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Severe asthma is a rare disease affecting <5% of children with asthma. This
group of patients account for about 50% of the costs of healthcare for
children with asthma. Nowadays, several biological agents are available for
pediatric severe asthma. One of these is dupilumab, a monoclonal antibody
against the Interleukin (IL)-4 receptor a-subunit that acts as an antagonist
against both IL-4 and IL-13. Dupilumab binds the subunit of the IL-4
receptor, at the level of the subunit shared by the IL-13 receptor, blocking
the inflammatory cascade of these two cytokines and the progression of the
Th2-inflammatory pathway. The efficacy and safety of dupilumab have been
investigated in recently published randomized controlled trials including
pediatric patients with asthma. Currently, its use in asthma is approved in
adults, adolescents, and children with severe asthma with type 2
inflammation, that are not controlled in spite of high-dose inhaled
corticosteroids plus another maintenance drug. Studies are warranted for the
evaluation of long-term treatment with dupilumab, including steroid sparing
effect and discontinuation of treatment. Further research should also be
planned in order to investigate dupilumab potential ability to interfere with
the natural history of atopy since early childhood.
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Introduction

Asthma is a chronic disease characterized by reversible airflow obstruction, hyper-
responsiveness, remodeling and progressive deterioration of lung function.

Severe asthma is defined as deficient control of asthma symptoms despite a therapy
with high doses of inhaled corticosteroids (ICS) and long-acting B2-agonists (LABA) or
need of recurrent oral corticosteroids (OCS) (level 4-5 GINA guidelines) (1) or by loss of
asthma control when reducing the high-intensity treatment (2).

In the pediatric field, severe asthma is a rare pathology affecting <5% of children with
asthma (3). Despite the low number of children with severe asthma, this group of
patients account for about 50% of the costs of healthcare for children with asthma.
Therefore, these patients are a challenge related to ample diagnostic evaluation and
high consumption of healthcare sources.

It is firstly mandatory to confirm the diagnosis and evaluate the patient for at least
three months to define severe asthma and the specific endotype of the patient.

According to the international guidelines (4), the evaluation of pediatric patient with
severe asthma is based on the optimization of the standard therapy. Furthermore, the use
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of biological drugs must be considered when symptoms are not
controlled, despite all the measures suggested (control of the
environment factors and rigorous adhesion to drug therapy).
Then, it is important to correctly select suitable patients for a
specific biologic therapy, both for medical reasons and the
high cost of these drugs.

Pediatric asthma is mainly characterized by a T helper type
(Th)-2-inflammation in which the release of interleukin (IL)-4,
IL-13, IL-5, and the immunoglobulin E (IgE) production
increase eosinophilic survival.

In the last decades, many advances have been made in
knowledge of pediatric asthma diseases and the role of the
Th2-mediated inflammatory response.

Nowadays, several biological agents are now available for
pediatric severe asthma. The approved biological drugs for the
treatment of uncontrolled severe asthma target specific points
of the Th2-inflammatory cascade and different agents target
different endotypes of disease.

Their mechanism of action acts on peculiar cytokines of the
Th2-inflammation cascade, such as IL-4, IL-5, and IL-13, and
IgE, inhibiting definite targets in patients that do not respond
to traditional therapy modifying the natural course of allergic
inflammatory response (5).

One of these biological agents is dupilumab, a monoclonal
antibody directed against the IL-4 receptor a-subunit (IL-4Ra)
that acts as an antagonist against both IL-4 and IL-13 and is
approved for pediatric severe type 2 asthma.

Mechanisms of dupilumab

“Th2-mediated diseases” such as allergic asthma, atopic
dermatitis (AD), allergic rhinitis (AR), chronic rhinosinusitis
with nasal polyps (CRSwNP), and eosinophilic esophagitis
(EoE) are characterized by type 2 inflammation associated to
different pro-inflammatory cytokines released by epithelial
cells (6-8).

These groups of inflammatory disorders that involved
different tissues share the same mechanisms of action driven
by CD4+ Th2 lymphocytes and type 2 innate lymphoid cells
(ILC2). Inside that inflammatory pathway, IL-4 and IL-13 are
produced by eosinophils, basophils, mast cells, CD8+ cells,
and natural killer (NK) cells and have a key role in the
allergic inflammatory response. Airways inflammation and
remodeling are the typical asthma features related to these
mediators.

IL-4 and IL-13 are involved in the pathophysiology as
evidenced by the high level of these cytokines in peripheral
blood, bronchoalveolar lavage (BAL), induced sputum, and
bronchial mucosa of asthmatic subjects.

The polymorphisms found in the RAD50-IL-13 region of
chromosome 5q31.1 of IL-13 is involved in determining the
individual predisposition to asthma (9).
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IL-4 and IL-13 play separate pathophysiologic functions in
asthma. IL-4 acts in the initial polarization of naive CD4+ Th
cells to a Th2 phenotype, while IL-13 is essential in the
bronchial hyperresponsiveness and in promoting airway
inflammation and remodeling.

The heterodimeric IL-4 complex is composed by a common
subunit called IL-4Ro, which pairs with subunits that mediate
the action of IL-4 and IL-13 in different tissues (10).

The “subtype I” is expressed in hematopoietic cells and
binds only—IL-4 to form IL-4R type 1. The first step starts
when IL-4 binds the subunit IL-4Ro with high affinity. The
complex IL-4/IL-4Ra: is identified by the y-chain and the IL-4
signaling is activated 10.

The “subtype II” is expressed in hematopoietic cells and
non-hematopoietic cells and can be derived from the union of
IL-4Ro. with the IL-13 (IL-13Ral) receptor to form a
heterodimer between IL-13 and IL-4.

The connection between IL-4 and IL-13 to their receptor
triggers the transduction of the signal by transphosphorylation
and activation of the receptor subunit associated with Janus
family protein kinase (JAK). In particular, receptor type I
interacts with Janus kinases 1 (JAK1), 2 (JAK2), and 3
(JAK3), which are combined to the IL-4Ra, IL-13Ral, and yc
chains, respectively. JAK cascade induces the release of
transcription factors and specific tyrosine residues located in
the cytoplasmatic domain of the IL-4Ro (11, 12).

JAK1 and JAK3 phosphorylate specific tyrosine, which can
then act as reduction sites for signal transducer for both
activation of transcription (STAT)-6 and for insulin receptor
substrate-2 (IRS-2) proteins.

After JAK1/JAK3-dependent tyrosine phosphorylation,
STAT-6 dimerizes and move to the nucleus, where it
upregulates the transcription factor GATA3. Then the binding
to the promoter regions of the IL-5 and IL-13 genes improves
their expression. IRS-2 proteins cooperate with the p85
subunit of phosphoinositide-3 kinase (PI3K) and with the
adaptor protein growth factor receptor-bound protein 2
(Grb2), the PI3K/AKT pathway
characterized by proliferation of Th2

which are related to
the
differentiation of M2 macrophages. The heterodimeric IL-
4Ro/IL-13Rol  type II receptor complex is functionally
correlated to JAK1/2, tyrosine kinase 2 (Tyk2), and STAT-6,
but not to JAK3 and IRS-2 (13, 14).

IL-13 also binds with high affinity to the o2 chain of the IL-
13 receptor (IL-13Ra2) implementing an endogenous self-

cells and

regulating negative circuit that limits IL-13 activities (15, 16).
Furthermore, other pathways involved in the regulation of

allergic responses (insulin receptor substrate IRS1/2)/
phosphoinositide ~ 3-kinases (PI3K)/mTOR Complex 2
(mTORC2)/AKR mouse thymoma kinase (AKT), SHC/

MAPK, and Src homology 2 domain-containing protein
tyrosine phosphatase-1 (Shp-1)) are activated by the IL-4
receptor.
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Receptor type II interacts with JAKI, JAK2, and the tyrosine
kinase 2 (TYK2), which can turn on STAT6 but not IRS2.

IL-4Rs play a key role in the differentiation of Th2 cells and
IgE switch in B cells through this complicated mechanism
causing specific disease phenotypes and endotypes.

This pathway of action of the IL-4R axis makes it a crucial target
for precision medicine therapies with the aim to limit allergic
inflammation and intervene in disease chronicity. In children, this
aspect is particularly important, in consideration that an early
intervention could limit the evolution of the atopy march and the
onset of chronic inflammation and tissue remodeling (17).

In the field of monoclonal antibodies, dupilumab is an IgG
monoclonal antibody that acts in this inflammatory pathway
against the alpha subunit of the IL-4 receptor IL-4Rol
(Figure 1), blocking the signal transduction pathways
activated by both IL-4 and IL-13 in the IgE-mediated allergic
inflammatory asthma.

10.3389/fped.2022.963610

The main ability of this monoclonal antibody is to bind the
subunit of the IL-4 receptor, at the level of the subunit shared by
the IL-13 receptor, blocking the inflammatory cascade of these two
cytokines and the progression of the Th2-inflammatory pathway.

The interaction of dupilumab with the respective receptor
complexes are still evaluated. Potential mechanisms of action
of this drug include the inhibition of IL-4 binding to IL-4Ra,
the inhibition of the recruitment of yc to IL-4Ro chain (for
type I IL-4R), and the inhibition of the recruitment of the IL-
4Ro to IL-13Ral (for type II IL-4R) (6).

At the present dupilumab is approved for treating adults,
adolescents and children from the age of 6 years. In EU,
EMA has also recently extended the use of dupilumab in TH2
severe asthma for treating adults, adolescents and children
(age 6 years) characterized by high blood eosinophils and/or
elevated fractional exhaled nitric oxide (FeNO) and symptoms
not controlled by high-dose ICS plus another drug for

DUPILUMAB

TYPE | IL-4R

FIGURE 1

Mechanisms of action of Dupilumab. (A) Dupilumab inhibits IL-4 binding to IL-4Ra and/or (B) inhibits the recruitment of yc to IL-4Ra chain. (C)

Dupilumab inhibits the recruitment of the IL-4Ra to IL-143Ral.

TYPE Il IL-4R

IL-13Ral
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maintenance treatment. GINA recommends dupilumab as an
add-on treatment for patients (>12 years of age) with severe
eosinophilic or type 2 asthma with blood eosinophilia
(>300 cells/pl), high FeNO values (>20 ppb), uncontrolled
respiratory symptoms, despite high-dose ICS plus long-acting
32-agonist (LABA) or OCS.

The drug is available as a subcutaneous injection in prefilled
syringes and is administered 400 mg once, then 200 mg every 2
weeks.

In patients with OCS dependent-asthma or for patients with
severe asthma and comorbidity (moderate to severe atopic
dermatitis or severe chronic rhinosinusitis with nasal polyposis) a
subcutaneous starting dose of 600 mg (two 300 mg for injections),
followed by 300 mg given every other week are recommended.

Efficacy and safety of dupilumab in
pediatric severe asthma

The efficacy and safety of dupilumab have been investigated
in recently published randomized controlled trials (RCTs)
including pediatric patients with asthma (Table 1).

10.3389/fped.2022.963610

In the phase 3 trial LIBERTY ASTHMA VENTURE, 210
patients aged >12 years with severe OCS-dependent asthma
were randomized to placebo or to add-on dupilumab 300 mg
every 2 weeks for 24 weeks. The dupilumab group showed a
percentage change in the OCS dose of —70.1%, in comparison
with —41.9% in the group assigned to placebo (p <0.001).
Moreover, patients treated with dupilumab showed a severe
exacerbation rate 59% [95% confidence interval (CI), 37-74]
lower and a forced expiratory volume in 1s (FEV;) 0.22 L
(95% CI, 0.09-0.34) higher than that in those assigned to
placebo. Reactions at the injection site were more commonly
observed in patients assigned to dupilumab than placebo (9%
vs. 4%), as well as transitory blood eosinophilia (14% vs. 1%).
However, it should be pointed out that adolescent data were
not extrapolated from the overall results (18). In the phase 3
trial LIBERTY ASTHMA QUEST, 1,902 patients aged >12
years with not controlled asthma were randomly assigned
(2:2:1:1) to receive add-on dupilumab (200 or 300 mg every 2
weeks) or placebo for 52 weeks. The rate of severe asthma
exacerbations was 0.46 (95% CI, 0.39-0.53) in patients
assigned to dupilumab 200 mg and 0.87 (95% CI, 0.72-1.05)
in those assigned to placebo, therefore 47.7% lower (p<
0.001). Notably,

in participants with blood eosinophil

TABLE 1 Summary of Dupilumab RCTs including pediatric patients with asthma.

Author

Study population

Intervention

Summary of main results

Rabe et al. (17)
(LIBERTY ASTHMA
VENTURE)

Castro et al. (18)
(LIBERTY ASTHMA
QUEST)

Corren et al. (19)
(LIBERTY ASTHMA
QUEST)

Busse et al. (20)
(LIBERTY ASTHMA
QUEST)

Maspero et al. (21)
(LIBERTY ASTHMA
QUEST)

Bacharier et al. (22)
(LIBERTY ASTHMA
VOYAGE)

210 patients older than 12 years with severe OCS-
dependent asthma

1,902 patients aged 12 years or older with
uncontrolled asthma

1,083 patients aged 12 years or older with and 819
without uncontrolled allergic asthma

814 patients aged 12 years or older with uncontrolled,
moderate-to-severe asthma and comorbid perennial
allergic rhinitis

107 patients aged 12-17 years treated with medium-
to-high-dose ICS plus one or two controllers

408 children aged 6-11 years with uncontrolled
moderate-to-severe asthma (two primary efficacy
populations: patients with baseline blood eosinophil
counts >150 cells/ul and FeNO >20 ppb and patients
with baseline blood eosinophil counts >300 cells/ul)

Add-on dupilumab (at a dose of
300 mg) every 2 weeks for 24 weeks or
placebo for 24 weeks

Add-on dupilumab (at a dose of 200 or
300 mg every 2 weeks) or placebo for
52 weeks

Add-on dupilumab (at a dose of 200 or
300 mg every 2 weeks) or placebo for
52 weeks

Add-on dupilumab (at a dose of 200 or
300 mg every 2 weeks) or placebo for
52 weeks

Add-on dupilumab (at a dose of 200 or
300 mg every 2 weeks) or placebo for
52 weeks

Add-on dupilumab (at a dose of 100 or
200 mg every 2 weeks) or placebo
every 2 weeks for 52 weeks

1 OCS use
| annualized severe exacerbation rate
1 FEV,

| annualized severe exacerbation rate (greater
efficacy in participants with blood eosinophil
concentrations >300 cells/pl)

1 FEV,

| annualized severe exacerbation rate
1 FEV,

1 asthma control

| type 2 inflammatory biomarkers

| annualized severe exacerbation rate

1 FEV, (greater efficacy in patients with
baseline blood eosinophil counts >300 cells/ul
and FeNO >25 ppb)

1 asthma control

1 rhinoconjunctivitis health-related quality of
life

1 FEV, (greater efficacy in patients with
baseline elevated baseline type 2 biomarker
levels treated with dupilumab 200 mg)

| annualized severe exacerbation rate in
patients treated with dupilumab 200 mg

| type 2 inflammatory biomarkers

| annualized severe exacerbation rate
1 FEV,
1 asthma control

FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1s; ICS, inhaled corticosteroid; OCS, oral corticosteroid.

Frontiers in Pediatrics

04

frontiersin.org


https://doi.org/10.3389/fped.2022.963610
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ferrante et al.

concentrations >300 cells/pl, the rate of exacerbation was 65.8%
lower than in the group assigned to placebo. With regard to
pulmonary function, FEV, increased by 0.32L in patients
receiving dupilumab 200 mg and by 0.14 L in those receiving
placebo (p <0.001), at week 12. Overall, similar findings were
observed in patients assigned to a dupilumab dose of 300 mg
every 2 weeks. Hypereosinophilia was more commonly
observed in the dupilumab study groups (4.1%) than in
patients receiving placebo (0.6%), whereas conjunctivitis was
observed in 2.3% of the patients receiving dupilumab and
3.3% of those receiving placebo (19). Of interest, Corren et al.
assessed dupilumab’s effect in QUEST patients with (n=
1,083) and without (n=819) atopic asthma (total serum IgE
>301U/ml and >1 perennial aeroallergen-specific IgE
>0.35 kU/L at baseline), demonstrating its ability to reduce
severe exacerbation rates, improve FEV, and asthma control,
and suppress type 2 biomarkers of inflammation in both the
subgroups. Therefore, these results highlight the beneficial role
of dupilumab in treating both allergic and nonallergic asthma
patients (20). Furthermore, Busse et al. published a post hoc
analysis of the phase 3 LIBERTY ASTHMA QUEST study
evaluating the efficacy of dupilumab in patients with not
controlled, moderate-to-severe asthma and perennial allergic
rhinitis (PAR). Out of the 1,902 patients, 814 (42.8%) had
PAR, ie, an allergic rhinitis history and >1 perennial
IgE >0.35kU/L at
Dupilumab, 200 and 300 mg every 2 weeks, vs. placebo

aeroallergen specific level baseline.
significantly decreased severe exacerbations rates by 32.2%
and 34.6% (p <0.05 for both) and increased FEV; at week 12
by 0.14 L and 0.18 L (p <0.01 for both). Even higher efficacy
was reported in patients with high blood eosinophil counts
(>300 cells/ul) and FeNO (25 ppb) levels. Patients in the
dupilumab group also showed improvement in asthma control
and rhinoconjunctivitis-specific health-related quality of life.
type of

inflammation during the 52-week study period. Therefore, the

Finally, dupilumab suppressed 2 biomarkers
study demonstrated that dupilumab, acting on type 2
inflammation occurring in both conditions, may contribute to
increase the control of asthma and comorbid PAR (21).
Again, adolescent data were not reported separately in these
studies. However, in a subgroup analysis on 107 patients aged
12-17 years treated with medium-to-high-dose ICS plus one
or two controllers, a change from baseline in FEV; at week 12
vs. placebo (p <0.05) was reported for both 200 mg (0.37 L;
95% CI, 0.13-0.61; p=0.003) and 300 mg (0.27 L; 95% CI,
0.02-0.52; p=0.037). Interestingly, in the
with high levels of type 2
biomarkers assigned to dupilumab 200 mg, such improvement
was even greater (0.43 L; 95% CI, 0.17-0.69; p = 0.002) than in
the  matched
Furthermore, a 46% reduction in adjusted severe exacerbation
rate (95% CI, 0.24-1.21) was reported in the dupilumab
200 mg subgroup vs. placebo. Nonetheless, the adjusted severe

majority of

adolescents inflammatory

intention-to-treat  adolescent  subgroup.
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exacerbation rate in the dupilumab 300 mg subgroup was 13%
higher than in the placebo subgroup. This may be ascribed to
the imbalanced number of severe exacerbations reported in
the past 12 months between the dupilumab 300 mg and the
placebo subgroups (mean 1.53 and 2.22, respectively) that
likely affected the adjusted rate of exacerbations. Indeed, the
unadjusted severe exacerbation rate was numerically lower in
both dupilumab
population, as well as in adolescents with high levels of type 2

subgroups vs. placebo in the overall
biomarkers. Finally, dupilumab reduced levels of type 2
biomarkers such as FeNO and serum total IgE and was
overall well tolerated, supporting its use in the adolescent
population (22).

More recently, in the LIBERTY ASTHMA VOYAGE, a 52-
week phase 3 study, 408 children aged 6-11 years with not
controlled moderate-to-severe asthma were randomized to
receive add-on dupilumab (100 mg if weight <30 kg and
200 mg if weight >30kg) or placebo every 2 weeks. In
patients with the type 2 inflammatory phenotype (>150 blood
eosinophils/pl or FeNO levels >20 ppb at baseline), the
annualized severe asthma exacerbations rate was 0.31 (95%
CIL, 0.22-0.42) in the dupilumab group and 0.75 (95% CI,
0.54-1.03) in the placebo group (relative risk reduction in the
dupilumab group, 59.3%; 95% CI, 39.5-72.6; p <0.001). The
mean change from baseline in the predicted prebronchodilator
FEV, was 10.5+1.0 percentage points with dupilumab and
5.3 £ 1.4 percentage points with placebo (mean difference, 5.2
percentage points; 95% CI, 2.1-8.3; p<0.001). Additionally,
dupilumab significantly improved asthma control with respect
to placebo (p<0.001). Similar findings were reported in the
subgroup of patients with an eosinophil count >300 cells/pl at
baseline. In both the two subgroups dupilumab generally
showed an adequate safety profile in children, similarly to
those reported in adults and adolescents. In particular, the
most common adverse event in the dupilumab group was
viral upper respiratory tract infection (12.2% vs. 9.7% in the
placebo group). Eosinophilia was observed in 5.9% and 0.7%
of the patients assigned to dupilumab and to placebo,
respectively. However, most episodes were transitory
laboratory findings with no associated symptoms. Mild
parasitic infections were reported in 2.6% of the patients in
the

exacerbations were reported only in the dupilumab group

dupilumab group. Hospitalization due to asthma
(1.5%). The incidence of conjunctivitis was low in both
groups and one case of keratitis was observed in each group
(23). Additionally, within the LIBERTY ASTHMA VOYAGE
study dupilumab was found to quality of life in children with
type 2 asthma (24) and their caregivers (25); allergic rhinitis
(AR)- health-related quality of life also improved in patients
with comorbid AR (26).

With regard to the efficacy of biological treatment options
in uncontrolled persistent asthma, very recently an indirect
treatment comparison of dupilumab vs. each of the anti-IL-5
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(benralizumab, mepolizumab, and reslizumab) and anti-IgE
(omalizumab) therapies was conducted. The analysis included
fourteen RCTs in patients aged 12 years and older. In the matched
dupilumab subgroups annualized severe exacerbation rates were
significantly reduced in comparison with benralizumab,
mepolizumab, and reslizumab (54%, 28%, and 38%, respectively).
Moreover, dupilumab was associated with significantly greater
increase in FEV; in comparison with benralizumab and
reslizumab (at week 24) and omalizumab (at week 52). Hence, in
this study dupilumab significantly reduced asthma exacerbation
rates and was associated with greater improvements in pulmonary
function than anti-IL-5s and omalizumab (27). These findings are
in agreement with those of a previously published Cochrane
intervention review assessing the efficacy and safety of anti-IL-13
or anti-IL-4 agents, in comparison with placebo, anti-IgE or anti-
IL-5 agents, for the treatment of patients with asthma. Four studies
evaluating dupilumab were included. In comparison with placebo,
anti-IL-13/-4 agents were associated with a decrease in
that

department visit, in spite of increased adverse events, whereas no

exacerbations needed hospitalization or emergency
significant improvements in health-related quality of life and
asthma control were observed. However, only four studies
recruited children and adolescents, so participants in this age
group accounted for less than 5% and therefore this review’s results
should be interpreted with caution for the pediatric population (28).

Safety of biological therapies is a major concern for
clinicians dealing with the pediatric population. Due to the
short-to-medium-term duration of studies on children and
adolescents, evidence on the safety of dupilumab in the
treatment of pediatric asthma is still limited. In particular,
data for long-term use are required to estimate the risk of
long-term adverse events/side effects. At present, there is no
information about clinical significance and consequences of
increases in peripheral blood eosinophils. When IL-13 is
blocked by dupilumab, eosinophils migration is blocked.
Therefore, eosinophilia be
consequent to IL-4/IL-13R blockade. Wechsler et al. recently
conducted extensive post hoc analyses of 6,642 adults and

increased can considered

adolescents who participated in dupilumab randomized,
double-blind placebo-controlled trials, reporting transient
increases in mean eosinophil counts in dupilumab-treated
patients with asthma that were rarely associated with clinical
symptoms (29). Nonetheless, concern has arisen about this
potential ~ adverse  event and  eosinophil-associated
inflammation in other organs. Besides eosinophilic asthma,
eosinophils may drive the inflammatory cascade underlying
immunological hypereosinophilic conditions characterized by
multiple-organ involvement, e.g., eosinophilic granulomatosis
polyarthritis and hypereosinophilic syndrome. Although rare
in children, these diseases should be considered in managing
patients eligible for dupilumab with baseline -elevated
eosinophils. For this reason, it is advisable that a basal

complete blood count must be included in the initial
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evaluation of patients affected by asthma and eligible for
dupilumab, as well as rule out common parasitosis in case of
basal elevated eosinophil count. With regard to conjunctivitis,
a recent study evaluated the incidence and severity of
conjunctivitis in  dupilumab  clinical trials involving
adolescents with moderate-to-severe atopic dermatitis or
uncontrolled asthma reporting no significant differences
between the dupilumab and placebo groups, in contrast to the

findings in patients with atopic dermatitis (30).

Conclusion

Dupilumab is a biological drug with proven efficacy and
reassuring safety profile in patients with type 2 inflammatory
diseases, such as asthma. Currently, its use in asthma is
approved by FDA and EMA in adults, adolescents, and
children affected by severe asthma with type 2 inflammation
characterized by high levels of eosinophils and/or FeNO,
which is ineffectively controlled with high-dose ICS plus
another maintenance drug. Additional studies are warranted
for the evaluation of long-term treatment with dupilumab,
including steroid sparing effect and discontinuation of
treatment. Further research should also be planned in order
to investigate the effect of dupilumab in children with asthma
and comorbid conditions, as well as its potential ability to
interfere with the natural history of atopy since early
childhood. Moreover, data for long-term use are required to
estimate the risk of long-term adverse events/side effects.
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