female sex steroids are proinflammatory and increase
susceptibility to atopy””.

Conclusions

Severe childhood asthma is characterized by poor symptom
control and persistent airway inflammation despite controller
medications including high-dose ICS. Although the revalence of
severe asthma is low, children have extremely high morbidity
and high health care costs. Severe asthma has the greatest
unmet treatment needs to improve asthma control and to reduce
exacerbation risk. Certainly, severe childhood asthma becomes
more diverse over time and the vast majority of children with
severe asthma persist up to adulthood. The use of endotypes in
clinical research could identify patient groups that will benefit
most from new and existing treatments, substantially improving
future asthma care.
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