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Biologics to Treat Severe Asthma
in Children and Adolescents:

A Practical Update
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Background: Severe asthma represents a significant challenge for children and adolescents. At the same time, it
often places a burden on patients, caregivers, and society, mainly related to morbidity, mortality, and health care
resources. In children and adolescents, severe asthma is mostly characterized by type 2 inflammation, which leads
to bronchial eosinophilia that may be suppressed by corticosteroids. However, in this age group, a high dosage of
inhaled corticosteroids combined with systemic corticosteroids sometimes results in unacceptable side effects, such
as reduced growth velocity and reduced bone mineral density. Therefore, there is increasing and enthusiastic interest
in today’s biologics, including omalizumab, mepolizumab, reslizumab, benralizumab, and dupilumab. There is
growing evidence that they may be effective and safe add-on options for children and adolescents.

In 2009, omalizumab was approved by the European Medicines Agency as the first available therapeutic
option for allergic asthma in patients as young as 6 years of age, followed by a similar approval by the U.S.
Food and Drug Administration in 2016. Previously, omalizumab was marketed for this indication in patients ‡
age 12. Subsequent biologics, namely mepolizumab, reslizumab, and benralizumab, are IL-5 targeted agents
that are presently approved in some countries for severe eosinophilic asthma starting at 6 years of age.
Dupilumab is targeted against the IL-4 receptor a-chain, and it has been approved in the United States and the
European Union as an add-on maintenance therapy in patients ‡12 years of age.
Conclusion: This review presents the most recent evidence on approved biologics for the treatment of severe
asthma and discusses the unmet needs and future perspective, focusing on the pediatric and adolescent age groups.
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Introduction

Severe asthma approximately affects 5% of children
with asthma and 7% of adolescents with asthma.1 Chil-

dren with severe asthma represent a heterogeneous group of
patients that can vary widely in clinical presentation, severity,
and pathobiology.1 The International European Respiratory
Society (ERS)/American Thoracic Society (ATS) guidelines
define severe asthma as inadequate control of asthma under
high-intensity treatment with inhaled corticosteroids (ICS) and
additional controllers, including oral corticosteroid (OCS), for
at least 6 months per year, or by loss of asthma control on
the attempt to reduce the high-intensity treatment.2 In patients
with severe asthma, differential diagnosis of asthma should be
considered, comorbidities should be treated, persistent triggers
should be eliminated, and patient adherence should be as-
sessed.3,4 This approach helps to identify the subtended im-

munopathological characteristics of the two main currently
recognized phenotypes: type 2 and non-type 2.5,6

From a clinical perspective, children and adolescents with
severe asthma usually experience troublesome and persistent
symptoms up to life-threatening acute attacks. They may
have emotional problems, including anxiety and depression,
frequently present in caregivers.7 Children and adolescents
may also present side effects due to high-dose OCS.8 This
wide-ranging impact accounts for most of the morbidity and
mortality caused by asthma and >50% of the total health care
costs attributable to asthma.8–10 Therefore, the workup of
severe asthma requires a multidisciplinary approach1 that
helps asthma-mimicking conditions and comorbidities to be
immediately excluded.

Pediatric severe asthma phenotypes are usually charac-
terized by an early onset and association with elevated levels
of total serum immunoglobulin E (IgE), poly-sensitization,
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and eosinophilia. Surprisingly, bronchial obstruction and
hyperresponsiveness are documented in only a small sub-
group of children and adolescents with severe asthma.11–13

Airway inflammation is commonplace in severe asthma,
and may be subdivided into type 2, and non-type 2 pheno-
types.14 Type 2 asthma is characterized by eosinophilic air-
way inflammation and sensitization, such as IgE-mediated,
T helper 2 (Th2)-dependent cytokines, including interleukin
(IL)-4, IL-5, and IL-13.15 The non-type 2 asthma is un-
common in children and adolescents, and it is character-
ized by either neutrophilic or pauci-granulocytic airway
infiltrate, promoted by IL-8, IL-17, IL-22, and epithelial
cell-derived cytokines.16–19

To better understand asthma, it has been divided into
multiple phenotypes and endotypes. By definition, phe-
notype is ‘‘the visible characteristics of an organism re-
sulting from the interaction between its genetic makeup
and the environment.’’ Endotype refers to ‘‘a subtype of a
condition, which is defined by a distinct functional or path-
ophysiological mechanism.’’1 Conceptually, moving from
phenotyping to endotyping has allowed us to identify and
tailor personalized treatment in asthma management. This

framework is useful with the emergence of new monoclonal
antibodies that mainly target type 2 asthma.20 This article
details the principal characteristics of these biologics, in-
cluding omalizumab, mepolizumab, reslizumab, benralizu-
mab, and dupilumab (Table 1).

Omalizumab

The opportunity to block IgE was viewed as an attrac-
tive therapeutic approach in allergy, particularly asthma.21–23

Omalizumab is a humanized monoclonal anti-IgE and re-
ceived a pediatric indication from the Food and Drug Ad-
ministration (FDA) in 201624 for an add-on treatment for
children ‡ age six but < age 12 with severe allergic asthma
with elevated serum IgE (> 30 and <1500 IU/mL) and positive
specific IgE to at least one perennial aeroallergen. This ap-
proval followed the European Medicines Agency (EMA) au-
thorization in 2009 for children with severe persistent allergic
asthma in this same age group.25 Omalizumab is administered
subcutaneously every 2–4 weeks and dosing is calculated based
on body weight and total serum IgE at baseline. This biologic

Table 1. Biologicals Approved for the Treatment of Severe Asthma

Biologic Target Indication
Dosage and

administration route Outcomes

Omalizumab IgE Moderate to severe allergic
asthma in patients ‡6 years
of age (US, EU)

75–600 mg SC q2–4 wk based
on IgE and wt

Y Asthma exacerbations, Y
asthma symptoms, [
FEV1, [ QoL, Y ICS dose,

Y seasonal exacerbations

Mepolizumab IL-5 Severe eosinophilic asthma in
patients aged ‡6 years of
age (US, EU)

100 mg SC q4 wk Y Asthma exacerbations, Y
asthma symptoms, [
FEV1, [ QoL, Y ICS dose

Reslizumab IL-5 Severe eosinophilic asthma in
patients aged ‡18 years of
age (US, EU)

3 mg/kg IV q4 wk Y Asthma exacerbations, Y
asthma symptoms, [
FEV1, [ QoL, Y ICS dose

Benralizumab IL-5 receptor
alpha

Severe eosinophilic asthma in
patients ‡12 years of age
(US)

30 mg SC q4 wk for the first 3
doses followed by 30 mg
q8 wk

Y Asthma exacerbations, Y
asthma symptoms, [
FEV1, [ QoL, Y ICS dose

Dupilumab IL-4 receptor
alpha

Moderate-to-severe asthma in
patients ‡12 years of age
with an eosinophilic
phenotype or with OCS-
dependent asthma (US)

Severe asthma in patients
aged ‡12 y with type 2
inflammation characterized
by raised blood eosinophils
and/or raised FeNO, who
are inadequately controlled
with high-dose ICS plus
another medicinal product
for maintenance treatment
(EU)

An initial dose of 400 mg SC
(two 200-mg injections)
followed by 200 mg SC
given every other week, OR

An initial dose of 600 mg SC
(two 300-mg injections)
followed by 300 mg SC
given every other week (US)

For severe asthma patients
taking OCS, the first dose is
two injections of 300 mg SC
in two different sites,
followed by one 300-mg SC
injection every 2 weeks
(EU)

For all other asthma patients,
the first dose is two
injections of 200 mg SC in
two different sites, followed
by one 200-mg SC injection
every 2 weeks (EU)

Y Asthma exacerbations,
[ FEV1

EU, European Union; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; OCS, oral corticosteroids; IV, intravenously;
q, every; QoL, quality of life; SC, subcutaneously; the US, United States; vs., versus; wk, week; wt, weight; y, years old; Y, reduction; [,
increase.
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binds to free IgE, diminishing cell-bound IgE, downregulating
IgE receptors, and preventing proinflammatory mediator re-
lease from immunocompetent cells.26

Many randomized controlled trials (RCT) documented
the efficacy and safety of omalizumab in children and
adolescents with asthma.27–30 Specifically, trials found that
omalizumab reduced the rate of asthma exacerbations (oma-
lizumab vs. placebo after 52 weeks of treatment: 43% re-
duction [RR, 0.57 (95% CI: 0.45–0.73); P < 0.001]30; the
number of severe asthma exacerbations requiring hospitali-
zation (omalizumab vs. placebo after 24 weeks of treatment:
44% reduction [RR, 0.55 (95% CI: 0.32–0.95); P = 0.031]30;
and the related need of OCS in children with severe asthma
(median dose reduced from 20 to 5 mg/d, P < 0.0001).28

Studies also showed omalizumab improved asthma control
(median asthma control test score significantly increased
from 11 to 18, P = 0.0021) and quality of life in patients and
caregivers (omalizumab vs. placebo: 80 vs. 72%, P < 0.001
for comparison across all five Global Evaluation of Treat-
ment Effectiveness categories).30,31 Restored antiviral de-
fenses (in particular, type I interferon production) were
recently demonstrated.28–31

A series of real-world studies confirmed these positive
outcomes, namely after 52 weeks of treatment, a mean 72%
reduction rate in exacerbations has been reported versus
baseline [1.25 (95% CI: 0.55–1.95) vs. 4.4 (95% CI: 3.7–5.2);
P < 0.0001]. In addition, there was a significant reduction in
the proportion of patients requiring hospitalization (6.7% vs.
44%, P < 0.001); and improvement in asthma control (good
control, 67% vs. 0%).24,29–32 Discontinuation of daily OCS, a
decrease of ICS dose (30% reduction, P < 0.0001), and a slight
improvement in lung function [mean FEV1 + 4.9% (95% CI:
0.69–9.19); P = 0.023] were also reported.32–35

Safety issues have been widely studied and summarized in
many RCTs showing that omalizumab is well-tolerated.26,31,36–40

Observational studies evidenced that local reactions (pain at
the injection site and skin reactions) were the most com-
mon self-limiting adverse event (AE).32–35 A small risk of
omalizumab-associated anaphylaxis (0.1%–0.2%) has been
described in adults and adolescents receiving anti-IgE
therapy, particularly in a subset of patients with a history of
anaphylaxis. Anaphylaxis and drug-related serious AEs
have never been reported in children 6–11 years of age.27 A
prospective cohort of 7,857 adolescents and adults noted no
increased malignancy risk with omalizumab when com-
pared with control [hazard ratio (HR) 1.09, 95% CI: 0.87–
1.38],38–40 but more prolonged follow-up is needed.

As for predictive value, there is no validated biomarker
able to identify responders. However, a series of parameters
have been proposed as predictive factors, including >12 years
of age,32 history of a recent asthma exacerbation and hospi-
talization in the past 6 months,30 and forced expiratory vol-
ume in one second (FEV1) <90% of predicted value.41 Severe
asthma with allergic comorbidities (such as atopic dermatitis
and food allergy), multiple sensitizations, eosinophilia (>300
cells/mL), elevated total IgE, and fractional exhaled nitric
oxide (FeNO) could be significant predictors.42,43

Other conditions could be favorably treated with omalizu-
mab, such as nonallergic asthma44 and hyper-IgE syndrome.45

Currently, a single pediatric study is evaluating the disease-
modifying effect of anti-IgE therapy in preschoolers with
uncontrolled asthma (Table 2).46 Data on optimal treatment
duration and discontinuation are limited to adult studies.47–50

Only one prospective real-life study reported asthma
outcomes in children discontinuing omalizumab after
long-term treatment: 35 children with good control and no
severe exacerbation stopped omalizumab after a course of
at least 24 months of treatment. Of this group, three-
quarters successfully achieved discontinuation, with no clini-
cal or lung function worsening compared with those still on
omalizumab. Based on their experience, the authors suggested
omalizumab discontinuation after long-term use (>2 years) in
children with nonactive allergic disease, prolonged controlled
asthma, and no severe exacerbations for at least 1 year.51

Further, the optimal duration of treatment and long-lasting
effect should be better defined for the pediatric population.

Mepolizumab

Mepolizumab is a murine humanized immunoglobulin
(IgG1 monoclonal antibody against circulating IL-5), and it
has an indication of add-on maintenance therapy for severe
eosinophilic asthma.52–54 The FDA52 and the EMA53 ap-
proved mepolizumab as add-on treatment in patients > age 6
with severe refractory eosinophilic asthma.

Mepolizumab is administered per subcutaneous route
once every 4 weeks, 100 mg for adolescents aged 12 years
and over, and 40 mg for children aged 6–11 years old.52,53 A
real-life study proposed three criteria for defining respond-
ers,55 including patient-reported improvement of symptoms,
quality-of-life (QoL), exacerbations, and physical fitness.
Reduction of blood eosinophilia and OCS use,56,57 and
improvement in FEV1 have also been proposed.55

There is no evidence suggesting when to discontinue me-
polizumab. The National Institute for Health and Care Ex-
cellence (NICE) recommended continuing mepolizumab if
there is at least a 50% reduction in exacerbation frequency at
the 12th month of treatment.58 Continued treatment is needed
to maintain mepolizumab efficacy.59 It has been reported that
discontinuing treatment after 12 months entailed asthma re-
lapse by 3–6 months, characterized by an increase in blood
eosinophils, severe asthma exacerbations, and Asthma Control
Questionnaire-5 (ACQ-5) score.60

The Dose-Ranging, Efficacy, and Safety with Mepolizumab
in Severe Asthma (DREAM) and the Mepolizumab as Ad-
junctive Therapy in Patients with Severe Asthma (MENSA)
trials reported a significant decrease in the number of asthma
exacerbations (ranging from 48% to 61% and from 47% to
53% reduction for all tested doses of mepolizumab vs. placebo,
respectively) and in asthma QoL and asthma control scores
(P < 0.001 for all comparisons).61,62 Moreover, the Steroid
Reduction with Mepolizumab (SIRIUS) study documented a
50% median reduction in OCS use (P = 0.007) and a signifi-
cant clinical and FEV1 improvement.56 The COSMOS study
showed a long-lasting and stable effect of mepolizumab in
reporting a low prevalence of exacerbations requiring hospi-
talization and emergency department visits (9% and 6%,
respectively), a decrease in daily OCS dose (10.0 mg/d at
baseline to 2.5 mg/d), and improvement in FEV1 and ACQ-5
over time.63 The Long-Term Extension Safety Study of Me-
polizumab in Asthmatic Subjects (COLUMBA) trial reported
a 56% reduction in exacerbation rates/year, *50% of pa-
tients achieving an improvement of 0.47 points from baseline
in ACQ-5 score, and a 78% reduction in blood eosinophils.64

In all these clinical trials, the study patients were aged 12 years
and older.
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Table 2. Active and Recruiting Clinical Studies for Biologics Including

Pediatric Population Affected by Asthma

Study title Study design and characteristics Interventions & drugs

Mepolizumab
A Safety and Efficacy Study of

Mepolizumab in Subjects With
Severe Asthma
[NCT03562195]

Phase 3
n = 300
Ages: 12–18 years of age
Primary outcome measures: number of

clinically significant exacerbations of
asthma

Mepolizumab:
100 mg/4 weeks
Placebo
Salbutamol

Long-Term Special Drug Use
Investigation of Mepolizumab
[NCT 03028480]

Observational
n = 1,000
Primary outcome measures: incidence of

adverse drug reaction

Mepolizumab:
100 mg/4 weeks

Benralizumab
PK/PD and Long-Term Safety Study of

Benralizumab in Children With
Severe Eosinophilic Asthma
[NCT04305405]

Phase 3
n = 33
Ages: 6–14 years of age
Primary Outcome Measures: PK and PD

evaluation

Benralizumab:
Dose stratified by body weight at

screening

Efficacy and Safety Study of
Benralizumab in Patients With
Uncontrolled Asthma on Medium to
High Dose Inhaled Corticosteroid
Plus LABA
[NCT03186209]

Phase 3
n = 666
Ages: 12–75 years of age
Primary outcome measures:
annual asthma exacerbation rate in

patients with uncontrolled asthma on
medium to high-dose ICS- LABA

Benralizumab:
30 mg dose
Placebo

FASENRA SCEI for Long-term
Use
[NCT03588546]

Phase not applicable
n = 780
Ages: child, adult, older adult
Primary outcome measures: incidence of

adverse drug reactions

Benralizumab:
30 mg

Dupilumab
Assessment of the Safety and

Efficacy of Dupilumab in
Children
With Asthma (Liberty Asthma
Excursion)
[NCT03560466]

Phase 3
n = 377
Ages: 7–12 years
Primary outcome measures: treatment-

emergent adverse events

Dupilumab:
Doses of dupilumab will be
administered every 2 weeks for 52

weeks
Asthma controller therapies
Asthma reliever therapies

Evaluation of Dupilumab in
Children With Uncontrolled
Asthma (VOYAGE)
[NCT02948959]

Phase 3
n = 471
Ages: 6–12 years
Primary outcome measures:
Annualized rate of severe exacerbation

events during the
placebo-controlled treatment period

Dupilumab:
Doses will be administered every 2

weeks
Asthma controller therapies
Asthma reliever therapies

Continuation of TRAVERSE-
LTS12551 Evaluating
Dupilumab Safety in Patients
With Asthma
(Long-Term Follow-Up)
[NCT03620747]

Phase 3
n = 750
Ages: ‡12 years of age
Primary outcome measures: treatment-

emergent adverse events

Dupilumab:
One dose administered every 2

weeks

Efficacy and Safety Study of
Dupilumab in Patients With
Persistent Asthma
[NCT03782532]

Phase 3
n = 486
Ages: ‡12 years of age
Primary outcome measures:
change in pre-bronchodilator FEV1

Dupilumab
Asthma controller therapies
Asthma reliever therapies

Registry of Asthma Patients Initiating
DUPIXENT (RAPID)
[NCT04287621]

Observational
n = 1,000
Ages: ‡12 years of age
Primary outcome measures:
baseline patient characteristics; baseline

disease characteristics

Dupilumab

Adopted search strategy in clinicaltrials.gov: ‘‘asthma’’ as condition or disease; ‘‘omalizumab,’’ ‘‘mepolizumab,’’ and ‘‘dupilumab’’ as
other terms; ‘‘recruiting’’ and/or ‘‘completed’’ as status; ‘‘child (birth-17)’’ as eligibility criteria.

FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroids; IL, interleukin; ILR, interleukin receptor; LABA, long-acting
beta-agonist; N, number; PK, pharmacokinetics; PD, pharmacodynamics; PTS, participants; YRS, years.
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This biologic has also shown a favorable safety profile,
and was well tolerated.54,56,60,62,65 Injection-site reactions,
respiratory infections, worsening of asthma, back pain,
headaches, and fatigue were the most commonly reported
AEs.54,56,62 In the clinical trials, two mepolizumab treated-
subjects and zero placebo-treated subjects developed herpes
zoster in studies with more than 1,300 subjects. The FDA
label states that clinicians consider varicella vaccination if
medically appropriate before starting therapy with mepoli-
zumab.52 Subsequently, additional rare cases of herpes
zoster have been reported in association with mepolizumab
in adults,66 while no such effect has been reported in chil-
dren, so far.67 No explanation for an association with herpes
zoster and mepolizumab is known. Although it is a rare
event, FDA recommends to consider varicella vaccination if
medically appropriate before starting mepolizumab therapy.

To date, information about use of mepolizumab in chil-
dren and adolescents remains limited.56,61–64,67

Long-term safety, pharmacodynamic, and efficacy data
from a recent study by Gupta et al. supported a positive
benefit-risk profile for mepolizumab in children with severe
asthma with an eosinophilic phenotype and were similar to
data in studies in adults and adolescents.68

Data from active and recruiting studies in children with
asthma will add to the knowledge base (Table 2).

Reslizumab

Similar to mepolizumab, reslizumab is an IgG4 kappa
monoclonal antibody, which binds specifically to IL-5 and
interferes with IL-5 binding to its cell-surface receptor. This
reduces the production and survival of eosinophils.

FDA approved the indication for reslizumab as an add-on
maintenance therapy for adults with severe eosinophilic asth-
ma; reslizumab has to be administered once every 4 weeks as
an intravenous infusion at a recommended weight-based dose
of 3 mg/kg.69 Compared to other biologics, which are admin-
istered SC, reslizumab’s IV administration may limit patient
compliance.

While there is evidence of its efficacy and safety pro-
vided by some RCT conducted in adults,70–78 it has been
reported that reslizumab was not effective in adolescents, as
FEV1 decreased, and exacerbation rates increased. More-
over, the FDA Adverse Event Reporting System (FAERS)
described eosinophilic esophagitis and chronic cholecystitis
in the pediatric population.69 Evidence supporting the re-
slizumab use in the pediatric population is still lacking, and
a dedicated clinical development plan might be desirable.

Benralizumab

Benralizumab, a murine-derived monoclonal antibody,
binds the IL-5Ra, and completely depletes eosinophils and
modulates eosinophils-associated proteins and/or genes.79 In
2017, this biologic was approved in the United States as add-
on maintenance treatment in adolescents and adults with
severe eosinophilic asthma.80,81 The following year, benra-
lizumab was approved by the European Commission for add-
on maintenance treatment in adults with severe eosinophilic
asthma who are inadequately controlled despite treatment with
high-dosage ICS and long-acting b2-agonists.80,81 Benralizu-
mab is administered per subcutaneous route, monthly in the
beginning and bi-monthly after that.82

SIROCCO and CALIMA Phase III clinical trials, which
enrolled adults and adolescents, showed fewer exacerbations
(for all tested dose regimens P < 0.0001), and improved
FEV1 and symptom severity.83–86 Better outcomes were
observed in the bimonthly schedule87 and with higher eo-
sinophilia at baseline.88 However, the BISE study, another
Phase III trial, did not confirm these results.88 The BORA
study retrospectively investigated the safety issue over 108
weeks of treatment in adolescents.89 Asthma worsening was
the most common AE. At present, there are no data about a
possible risk of malignancies during benralizumab treat-
ment.84–86,89 The clinical development program of benrali-
zumab in the pediatric population is reported in Table 2.

Dupilumab

Dupilumab is a fully human IgG4 monoclonal antibody that
blocks the shared receptor component of IL-4 and IL-13,
thereby inhibiting these key drivers of type 2 inflammation.90 It
was the first biologic approved in adults and adolescents for use
against moderate-to-severe atopic dermatitis (AD). Also, it was
subsequently approved in the United States (2018) and in
Europe (2019) as add-on maintenance treatment in adults and
adolescents ‡12 years of age with severe asthma with an eo-
sinophilic phenotype.91 According to the EMA, dupilumab is
recommended for severe asthma with type 2 inflammation
characterized by raised blood eosinophils and/or FeNO inad-
equately controlled with high-dose ICS plus another mainte-
nance treatment.92 The FDA approved dupilumab not only for
an eosinophilic phenotype, but also for OCS–dependent asth-
ma.93 In addition to these indications, dupilumab has been li-
censed as add-on maintenance treatment in adult patients with
inadequately controlled chronic rhinosinusitis with nasal pol-
yps (CRSwNP).92,93 With evidence of type 2 inflammation
observed across these various diseases, dupilumab is currently
the best candidate among the marketed biological therapies to
treat patients with multiple allergic comorbidities.

Dupilumab is available as prefilled syringes containing
dupilumab 200 mg or 300 mg in a solution for subcutaneous
administration at different dosages depending on age and
weight (400 mg loading dose followed by 200 mg every 2
weeks in adolescents aged ‡12 to <18 years with a baseline
body weight of <60 kg, or 600 mg loading dose followed by
300 mg every 2 weeks for adolescents with a baseline body
weight ‡60 kg).92,93 Also, dupilumab may be safely admin-
istered at home after training in subcutaneous injection tech-
nique by a health care provider. As at-home administration is
a safe, cost-effective pathway that some patients prefer, this
drug is particularly appealing for the pediatric population.

Expanding the use of dupilumab to the adolescents
derived from the results of the adult clinical development
program. The QUEST trial enrolled 1,902 patients (‡12
years of age) with uncontrolled, moderate-to-severe asth-
ma despite daily ICS therapy.94 Dupilumab significantly
reduced the annualized rate of severe asthma exacerba-
tions (0.27 for the dupilumab group vs. 0.6 in the placebo
group), mainly when eosinophilia and FeNO were very
high at baseline (‡25 parts per billion [ppb]). The VEN-
TURE trial showed a 70.1% reduction of OCS use in the
dupilumab group, when compared with a 41.9% reduction
in the placebo group (P < 0.001), and improvement in
FEV1 equaling 0.22 L (95% CI: 0.09–0.34) higher in the
dupilumab group versus placebo.95
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The most common AEs (incidence ‡1%) in patients with
asthma are injection site reactions, oropharyngeal pain, and
eosinophilia. An increase of blood eosinophils was reported
in both trials: only in the QUEST trial, the eosinophil count
increase was associated with symptoms in 4 patients who
received dupilumab, and two of these events were associ-
ated with symptoms.94–96 While conjunctivitis is a well-
recognized AE of dupilumab AD trials, it was not observed
in asthma trials and was reported in <5% of patients in-
volved in CRSwNP trials.97

At the time of this writing, the VOYAGE trial, which has
enrolled children with asthma between 6 and 12 years of
age, is still ongoing.98 The clinical development program of
dupilumab in the pediatric population with asthma is un-
derway, and the results are highly anticipated (Table 2).

Concluding Remarks

Targeted biologic therapies have emerged as effective add-
on options in children and adolescents with severe asthma.
Available biologic therapies include omalizumab, mepolizu-
mab, reslizumab, benralizumab, and dupilumab. Their pri-
mary benefit has been a decrease in the frequency of asthma
exacerbations, including emergency room visits, hospitaliza-
tions, and need for oral steroids. Other benefits include re-
duced asthma symptoms, reduced dosage of other controller
medication, and less missed school and work days. Although
very attractive, the use of biologics in the pediatric and ado-
lescent age groups has some open concerns, such as safety,
cost, and unclear length of treatment.

While a large body of literature regarding the safety of
biologic therapies in children exists for omalizumab, few data
are available for the other biologics. Of note, only 154 and
138 children between 12 and 18 years of age were enrolled in
Phase III clinical trials of mepolizumab and dupilumab, re-
spectively.99 Furthermore, long-term safety data are available
only for patients ‡ age 12 with moderate-to-severe allergic
asthma who were treated with omalizumab. Thus, further
studies are needed to address the long-term safety profile of
novel biologics in the pediatric population.

In this context, two recent systematic reviews by Agache
et al. determined that the observed overall effects are relatively
modest, such as reducing exacerbations, while probably im-
proving asthma control, quality-of-life, or lung function.100,101

These analyses of various studies led to recommendations that
use of biologics should be reserved for carefully selected pa-
tients in the current environment of rising health care costs.
Thus, adequate selection of patients is essential before pre-
scribing biologics.

Practical indications for the selection of biologics in
children with severe asthma are lacking or are borrowed
from adults and based only on expert opinions. In pediatric
practice, the presence of allergic asthma and total IgE within
the omalizumab range can direct the choice of biologic
initially toward omalizumab. Mepolizumab may represent
the first choice in the presence of high blood eosinophils or
in cases outside the IgE range or in cases of nonallergic
asthma. It can also be an alternative in cases of nonthera-
peutic response to omalizumab.

It should be noted that the presence of biomarkers of
atopy, eosinophilic and type 2 inflammation may overlap in
children with asthma. The recent approval of dupilumab for
pediatric severe asthma could bring the pathway of care into

question, possibly making it the first choice in patients with
multiple type 2 inflammatory comorbidities. Thus, further
head-to-head comparison studies of biologics are required in
the pediatric population to identify new and optimal bio-
markers for response to treatment to each biologic.

In conclusion, additional clinical trials conducted in chil-
dren and adolescents are needed to reinforce the strength
of available efficacy and safety data of biologic therapies.
Moreover, their efficacy may be more pronounced in young
children since there is less destruction of the bronchi and
bronchiole, and allergy is probably more pronounced in
adults with asthma. With these additional findings, the posi-
tioning of biologics could be more effectively implemented in
the future. A thorough phenotyping and endotyping, using
reliable biomarkers and considering the possible presence of
asthma comorbidities, could better enable a personalized
approach to therapy, tailored to each patient.
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