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Key Messages

� There is an urgent need for more long-term efficacy and safety data for asthma biologics, particularly for children younger than 12 years of
age.

� Patients are often eligible for multiple asthma biologics, but their comparative effectiveness and thus the optimal choice of treatment is
largely unknown.

� Multi-omics research approaches have the potential to capture the complexity and heterogeneity of asthma pathogenesis on a molecular
level, which could lead to more precise classification of asthma endotypes and phenotypes, along with the identification of new pediatric-
specific biomarkers to more accurately predict and monitor response to biologics.

� The Preventing Asthma in High Risk Kids study is currently investigating whether early targeted inhibition of the type 2 inflammatory
pathway with omalizumab may prevent the development of pediatric asthma.

� Inequities remain in access to biologic treatment and research participation for low-income and racial/ethnic minoritized groups, popula-
tions that have high need for biologic treatment.
A R T I C L E I N F O

Article history:
Received for publication July 1, 2023.
Received in revised form August 13, 2023.
Accepted for publication August 21, 2023.
Address correspondence to: Wanda Phipatanakul,
tal, Division of Immunology, 300 Longwood Aven
E-mail: Wanda.Phipatanakul@childrens.harvard.edu

https://doi.org/10.1016/j.anai.2023.08.597
1081-1206/© 2023 American College of Allergy, Asth

Descargado para Biblioteca Medica Hospital
enero 15, 2024. Para uso personal exclus
A B S T R A C T

Objective: To evaluate the current evidence, its limitations, and future research directions for the use of biologics
in pediatric asthma, with a particular focus on the potential use of biologics to prevent pediatric asthma and
equity issues in access to biologic treatment and research participation.
Data Sources: PubMed articles about the use of biologics in pediatric asthma were searched up to May 2023.
Study Selections: Recent (2019-2023) original research articles and reviews were prioritized.
Results: Although there are now 5 U.S. Food and Drug Administration-approved biologics for use in pediatric
asthma, there are important knowledge gaps that ongoing research seeks to address, which include (1) the long-
term efficacy and safety of using biologics in children, (2) the comparative efficacy of different biologics, (3)
multi-omics-based classification of asthma endotypes and phenotypes in children to find potential new thera-
peutic targets and enable identification and validation of new biomarkers that may predict and help monitor
response to treatment, and (4) whether starting biologics in early childhood can modify the natural history of
asthma and potentially prevent asthma development.
Summary: To promote equitable access to biologics and optimize asthma outcomes, future research should
recruit patients across the full spectrum of socioeconomic and racial/ethnic backgrounds. Large-scale national
and international collaborations between asthma researchers and clinicians are also necessary to fully under-
stand the role of biologics in pediatric asthma.
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Introduction

Asthma affects 1 in 12 children in the United States, approximately
5% of whom have severe asthma.1,2 Within severe asthma, there is a
distinction between severe therapy-resistant asthma and difficult-to-
treat asthma, the latter of which is related to poor adherence to medi-
cations, incorrect inhaler technique, exposure to environmental
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triggers, or comorbidities.2 Severe asthma is associated with more fre-
quent asthma exacerbations, impaired lung function, reduced health-
related quality of life, and increased risk of death.3 Severe asthma
accounts for a substantial proportion of health care spending on
asthma, mostly due to increased health care resource utilization.3 In
the United States, asthma prevalence, morbidity, and mortality are
highest in low-income and racial/ethnic minoritized groups.4

Asthma is increasingly understood as a heterogeneous disease
with different phenotypes (observable patient traits) and endotypes
(underlying pathophysiological mechanisms). In most children, the
pathogenesis of asthma is driven by a type 2 inflammatory response,
involving the release of proinflammatory cytokines (including thymic
stromal lymphopoietin, interleukin [IL]-4, IL5, and IL13), production
of immunoglobulin E (IgE), and recruitment of innate immune cells
(eosinophils, mast cells, and basophils) to the lung.5 Traditional
medications for asthma broadly aim to reduce airway inflammation
(corticosteroids and leukotriene receptor antagonists) and reverse
bronchoconstriction (b-agonists and muscarinic antagonists).
Biologic medications now offer a targeted and personalized treat-
ment approach to asthma.
Figure 1. Mechanism of action of biologic agents for severe pediatric asthma. DC, dendritic c
tor a; IL5Ra; interleukin-5 receptor a; ILC, innate lymphoid cell; TSLP, thymic stromal lymph
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There are currently 5 biologics that are approved by the U.S.
Food and Drug Administration for use in pediatric asthma: omali-
zumab (anti-IgE), mepolizumab (anti-IL5), benralizumab (anti-
IL5Ra), dupilumab (anti-IL4Ra), and tezepelumab (anti-thymic
stromal lymphopoietin), each targeting a specific component of
the type 2 inflammatory pathway (Fig 1). These medications are
indicated for patients with moderate to severe persistent asthma
that remains uncontrolled despite adherence to high-level treat-
ment, correct inhaler technique, interventions to reduce environ-
mental exposures, and optimized treatment of comorbidities.
Omalizumab is indicated for allergic asthma, benralizumab and
mepolizumab for eosinophilic asthma, and dupilumab for eosino-
philic asthma and oral corticosteroid-dependent asthma, whereas
tezepelumab can be prescribed for all phenotypes of asthma,
including nonallergic noneosinophilic asthma. This CME Review
article will evaluate the current evidence, its limitations, and
future research directions for the use of biologics in pediatric
asthma. Particular attention will be paid to the potential use of
biologics to prevent pediatric asthma and equity issues in access
to biologic treatment and research participation.
ell; Eos, eosinophil; IgE, immunoglobulin E; IL, interleukin; IL4Ra, interleukin-4 recep-
opoietin. Created with BioRender.com.

ational Library of Health and Social Security de ClinicalKey.es por Elsevier en 
utorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



16 I.R.M. Schepel et al. / Ann Allergy Asthma Immunol 132 (2024) 13−20
Efficacy and Safety of Biologics for Pediatric Asthma

Randomized controlled trials (RCTs) of asthma biologics have gen-
erally determined their efficacy using a number of primary and sec-
ondary end points: severe asthma exacerbation rate, corticosteroid
use, asthma control, lung function (prebronchodilator forced expira-
tory volume in 1 second), and health-related quality of life. These
studies have shown that in selected patients with uncontrolled, mod-
erate to severe persistent asthma, biologics reduce the annualized
rate of asthma exacerbations by approximately 50% compared with
placebo.6-9 In patients with allergic asthma, omalizumab has a signifi-
cant steroid-sparing effect, reducing use of both inhaled and oral cor-
ticosteroids compared with placebo.6 In patients with eosinophilic
asthma, benralizumab, dupilumab, and mepolizumab all reduce use
of oral corticosteroids compared with placebo.7 Asthma biologics also
improve asthma control, lung function, and health-related quality of
life, although these beneficial effects seem to be more modest.6-9 Few
RCTs of asthma biologics have focused on children; most studies
have primarily enrolled adults, with small numbers of adolescents.
Omalizumab is the only biologic with robust evidence for efficacy in
children with severe asthma—large RCTs have found it to be equally
effective in children compared with adults in reducing the annualized
rate of asthma exacerbations, reducing use of inhaled corticosteroids
and rescue medications, and improving health-related quality of life.6

There is an urgent need for more long-term efficacy and safety data
for asthma biologics, particularly for children younger than 12 years
of age and for other biologics in addition to omalizumab.

Overall, asthma biologics have very favorable short-term safety
profiles (Table 1).10,11 The most common adverse effects for all bio-
logics are injection site reactions; dupilumab may cause conjunctivi-
tis and transient eosinophilia; headache has been associated with
omalizumab, mepolizumab, and benralizumab; and tezepelumab is
associated with pharyngitis and arthralgia.10,11 Rare side effects
include anaphylaxis and, for dupilumab, eosinophilic granulomatosis
with polyangiitis.10 Clinical trials have found lower rates of serious
adverse events in biologic-treated groups than placebo groups
because complications from uncontrolled asthma (eg, severe asthma
exacerbations requiring hospital admission) were higher in placebo
groups.12 Gaining a better understanding of the long-term immuno-
modulatory effects of asthma biologics is essential, especially for the
pediatric population whose immune system is still developing and
maturing and in whom the use of biologics may affect the immune
response to essential childhood vaccinations. In clinical practice,
questions often arise around the safety of live-attenuated vaccines
with biologics. The prescribing information for dupilumab recom-
mends the avoidance of live-attenuated vaccines during treatment as
a precaution. There is currently no clear evidence for increased risk of
infection or other adverse events, largely because live-attenuated
vaccines were excluded from major RCTs of dupilumab. Similarly, lit-
tle is known about the incidence of antidrug antibody development
to asthma biologics in children, which can lead to reduced biologic
Table 1
U.S. Food and Drug Administration-Approved Biologic Agents for Severe Pediatric Asthma10,1

Biologic agent Mechanism
of action

Age Indication Eligibility by biomark

Omalizumab Anti-IgE ≥6 y Allergic asthma 6-11 y: IgE 30-1300 IU
≥12 y: IgE 30-700 IU

Mepolizumab Anti-IL5 ≥6 y Eosinophilic asthma Eosinophil count ≥ 15
Benralizumab Anti-IL5Ra ≥12 y Eosinophilic asthma Eosinophil count ≥ 30
Dupilumab Anti-IL4Ra ≥6 y Eosinophilic or

OCS-dependent asthma
Eosinophil count ≥ 15

(maximum 1500/m
Tezepelumab Anti-TSLP ≥12 y Any phenotype of asthma Not applicable

Abbreviations: IgE, immunoglobulin E; IL, interleukin; IL4Ra, interleukin-4 receptor a; IL5Ra;
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efficacy and adverse immune reactions. A recent systematic review
and meta-analysis of 46 studies of asthma biologics (including 4 stud-
ies conducted in pediatric patients) found that the incidence of anti-
drug antibodies was less than 3%, highest with benralizumab and
dupilumab (both approximately 8%) and lowest with omalizumab
(undetectable).13 Further long-term efficacy and safety data on
asthma biologics in pediatric patients can be obtained from real-life
observational studies. International consortia on severe pediatric
asthma in Europe are now combining cohort studies with preclinical
research studies to develop better clinical decision-making tools for
the use of biologics in children, investigating the comparative efficacy
and safety of asthma biologics, and seeking to identify and validate
biomarkers that can guide treatment selection.14
Choosing Between Asthma Biologics

Current treatment algorithms for asthma biologics use certain bio-
markers to guide the choice of biologic agent for patients (Fig 2).15

Key biomarkers are blood eosinophil count, fractional exhaled nitric
oxide (FENO), and IgE; cutoff levels of these biomarkers for pediatric
patients have been extrapolated from adult studies.2 Eosinophilic
asthma is characterized by high blood eosinophil count (≥150 cells/
mL) and FENO (≥20 ppb), whereas allergic asthma is characterized by
elevated total serum IgE level and evidence of perennial aeroallergen
sensitization (ie, elevated specific serum IgE level or positive skin
prick test).5 Higher baseline blood eosinophil counts have been found
to be predictive of good asthma response to all biologics currently
available for pediatric asthma, and higher baseline FENO is also pre-
dictive of a good asthma response to dupilumab, omalizumab, and
tezepelumab.10 Higher baseline total serum IgE levels notably do not
predict the response to omalizumab.16 It is important to recognize
that in some patients with asthma, the levels of these biomarkers
fluctuate considerably, whereas in others, they remain persistently
elevated over time. Beyond biomarkers, selection of asthma biologics
is guided by patients’ age and comorbid atopic conditions targeted by
biologics, such as chronic idiopathic urticaria (omalizumab), hypereo-
sinophilic syndrome (mepolizumab), or atopic dermatitis and eosino-
philic esophagitis (dupilumab).10 Omalizumab is more effective in
childhood-onset asthma (which is usually allergic in phenotype),
whereas benralizumab and mepolizumab are more effective in adult-
onset asthma and in patients with more frequent severe asthma
exacerbations.10 Patients are often eligible for multiple asthma bio-
logics, but their comparative effectiveness and thus the optimal
choice of treatment is unknown.

No RCTs to date have directly compared asthma biologics with
each other for efficacy and safety. For adult patients, a number of
recent studies have attempted to determine their comparative effi-
cacy by performing indirect treatment comparisons using data from
different RCTs or by conducting a retrospective cohort study emu-
lating a target trial.17-19 Although these studies are relevant in the
absence of RCT data, such retrospective studies have inherent
1

ers Side effects

/mL
/mL

Common: injection site reactions, headache; rare: anaphylaxis

0/mL Common: injection site reactions, headache; rare: anaphylaxis
0/mL Common: injection site reactions, headache; rare: anaphylaxis
0-300/mL
L)

Common: injection site reactions, conjunctivitis, transient eosinophilia;
rare: eosinophilic granulomatosis with polyangiitis

Common: injection site reactions, pharyngitis, arthralgia; rare:
anaphylaxis

interleukin-5 receptor a; OCS, oral corticosteroid; TSLP, thymic stromal lymphopoietin.
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Figure 2. Biomarkers to consider in choosing a biologic agent for severe pediatric
asthma.15 NB: Biologic agents listed in alphabetical order. *Only for allergic asthma;
**Only if eosinophil count ≤ 1500/mL. Eos, eosinophil; FENO, fractional exhaled nitric
oxide; ppb, parts per billion. Figure adapted from Saxena S, et al. Curr Opin Allergy Clin
Immunol. 2023;23(2):111-118.
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methodological limitations. At present, they would be challenging to
conduct specifically for pediatric patients, given the very small num-
bers of children who have completed RCTs for asthma biologics. In
the United Kingdom, a group of National Health Service foundation
trusts is now running an industry-independent RCT to address this
gap in the literature: the “Treating severe pediatric asthma; a ran-
domized controlled trial of mepolizumab and omalizumab” (TREAT
trial) is seeking to establish the comparative efficacy of mepolizumab
and omalizumab and the features that predict a good asthma
response to these biologics in children.20
Predicting and Monitoring Response to Biologics

Although certain biomarkers may predict response to asthma bio-
logics and guide treatment selection, there are no validated bio-
markers to monitor for response during and after treatment.
Measures of response are currently clinical, such as asthma symptom
control, exacerbation frequency and severity, oral corticosteroid use,
and side effects of biologics.10 The Global Initiative for Asthma rec-
ommends trialing asthma biologics for at least 4 months.10 If clini-
cally effective, the recommendation is to continue biologic treatment
indefinitely, evaluating its efficacy and side effects every 3 to 6
months, and reducing concomitant oral and inhaled corticosteroid
use as tolerated.10 If biologic efficacy is unclear, the recommendation
is to continue treatment for up to 6 to 12 months; if clearly ineffec-
tive, it is suggested to trial a different biologic agent if the patient is
eligible for one.10 The optimal duration of treatment with asthma
biologics is unknown, and limited research in adults suggests that
cessation of biologic therapies often leads to recurrence of asthma
symptoms and increased risk of exacerbations.21,22 Ideal biomarkers
to predict and monitor response to biologic treatment would reflect
patients’ endotype, or the pathogenic inflammatory pathways that
underlie asthma symptoms and risk of severe exacerbation. Asthma
is currently categorized into 2 broad endotypes: type 2-high asthma,
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characterized by eosinophilic airway inflammation, and type 2-low
asthma, more common in adults, characterized by neutrophilic, pau-
cigranulocytic, or mixed granulocytic airway inflammation.5 Most
currently available biologics target type 2-high inflammatory path-
ways, where dampening these pathways may lead to compensatory
promotion of disease activity by other inflammatory pathways,
which could explain the variable treatment response to asthma bio-
logics observed in patients.23 Of note, tezepelumab has been shown
to be effective and safe in both patients with type 2-high and patients
with type 2-low asthma.9

Multi-omics research approaches have the potential to capture
the complexity and heterogeneity of asthma pathogenesis on a
molecular level, which could lead to more precise classification of
asthma endotypes and phenotypes, along with the identification of
new pediatric-specific biomarkers to more accurately predict and
monitor response to biologics.24 Compared with current biomarkers
such as blood eosinophil count and FENO, markers of inflammatory
pathway gene expression are likely to be more sensitive and specific
biomarkers of biologic treatment response. A recent RCT in urban
children with severe eosinophilic asthma sought to investigate the
molecular mechanisms underlying variable treatment response to
mepolizumab by comparing expression of nasal airway gene clusters
(transcriptome modules) before and after 12 months of treatment
with mepolizumab.23 This study found that mepolizumab reduced
the rate of asthma exacerbations in children significantly by 27%, less
than what has been found in adult RCTs.23 Of 52 nasal airway tran-
scriptome modules analyzed, 12 were associated with altered risk of
asthma exacerbation.23 Expression of 8 of the 12 transcriptome mod-
ules was significantly changed by mepolizumab treatment compared
with none in the placebo group.23 Mepolizumab down-regulated
expression of 3 eosinophilic transcriptome modules associated with
increased risk of asthma exacerbation but also up-regulated expres-
sion of 5 epithelial transcriptome modules associated with increased
risk of asthma exacerbation.23 Mepolizumab treatment did not signif-
icantly alter expression of 2 other transcriptome modules associated
with increased risk of asthma exacerbation or expression of 2 tran-
scriptome modules associated with reduced risk of asthma exacerba-
tion.23 Importantly, these transcriptome modules proved to be more
accurate biomarkers of exacerbation risk and treatment response
than blood eosinophil count and FENO.23 The study’s airway tran-
scriptome findings offer insight into molecular mechanisms beyond
the type 2 inflammatory pathway that underlie asthma exacerbations
in children, the effects of mepolizumab on different inflammatory
pathways, and potential reasons for incomplete treatment response
to this biologic. Continuing this line of research will help to not only
discover improved biomarkers and develop more individualized
treatment guidelines for asthma biologics but also identify novel tar-
gets for disease intervention. Because cessation of currently available
biologics, at least in adults, seems to result in disease relapse, new
asthma therapies may be necessary to inhibit other pathogenic path-
ways, such as involving structural airway cells, to be disease-
modifying.25
Should We Be Starting Asthma Biologics Early?

While fundamental questions remain about the efficacy and
safety of biologics in pediatric asthma, the approval of some
asthma biologics for use in young children has led to great inter-
est in whether early targeted inhibition of the type 2 inflamma-
tory pathway could prevent the development of pediatric asthma
altogether. The Preventing Asthma in High Risk Kids (PARK)
study—a National Institutes of Health (NIH)-funded RCT of omali-
zumab in toddlers at high risk of developing asthma—is currently
investigating this concept.26 Two key risk factors for the develop-
ment of persistent asthma are (1) aeroallergen sensitization via
ational Library of Health and Social Security de ClinicalKey.es por Elsevier en 
utorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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allergen-specific IgE antibody production and (2) viral lower
respiratory tract infections, especially with rhinovirus, likely
worsened by IgE-mediated reduction in the innate antiviral
immune response.26 Omalizumab has previously been shown to
reduce the rate of asthma exacerbations in school-aged children
during the respiratory viral season and improve the innate
immune response to rhinovirus.27,28 By blocking circulating IgE
and IgE-mediated responses, the hypothesis is that early treat-
ment with omalizumab can prevent asthma development and, in
children who do develop asthma, reduce asthma severity.26 The
PARK trial enrolls children aged 2 to 3 years who have had 2 to 4
episodes of wheezing in the past 12 months without an estab-
lished diagnosis of asthma, are sensitized to at least one aeroal-
lergen, and have a first-degree relative with allergy or asthma.26

These inclusion criteria are in line with the modified Asthma Pre-
dictive Index used to predict the likelihood of developing asthma
in preschool children with a history of wheezing. The PARK trial
has a 2-year treatment phase (with omalizumab or placebo) fol-
lowed by a 2-year observational phase (to monitor for diagnosis
of asthma and asthma severity).26 An important question in the
PARK study is whether omalizumab may actually prevent asthma
development, vs simply delay its onset. If omalizumab is indeed
found to be disease-modifying in the first few years of life, fur-
ther research is required to refine eligibility criteria for the treat-
ment of young children. Treatment should target those children
most at risk of developing asthma, while avoiding overmedicali-
zation of children with transient wheeze.

Predicting which children may benefit most from starting biolog-
ics for asthma early requires careful phenotyping of wheeze trajecto-
ries in young children and characterizing the underlying etiology and
pathophysiology of these phenotypes. Various birth cohort studies
have described distinct phenotypes of early childhood wheeze, and
wheeze trajectory modeling has become increasingly sophisticated
with new machine learning methods. For example, a recent study
embedded in the Canadian Healthy Infant Longitudinal Development
(CHILD) Cohort Study performed both group-based trajectory model-
ing and longitudinal latent class analysis of more than 3000 children
who had at least 2 episodes of wheezing from 3 months to 5 years of
age and collected detailed information about participants’ genetic,
early-life health, and environmental risk factors.29 The study identi-
fied 4 longitudinal trajectories of childhood wheezing and associated
risk factors.29 These trajectories were never/infrequent wheeze, tran-
sient wheeze, intermediate-onset wheeze, and persistent wheeze.29

Transient, intermediate-onset, and persistent wheeze trajectories
were associated with increased odds of physician-diagnosed asthma
at age 5 years; odds were the highest for the intermediate-onset and
persistent wheeze groups.29 Certain risk factors were shared across
different trajectories (eg, elevated body mass index and respiratory
tract infections), whereas others were specific to trajectory groups
(eg, atopy and genetic risk score for asthma were associated with
intermediate-onset wheeze; maternal asthma was associated with
persistent wheeze).29 As outlined by the CHILD Cohort Study
researchers, trajectory group-specific risk factors have varied
between different birth cohort studies.29 A major limitation of this
line of research is that it assigns patients into wheeze categories ret-
rospectively using complex machine learning methods, whereas ide-
ally physicians would have sensitive and specific biomarkers that can
be readily used in clinic to predict an individual child’s risk of devel-
oping asthma. More research incorporating a multi-omics approach
is required to better delineate phenotypes of early childhood wheeze,
identify potentially modifiable risk factors, and determine the likeli-
hood of developing persistent and severe asthma to inform prognosis
and facilitate targeted asthma prevention strategies.29 Compared
with modifying early-life health or environmental risk factors, bio-
logics are attractive as a potential targeted prevention strategy
because they inhibit components of asthma pathogenesis likely
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shared across wheeze phenotypes. If omalizumab or other biologics
are proved to prevent asthma development in a defined subset of
young children, the cost-effectiveness of this medical intervention
will require further evaluation. Any such economic evaluation in the
United States should take health equity into consideration, given the
disproportionate burden of asthma in underrepresented minority
and low-income populations, who are largely publicly insured.
Equitable Access to Biologics

A major inequity in asthma treatment in the United States is the
lower use of biologics for asthma in the publicly insured population
compared with the privately insured population, despite the former
having much higher asthma prevalence, morbidity, and mortality.30 A
study that analyzed data from a nationally representative, all-payer
audit of ambulatory care in the United States in 2019 found that—con-
trolling for age, sex, and race—publicly insured individuals were
approximately 16% less likely to have a biologic treatment visit for
asthma than privately insured individuals.30 In the publicly insured
population, racial and ethnic minority groups were overrepresented,
yetWhite patients were significantly more likely to be prescribed a bio-
logic for asthma than patients of other racial categories, in particular
Black patients.30 These findings may be explained by a wide range of
social determinants of health, including system-level factors, such as
differences in insurance coverage and reimbursement policies for bio-
logics and unequal access to subspecialists; physician biases, leading to
underestimation of disease severity and undertreatment of asthma in
racial and ethnic minorities; and patient factors, such as health literacy
and medication adherence.30 There are also known to be racial/ethnic
differences in the levels of blood biomarkers and presence of comorbid-
ities that guide the prescription of biologics, which was not controlled
for in this study.30 There is no clinical trial evidence to support the dif-
ferential prescribing of asthma biologics solely by race/ethnicity.
Although racial/ethnic minorities have generally been underrepre-
sented in clinical trials of asthma biologics, omalizumab has been
shown to be effective in reducing asthma symptoms and exacerbations
in inner-city children and young adults with persistent allergic asthma
(>90% of whomwere Black or Hispanic) and equally efficacious in Black
and White adolescents and adults with moderate to severe persistent
allergic asthma.27,28,31 To reduce disparities in asthma prevalence and
outcomes, it is critical to ensure equitable access to treatment with bio-
logics, regardless of insurance status, income level, or race/ethnicity.
Optimizing biologic treatment for minorities, in turn, requires more
inclusive recruitment for research studies.

Disentangling the complex gene-environment interactions that
underlie disparities in asthma prevalence and outcomes hinges on the
recruitment of diverse study participants into translational and clinical
research studies. In children, as in adults, asthma phenotypes have
been found to differ across racial/ethnic groups, affecting their eligibil-
ity for biologics, as highlighted by a recent study analyzing data from 2
case-control studies of moderate to severe asthma in pediatric minority
populations.32 There is a need to better characterize clinical subgroups
to guide physicians in choosing the most effective biologic for their
patients, while recognizing the genetic heterogeneity within racial/eth-
nic groups and the role of social determinants of health in driving
asthma phenotypes. Increasing and sustaining minority participation in
asthma research requires a multimodal approach, including further
developing federal mandates for appropriate representation of diverse
populations in clinical research, strengthening community outreach in
remote and underserved areas, and engaging minority study partici-
pants in data and safety monitoring boards.33

An ongoing National Institute of Allergy and Infectious Diseases-
funded RCT called the Investigating Dupilumab’s Effect in Asthma by
Genotype (IDEA) study illustrates the importance of recruiting
diverse study participants into asthma clinical trials to develop a
ational Library of Health and Social Security de ClinicalKey.es por Elsevier en 
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precision-based approach to biologic treatment.34 The disproportion-
ately high prevalence of severe asthma in racial/ethnic minoritized
groups is explained in part by the interaction between genetic factors
and environmental exposures such as indoor allergens and air pollu-
tion.35 Specifically, a gene variant of IL4Ra (IL4RaR576) that is asso-
ciated with severe asthma has been found to be more common in
some Black and Hispanic populations.35 This gene variant promotes T
helper 2/T helper 17 (TH2/TH17)−driven mixed eosinophilic and neu-
trophilic airway inflammation by stimulating allergen-specific
induced regulatory T cells in the lung to transform into TH2- and
TH17-like cells.36-38 Dupilumab (anti-IL4Ra) is thought to inhibit this
reprogramming of induced regulatory T cells into TH2 and TH17 cells,
which may result in sustained immune tolerance to allergens and
ambient pollutant particles.34,39 The IDEA study enrolls patients with
asthma of ages 12 years and older and stratifies them by IL4Ra allele:
(1) wild-type allele (Q576/Q576), (2) heterozygous allele (Q576/
R576), or (3) homozygous mutant allele (R576/R576), which is associ-
ated with the highest degree of asthma severity.34,36 The study has a
48-week treatment phase with dupilumab or placebo, both adminis-
tered every 2 weeks. The primary outcome is severe asthma exacer-
bation rate, and secondary outcomes include asthma control and
lung function (prebronchodilator forced expiratory volume in 1 sec-
ond), which are each measured at 5 time points during the treatment
phase.34 The hypothesis is that dupilumab will be most effective in
improving these primary and secondary outcomes in patients who
are homozygous for the IL4Ra gene variant. If this is the case, basic
science research has already identified biomarkers of TH2/TH17-
driven airway inflammation (expression of Notch4 and its down-
stream Hippo and Wnt effectors) that correlate with asthma severity
and may prove useful for monitoring disease activity and treatment
response to dupilumab.37,38
Conclusion

Although there are now 5 U.S. Food and Drug Administration-
approved biologics for use in severe, therapy-resistant pediatric
asthma, there are important knowledge gaps that ongoing research
seeks to address: (1) the long-term efficacy and safety of using bio-
logics in children, (2) the comparative efficacy of different biologics,
(3) multi-omics-based classification of asthma endotypes and pheno-
types in children to find potential new therapeutic targets and enable
identification and validation of biomarkers that may help predict and
monitor response to treatment, and (4) whether starting biologics in
early childhood can modify the natural history of asthma and perhaps
even prevent asthma development at the forefront. To optimize biologic
treatment and asthma outcomes for all, these research efforts must
ensure recruitment of patients across the full spectrum of socioeco-
nomic and racial/ethnic backgrounds. There is also a need for more
industry-independent funding for this area of research, which to date
has been largely funded by pharmaceutical companies that maintain
close financial ties with asthma researchers, risking conflicts of interest.
These lines of research are extremely complex, and their success
depends on large-scale national and international collaborations
between asthma researchers and clinicians to progress from hypothe-
sis-generating studies to truly personalized asthma care.
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