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Severe asthma in children is associated with significant morbidity. Children with severe asthma are at
increased risk for adverse outcomes including medication-related side effects, life-threatening exacer-
bations, and impaired quality of life. It is important to differentiate between severe therapy resistant
asthma and difficult-to-treat asthma due to comorbidities. The most common problems that need to be
excluded before a diagnosis of severe asthma can be made are poor medication adherence, poor
medication technique or incorrect diagnosis of asthma. Difficult to treat asthma is a much more common
reason for persistent symptoms and exacerbations and can be managed if comorbidities are clearly
addressed. Children with persistent symptoms and exacerbations despite correct inhaler technique and
good medical adherence to standard Step 4 asthma therapies according to the guidelines1,2, should be
referred to an asthma specialist with expertise in severe asthma.
Copyright © 2018, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Asthma is a chronic respiratory disease that affects people of all
ages and is characterized by episodic and reversible attacks of
wheezing, chest tightness, shortness of breath, and coughing.3

According to Centers for Disease Control and Prevention (CDC)
2016 report, prevalence of asthma in children aged 5e11 years and
12e17 years is 9.6% and 10.5% respectively. Overall prevalence of
asthma in children under 18 years old in US is reported as 8.3%.4

According to Severe Asthma Research Program (SARP) III cohort,
children with asthma, regardless of asthma severity, were male,
with normal lung function and normal body mass index. Compared
to adults, children with severe asthma have significantly higher
number of eosinophils, allergen sensitizations and higher IgE
levels.5 Majority of children with asthma respond well to standard
therapies, however a significant proportion still have severe disease
that is resistant to conventional therapies. According to Interna-
tional Study of Asthma and Allergies in Childhood (ISAAC), global
prevalence of severe asthma among adolescents is 6.9%, ranging
from 3.8% in AsiaePacific and Northern and Eastern Europe to 11.3%
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in North America.6 Severe asthma is an important health burden as
children with severe asthma are prone to medication related side
effects, life threatening exacerbations, and impaired quality of life.7

Progressive air flow limitation is also a feature of severe asthma.8

Most importantly, poor asthma control leads to poor quality of
life in children and caregivers.9e11
Definition of severe asthma

According to the ATS/ERS guideline,2 severe asthma is defined as
asthma which requires treatment with high dose inhaled cortico-
steroids (ICS) plus a second controller (and/or systemic cortico-
steroid) to prevent it from becoming “uncontrolled” or remains
“uncontrolled“ despite this therapy.12 Most children with asthma
achieve symptom control with low to medium doses of inhaled
corticosteroids (ICS); however, there is a small but significant group
of childrenwith severe asthmawho require higher dose of ICS with
an additional controller medication to maintain symptom control
or they remain uncontrolled despite this therapy.1 A birth cohort
followed children over 10 years for development of asthma. Among
those children who were diagnosed with asthma, 4.5% had ‘‘severe
asthma’’ and overall prevalence of severe asthma within that birth
cohort was 0.5%.13

It is important to differentiate between severe asthma and
difficult to treat asthma. Difficult to treat asthma is a much more
common presentation for persistent symptoms and exacerbation.
By definition, difficult to treat asthma is associated with poor
vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Table 2
Differential diagnosis of severe asthma in children.

Dysfunctional breathing
Vocal cord dysfunction (VCD)
Panic attacks

Swallow dysfunction and chronic silent/micro aspiration
Anatomic abnormalities/External compression
Congenital vascular malformations (e.g. vascular ring)
Tracheobronchomalacia
Mediastinal mass
Enlarged lymph node
Tracheoesophageal fistula

Cystic Fibrosis
Primary ciliary dyskinesia
Protracted bacterial bronchitis
Congenital or acquired immune deficiency
Bronchiectasis
Bronchiolitis obliterans
Interstitial Lung Diseases
Connective Tissue Diseases
Vasculitis
Congenital heart diseases
Foreign body aspiration
Bronchopulmonary Dysplasia
Endobronchial mass/tumor
Hypersensitivity Pneumonitis
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control due to an incorrect diagnosis or associated comorbidities,
poor medication adherence, psychological or environmental fac-
tors.14 This can be controlled if comorbidities are clearly addressed.
In contrast, treatment resistant asthma is defined as difficult
asthma despite addressing and managing these factors.

The most common problems that need to be excluded before a
diagnosis of severe asthma can be made are poor medication
adherence, poor medication technique, incorrect diagnosis of
asthma with symptoms due to upper airway dysfunction, cardiac
failure or poor fitness. The child should be evaluated for possible
comorbid diseases such as rhinosinusitis, gastroesophageal reflux,
obesity or obstructive sleep apnea (Table 1).2 In addition to these,
environmental allergen control is an important contributor to poor
asthma control. Ongoing allergen or irritant exposure at home or
school will end up with difficult to treat asthma.15

Asthma causes high psychiatric morbidity. Psychosocial assess-
ment of the child and the caregiver is important. Children with se-
vere asthma has significant anxiety and difficulty in coping with
their disease,16,17 which can lead to poor medication adherence and
asthma control. In addition, caregiver's psychosocial stress is asso-
ciated with high asthma morbidity regardless of medication
adherence. Depressive symptoms in the caregiver are important and
associatedwithbeliefs andattitudes thatmaysignificantly influence
asthma management and adherence to asthma medications,18

which might again lead to poor asthma control.

Evaluating a child with severe asthma

Clinicians should have a high degree of suspicion regarding the
diagnosis of asthma and evaluate the patient if the symptoms
present asthma. Misdiagnosis of non-asthmatic conditions as un-
controlled asthma has been reported to be as high as 12e30%.12,19,20

Many other conditions can mimic asthma (asthma masqueraders)
such as vocal cord dysfunction, anatomic abnormalities e.g. tra-
cheobronchomalacia, and other obstructive lung diseases such as
cystic fibrosis or bronchiolitis obliterans (Table 2).2,15 Addressing
comorbidities, poor adherence to asthma controller medications,
inadequate medication technique, and psychological and environ-
mental factors are important next steps for a definitive diagnosis.21

Confirmation of diagnosis

The initial step to confirm the diagnosis consists of a detailed
history including the outline of respiratory symptoms, triggers for
cough, wheeze, shortness of breath, and chest tightness, previously
trialed treatments and response to those treatments, and a detailed
family history questioning any respiratory problem.21 After doing a
detailed physical examination, the next step is obtaining a
spirometry with pre and post bronchodilator responses. Short-
acting inhaled bronchodilators should not be used within 4 hours
of testing. Long-acting beta agonist bronchodilators (LABA) (e.g.
salmeterol or formoterol) and oral therapy with aminophylline or
slow-release beta agonists should be stopped for 12 hours prior to
the test.22 It is essential to assess inspiratory flowevolume curves
to rule out fixed or dynamic central airway obstruction. It is
Table 1
Comorbidities affecting asthma control.

Rhinosinusitis
Obesity
Gastroesophageal reflux disease
Vocal cord dysfunction
Obstructive sleep apnea
Psychological disorders
Medication (ACE inhibitors, b blockers, Aspirin and other NSAIDs)
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important to remember that children with severe asthma will have
normal lung function or might show mild airflow obstruction at
baseline, if not presenting with an acute exacerbation. Increased
distal resistance with small airway involvement, with no large
airway involvement, likely explains the often normal FEV1 values.
Other spirometric parameters such as FEV1/Forced vital capacity
(FVC), FEF25e75% predicted, or the post bronchodilator response in
FEV1 may be more reflective of asthma severity.2,23e25 Post-
bronchodilator response of 12% and 200 mL increase in FEV1
compared with baseline FEV1 suggest a ‘‘significant’’ bronchodi-
lator response26; however 8% increase in FEV1 after bronchodilator
may be more sensitive to evaluate response in children.27 If there is
no evidence of obstruction on spirometry, then bronchoprovoca-
tion testing with methacholine or exercise challenge needs to be
performed.2 A chest radiograph is also necessary to rule out
anatomic abnormalities of airways, lung parenchyma and heart.

Additional work up to rule out alternative diagnoses should be
guided by clinical suspicion or atypical presentation. Develop-
mental failure, poor weight gain, wet productive cough, stridor,
rapidly declining lung function, absence of atopy should raise
suspicion for other diagnosis.2 In those cases, high resolution
computed tomography, bronchoscopy with bronchoalveolar lavage
(BAL), sweat chloride testing, nasal or airway ciliary biopsy, basic
immune workup including quantitative immunoglobulin levels
with antibody responses, pH/impedance probe or video fluoro-
scopic swallow study needs to be considered to rule out bronchi-
ectasis, parenchymal or airway disorders, cystic fibrosis, primary
ciliary dyskinesia, immunodeficiency, gastroesophageal reflux and
aspiration disorders respectively.2,15,21 Bronchoscopy and BAL will
help to rule out protracted bacterial bronchitis. In addition, BALwill
help to differentiate between the different phenotypes of airway
inflammation described in children with severe asthma; eosino-
philic inflammation, paucigranulocytic inflammation and neutro-
philic inflammation.14

After confirming the diagnosis of asthma, next step is to differ-
entiate between difficult-to-treat asthmawhich is poorly controlled
due to comorbidities, poor medication adherence, and environ-
mental exposures; and severe asthma which remains uncontrolled
despite assessment and control of these factors. It is shown that after
systematic evaluation of children referred as severe asthma, 30e50%
of them are eventually diagnosed as difficult-to-treat asthma.2,28
a in children: Evaluation and management, Allergology International,
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Factors affecting asthma control

Childhood asthma is associated with comorbidities that leads to
poor asthma control. Addressing them is very important for better
asthma control.7 SARP III cohort in children showed that increased
BMI, GERD, sinusitis are significantly associated with exacerbation
frequency.29 Evaluation for those disorders should be considered.

After confirmation of asthma diagnosis and addressing these
comorbidities, the next step is assessment of medication compli-
ance, the technique of medication delivery, psychological and
environmental factors. Poor adherence is common, and associates
with poor asthma control.30 Objective assessment is important. It is
always challenging that patient self-reports are rarely consistent
with objective assessment of medication adherence.31,32 At least
80%medication adherence to inhaled corticosteroids is shown to be
optimal to keep asthma symptoms under control.33 Pharmacy re-
cord reviews, dose counters, canister weights, and electronic
monitoring devices are examples of objective assessment of
medication compliance. Canister weight and doser measurements
were shown to be the most reliable methods to assess medication
adherence.32 It is also important to remember that adherence rates
tend to decrease over time, clinician must assess medication
adherence during each clinical visit. Communication and discus-
sions of treatment efficiency between care giver, patient, physician
and health care team is important to improve medication adher-
ence. Collaboration with the school nurse is also very valuable to
improve asthma management, especially if the adherence is the
major contributor for poor asthma control.34 Direct observational
administration of morning dose of inhaled corticosteroid in school
setting has been shown to improve asthma control and better
quality of family life, and decrease asthma related school absti-
nence, functional limitation, night time asthma symptoms as well
as use of rescue medications.35,36 Inadequate medication admin-
istration technique is also a major contributor to poor asthma
control. A study assessing children ages 8 through 16 with asthma
showed that only 8.1% of children completed metered dose inhaler
steps correctly.37 Reviewing the medication delivery steps,
demonstrating to the patient and asking patient to repeat these
steps during every clinical visit are important to ensure that patient
is receiving the medication appropriately.

Home environment assessment is also important for asthma
management. Previous studies showed that more than 80% of
school-aged children with asthma are sensitized to at least one
indoor allergen.38 Almost all children with severe asthma were
shown to have allergen sensitivity.39 Home environmental assess-
ment provides an opportunity to assess ongoing allergen exposure
such as dust mite, molds, pets, mice, cockroaches, second hand
smoke or other pollutants.40 Previous studies on indoor allergen
exposure focused only on home environment and found an asso-
ciation between environmental exposures in the inner-city home
environment and childhood asthma morbidity. It is important to
remember that children spend at least 6e8 hours per day in school.
Given this, school can be accepted as an occupational setting for
children. Recent studies showed that school environment is a sig-
nificant source of allergen exposure.41e43 Classroom-specific
airborne endotoxin levels are shown to be significantly associated
with increased symptoms scores in childrenwith asthma.41 Clinical
assessment is required especially if symptoms worsen during
school year or get better during school vacation days.15,42

Management

Several asthma cohorts have been recruited over the years to
understand the heterogenicity in severe asthma.29,44e46 Classifi-
cation approaches have led to the identification of severe asthma
Please cite this article as: Haktanir Abul M, Phipatanakul W, Severe asthm
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phenotypes associated with different clinical characteristics,
pathophysiology, and pathobiologic mechanisms. These different
phenotypes may explain the heterogeneous responses to usual
asthma medications observed in severe asthma and guide newer
add-on therapies.47

The National Heart, Lung and Blood Institute's Severe Asthma
Research Program (SARP) has described clinical severe asthma
phenotypes in both adults and children that can be evaluated in the
clinical setting.23,29,45 Cluster analysis in SARP defined 4 phenotypic
asthma groups in children that differed primarily according to
asthma duration, the number of asthma controller medications and
lung function.23 Children in cluster 1 had relatively normal lung
function and less atopy. Children in cluster 2 had slightly lower lung
function, more atopy, and increased symptoms andmedication use.
Cluster 3 had greater comorbidity, increased bronchial respon-
siveness, and lower lung function. Cluster 4 had the lowest lung
function and the greatest symptoms and medication use.23

Although Clusters 3 and 4 did not completely conform to defini-
tions of asthma severity proposed by current treatment guidelines,
they were associated with differential and limited response to
asthma therapies.48 That to be said, children in Cluster 4 had best
response with fluticasone/salmeterol but children in cluster 3 had
poor response to guideline-based asthma treatment.48 Studies in
adults and children have shown that clinical phenotypes give an
idea about asthma heterogenicity, but they are not precise enough
to guide targeted immunomodulatory therapy without a biological
marker to define underlying pathogenic heterogenicity and predict
response to therapy.45,49e51

There are twomajordifferent endotypesdefined for asthma:Type
2 (T2)-high asthma and T2-low asthma, based on the type of un-
derlying airway immune-mediated inflammation.50 T2-high asthma
is typically characterized by eosinophilic inflammation, triggered by
cytokines such as interleukin-25 (IL-25), IL-33, and thymic stromal
lymphopoietin, and then sustained by IL-4, IL-5, and IL-13 from cells
ofboththe innateandadaptive immunesystems, includingThelper2
(Th2) cells, invariant T cells, natural killer cells, eosinophil/basophil
progenitor cells, and type2 innate lymphoid cells.50 This eosinophilic
endotype is the most common in childhood; it clinically matches
with the early-onset severe asthma, characterized by uncontrolled
symptoms, more atopy, impaired lung function, increased AHR,
increased number of exacerbations, and steroid responsiveness
compared with the other phenotypes.11,50 For example; SARP III
cohort showed that children with high blood eosinophil counts and
FeNO levels showed better clinical response to systemic triamcino-
lone therapy.52 In contrast, T2-low asthma presents with neutro-
philic or, less commonly, paucigranulocytic inflammation, sustained
by IL-8, IL-17A, IL-2, and other T cell-related cytokines, as well as
epithelial cell-derived cytokines.53e55 T2-low asthma endotype is
rarely seen in children, presents with severe asthma, shows corti-
costeroid insensitivity.50,54,56

Biomarkers associated with clinical phenotypes

BAL with bronchoscopy and bronchial biopsy are the gold
standard to assess airway inflammation and remodeling in asthma;
however, non-invasive techniques are more ideal, especially in
children, given the necessity of safe and repeatable measurements
to monitor treatment efficacy and disease progression.50,57 Induced
sputum technique is also considered to assess airway inflamma-
tion,58 however the complexity of the techniques limits its use in
younger children. The most established biomarkers in asthma are
related to eosinophilic inflammation and/or type 2 immune
response.59 The common biomarkers used in clinical practice are
blood or sputum eosinophils, serum IgE, serum periostin, and
fractional exhaled nitric oxide (FeNO).50
a in children: Evaluation and management, Allergology International,



Table 3
Management of severe asthma.

Optimization of ICS/LABA dose
Oral corticosteroids
Long acting muscarinic antagonist
Tiotropium

Sputum guided treatments
Phenotype-guided add-on therapies
Anti IgE therapy
Anti-IL5 therapy
Anti-IL5 receptor therapy
Anti- IL4/IL13 therapy

Nonpharmacological therapies
Bronchial Thermoplasty
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Serum eosinophilia does not always correlate with airway
eosinophilia in children with severe asthma. However, it is shown
that it has the highest correlation with sputum eosinophilia when
compared with other markers such as FeNO or periostin.60,61

Several studies have shown that serum eosinophil count corre-
lates well with severity of asthma in children and steroid respon-
siveness.50,52,62,63 Children with higher blood eosinophil counts
experience more asthma attacks than those with lower eosinophil
counts.64 Blood eosinophil count is also accepted as a marker to
follow on omalizumab therapy response in children with severe
asthma.65 When available, sputum analysis for eosinophils can
provide evidence for type of airway inflammation and cytokines
involved in disease process. Sputum eosinophilia is shown to
correlate with airway hyperreactivity and inversely associates with
FEV1 in children.50 Monitoring sputum eosinophilia also helps to
monitor corticosteroid response.66,67 A Cochrane review showed
that guiding asthma therapies based on sputum eosinophils is
beneficial in reducing the frequency of asthma exacerbations.68

Nitric oxide has been defined in the pathophysiology of lung
diseases, including asthma. NO acts as a vasodilator, bronchodilator,
neurotransmitter, and inflammatory mediator.69 The measurement
of exhaled NO has been standardized for clinical use especially in
school aged children.70 FeNO correlates with eosinophilic inflam-
mation and is recommended in the diagnosis of eosinophilic airway
inflammation. FeNO is recommended to identify children with
allergic asthma who are likely to respond to ICS treatment and
follow up on response to ICS therapy.70e74 A Cochrane review
showed that modifying asthma medications based on FeNO levels
compared to guideline-based management significantly decreased
the number exacerbations but did not affect daily inhaled cortico-
steroid doses. The use of FeNO to guide asthma therapy in children
may be beneficial in a subset of children, however it cannot be
recommended for all children with asthma.50,70,75

Elevated total serum immunoglobulin E (Ig E) and allergen
specific Ig E levels are consistent with T2-high asthma. A birth
cohort from New Zealand showed that asthmawas strongly related
to serum IgE levels. They found that none of the children with IgE
levels less than 32 IU/mL had asthma, whereas 36% of those with
IgE levels of at least 1000 IU/mL had asthma. In addition, the cohort
showed significant correlation of IgE levels with bronchial hyper-
responsiveness to methacholine challenge.76 Omalizumab is the
first biological therapy approved for severe asthma. Omalizumab
binds to IgE molecule, preventing free IgE from interacting with IgE
receptors on mast cells, basophils and other immunologic cells, and
prevents allergic inflammation. Children above 6 years of age with
total serum IgE level above 30 units/mL are candidate for anti IgE
therapy. Total IgE levels should be checked to assess for Omalizu-
mab therapy as well.

Periostin is a novel biomarker, secreted by airway epithelial cells
and lung fibroblasts following induction by IL-4 and IL-13.77 It is
shown to be involved in many pathogenic processes in asthma,
such as airway remodeling, subepithelial fibrosis, eosinophil
recruitment, and regulation of mucus production from goblet cells.
Studies in children showed that periostin levels are correlated with
AHR.78 However in children, other disease processes such as atopic
dermatitis or chronic rhinosinusitis can also lead to high periostin
levels, making it difficult to use as a diagnostic marker of severe
asthma in children.50

Treatment

Children with persistent symptoms and frequent exacerbations
despite appropriate inhaler technique and good adherence to
standard Step 4 asthma treatments should be referred to an asthma
specialist with expertise in management of severe asthma.1,2,79 A
Please cite this article as: Haktanir Abul M, Phipatanakul W, Severe asthm
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step-up therapy is recommended if the symptoms are confirmed to
be due to asthma, inhaler technique and adherence are satisfactory,
andmodifiable risk factors such as allergen or smoke exposure have
been addressed.2 According to Global Initiative on Asthma (GINA)
2018 guideline,1 add-on treatments that might be considered at
Step 5 therapy are listed in Table 3.

Long acting muscarinic antagonists

Tiotropium, a long-acting anticholinergic bronchodilator, has
been indicated for the treatment of chronic obstructive pulmonary
disease for more than 10 years. GINA guidelines include tiotropium
delivered by mist inhaler as an add-on therapy option at Steps 4
and 5 in patients aged above 12 years with uncontrolled asthma
despite treatment with ICS and LABA.80,81 Tiotropium is the only
long acting muscarinic antagonist (LAMA) approved for asthma in
USA (patients�6 yo), Japan (patients�15 yo), and in Singapore and
the European Union (patients�18yo). In adults with poorly
controlled asthma despite the use of ICSs and LABAs, the addition of
tiotropium significantly increased the time to the first severe
exacerbation and provided improvement in FEV1.80 In a study on
adolescents, it is shown that tiotropium add-on therapy improved
lung function in patients with moderate asthma, showing statisti-
cally significant improvement in FEV1 at week 24 of therapy.81,82

Oral corticosteroids

Although systemic corticosteroid therapy is listed as a treatment
option for severe asthmamanagement, there is no protocol to guide
this therapy in children. A short-term course of systemic cortico-
steroids can be used to achieve asthma control. The lowest effective
dose should be used, and the dose should be gradually decreased to
the lowest dose that can maintain asthma control. Meanwhile,
other non-steroid medications such as biological therapies or long
acting anticholinergic drugs need to be considered for severe
asthma management. Frequent use of systemic steroids increases
the risks for adverse events including adrenal suppression, obesity,
high blood pressures, bone fractures and osteoporosis.15,83e85

Biologic therapies

Biologic therapies are increasingly being considered in patient
with severe asthma. Biologic therapies currently in market are
targeting T2-high asthma, which is characterized by significant
effect of Ig E, IL-4, IL-5 and IL-13. Omalizumab, a monoclonal
antibody (mAb) against immunoglobulin E (anti-IgE), was the first
biologic developed for the treatment of severe allergic asthma.
Mepolizumab, Reslizumab, Benralizumab and Dupilumab are the
new biologic drugs approved and currently used in patients with
severe asthma (Table 4).86,87
a in children: Evaluation and management, Allergology International,



Table 4
Biologic drugs currently approved for children with severe asthma.

Drug
Biologic effect
Brand Name

Target
Population

Mode of Administration & Dosing Clinical Effects Adverse Effects

Omalizumab
Anti-IgE mAb
Xolair

�6yr SC every 2e4 weeks YAsthma exacerbations, Ysymptoms, [FEV1
[QOL, Y ICS dose, Y hospitalization,
Yseasonal exacerbation

Anaphylaxis (<0.2%)
Headache
Pharyngitis
Injection site reactions

Mepolizumab
Anti-IL5 mAb
Nucala

�12yr SC every 4 weeks YAsthma exacerbations, Ysymptoms, [FEV1
[QOL, Y ICS dose

Headache
Pharyngitis
Hypersensitivity reactions

Reslizumab
Anti-IL5 mAb
Cinqair

�18yr IV every 4 weeks YAsthma exacerbations, Ysymptoms, [FEV1
[QOL, Y ICS dose

[ CPK (20%),
Myalgia (1%)
Pharyngitis
Anaphylaxis (<1%)

Benralizumab
Anti-IL5 mAb
Fasenra

�12 yr SC every 4 or 8 weeks YAsthma exacerbations, Ysymptoms, [FEV1
[QOL, Y ICS dose

Hypersensitivity reactions
Headache,
Pharyngitis
Injection site reactions

Dupilumab
Anti-IL4 receptor a mAb

(blocks IL-4 & IL-13)
Dupixent

�12 yr SC once weekly YAsthma exacerbations, [FEV1 Anaphylaxis
Hypersensitivity reactions
Pharyngitis

CPK, Creatinine Phosphokinase; FEV1, Forced expiratory flow in 1 second; IgE, Immunoglobulin E; ICS, inhaler corticosteroid; IL, interleukin; IV, intravenous; mAb, monoclonal
antibody; SC, subcutaneous; QOL, quality of life; yr, years old.
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Anti-immunoglobulin E

Omalizumab is a subcutaneous injectable recombinant hu-
manized IgG1 monoclonal anti-IgE antibody that is administered
every 2e4 weeks to patients with chronic allergic asthma and
with sensitization to at least one aeroallergen and an elevated
serum IgE level (>30 units/mL). Omalizumab decreases levels of
circulating free IgEs by binding to the constant region of the IgE
molecule, preventing free IgE from interacting with IgE receptors
on mast cells, basophils and other immunologic cells.88 The dose
and dosing frequency are determined according to the total serum
IgE level and bodyweight before initiating therapy. Studies in
children with severe asthma showed significant effects of Omali-
zumab on reducing the rate of severe exacerbations and hospi-
talizations, with improvement in asthma control and quality of life
in affected children. The studies also showed significant
improvement in lung function as wells as less steroid requirement
after 1 year of Omalizumab therapy.89,90 A Cochrane review also
showed that Omalizumab was significantly effective in reducing
the dose of inhaled steroids.91 The PROSE (Preventative Omalizu-
mab or Step-up Therapy for Fall Exacerbations) study by Teach
et al. found that omalizumab use initiated 4e6 weeks before re-
turn to school reduced fall asthma exacerbations, particularly in
those children with severe asthma requiring step 5 treatment as
defined by guidelines.79,92,93
Anti-IL-5 medications

IL-5 is a pro-eosinophilic cytokine that recruits eosinophils from
the bone marrow, endorses the activation and endurance of these
cells, resulting in eosinophilic inflammation in the airways. There
are 3 anti-IL-5 biologic therapies that have been trialed in adoles-
cent and adult asthma; mepolizumab, reslizumab, and benralizu-
mab. None of these biologic therapies have been trialed in children
under the age of 12 years. Mepolizumab and reslizumab are
Please cite this article as: Haktanir Abul M, Phipatanakul W, Severe asthm
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humanized monoclonal antibodies against IL-5. Benralizumab is a
humanized monoclonal antibody against the IL-5 receptor.87
Mepolizumab
Mepolizumab is a humanized monoclonal antibody, which

directly binds to IL-5. By binding circulating IL-5, mepolizumab
prevents binding of IL-5 to IL-5R on eosinophils and prevents it's
action.94 Mepolizumab was shown to reduce asthma exacerbations
by approximately half in participants with severe eosinophilic
asthma, improve quality of life, and result in better asthma control
in patients treated with high-dose inhaled oral glucocorticoids.95

Studies also showed statistically significant increase in pre-
bronchodilator FEV1 with mepolizumab therapy. There was no
serious adverse event with mepolizumab, indeed a reduction in
serious adverse events were noted in favor of mepolizumab that
could be due to a beneficial effect on asthma-related serious
adverse events.95e98 Mepolizumab is also shown to improve health
related quality of life in patients with severe eosinophilic asthma.98

Mepolizumab is approved for patients above 12 years of age, with
an absolute eosinophil count �150 cells/mL at presentation or
�300 cells/mL within 12 months before initiation. The dose for
asthma is 100 mg administered subcutaneously every 4 weeks.99
Reslizumab
Reslizumab is another humanized monoclonal antibody against

IL-5, blocking binding of IL-5 to IL-5R, like Mepolizumab. Currently
it is approved for patients with severe asthma who are at least 18
years old and with eosinophil count �400 cells/mL.94 The recom-
mended dosage regimen is 3 mg/kg once every 4 weeks adminis-
tered by intravenous infusion.100 Studies on Reslizumab included
patients aged 12e75 years old, with eosinophilic asthma and
showed less clinically significant asthma exacerbations, improved
FEV1, improved health related quality of life compared to placebo.
There was no significant difference in the number of serious
adverse events occurring compared to placebo.97,101,102
a in children: Evaluation and management, Allergology International,
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Benralizumab
Benralizumab is a humanized, anti-eosinophilic monoclonal

antibody against IL-5 receptor alpha, which is expressed on the
surface of eosinophils and basophils. Two RDBPCTs (phase 3)
showed that benralizumab significantly improved exacerbation
rates and asthma symptoms in adolescents and adults aged 12e75
years with severe uncontrolled asthma on high-dose ICS and LABA
therapy.103,104 Health related quality of life was also significantly
improved in patients treated with benralizumab.97,103 The
commonly reported adverse effects were worsening asthma, upper
respiratory tract infections, and nasopharyngitis.103,104 The rec-
ommended dose is 30 mg administered once every 4 weeks for the
first 3 doses, and then once every 8 weeks by subcutaneous
injection.94,105

Anti-IL-4/IL-13 therapy

Dupilumab
Dupilumab is a humanized monoclonal antibody against IL-4

receptor a, blocks the receptor which is shared by both IL-4 and
IL-13 and critical in signal transduction. A RDBPCT study including
patients aged 12 years old or older with uncontrolled moderate to
severe asthma showed that Dupilumab reduced the number of
severe asthma exacerbations, increased FEV1 resulting in overall
better asthma control (P < 0.001).106 Another study on adults with
glucocorticoid dependent severe asthma showed that Dupilumab
treatment significantly reduced oral glucocorticoid use while
decreasing the rate of severe exacerbations and increasing the FEV1
(P < 0.001).107 Dupilumab is recently approved by FDA as an add-on
maintenance treatment in patients with moderate-to-severe
asthma aged 12 years and older with an eosinophilic phenotype
or with oral corticosteroid dependent asthma. The recommended
dose is 400e600 mg as initial dose, followed by 200e300 mg given
every other week.108

Novel biologics under investigation

CRTh2 is a prostaglandin D2 (PGD2) receptor, expressed on
adaptive and innate immune cells. Binding of PGD2 to CRTh2 re-
ceptor mediates chemotaxis of ILC2s and Th2 cells, leading to the
release of the type 2 cytokines IL-4, IL-5, and IL-13. Fevipiprant is a
CRTh2 antagonist. Phase 3 studies of Fevipiprant showed improved
FEV1, improved asthma control and decrease in sputum eosinophil
count, especially in patients with high T2- High asthma.109,110

Thymic stromal Lymphopoietin (TSLP) is an airway derived cyto-
kine responsible from airway inflammation. TSLP acts on dendritic
cells, mast cells, ILC-2 cells, and eosinophils. TSLP triggers secretion
of IL-4, IL-5, and IL-13 from Th2 cells. Tezepelumab is a novel anti-
TLSP monoclonal antibody. In a phase 3 trial, tezepelumab
decreased the exacerbation frequency and increased the pre-
bronchodilator FEV1 significantly in adult population.111 Current
evidence on these biological therapies is only on adult population,
completed studies did not include children.

Bronchial thermoplasty

Bronchial thermoplasty is a bronchoscopic therapy delivering
radiofrequency energy to the airways. Bronchial thermoplasty re-
duces airway smooth muscle mass and smooth muscle hypertro-
phy. The US Food and Drug Association approved bronchial
thermoplasty for the treatment of adults with severe asthma, with
uncontrolled symptoms despite treatment with inhaled cortico-
steroids and long-acting bronchodilators. The prognosis of bron-
chial thermoplasty on patients with severe asthma is not clear. It
improves the quality of life, reduces the missed school/work days,
Please cite this article as: Haktanir Abul M, Phipatanakul W, Severe asthm
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however it causes higher risk of hospitalization and adverse events
as wells as higher costs. Current literature is only on adults. It is not
recommended as a treatment option for children.1,2
Conclusion

Pediatric severe asthma represents a clinical challenge and re-
quires a multidisciplinary approach. The management requires
careful evaluation to confirm the diagnosis, rule out asthma mas-
queraders, address and treat the comorbid diseases, optimize
medication compliance and address environmental and psycho-
social factors that affect asthma control. After careful diagnosis,
optimizing medication adherence and addressing comorbid dis-
eases, management requires individualized and targeted therapies
such as long actingmuscarinic antagonists and biological therapies.
Defining pediatric asthma phenotypes clearly and eventually pre-
cise phenotype-targeted therapies will hopefully improve asthma
outcomes in future.
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