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addressed, and the search strategy included accessing electronic databases and a manual search
of gray literature published in the last 25 years. After data extraction and narrative synthesis of
results, recommendations were developed using the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) methodology. Results showed that the choice of medication
depends on the severity of the child’s asthma, phenotype, age, preference, and individual factors.
In addition to medications, the identification of comorbidities and modifiable factors is crucial to
obtaining good control. Asthma in children is heterogeneous, and its evolution varies over time.
Since most recommendations for asthma management in childhood are extrapolated from clinical
studies performed in adults, more clinical trials specifically designed for young children should
be conducted.

Keywords: asthma; inhaled corticosteroid; long-acting beta agonist; oral corticosteroids; pediatric
pulmonology; short-acting beta agonist

1. Introduction

Asthma is the most frequent chronic disease of childhood, affecting up to 20% of
children worldwide [1]. Asthma symptoms include wheezing, dyspnea, chest tightness, and
coughing, usually associated with reversible airway obstruction [2]. Asthma exacerbations
result in missed school, progressive loss of lung function, impaired activity, and impaired
sleep [3,4]. Daily maintenance therapy aims to avoid exacerbations and obtain good day-
to-day symptom control. Most guidelines and recommendations suggest daily inhaled
corticosteroids (ICS) for the treatment of patients with persistent asthma to decrease airway
inflammation, control symptoms, and reduce the risk of exacerbations [2,5,6]. When ICS
alone cannot control asthma symptoms, the addition of a long-acting beta-agonist (LABA)
and/or leukotriene receptor antagonists (LTRA) can be considered [7,8].

Indications for asthma maintenance therapy mainly come from three documents:
(1) the National Asthma Education and Prevention Program Coordinating Committee
Expert Panel Working Group (NAEPP; last update on asthma in 2020) that review cer-
tain topics by GRADE analysis [6]; (2) the Global Initiative for Asthma (GINA) Report,
an international collaboration launched by the United States National Heart, Lung and
Blood Institute, the National Institutes of Health and the World Health Organization that is
updated every year with the newest publications on the topic but does not use GRADE
methodology [2]; (3) the National Institute for Health and Care Excellence (NICE) guideline
produced by the joint initiative of the British Thoracic Society (BTS) and the Scottish Inter-
collegiate Guidelines Network (SIGN) guidelines on asthma that, however, are expected to
be updated in 2024. NAEPP and GINA have different but complementary approaches, and
both describe different steps of asthma to decide the most appropriate treatment both in
children and adolescents [2,6].

This project aims to summarize the most recent evidence regarding maintenance
therapy for asthma in children and adolescents (i.e., 617 years). We did consider the
management of preschool wheezing because we have already developed guidelines on
this topic [9,10].

2. Materials and Methods

We set up a multidisciplinary panel of experts that included all the Heads of the
Pediatric Units in Emilia-Romagna Region, Italy; the Heads of the outpatient clinics for
pulmonology and allergology; a sample of primary care pediatricians (identified in each
province based on the number of the pediatric population according to ISTAT 2018 data);
and a patients” Association (Respiro Libero, Parma, Italy). This study group (named
Emilia-Romagna Asthma Study Group and described in detail in a previous publication
on the management of children with acute asthma attacks [11]) included members with
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previous experience in the development of documents and recommendations with the
GRADE method [12,13].

The aim was to address ten different key questions regarding the treatment of children
and adolescents with asthma. Clinical questions have been formulated by the expert panel
using the PICO format (Patients, Intervention, Comparison, Outcomes), and systematic
reviews have been conducted on PubMed to answer these specific questions with the
aim of formulating recommendations. Each subgroup (at least two people) formulated a
search strategy and reviewed the retrieved references for relevant papers from April 1997
to April 2023. Prospective or retrospective cohort and case-control studies were included.
Included studies investigated children aged >6 years of age. Letters, comments, editorials,
and case reports were excluded. Only full manuscripts published in the English language
were included. The quality of the evidence has been assessed for each individual outcome.
Search strategies, extended evidence tables, and individual outcomes are available in
Supplementary Material File S1. Questions were:

1. Inchildren with mild asthma and occasional symptomes, is short-acting beta2agonists
(SABA) combined with inhaled corticosteroids or as-needed ICS-formoterol preferred
to SABA alone?

2. Inchildren with asthma, is daily therapy with ICS more effective than daily LTRA?

3. In children with uncontrolled asthma symptoms despite daily ICS, is increasing the
dose of ICS more effective than adding LABA or LTRA?

4. In children with uncontrolled asthma symptoms despite daily therapy, what is the
preferred option between increasing the therapy or assessing modifiable factors (ad-
herence, inhalation technique, exposure to allergens)?

5. In children with asthma, is a metered dose inhaler (MDI) preferred to a dry powder

inhaler (DPI)?

Which patients with asthma can benefit from immunotherapy?

7. In children with uncontrolled asthma symptoms despite daily medium-dose ICS
combined with LABA, is increasing the dose of ICS more effective than adding the
long-acting muscarinic antagonist (LAMA) tiotropium?

8.  Considering the biologics for severe asthma, what are the differences between omal-
izumab, mepolizumab, and dupilumab?

9.  Inchildren with asthma, does vitamin D supplementation help with asthma control?

10. In children with asthma, does flu vaccination help with asthma control?

*

Recommendations are graded as strong or weak after considering the quality of
the evidence, the balance of desirable and undesirable consequences of the compared
management options, the assumptions about the relative importance of outcomes, the
implications for resource use, and the acceptability and feasibility of implementation. The
panel then decided on the strength of the recommendations. A dedicated voting process
(collection of voting forms through individual email messages) was developed for the
present guidelines, and an online meeting with the participation of the full voting panel
was organized. More specifically, voting panel members were provided with the results of
the various literature searches, the evidence summaries, the proposed recommendations,
and the related GRADE tables. Each voting member was then allowed to individually
vote in favor or against each recommendation, propose possible modifications, and judge
each recommendation as strong or weak according to GRADE rules. For recommendations
with an agreement of <75%, further voting rounds were conducted after implementing
dedicated amendments based on the provided comments. After reaching an agreement of
>75% for all recommendations, all the authors reviewed and approved the final manuscript
and Supplementary Material File S1.
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3. Results

3.1. PICO Question 1. In Children with Infrequent Symptoms, Is SABA Combined with ICS or
As-Needed 1CS-Formoterol Preferred to SABA Alone?

3.1.1. Executive Summary

Children and adolescents with infrequent symptoms (symptoms less than twice a
month and no exacerbations in the last 12 months when considering children aged >12 years)
should start with the lowest level of asthma treatment, referred to as step 1.

While NAEPP guidelines suggest SABA as the first step of asthma treatment, the last
2022 GINA report recommends that SABA has to always be associated with low-dose ICS
(in patients aged 12 years and older, low-dose ICS-formoterol taken as needed for relief of
symptoms is also considered an alternative) since severe attacks can also present in patients
with “mild asthma” [2,6]. Formoterol is a selective beta 2 agonist that has a rapid onset of
action after inhalation; its effect lasts 12 h while the effects of SABA last 3—4 h. On the other
hand, the effects of LABA appear slowly after inhalation, so LABA is not useful in acute
attacks of bronchospasm.

Mild asthma is a definition of asthma severity that implies sporadic symptoms;
however, that can sometimes be misleading both for the patient and the clinician since
30% of severe exacerbations and deaths occur in mild asthma patients with infrequent
symptoms [14-16]. SABA is effective for the quick relief of symptoms; however, one of the
major risks associated with the use of SABA alone is loss of asthma control. Overreliance
on SABA can mask underlying inflammation and airway narrowing, leading to worsening
symptoms, increased use of rescue medication, and an increased risk of exacerbations.
Regular use of SABA can also desensitize the airway beta2-receptors, reducing the bron-
chodilator response and making it less effective over time [17]. In adults, the use of three or
more canisters per year has been associated with an increased risk of emergency visits or
hospitalizations the and use of eleven or more canisters per year has been associated with
an increased risk of death [18,19].

The double-blind trial conducted by O’Byrne et al. showed that budesonide—formoterol
used as needed was more effective than SABA alone in patients 12 years of age and older
with mild asthma [20]. Patients were randomized to one of these three regimens: twice-
daily placebo plus terbutaline used as needed, (terbutaline group), twice-daily placebo
plus budesonide—formoterol used as needed, or twice-daily budesonide plus terbutaline
used as needed. Results showed that budesonide-formoterol used as needed was superior
to terbutaline used as needed for symptom control [34.4% vs. 31.1%; odds ratio, 1.14;
95% confidence interval (CI), 1.00 to 1.30; p = 0.046] but inferior to budesonide maintenance
therapy (34.4% and 44.4%, respectively; odds ratio, 0.64; 95% CI, 0.57 to 0.73) [20]. This and
other studies showed that exacerbation rates with the two budesonide-containing regimens
were similar and lower than with terbutaline [20-22]. Similar results were reported by
Bateman et al. [23].

There is only one study on young children (4 to 11 years old) that investigated the
role of ICS with salbutamol as rescue medication and demonstrated that this approach was
more effective than salbutamol alone in preventing exacerbations [21].

For children with mild asthma with symptoms twice a month or more (step 2), two
approaches are recommended by the GINA report: (1) low-dose ICS-formoterol, taken as
needed for relief of symptoms and if needed before exercise (in children aged >12 years)
or (2) daily low-dose maintenance ICS and as-needed SABA for quick-relief therapy (in
children aged 6-11 years and in children aged >12 years who prefer this regimen) [2]. The
last NAEPP Expert Panel recommended for patients in step 2 aged >12 years two similar
approaches: (1) daily low-dose ICS and as-needed SABA or (2) as-needed ICS and SABA
used at the same time for symptom relief (NAEPP) [6].

The use of as-needed ICS combined with SABA had first been suggested in the paper
by Papi et al. [22], where in patients with mild asthma, the use of ICS (beclomethasone) and
salbutamol driven by symptoms was as effective as daily use of inhaled beclomethasone
and was associated with a lower 6-month cumulative dose of ICS. When considering the as-
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needed low-dose ICS-formoterol approach compared to maintenance ICS, the risk of exac-
erbations was non-inferior in two double-blind randomized controlled trials (RCTs) [20,23]
and superior in two open-label RCTs [24,25], with a significantly lower intake of the ICS
dose in the as-needed ICS-formoterol regimen. However, symptom control was inferior in
the budesonide—formoterol used aa s needed group compared to budesonide maintenance
therapy (34.4% and 44.4%, respectively; odds ratio, 0.64; 95% CI, 0.57 to 0.73) [20].

Regular ICS with as-needed SABA is a further possible option for mild asthma; how-
ever, the likelihood of poor adherence in children with infrequent symptoms, particularly
adolescents, should be considered. The post hoc pooled analysis of Symbicort Given
as-needed in Mild Asthma (SYGMA) 1 and 2 suggested this approach in this age group
(n = 889). The study assessed the efficacy and safety of as needed budesonide-formoterol
(BUD-FORM) in adolescents. Patients 12-18 years old were randomized to twice-daily
placebo + as needed BUD-FORM, twice-daily BUD + as needed terbutaline (BUD main-
tenance), or twice-daily placebo + as needed terbutaline (SYGMA 1 only). In SYGMA 1,
the annualized rate of severe exacerbations in adolescents was 77% lower with as needed
BUD-FORM versus as needed terbutaline (0.04 vs. 0.17; RR 0.23; 95% CI, 0.09 to 0.65;
p = 0.005). The severe exacerbation rate was similar with as needed BUD-FORM and BUD
maintenance (pooled analysis: 0.08 vs. 0.07/y; p = 0.634), suggesting this approach as an
alternative treatment for adolescents with mild asthma [26]. One of the two SYGMA studies
(SYGMA 1) was a 52-week, double blind, RCT on patients aged 12 years or older (n = 5721).
A post hoc analysis of 3849 patients randomized to different treatments demonstrated that,
as needed, budesonide-formoterol reduced the short-term risk of severe exacerbations after
a single day of more than two as needed inhalations, even when the use of the medication
is infrequent [27].

A recent RCT analyzed the cost-effectiveness between the as-needed use of SABA
alone versus as-needed use of SABA plus ICS in pediatric patients with mild intermittent
asthma (Step 1). The study considered as its primary outcome the first course of prednisone
for asthma exacerbations. Compared with the use of SABA alone, the as-needed use
of SABA plus ICS was associated with lower overall treatment costs and less need for
prednisone [28]. In a probabilistic Markov cohort model with a 70-year time horizon,
as-needed budesonide/formoterol was demonstrated to be a more cost-effective option for
the treatment of mild asthma compared to daily ICS [29].

Many systematic reviews and meta-analyses confirmed the efficacy of combined ther-
apy in controlling asthma symptoms and reducing severe exacerbations and hospitalization.
A Cochrane meta-analysis assessed the use of combined inhalers in the treatment of mild
asthma when taken on an as-needed, symptom-driven basis for adults or children. Of
the six studies included, three [24,27,30] compared as-required combined ICS and fast
acting beta-agonist inhaler (FABA) with as required SABA. The results showed fewer
exacerbations requiring systemic steroids with combined inhalers (OR 0.45, 95% CI 0.34 to
0.60) and fewer exacerbations requiring hospital admission (OR 0.35, 95% CI 0.20 to 0.60).
Compared with SABA alone, any changes in asthma control, preferably measured by the
Asthma Control Questionnaire (ACT), though in favor of FABA/ICS, were small and not
statistically significant. When compared with regular maintenance use of ICS, as-required
fixed-dose combination inhalers did not lead to a significant difference in the annual rate of
severe asthma exacerbations requiring systemic steroids (rate ratio 0.90, 95% CI 0.76 to 1.06),
but did reduce the odds of asthma-related hospital admission, emergency department visit,
or urgent care visit (OR 0.63, 95% CI 0.44 to 0.91) [16]. Rodriguez-Martinez et al. reviewed
the literature on the use of ICS on an intermittent or as-needed basis as an add-on therapy
to SABA or formoterol, with or without ICS use during stable periods of the disease (ICS
alone or ICS-formoterol). Seventeen studies were included (16 RCTs and 1 meta-analysis).
Data showed that the use of ICS on an intermittent or as-needed basis (as an add-on therapy
to SABA) was more effective than treatment with SABA alone [31].

Some protocols have been presented to evaluate new strategies for controlling asthma
exacerbations, considering the well-known effects of prolonged SABA use as rescue therapy.
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MANDALA is a global Phase 3, randomized, double-blind, parallel-group, event-driven
asthma exacerbation study. The study will compare the effect of two fixed dose combi-
nations of salbutamol/budesonide (180/160 ng and 180/80 ng) versus salbutamol for
as-needed use for treating symptoms in patients with various ICS-containing maintenance
therapies. The study will recruit 1000 patients per treatment group for adults/adolescents
and 50 patients per treatment group for patients aged 4-11 years. This study, if successful,
will confirm salbutamol/budesonide pMDI as a rescue therapy irrespective of background
asthma therapy [32]. The CARE study will be a 52-week phase III RCT on children aged 5
to 15 years with mild asthma treated either with budesonide-formoterol or salbutamol. This
will be the first RCT to assess the safety and efficacy of as-needed budesonide-formoterol
in children with mild asthma [33].

In conclusion, increasing evidence supports taking ICS whenever SABA is taken.
However, in large population studies, the severity of asthma is usually defined by the
prescribed treatment, and it might be possible that patients considered to have mild
asthma (for example, those treated with SABA only) had undertreated asthma and there-
fore experienced fewer exacerbations when treated with formoterol/ICS rather than with
SABA alone.

3.1.2. Recommendation

For young children aged 612 years with infrequent symptoms (step 1), as needed, low-dose
ICS associated with SABA for symptom relief is suggested.

Quality of evidence: low. Strength of recommendation: B

For adolescents aged >12 years with infrequent symptoms (step 1), low-dose ICS associated
with SABA or low-dose ICS-formoterol are the preferred strategies.

Quality of evidence: moderate. Strength of recommendation: B

3.2. PICO Question 2. In Children with Asthma, Is Daily Therapy with ICS More Effective than
Daily LTRA?

3.2.1. Executive Summary

For children aged >12 years, all guidelines suggest the use of ICS (combined or not
with formoterol) as the preferred treatment for children with symptoms at presentation
that clearly indicate the need for maintenance therapy (GINA and NAEPP step 2 [2,6]).
Daily LTRAs such as montelukast or zafirlukast are considered in NAEPP guidelines as
an alternative controller option for patients who are unable or unwilling to use ICS or
who cannot tolerate ICS. If asthma is uncontrolled with a low- or medium-dose of ICS
(steps 3-5), LTRA may be considered in addition to ICS, and the response to treatment will
be reviewed in 4-8 weeks [2,5,6].

However, LTRAs have an increased risk of adverse consequences in terms of neu-
ropsychiatric events and a need for monitoring that make their use less desirable. In 2020,
the US Food and Drug Administration issued a boxed warning for montelukast because of
adverse effects related to serious behavior- and mood-related changes.

The evidence suggests that ICS have anti-inflammatory effects and reduce airway
hyperresponsiveness, allowing them to control asthma symptoms and reduce the risk of
future exacerbations and the related decline in lung function [34]. Most of the benefits asso-
ciated with ICS are obtained with low daily doses (budesonide 200 pg daily or fluticasone
100 pg daily). However, adherence to ICS is poor in adults and children, with average
dispensing covering less than 25% of days, with consequent over-reliance on SABA, and
with an increased risk of severe exacerbations and death [35]. LTRA blocks leukotrienes
that are involved in airway smooth muscle contraction, vascular permeability, mucus
production, and airway inflammation [34]. Although montelukast improves exacerbation
rates compared with placebo in school-aged children, it is not as effective as daily ICS [36].
In a meta-analysis comparing montelukast vs. ICS, ICS were generally more effective
than montelukast in mild-to-moderately persistent asthmatic children under controlled
clinical conditions [37]. A systematic review of RCTs evaluating the treatment of mild



J. Clin. Med. 2023, 12, 5467

7 of 31

to moderate persistent asthma with montelukast or ICS in children aged 2 to 18 years
showed improvement in asthma symptoms with both treatments but more with ICS and
concluded that ICS should be the first-line treatment in this population [38]. Over the last
5 years, only three studies compared daily therapy with ICS (budesonide) versus daily
LTRA (montelukast) in children with mild persistent asthma. The study by Mane et al.
included 54 children aged 3 to 12 years with mild persistent asthma who were randomized
to receive either oral montelukast or inhaled budesonide. The results showed that children
on inhaled budesonide were more controlled in terms of asthma symptoms, required
fewer reliever medications, had fewer episodes of night awakening due to asthma, and
had an improvement in their activity [39]. The other two studies, both retrospective and
observational, evaluated the effectiveness of montelukast versus budesonide inhalation
suspension (BIS) in children with mild persistent asthma. The study conducted by Jina Shin
et al. in Korea showed that patients on montelukast had better adherence and a longer time
to lose persistency in comparison with BIS patients. On the other hand, asthma-related
total costs were higher for montelukast, likely due to higher pharmaceutical costs and
better treatment adherence/persistence [40]. The Chinese study suggested that both BIS
and montelukast were effective in children with mild persistent asthma, with potentially
greater benefits for montelukast regarding asthma control and health care costs [41]. Both
studies were set in a real-world setting where treatment adherence and persistence were
known to be suboptimal.

In addition, recent evidence suggests that genetic variation may contribute to variabil-
ity in montelukast response since a small percentage of individuals may benefit while most
will not obtain any effects [42].

That said, the Thy-high phenotype characterized by elevated fractional exhaled nitric
oxide (FeNO), peripheral eosinophilia, elevated allergen-specific IgE, or positive skin tests
may respond better to daily ICS rather than LTRA [43,44].

3.2.2. Recommendation

ICS should be the first-line treatment for children and adolescents with mild to moderate
persistent asthma, particularly those with features suggesting Thy inflammation.

Quality of evidence: high. Strength of recommendation: A

ICS is more effective than an LTRA.

Quality of evidence: moderate. Strength of recommendation: A

Due to its simplicity of administration, a trial with LTRA may be considered an alternative to
ICS in patients with poor adherence to treatment or who have difficulty using inhalers. LTRA is
also considered an add-on therapy when daily ICS cannot provide adequate symptom control.

Quality of evidence: low. Strength of recommendation: C

3.3. PICO Question 3. In Children with Uncontrolled Asthma Symptoms Despite Low Daily ICS,
Is Increasing the Dose of ICS More Effective than Adding LABA or LTRA?

3.3.1. Executive Summary

Children and adolescents with persistent asthma despite step 1 or step 2 treatments
should be reviewed to assess comorbidities and modifiable risk factors (such as inhala-
tion technique, exposure to allergens, and adherence to daily therapy) and eventually
increase therapy. Step-up therapy includes: increasing to medium-dose ICS, starting the
combination low-dose ICS/LABA as daily controller therapy, or adding LTRA to daily
ICS. In adolescents > 12 years of age, both the NAEPP Expert Panel and the GINA report
recommend with high certainty of evidence for steps 3 and 4 (moderate to severe asthma)
the use of the single-inhaler maintenance and reliever therapy (SMART) approach (low- or
medium-dose ICS-formoterol in a single inhaler used as both daily controller and reliever
therapy) [2,6]. A moderate certainty of evidence has been reported for ages 4- to 11-year-
olds since in this age group only one study has demonstrated benefit and a lower risk
of growth suppression among those using SMART compared with higher daily doses of
daily ICS [43].
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In the case of children 5 to 11 years of age, when asthma is not adequately controlled
with low-dose maintenance ICS with as-needed SABA, treatment includes: (1) increas-
ing ICS to a medium-dose; (2) changing to low-dose ICS-LABA; (3) adding LTRA; or
(4) switching to SMART therapy [2,6].

The SMART approach must be reserved for those patients able to correctly perceive
their symptoms since the risk of under or overtreatment is consistent.

Several previous studies, mostly performed in adolescents, demonstrated that the
SMART approach is more effective in reducing exacerbations compared to a higher daily
dose of ICS with an as needed SABA, a daily dose of ICS plus LABA and an as-needed
SABA, and a higher daily dose of ICS plus LABA and an as-needed SABA [45-49]. In
adults and adolescents with mild asthma, a double-blind randomized phase 3 trial compar-
ing twice-daily placebo plus budesonide 200 pg/formoterol 6 ug used as needed versus
maintenance therapy with twice-daily budesonide (200 pg) plus terbutaline (0.5 mg) used
as needed showed that the combination budesonide/formoterol used as needed was
non-inferior to budesonide maintenance therapy in terms of asthma exacerbations. As a
secondary endpoint, the study demonstrated that the median daily dose of ICS was lower
in the budesonide/formoterol group than in the budesonide maintenance group (66 pg vs.
267 pg) [23].

In a cohort of adolescents with persistent asthma, patients were randomized for
12 weeks in five arms, including: twice-daily fluticasone 50 ug, twice-daily fluticasone
100 upg, twice-daily fluticasone 50 ug/salmeterol 12.5 ug, twice-daily fluticasone
100 pg/salmeterol 12.5 pg and twice-daily placebo. Results showed a significant im-
provement in forced expiratory volume in 1 s (FEV7) at 12 weeks in all groups compared
with placebo (p < 0.05); however, the combined therapy with ICS/LABA (50 ng/12.5 ug
and 100 ng/12.5 pg twice-daily) was superior to ICS alone (50 pug and 100 pg twice-daily).
In particular, the proportion of patients achieving at least 15% improvement in FEV; was
higher in the ICS/LABA arms than in the ICS alone arms. No difference among groups
was found in asthma symptoms score, average use of as needed albuterol/salbutamol, or
adverse events [50].

A post hoc analysis of six RCTs demonstrated that in adolescents with persistent asthma
(12-17 years), the efficacy of maintenance and reliever therapy with budesonide/formoterol
(SMART therapy) in terms of time to severe exacerbations, number of severe exacerba-
tions, symptoms score, night-time awakenings, as-needed inhalations, morning peak
expiratory flow (PEF), and FEV; was similar or more effective than daily budesonide
plus as needed terbutaline, daily budesonide/formoterol plus as needed terbutaline, daily
budesonide/formoterol plus formoterol, and daily salmeterol/fluticasone plus as needed
terbutaline. In addition, the budesonide/formoterol maintenance and reliever therapy arm
received the lowest daily ICS dose [51].

The PALLADIUM study on asthmatic patients older than 12 years compared five
different arms, including: high-dose mometasone/indacaterol (320 pg/150 pg) once daily,
medium-dose mometasone/indacaterol (160 pg/150 pg) once daily, high-dose mometa-
sone (400 ug) twice-daily, medium-dose mometasone (400 pg) once daily; and high-dose
fluticasone/salmeterol (500 pg/50 nug) twice daily. High-dose mometasone/indacaterol
and medium-dose mometasone/indacaterol groups presented greater improvement in
FEV; after 26 weeks of treatment compared to the same dose of ICS used alone; high-dose
mometasone/indacaterol administered once daily was non-inferior to high-dose fluticas-
one/salmeterol administered twice daily. Furthermore, patients treated with ICS/LABA
showed higher improvement in the asthma control questionnaire (ACQ)-7 score at week 26
and greater values of PEF compared to patients treated with ICS alone [52].

In younger children with persistent asthma (<12 years), evidence shows that the
administration of fluticasone 100 pg/formoterol 10 ug twice daily is superior to fluticasone
100 pg twice daily alone in improving FEV; after 12 weeks of treatment [53]. Moreover,
the combination of mometasone 100 pg/formeterol 10 ng twice daily was shown to be
more effective in improving FEV; across 12 weeks of treatment compared to momentasone



J. Clin. Med. 2023, 12, 5467

9 of 31

100 pg twice daily alone. Children in the ICS/LABA group reported less salbutamol use
and fewer adverse events [54].

A recent meta-analysis, including 11 studies conducted in children, assessed the
efficacy of fluticasone/salmeterol compared to fluticasone alone. Compared to fluticasone
alone, patients treated with the combination of fluticasone/salmeterol obtained higher
FEV; and experienced fewer exacerbations, with no difference in adverse events. However,
when the ICS dose was doubled, the two treatments were equivalent [55].

In children, there is little evidence for adding a leukotriene receptor antagonist to low-
dose ICS. An RCT conducted in 2019 in 135 children demonstrated that the combination
of montelukast sodium tablets with inhaled budesonide reduced asthma symptoms and
hospital stays compared to montelukast or budesonide alone. This combination resulted
in a higher increase in FEV, forced vital capacity (FVC), and PEF and reduced levels of
inflammation mediators such as tumor necrosis factor-o (TNF-«), interleukin-4 (IL-4), IL-8,
CDS8 + cell count, immunoglobulin E (IgE), and hypersensitive C-reactive protein [56].
However, a recent systematic review reported that salmeterol/fluticasone was superior to
montelukast or montelukast + fluticasone in children and adolescents aged 4 to 18 years
with bronchial asthma. Four weeks of treatment with salmeterol/fluticasone were associ-
ated with a lower risk of exacerbation, a significant improvement in PEF, and a higher level
of asthma control [57].

In addition, the recent FDA warning for the use of LTRA in adolescents must always
be taken into account [58].

3.3.2. Recommendation

In adolescents > 12 years with moderate persistent asthma (step 3 or 4), despite the assessment
of comorbidities and modifiable factors, a SMART approach with ICS/formoterol as maintenance
and reliever therapy is the preferred option. ICS/LABA as maintenance and SABA as a reliever
are valid alternatives; however, adherence to therapy must be checked since there is a higher risk of
SABA overuse.

Quality of evidence: high. Strength of recommendation: A

In children 6 to 11 years with moderate persistent asthma (step 3 or 4), despite the assessment
of comorbidities and modifiable factors, a SMART approach with ICS/formoterol as maintenance and
reliever therapy (with a check of inhalation technique) and ICS/LABA as maintenance and SABA as
reliever are both valid alternatives; increasing the ICS dose can be considered.

Quality of evidence: moderate. Strength of recommendation: B

3.4. PICO Question 4. In Children with Uncontrolled Asthma Symptoms Despite Daily Therapy,
What Is the Preferred Option between Increasing the Therapy or Assessing Modifiable Factors
(Adherence, Inhalation Technique, Exposure to Allergens)?

3.4.1. Executive Summary

Asthma is the most common chronic disease in children [59]. ICS are the mainstay of
treatment for most asthma patients [60], as these medications are able to reduce inflam-
mation. Despite regular use of therapy [61], some children (5% of the child population
with asthma) experience continuous and frequent asthma symptoms and exacerbations
defined as problematic severe asthma. Among children with problematic severe asthma, it
is crucial to distinguish those with “difficult-to-treat asthma” because of a wrong diagnosis
or modifiable underlying factors (asthma plus co-morbidities) from those with true “severe,
therapy-resistant asthma” (STRA) who have persistent symptoms despite optimization of
the basics of asthma management [62].

All children who meet the criteria for problematic severe asthma despite receiving
treatment should have a comprehensive multidisciplinary assessment. After confirmation
of the asthma diagnosis (confirmed wheeze, reversible airflow obstruction with spirometry,
detailed medical history and examination, skin prick tests for aero and food allergen
sensitization, measurement of airway inflammation with exhaled nitric oxide, exclusion of
other diagnosis), modifiable factors that could influence patients’ response to therapy and
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comorbidities must be assessed. Modifiable factors include adherence to therapy, inhalation
technique, and environmental factors [62].

Hence, when addressing the issue of uncontrolled asthma, taking care of these modifi-
able factors as well as increasing therapy can be good strategies to attain better control of
the disease. While many studies have evaluated the benefits of “stepping-up” the therapy
when asthma is not well controlled, less is known about what can be done about modifiable
factors and whether these interventions can actually be beneficial for asthmatic children.

Adherence to treatment is one of the most important issues for children with difficult
asthma. Aschalew and colleagues found that both adherence to therapy and inhalation
techniques were relevant in determining the risk of uncontrolled asthma [63], and Basharat
and colleagues highlighted the correlation between high adherence to therapy and good
asthma control [64]. In the study by Giubergia, improving inhalation technique as well as
environmental conditions resulted in a significant increase in lung function after 6 months.
More specifically, this study divided the population into “severe difficult-to-treat asthma”
and “severe treatment-resistant asthma”; both groups underwent the same protocol with
monthly follow-up visits. Comorbidities, environmental control, therapy adherence, pul-
monary function, and asthma control were assessed at each visit, as was the need for any
therapy modifications. Interestingly, after 6 months of follow-up, patients from both groups
showed significant increases in lung function; however, the STRA group still needed a
significantly higher dose of LABA and ICS [65]. There is increasing evidence that mobile
apps with daily reminders may be effective in ameliorating adherence to treatment. Mobile
apps can be linked with electronic monitoring devices (EMD) attached to a patient’s inhaler.
This combination can detect the effective use of the inhaler and the administered doses.
Information received by EMD is shared with healthcare professionals and discussed with
the patient. Inhalation technique should be checked at every visit, as up to 40% of children
with severe asthma may have suboptimal inhaler technique [61].

When assessing poor control and adherence to therapy in patients with STRA, the
psychological component must be considered since a high percentage of patients with
asthma also have psychological issues [62]. Studies have demonstrated that adequate
psychological assessment and patient education regarding the mechanism and nature of
asthma should be considered important interventions to improve patient compliance [66].

Comorbidities such as allergic rhinitis, dermatitis, or food allergies [67,68] and obesity
must be assessed when treatment seems ineffective. Allergic rhinitis has been associated
with severe asthma attacks [68] and a high body mass index (BMI) with a higher risk of
treatment failure likely due to dysanaptic growth and impaired ICS response [69,70].

Environmental factors are difficult to assess and modify. Inhaled pollutant particles
prolong the oxidative stress of respiratory cells and favor a chronic inflammatory state of the
mucous membranes, which, over time, can worsen asthma symptoms, as demonstrated by
a study on the pediatric population in rural Africa [71], which showed that humidity, visible
mold growth, the use of paraffin for cooking, and second-hand smoke were associated with
a two- to three-fold increased risk of symptoms. The wholesomeness of the air, therefore,
remains a key point in the prevention of asthmatic symptoms.

In this context, the use of telemedicine can contribute to achieving good asthma control
and distinguishing some of the modifiable factors associated with persistent symptoms.
Digital devices such as smartphones, tablets, or computers interfaced with portable medical
devices such as monitors for air quality and pollen counts can remotely describe the
environment where the patient lives and suggest behaviors to avoid exposure to triggers.
Smartphone applications, text messaging, and alerts can promote adherence to daily
therapy and self-management of symptoms. Educational videos and tutorials on the
administration of therapy and the correct use of inhalers can increase symptom control and
adherence to treatment [72,73].
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3.4.2. Recommendation

In patients with uncontrolled asthma despite treatment, before stepping up therapy, increasing
the ICS dose, or adding a new medication, modifiable factors, and comorbidities must be reassessed.
If modifiable factors are identified and addressed but asthma control remains poor, increasing therapy
may be necessary.

Quality of evidence: low. Strength of recommendation: C

3.5. PICO Question 5. In Children with Asthma, Is Metered Dose Inhaler (MDI) Preferred to Dry
Powder Inhalers (DPI)?

3.5.1. Executive Summary

The patient must be able to use the inhaler appropriately to ensure adequate lung
delivery and maximize the benefit of the medication. A good inhalation depends on the
distribution of the active substance in the airways and, therefore, the effectiveness of the
therapy. However, the correct use of most devices is not intuitive and requires proper
education. In addition, having more than one device for relief and maintenance therapy
can be confusing since the inhalation technique can be different.

Metered-dose inhalers (MDI) and dry powder inhalers (DPI) are the most common
asthma devices available on the market. MDI inhalers are pressurized devices that involve
the delivery of the pre-dosed drug in a high-velocity nebulized solution. MDI is small
and portable but requires coordination between actuation and inhalation. For this reason,
spacers or holding chamber devices are recommended to help with coordination, slow
down the speed of nebulization, reduce oropharyngeal deposition, and ensure an adequate
distribution into the lungs. However, the spacer is not small or very portable, and when
used with a mask, as for small kids, the inhalation of the medication can be compromised
by the movements of the child. Another disadvantage is that MDI does not have a dose
counter, so it is difficult to tell how much drug remains in the device.

On the other hand, DPIs do not need spacers, incorporate dose counters, and are easier
to teach than MDIs. DPIs need to be triggered by the patient’s breathing, so these devices
must be reserved for schoolchildren aged 10 years and older. The drug is delivered in
the form of a dry powder, which can reach the lower airways once the acceleration of the
inhalation flow has disaggregated the powder into smaller particles [74]. Since the young
child is unable to generate an adequate inspiratory rate (at least 15 L/min), the GINA
report excludes the use of DPI in children under 5 years of age [2].

Dolovich et al. reviewed the literature published on aerosol devices (MDI, DPI, and
nebulizers) and concluded that no difference could be found in any of the outcomes
analyzed and that all devices could be used in a variety of clinical settings [75]. However, a
significant proportion of children treated with asthma medication do not correctly inhale
the medication, regardless of the device [76,77].

Recent evidence on the device being preferred by children is scarce. In a retrospective
study on 58 patients between the ages of 6 and 18 years, those (n = 24) offered to change
from MDI to DPI showed a significant reduction in lung function (FEV; reduced from 98.5%
to 91%, p = 0.013; FEF;5 759, reduced from 89.5% to 76%, p = 0.041) [78]. Other available
studies focused on the appropriateness of the inhalation technique, reaffirming that the
efficacy of the treatment is strongly influenced by the correct execution of the various steps
required for the delivery of the drug in each device. A prospective study analyzed by
means of a questionnaire the correctness of the inhalation technique in 100 patients aged
between 6 and 18 years one month after a detailed explanation of the inhalation technique
followed by a practical demonstration. This study showed that patients learned better how
to use DPI compared to MDI, with a lower error rate in the execution of the therapy (correct
steps: 60.6% MDI; 80% Turbohaler; 58% capsule-based DPI) [76]. A recent cross-sectional
study demonstrated that the percentage of appropriateness in the use of DPI in a pediatric
population aged between 7 and 17 years was superior to MDI, (whereas for DPI it was 38.5%
for Turbohaler, 28.9% for Diskus, and 12.5% for Handihaler, respectively, vs. 13.4%) [79].
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3.5.2. Recommendation

Currently, there is no clear opinion on the superiority of one inhaler over the other. The decision
is based on the patient’s needs, abilities, and preferences. Accurate description of the devices and
demonstration of inhalation techniques are mandatory in asthma clinics to provide the patient and
the family with the correct information to take the medication. DPI may be reserved for older children
aged at least 10 years.

Quality of evidence: low. Strength of recommendation: D

3.6. PICO Question 6. Which Patients with Asthma Can Benefit from Immunotherapy?
3.6.1. Executive Summary

Allergen-specific immunotherapy (AIT) is the only available treatment that targets
one of the causes of asthma. It consists of the administration of aeroallergen extracts,
generally at increasing doses in the initial phase (“build-up phase”) and then at a main-
tenance dose. Immunotherapy can be administered sublingually or subcutaneously, and
the dose is delivered throughout the year or before or during the allergen season [80].
The aim of AIT is to achieve immune tolerance to the allergen by acting on innate and
adaptive immunity, ensuring long-term efficacy. In particular, AIT transiently increases the
concentration of allergen-specific IgE in the blood and then decreases it by reducing the Th2
immune response and the number and activity of mast cells, basophils, and eosinophils.
Moreover, AIT promotes the production of Treg cells and, therefore, of IL-10 and other
factors responsible for immunosuppression [80].

In relation to the immunological role of AIT, the need to identify biological markers to
predict and monitor the effects of immunotherapy in patients is developing. No markers
have yet been validated; however, there are ongoing studies on biomarkers related to innate
and adaptive immunity. For example, after AIT, there is an increase in allergen-specific
antibody isotypes, such as IgG1, IgG2, IgG4, and IgA [81].

Currently, asthma treatment guidelines and recommendations have conflicting opin-
ions on AIT. The NICE 2021 guideline does not even mention AIT as a therapeutic option
for pediatric patients with asthma [82]. The BTS-SIGN 2019 guideline, although recognizing
the benefits of respiratory symptoms control, states that evidence is unclear and therefore
AIT is not recommended in children and adults with asthma [5]. On the contrary, GINA
2022 considers the use of SLIT in adolescents (more than 12 years old) and adults with mild
to moderate asthma and allergic rhinoconjunctivitis (AR) driven by house dust mites in
addition to standard therapy [2]. The NAEPP 2020 guideline recommends with moderate
certainty of evidence the use of SCIT in individuals 5 years of age and older with mild to
moderate asthma as an additional treatment to standard pharmacotherapy, in those patients
whose asthma is controlled. On the other hand, NAEPP recommends with a moderate
certainty of evidence against the use of SLIT in individuals with persistent allergic asthma,
being that SLIT did not benefit the critical outcomes of exacerbations, asthma control, and
quality of life [6].

The European Academy of Allergy and Clinical Immunology (EAACI) guideline
2019 states that AIT is recommended in monoallergic patients whose AR is driven by a
specific allergen, while in patients polysensitized by analogous allergens, it is possible
to use AIT with the main allergen or with a mixture of allergens; AIT with the allergen
that gives more allergic effects or consecutive AIT with different allergens represent the
main therapeutic strategies in polysensitized patients by non-homologous allergens. In
particular, SLIT (tablets or drops) administered pre-, pre-/coseasonal, or in continuous
form are effective in the short term for grass pollen AR, while continuous SLIT tablets
are effective in the short term for house dust mite (HDM) AR; a continuous SLIT for
3 years is effective in the long term, therefore for more than 2 years from the end of the
immunotherapy, for grass pollen (tablets and drops) and HDM (just tablets) AR [83,84]. In
the EAACI guidelines dealing with dust mite allergic asthma, SCIT and SLIT (just drops)
are recommended in addition to basic medical therapy in controlled or partially controlled
asthma as they have demonstrated a reduction in symptoms and medication use with an
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improvement in the quality of life; in the case of uncontrolled dust mite allergic asthma,
it is recommended first to achieve asthma control and then add AIT [85,86]. The German
guidelines of 2022 (DGAKI) recommend AIT in the pediatric population with AR due to
grass allergy because safety and efficacy have been demonstrated, as well as a reduction
in symptoms and use of drug therapy in the short and long term and a preventive effect
on the onset of asthma. Regarding children with allergic asthma from grass pollen, SCIT
is recommended from the age of 3 as it reduces the symptoms and the need for medical
therapy, and in some cases also bronchial hyperreactivity, thus acting on the exacerbations.
The evidence on SLIT is more limited; however, efficacy and safety have been demonstrated
in the short term. For patients with tree pollen allergy, AIT is recommended in children
with AR with a demonstration of efficacy and safety up to 6 years after the suspension of
AIT. For the pediatric population with asthma due to birch allergy, there are not enough
studies; therefore, AIT is indicated but with low evidence. Furthermore, alder/hazel /oak
pollen have a high cross-reactivity with birch, and therefore the German guidelines state
that it is possible to use the same AIT. As far as allergy to dust mites is concerned, the
DGAKI recommends AIT in particular in asthmatic subjects for its demonstrated efficacy
in terms of reduction of symptoms, need for therapy, reduction of exacerbations, and
safety. The evidence for AIT in children and adolescents with HDM rhinoconjunctivitis
is smaller but still recommended. Finally, the German guidelines also give indications
for ragweed allergy, in which SLIT is recommended in the pediatric population both in
rhinoconjunctivitis and in allergic asthma; studies evaluating SCIT are few [87].

AR is a risk factor for the development of asthma, especially when characterized by
early onset in childhood, allergenic polysensitization, and the presence of moderate-to-
severe symptoms. Trials suggest that beginning AIT has a preventive effect on asthma in
patients with AR, in particular if started when symptoms are mild and when the child is
younger. Conflicting results are reported about its preventive role in new sensitizations [81].
A systematic review with meta-analysis published in 2022 by Ferraia et al., confirms the
preventive action of AIT (both SCIT and SLIT) for the development of asthma in the
pediatric population with allergic conditions such as rhinitis, AR, and/or atopic dermatitis,
monosensitized against whichever aeroallergen (grass pollen, birch, or HDM), performing
IT for at least 3 years. The preventive action was also evaluated for a 3-year post-treatment
period (follow-up) [88].

A few studies have analyzed the use of AIT in children with asthma in the last
5 years [81,89-99].

Zielen et al. studied grass-pollen SLIT in both adults and children with moderate-
severe AR and demonstrated that treated patients required fewer medications for AR com-
pared to controls [RC —0.188 [95% CI —0.222 to —0.155]; p < 0.001; Age < 18y: CR —0.127
[C195% —0.145 to —0.11]; p < 0.001]. However, no difference was found in asthma onset.
Interestingly, in the group treated with SLIT, asthma advanced more slowly in terms of
asthma medication prescription, as inferred from the proxy prescription data set [89].

A French retrospective study conducted from 2012 to 2016 in a population aged more
than 5 years with moderate-severe AR found that patients who had received at least two
immunotherapy prescriptions over two consecutive years had a lower need for AR medica-
tions. Moreover, patients with AR and asthma who received SLIT-grass pollen tablets had
less need for asthma medication than patients who did not receive immunotherapy [93],
and there was a minor evolution of AR into allergic asthma, suggesting that SLIT may slow
down the so-called “atopic march.”

A case-control study published in 2019 including 60 (30 treated with SCIT (subcu-
taneous immunotherapy) + asthma standard treatment and 30 treated only with stan-
dard treatment) children aged between 5 and 10 years with mild-moderate asthma and
sensitization to house dust mites showed that SCIT in addition to standard asthma med-
ications resulted in a reduction in the need for baseline therapy (according to GINA
2015 recommendations) in the SCIT group at 3 and 6 months. Both groups reported reduc-
tions in asthma symptoms at 3 and 6 months [90].
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In a large German study including 39.167 individuals aged >12 years, in the 10.5% of
the cohort who received AIT, AIT was associated with a significant reduction in the risk of
asthma progression, particularly in adolescents (12-17 years) [91].

In a recent case-control study published in 2022, immunotherapy in addition to
standard therapy for moderate-severe asthma (treated with the combination ICS/LABA)
was associated with long-lasting immunotolerance towards the allergen. The study in-
cluded 30 children aged between 5 and 12 years with moderate-severe asthma treated with
ICS/LABA or ICS/LABA + HDM SCIT. The study showed that Th17 lymphocytes and
IL-17 levels were elevated in asthmatic patients compared to healthy subjects. A significant
reduction of Th17 lymphocytes and IL-17 levels was demonstrated in both groups; in
addition, the group treated with ICS/LABA + HDM-SCIT also showed an increase in
Treg cells and IL-10 levels, suggesting that AIT would promote, when associated with
corticosteroids, immunosuppression and therefore long-term immunological tolerance
towards allergens [92].

The retrospective study published in 2018 by Amat et al. demonstrated that in children
and adolescents with moderate-severe asthma with documented allergy to house dust
mites aged 6 to 18 years, AIT was associated with reduced asthma exacerbations (after
1 year from 2.1 &+ 4.5 to 0.38 £ 0.68; p < 0.001; after three years to 0.44 £ 0.58; p = 0.01)
and reduced doses of inhaled corticosteroids (from 500 pug/day to 300 pug/day after 1 year
—p < 0.01 and to 200 pg/day after 3 years—p = 0.01) after 1 and 3 years from the initiation
of immunotherapy [95].

A recent review, including 13 trials on children with AR and mild-moderate asthma
receiving sublingually or subcutaneously dust mite AIT, demonstrated that immunotherapy
generally reduced asthma symptoms compared to standard therapy alone. The review
shows that subcutaneous IT is more effective than SLIT in reducing the symptoms of
allergic rhinitis and asthma and medication use; notably, data concerning the efficacy of
SLIT are conflicting since some studies prove the effects on asthma symptoms and control
while others don’t [94]. However, one of the studies in the review demonstrates the good
efficacy of the immunotherapy administered in the dual alternative (which consists of a first
subcutaneous administration with a faster action, followed by a sublingual administration
with an easy intake, fewer side effects, and greater compliance). An increase in FEV; also
occurred in the group of patients given the SCIT/SLIT combo [97]. Other subsequent
reviews have then demonstrated the same clinical efficacy (reduction of exacerbations,
better quality of life, reduction of asthmatic symptoms and pharmacotherapy, improvement
of lung function) and safety of sublingual immunotherapy compared to SCIT [98,99].

A systematic review of SCIT and SLIT in children with mild to moderate allergic
asthma and AR (allergy to grasses, dust mites, mold, or polysensitized) showed that AIT
was associated with improvement in asthma symptoms, quality of life, lung function, and
a reduction in medicine use [100].

Randomized observational studies are needed to include all pediatric age groups
(preschool, school, and adolescent), a study in which aeroallergens can be addressed, con-
sider the different methods of administration and a specific dose, and consider the possible
risks and/or benefits. Further studies on laboratory investigations (e.g., a spirometric
evaluation, the determination of FeNO, or other measurable outcomes) are necessary for
identifying biomarkers of AIT efficacy.

3.6.2. Recommendation

AT is effective in the pediatric population with IgE-mediated allergic respiratory diseases.
Candidates for AIT are patients with mild to moderately controlled asthma who need long-lasting or
multiple drugs to maintain asthma control. Both SLIT and SCIT AIT are beneficial in improving
asthmatic symptoms and quality of life and reducing the use of short- and long-term medications.

Quality of evidence: moderate. Strength of recommendation: B
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3.7. PICO Question 7. In Children with Uncontrolled Asthma Symptoms Despite a Daily
Medium-Dose of ICS Combined with LABA, Is Increasing the Dose of ICS More Effective than
Adding the LAMA Tiotropium?

3.7.1. Executive Summary

According to the main international guidelines [2,5,6,101], a stepwise pharmacologic
approach should be used in moderate-to-severe asthmatic patients to reach symptom
control, relieve symptoms when they occur, and minimize the risk of exacerbations. For
patients with uncontrolled asthma symptoms despite medium- or high-dose ICS/LABA
or ICS/formoterol (steps 4-5), either increasing the ICS doses or adding LAMA such as
tiotropium in a separate inhaler are proposed strategies [102]. Furthermore, the ERS/ATS
Guidelines on severe asthma agree on the positive effects of adding LAMA both for children
and adolescents (strong recommendation, moderate quality of evidence) on the basis of
two trials performed in adolescents (14-17 years of age) and children (6-11 years) with
severe uncontrolled asthma [101].

There is no clear consensus on whether increasing the dose of ICS is more effective
than adding LAMA. A systematic review and meta-analysis of 8 RCTs studied the role of
increasing ICS during exacerbations and concluded that, despite the higher risk of non-
serious adverse events, the risk of exacerbation was significantly reduced (OR 1.05, 95% CI
0.73-1.51) (moderate quality of evidence) [103]. Similar results were found for consistent
dosage increases [104,105]. However, a separate analysis of several RCTs showed no
significant clinical improvement but an increased rate of adverse events such as diminished
linear growth [106,107].

Vogelberg et al. assessed the efficacy of tiotropium in children. Patients treated
with 5 mg (n = 135) and 2.5 mg (n = 135) of tiotropium significantly improved peak
spirometric parameters (FEV; at weeks 24 and 48 and peak FVC at week 24) compared with
placebo in children with moderately symptomatic asthma. Symptom control improved
with tiotropium, and the incidence of adverse events was lower in patients receiving
tiotropium than in those receiving a placebo (most adverse events were mild or moderate
in intensity) [108]. Further studies confirmed the role of tiotropium as an add-on therapy in
children with moderate-to-severe asthma. In particular, 5 ug of tiotropium improved peak
FEV; within 3 h after dosing in a cohort of 401 participants (6 to 11 years) in a double-blind,
placebo-controlled trial [109]; similar results were demonstrated for the same tiotropium
doses (5 pg) and outcomes (peak FEV7) in an older population (398 participants, 12 to
17 years) with an analogous study design [110]. A systematic review and meta-analysis
of 7 RCTs showed positive effects of tiotropium add-on therapy, such as a significant
increase in FEV in patients receiving tiotropium compared to those receiving placebo
(mean difference, 110 mL; [95% CI 80-140 mL]; p < 0.001). In particular, the benefit of
tiotropium was greater after longer therapy (24 weeks) versus relatively short therapy
(12 weeks or 4 weeks) [111]. Some studies conducted in mixed cohorts (pediatric and
adult populations) have questioned whether the use of tiotropium was affected by the
asthmatic Th2 phenotype and have concluded that its positive effects on asthma control and
reduction of exacerbations were independent of IgE levels or eosinophilic count [112,113].
The confirmation of these results in the pediatric population has been demonstrated by
specific studies [114].

Several studies conducted mainly in adolescents demonstrated the safety and effective-
ness of the add-on LAMA approach [115-118]. In particular, a pooled analysis of 5 RCTs
supports the favorable risk-benefit profile of once-daily tiotropium as an add-on to mainte-
nance ICS with or without additional controllers in pediatric patients with symptomatic
asthma [116]. The safety of tiotropium was extensively proven in a pooled analysis of
12 RCTs (aged 1 to 75 years) [119].

A systematic review and meta-analysis of 14 RCTs compared tiotropium treatment
with standard therapy (ICS or ICS/LABA) in patients with moderate to severe asthma
and found a significant increase in spirometric parameters (morning PEF, evening PEF,
peak FEV, and trough FEV), with no differences with the control group in terms of adverse



J. Clin. Med. 2023, 12, 5467

16 of 31

events; the study included both adult and pediatric populations but did not distinguish by
age cohorts [120]. A recent meta-analysis that included 15 randomized clinical trials with
7122 participants 12 years of age or older with uncontrolled, persistent asthma reported
that LAMA vs. placebo as an add-on therapy to inhaled corticosteroids was associated
with a lower risk of exacerbations requiring systemic corticosteroids [121].

Similar results came from two other systematic reviews. One analyzed 11 RCTs,
including children and adults, and concluded that tiotropium as an add-on to ICS therapy
was safe and associated with consistent improvements in lung function across different age
groups [122]. The review by Murphy et al. considered 7 RCTs, which included preschool
children (n = 102), school-aged children (6-11 years; n = 905), and adolescents (aged
12-17 years; n = 895) with moderate to severe asthma treated with ICS with or without
LABA. Once-daily tiotropium (5, 2.5, or 1.25 ug) improved lung function parameters,
including peak and FEV1, vs. placebo [123].

Chipps et al. in a retrospective cohort study, compared the effectiveness of add-on
tiotropium versus increased ICS plus LABA. The study population included patients aged
>12 years with asthma diagnosis initiated on ICS/LABA. The population was divided into
two groups: one group receiving tiotropium Respimat 1.25 pg (two puffs once daily) (the
Tio group), and the other group having their ICS plus LABA dose increased (the inc-ICS
group). Tio group showed a significant decrease in exacerbation risk (hazard ratio 0.65,
95% CI 0.43-0.99; p < 0.05) and a reduction of all-cause visit rate within 12 months (47%
lower in Tio group, p < 0.0001) and of asthma-related emergency visit rate (74% lower in
Tio group, p < 0.0001). Equally, all-cause and asthma-related hospitalization rates were 48%
and 76%, respectively, lower in the tiotropium group [124].

A study investigated the use of tiotropium compared to inhaled mometasone in
patients with low eosinophil levels in sputum affected by mild and persistent forms of
asthma (low levels of sputum eosinophilia have been correlated with low response to
inhaled corticosteroids), finding no significant differences [125].

Systematic reviews compared separately the add-on therapy of LABA to ICS (21 RCTs)
with other add-on therapies (LAMA + ICS or LTRA + ICS) and concluded that tiotropium
and LABA had similar efficacy, provided greater improvements in lung function than mon-
telukast as an add-on to ICS, and had comparable and favorable safety profiles [105,126].

A systematic review and meta-analysis of 20 RCTs studied the outcomes and adverse
events associated with triple therapy (ICS, LABA, and LAMA) versus dual therapy (ICS
plus LABA) in a population of 11,894 children and adults with persistent uncontrolled
asthma (3 trials included 1870 patients aged 6 to 18 years). The results of this meta-
analysis showed a reduction in severe exacerbation risk in patients on triple therapy (22.7%
versus 27.4% in patients on Esadual therapy, risk ratio 0.83 [95% CI 0.77-0.90], 9 trials,
n = 9932 patients). Triple therapy was also associated with improvement in asthma control
scores compared with dual therapy (standardized mean difference [SMD] —0.06 [95% CI,
—0.10——0.02]; mean difference in ACQ-7 scale, —0.04 [95% CI, —0.07-—0.01], 14 trials,
11,230 patients). No significant difference in asthma-related quality of life, mortality, or
serious adverse events was demonstrated between the two groups [127].

A meta-analysis of 17 RCTs analyzed the effectiveness and safety of dual (ICS/LABA)
and triple therapies (ICS/LABA/LAMA) in a population of 17,161 adolescents and adults
with uncontrolled asthma. Medium-dose and high-dose triple therapies reduced steroid-
requiring asthma exacerbations (HR 0.84 [95% CI 0.71-0.99] and 0.69 [95% CI 0.58-0.82],
respectively). High-dose triple therapy reduced more frequent steroid-requiring asthma
exacerbations compared to medium-dose triple therapy (HR 0.83 [95%CI 0.69-0.996]).
No difference was found in asthma-related hospitalizations between triple therapy and
medium-dose ICS/LABA. Concerning differences in terms of adverse events, high-dose
triple therapy results in a reduction of all-cause asthma-related adverse events compared
to medium-dose triple therapy [128].

Tiotropium bromide is the only LAMA licensed for long-term treatment of asthma
in patients aged >6 years who continue to have symptoms despite controller medication
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administration [129]. As with tiotropium, glycopyrronium is an anticholinergic with higher
selectivity for M3 receptors than for M2 receptors and dissociates more slowly from the M3
receptors than from the M2 receptors [130]. The study of glycopyrronium focuses on its
effects on methacholine-induced bronchoconstriction in adults with symptomatic asthma.
Here, tiotropium provided statistically superior bronchoprotection at both 24 and 72 h
compared with glycopyrronium [130].

3.7.2. Recommendation

In children and adolescents with moderate to severe asthma, both increasing the dose of
ICS + LABA and adding tiotropium in a separate inhaler can be effective in terms of asthma control,
reduction of exacerbations, and lung function improvement.

Quality of evidence: moderate. Strength of recommendation: B

3.8. PICO Question 8. Considering the Biologics for Severe Asthma, Which Are the Differences
among Omalizumab, Mepolizumab, and Dupilumab?

3.8.1. Executive Summary

Most children with asthma achieve control with low- to medium-doses of ICS; however,
approximately 2% to 10% develop severe asthma with uncontrolled symptoms, lung
function impairment, and frequent exacerbations. Biologics should be considered as add-
on treatments when asthma meets the criteria described in steps 5 or 6 of NAEPP [6]
or step 5 of GINA [2] and is therefore uncontrolled despite LABA + daily medium- to
high-dose ICS, with or without other controllers such as LTRA, LAMA, azithromycin, or
oral corticosteroids.

In children with severe asthma, the dominant phenotype is the Th2-high phenotype,
characterized by eosinophilic inflammation, aeroallergen sensitization with high levels of
allergen-specific IgE, elevated peripheral blood eosinophils, and/or high FeNO levels. This
phenotype is the primary target of currently approved biologics [131].

At present, the biologics approved for asthma in children are omalizumab, mepolizumab,
and dupilumab.

Omalizumab was the first monoclonal antibody approved for severe asthma in patients
>6 years old with evidence of allergic sensitization to perennial aeroallergens and IgE. It is
a biological medication that inhibits the binding of IgE to the high-affinity FceRI receptor
on the surfaces of mast cells, basophils, plasmacytoid dendritic cells, and eosinophils,
preventing allergic responses and airway inflammation. Omalizumab administration
consists of a subcutaneous injection with a pre-filled syringe, with dosing and frequency
(every 2 or 4 weeks) depending on the baseline free total IgE level. Omalizumab reduces
severe asthma exacerbations and ICS doses [132]. Over the last five years, other studies have
confirmed the effectiveness of omalizumab in children with moderate to severe asthma.

In an observational single center ‘real-life’ study with a six-year follow-up, Folqué
et al. confirmed the clinical improvement with omalizumab, showing a decreased num-
ber of admissions for asthma exacerbations and visits to the emergency department. In
addition, omalizumab was associated with a reduction in fluticasone dose after 6 months
of treatment (from 452 mcd/day to 329.89 mcg/day) and a reduction in the use of LABA
after 12 months of treatment (from 98% to 75%). Lung function has significantly im-
proved [133]. Similarly, the multi-center, observational study of Garcia et al. described
the long-term outcomes (up to six years) of omalizumab in children with severe persistent
allergic asthma and demonstrated that the reduction in moderate-to-severe exacerbations
and emergency visits/hospitalizations, the decrease in FEnQ, and the increase in FEV;,
remained stable over time [134]. Exacerbations were reduced by 48.5% and severe crisis
by 100% after 16 weeks of omalizumab treatment as well as the use of corticosteroids
and salbutamol [135]. After 12 months of treatment with omalizumab, adolescents with
moderate to severe allergic asthma not only had fewer exacerbations and better ACT scores
but also better lung function [136]. When patients discontinued omalizumab while asthma
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was well controlled, hospitalizations and oral steroid use remained lower than before
omalizumab initiation [137].

A post-marketing surveillance evaluated the long-term safety and effectiveness of
omalizumab in Japanese pediatric patients with severe allergic asthma and confirmed
the good tolerance of the therapy, with 10.2% (13/127) of patients experiencing adverse
drug reactions (pyrexia and urticarial) [138]. Considering eosinophils, the STELLAIR
study showed that omalizumab effectiveness (assessed through the Global Evaluation of
Treatment Effectiveness and annual exacerbation reduction) was similar both in patients
with “high” eosinophil counts (>300 cells/uL) and in patients with “low” eosinophil counts
(<300 cells/uL) [139].

Mepolizumab targets interleukin-5 (IL-5), a protein that is involved in the production
and activation of eosinophils. By blocking IL-5, mepolizumab can reduce the number of
eosinophils in the blood and airways, which can significantly reduce asthma exacerba-
tions and improve lung function in children with severe asthma, particularly those with
high levels of eosinophils. It is administered by subcutaneous injection every 4 weeks;
children aged 6 to 11 years receive 40 mg, and those older than 12 years receive 100 mg.
The medication is available as a pre-filled syringe or pen. Mepolizumab reduces severe
asthma exacerbations and the use of oral steroids in patients with severe asthma and blood
eosinophil counts greater than or equal to 150 cells/uL [140,141].

Initially approved for children aged >6 years on the basis of a small trial performed
in 36 children [142], more recently, the large Mepolizumab Adjunctive Therapy for the
Prevention of Asthma Exacerbations in Urban Children-2 (MUPPITS-2) trial by Jackson et al.
confirmed its efficacy in this population [143].

The effect of mepolizumab in patients previously treated with omalizumab was as-
sessed by Chapman et al. in a 32-week trial. The switch from omalizumab to mepolizumab
resulted in significant improvement in symptom control and health status [77% and 79%
of patients achieved the minimum clinically important differences in Asthma Control
Questionnaire-5 (>0.5 points) and in St. George’s Respiratory Questionnaire (>4 points)].
Additionally, it has been shown that lung function improvement and a substantial reduction
in the rate of clinically significant exacerbations (reduced by 64%) and in exacerbations
requiring hospitalization or visits to the emergency department (reduced by 69%) have
been associated [144].

The safety and pharmacodynamics of mepolizumab in the long term were studied
by Gupta et al., who found a positive benefit-risk profile in children with severe asthma
and an eosinophilic phenotype. Over 52 weeks, the study recorded a consistent reduction
in exacerbation rates (69% lower than baseline, with mean annualized rates reduced to
approximately 1 event/year), improvement in asthma control, and a sustained reduction
in blood eosinophil counts (from 336 cells/pL to 50 cells/uL) [145]. The same group
studied the pharmacokinetics and pharmacodynamics of subcutaneous mepolizumab
in children with severe eosinophilic asthma treated every 4 weeks for a total of three
doses and demonstrated increased symptom control and a reduction of about 80% in
blood eosinophils [142].

Dupilumab is a human antibody directed against the IL-4Ra chain of the receptor for
IL-4 and IL-13, the main cytokines of T2 inflammation. IL-4 and IL-13 induce B-cell class
switching to IgE production and promote TH2 cell development. It is widely used in chil-
dren from 6 years of age with moderate-to-severe atopic dermatitis when topical therapies
are insufficient or not recommended [146], because, in atopic dermatitis pathogenesis, IL-4
and IL-13 play a key role, decreasing the expression of genes that encode for important
elements of the epidermal barrier [147]. Regarding severe asthma, dupilumab has been
released for children aged 6 to 11 at a dose of 100 mg every 2 weeks or at a dose of 300 mg
every 4 weeks if the weight is <30 kg. For those weighing 30 kg or more, dupilumab is
administered at 200 mg every 4 weeks. For adolescents 12 years of age or older, dupilumab
can be administered at a dose of 200 mg or 300 mg every 2 weeks. The medication is avail-
able as a pre-filled syringe or pen. In the QUEST trial, which also included 107 adolescents,



J. Clin. Med. 2023, 12, 5467

19 of 31

Dupilumab significantly reduced the risk of severe asthma exacerbations, decreased the
use of oral steroids, and improved lung function and asthma control in patients with
moderate to severe asthma with evidence of high blood eosinophils and elevated FENO
levels (>25 ppb) [148,149].

In the 52-week double-blind, placebo-controlled VOYAGE trial, Bacharier et al. found
that add-on dupilumab therapy (at a dose of 100 mg for patients < 30 kg and 200 mg for
those > 30 kg) reduced asthma exacerbations (relative risk reduction 59.3% [95% CI, 39.5 to
72.6; p < 0.001]) and improved lung function and asthma control compared with placebo in
children with moderate-to-severe asthma and a blood eosinophil count of >150 cells/uL
and/or FENO > 20 ppb. The reduction in exacerbation increased up to 65% in children
with blood eosinophil counts greater than or equal to 300 cells/uL [150].

The IDEAL study by Albers et al. [151] showed that patients with severe asthma can be
eligible for more than one biologic targeting Th2 inflammation; however, it also highlighted
the different phenotypes and endotypes in severe asthma. In fact, it showed that even if
there are some overlaps in treatment eligibility, the patient groups eligible for treatment
with anti-IgE or anti-IL-5 therapies are often distinct.

The biomarker-driven approach is crucial to personalizing asthma treatment; however,
patients may be eligible for more than one biologic, and the phenotype and biomarkers can
change over time.

3.8.2. Recommendation

All biologics for children > 6 years with asthma target Thy inflammation. Biomarkers can
be predictive of treatment response to biologics. In severe allergic asthma (high IQE), omalizumab
can always be chosen. If the patient shows high FeNO and high blood eosinophils, mepolizumab
or dupilumab can be considered (regardless of IgE). All biologics reduce severe exacerbation rates;
however, only dupilumab seems to be associated with improvements in lung function. If a patient
with moderate to severe asthma is affected by moderate to severe atopic dermatitis or eosinophilic
esophagitis, dupilumab might be the best choice. On the contrary, if the patient suffers from chronic
spontaneous urticaria, they may likely benefit from omalizumab. Although all are administered
subcutaneously, the number and frequency of injections vary substantially between biologics.

A trial of 4 to 6 months is recommended to assess the impact of a biologic on exacerbations and
asthma control; in the event of no response, switching to another biologic can be considered.

Quality of evidence: high. Strength of recommendation: A

3.9. PICO Question 9. In Children with Asthma, Does Vitamin D Supplementation Help with
Asthma Control?

3.9.1. Executive Summary

Despite previous evidence [152], the most updated Cochrane review on the role of
vitamin D in reducing the risk of asthma exacerbation and improving asthma control did
not find significant evidence [153].

Over the last few years, several RCTs have been published. Eighty-four asthmatic
children aged 3-18 years with vitamin D deficiency were randomized to receive treatment
with vitamin D or placebo. The study demonstrated no significant differences in respiratory
resistance or reaction after 3 months of supplementation [154]. In the Vitamin D Kids
Asthma Study, vitamin D supplementation (4000 IU) was not significantly associated with
changes in lung function measures, asthma control, or asthma-related quality of life [155].
Even when administered to high-risk children (1 severe exacerbation in the previous year),
vitamin D does not reduce the risk of future severe asthma exacerbations [156]. Vitamin D
supplementation did not improve asthma control measured by ACT score or exacerbations
in two recent RCTs [157,158].

Slightly positive results come from a very recent study where children with severe
asthma had lower mean vitamin D levels than those with mild/moderate asthma, and
vitamin D was positively correlated with FEV;. However, vitamin D levels were not
associated with asthma control [159].
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A systematic review, including studies published until 2021 (n = 15), reported no
association between vitamin D status and asthma control [160].

3.9.2. Recommendation

Vitamin D supplementation is not associated with improvements in asthma control or lung function.
Quality of evidence: low. Strength of recommendation: C

3.10. PICO Question 10. In Children with Asthma, Does Influenza Vaccination Help with
Asthma Control?

3.10.1. Executive Summary

Children with asthma constitute a high-risk population for complications from in-
fluenza [161]. There is evidence to suggest that influenza vaccination is protective against
asthma exacerbations [162].

The analysis of data from the United States covering the period 2005-2018 showed that
there were greater decreases in the odds of current asthma prevalence among children who
were vaccinated compared with those who were not vaccinated for influenza, suggesting
that vaccination may have contributed to the declining prevalence of asthma in American
children [163]. A recent Spanish study including both children and adults estimated that
current or previous influenza vaccination of people with asthma prevented almost half of
the influenza cases [164].

There were concerns that live attenuated influenza vaccines such as the intranasally
administered vaccines could expose children with wheezing or asthma to a higher risk
of medically significant wheezing. Therefore, the Advisory Committee on Immunization
Practices recommended against the vaccine in preschool children with a history of at least
one wheezing episode in the past 12 months and for the vaccine to be used with caution in
older children (>5 years) with asthma [165]. A recent meta-analysis, including 14 studies
published over 20 years and involving a total of 1.2 million participants, provided evidence
that live attenuated influenza vaccines are well tolerated with no safety concerns in indi-
viduals aged 249 years with a diagnosis of asthma or recurrent wheezing [166]. In a recent
American RCT, quadrivalent live attenuated influenza vaccine was not associated with
an increased frequency of asthma exacerbations compared with quadrivalent inactivated
influenza vaccine among children aged 5 to 17 years with asthma [167].

3.10.2. Recommendation

Influenza vaccination is strongly recommended for pediatric patients with asthma to help
prevent severe influenza-related complications.

Quality of evidence: moderate. Strength of recommendation: A

All recommendations are summarized in Table 1.

Table 1. Summary of PICO questions and recommendations.

Quality of Evidence Strength of Recommendation

PICO question 1. In children with infrequent symptoms, is SABA
combined with ICS or, as needed, ICS-formoterol preferred to SABA alone?

For young children aged 6-12 years with infrequent symptoms
(step 1), as needed, low-dose ICS associated with SABA for symptom Low B

relief is suggested.

For adolescents aged >12 years with infrequent symptoms (step 1),
low-dose ICS associated with SABA or low-dose ICS-formoterol are Moderate B

the preferred strategies.
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Table 1. Cont.

Quality of Evidence

Strength of Recommendation

PICO question 2. In children and adolescents with asthma, is daily therapy
with ICS more effective than daily LTRA?

ICS should be the first-line treatment in children with mild to
moderate persistent asthma, particularly in those with features
suggesting Th, inflammation.

High

ICS are more effective than LTRA.

Moderate

Due to its simplicity of administration, a trial with LTRA may be
considered an alternative to ICS in patients with poor adherence to
treatment or who have difficulty using inhalers. LTRA is also
considered an add-on therapy when daily ICS cannot provide
adequate symptom control.

Low

PICO question 3. In children with uncontrolled asthma symptoms despite
low daily ICS, is increasing the dose of ICS more effective than adding LABA
or LTRA?

In adolescents >12 years with moderate persistent asthma (step 3 or 4),
despite the assessment of comorbidities and modifiable factors, a
SMART approach with ICS/formoterol as maintenance and reliever
therapy is the preferred option. ICS/LABA as maintenance and SABA
as a reliever are valid alternatives; however, adherence to therapy
must be checked since there is a higher risk of SABA overuse.

High

In children 6 to 11 < 12 years, with moderate persistent asthma (step 3
or 4), despite the assessment of comorbidities and modifiable factors, a
SMART approach with ICS/formoterol as maintenance and reliever
therapy (with a check of inhalation technique) and ICS/LABA as
maintenance and SABA as a reliever are both valid alternatives;
increasing the ICS dose can be considered.

Moderate

PICO question 4. In children with uncontrolled asthma symptoms despite
daily therapy, what is the preferred option between increasing the therapy or
assessing modifiable factors (adherence, inhalation technique, exposure
to allergens)?

In patients with uncontrolled asthma despite treatment, before
stepping up therapy, increasing the ICS dose, or adding a new
medication, modifiable factors, and comorbidities must be reassessed.
If modifiable factors are identified and addressed but asthma control
remains poor, increasing therapy may be necessary.

Low

PICO question 5. In children with asthma, is a MD) preferred to a DPI?

Currently, there is no clear opinion on the superiority of one inhaler
over the other. The decision is based on the patient’s needs, abilities,
and preferences. Accurate description of the devices and
demonstration of inhalation techniques are mandatory in asthma
clinics to provide the patient and the family with the correct
information to take the medication. DPI may be reserved for older
children aged at least 10 years.

Low

PICO question 6. Which patients with asthma can benefit
from immunotherapy?

AIT is effective in the pediatric population with IgE-mediated allergic
respiratory diseases. Candidates for AIT are patients with mild to
moderately controlled asthma who need long-lasting or multiple

drugs to maintain asthma control. Both SLIT and SCIT AIT are
beneficial in improving asthmatic symptoms and quality of life and
reducing the use of short- and long-term medications.

Moderate
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Table 1. Cont.

Quality of Evidence Strength of Recommendation

PICO question 7. In children with uncontrolled asthma symptoms despite
daily medium-dose ICS combined with LABA, is increasing the dose of ICS
more effective than adding the LAMA tiotropium?

In children and adolescents with moderate to severe asthma, both
increasing the dose of ICS+LABA and adding tiotropium in a separate
inhaler can be effective in terms of asthma control, reduction of
exacerbations, and lung function improvement.

Moderate B

PICO question 8. Considering the biologics for severe asthma, which are
the differences between omalizumab, mepolizumab, and dupilumab?

All biologics for children >6 years with asthma target Th,
inflammation. Biomarkers can be predictive of treatment response to
biologics. In severe allergic asthma (high IgE), omalizumab can always
be chosen. If the patient shows high FeNO and high blood eosinophils,
mepolizumab or dupilumab can be considered (regardless of IgE). All
biologics reduce severe exacerbation rates; however, only dupilumab

seems to be associated with improvements in lung function. If a

patient with moderate to severe asthma is affected by moderate to
severe atopic dermatitis or eosinophilic esophagitis, dupilumab might

High A

be the best choice. On the contrary, if the patient suffers from chronic
spontaneous urticaria, they may likely benefit from omalizumab.
Although all are administered subcutaneously, the number and
frequency of injections vary substantially between biologics.
A trial of 4 to 6 months is recommended to assess the impact of a
biologic on exacerbations and asthma control; in the event of no
response, switching to another biologic can be considered.

PICO question 9. In children with asthma, does vitamin D
supplementation help with asthma control?

Vitamin D supplementation is not associated with improvements in
asthma control or lung function.

Low C

PICO question 10. In children with asthma, does influenza vaccination

help with asthma control?

Influenza vaccination is strongly recommended for pediatric patients
with asthma to help prevent severe influenza-related complications.

Moderate A

AIT, allergen immunotherapy; DPI, dry powder inhaler; FeNO, fractional exhaled nitric oxide; ICS, inhaled
corticosteroids; LABA, long-acting bronchodilators; LTRA, leukotrience receptor antagonist; MDI, metered
dose inhaler; PICO, Patient, Intervention, Comparison and Outcome; SABA, short-acting bronchodilators; SLIT,
sublingual immunotherapy.

4. Discussion

Asthma management relies on symptom relief and long-term control. Long-term
control is focused on preventing symptoms and depends on asthma maintenance therapy
to reduce airway inflammation. Controller medications include ICS, considered the first-line
treatment for asthma maintenance therapy; leukotriene modifiers; LABA (salmeterol and
formoterol); and LAMA (tiotropium). Biologics are reserved for severe asthma. The choice
of medication depends on the severity of the child’s asthma, phenotype, age, preference,
and individual factors. The initial assessment of the patient must always be followed by
regular reassessments to check asthma control and treatments’ effects.

Since severe attacks can also happen in patients with mild asthma, before considering a
regimen with SABA as needed, an assessment of control based on the severity and frequency
of symptoms, limitations of activities, and use of SABA is crucial. When choosing the
regimen with ICS daily treatment, the clinician has to confirm whether the patient is likely
to be adherent with maintenance therapy because a non-adherent patient, especially in
adolescence, will be exposed to the risks of SABA-only treatment and therefore severe



J. Clin. Med. 2023, 12, 5467

23 of 31

exacerbations. Especially in these patients, who are likely to be poor adherents to daily
treatment when they do not have symptoms, formoterol/ICS as needed can be a valid
alternative since the single inhaler formoterol/ICS will be used to relieve symptoms and
at the same time reduce lung inflammation. Daily ICS are the preferred starting option in
patients with frequent symptoms since there is poor evidence in favor of daily LTRA.

In persistent asthma, SMART therapy with a single inhaler is widely considered the
preferred approach, particularly in adolescents. When symptoms are not controlled despite
daily treatment, several options are suggested, including adding LAMA or a biologic.
These steps of treatment require tertiary care in a severe asthma clinic. SLIT and SCIT
AIT can improve asthmatic symptoms and quality of life and reduce the use of short- and
long-term medications.

In addition to medications, identification of comorbidities such as obesity, rhinitis, or
gastroesophageal reflux and modifiable factors such as inhaler technique and adherence
to therapy are crucial to obtaining good control. Furthermore, risk factors for exacerba-
tions must be taken into account (recent exacerbations, poor inhalation technique, poor
adherence, and comorbidities) to choose the best therapeutic regimen. The final aim of
each asthma plan is to develop individualized treatments that are tailored to the child’s
specific needs. In addition, influenza vaccination represents a relevant preventive approach
in order to avoid respiratory complications in children with asthma.

5. Conclusions

Our study provides evidence-based recommendations to guide clinicians on main-
tenance therapy for children and adolescents with asthma. Asthma in children is hetero-
geneous, and its evolution varies over time. In addition, the assessment of phenotypes
and endotypes is difficult since bronchoscopy is rarely performed, and obtaining samples
might be tricky in young children. Since most recommendations for asthma management
in childhood are extrapolated from clinical studies performed in adults, more clinical trials
specifically designed for young children should be conducted.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /jem12175467 /s1, Supplementary Material File S1: Clinical questions
and PICO items.

Author Contributions: V.F. and C.C. wrote the first draft of the manuscript; M.D., G.Z.,EP,S.S., R.G.
and N.M. coordinated the literature analysis; B.M.B., L.B. (Luca Bertelli), L.B. (Loretta Biserna), P.B.,
E.C,ND.P,ED.P,AD,MG,BG,EL,MSM, EM,SP, AP, MP,ST, FEV,GG,RS,FA, AB,,
L.R., AD.F and FM. gave a substantial scientific contribution; G.R. supervised the project and gave a
substantial scientific contribution; S.E. designed the study, supervised the project and revised the first
draft of the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: In addition to the main authors, the Emilia-Romagna Asthma (ERA) Study
Group includes Mara Caramia, and Letizia Rossi. Adriana Fracchiolla, Angela Lazzara. Luisa
Rizzo. Riccardo Morini, Francesca Lato, and Roberta Carbone. Roberta Forestiero, Marco Tornesello,
Greta Ramundo, alberto Argentiero, Onelia Facini, Aurelia Pantaleo, Claudia Cutrera, Alberto
Argentiero, Cosimo Neglia: UOC Clinica Pediatrica, Azienda Ospedaliera-Universitaria, Parma, Italy;
Andrea Pession, Marcello Lanari, Fabio Caramelli: IRCCS Azienda-Ospedaliera Universitaria di
Bologna, Bologna, Italy; Sandra Mari, Manuela Musetti, Maria Teresa Bersini, Cristina Cantu, Enrica
Cattani, Carlotta Povesi: Pediatri di famiglia, AUSL Parma, Parma, Italy; Giacomo Biasucci: Unita
di Pediatria e Neonatologia, Ospedale G. di Saliceto, Piacenza, Italy; Rosanna Cataldi, Valentina
Allegri: Pediatri di famiglia, AUSL Piacenza, Piacenza, Italy; Ilaria Fontana, Sara Fornaciari, Irene
Alberici: Unita di Pediatria, IRCCS-AUSL Reggio Emilia, Reggio Emilia, Italy; Mariassunta Torricelli,


https://www.mdpi.com/article/10.3390/jcm12175467/s1
https://www.mdpi.com/article/10.3390/jcm12175467/s1

J. Clin. Med. 2023, 12, 5467 24 of 31

Simonetta Pistocchi, Ilaria D’Aquino, Annalisa Zini, Maria Luisa Villani, Maria Candida Tripodi,
Fabio Guerrera, Stefano Colonna: Pediatri di famiglia, IRCCS-AUSL Reggio Emilia, Reggio Emilia,
Italy; Lorenzo Iughetti, Maria Elena Guerzoni: Unita di Pediatria, Azienda Ospedaliera-Universitaria
di Modena, Modena, Italy; Maria Chiara Molinari, Gianluca Iovine, Nicola Guaraldi, Simona Di
Loreto, Rossella Berri, Dora Di Mauro, Alfredo Ferrari, Silvia Perrini: Pediatri di famiglia, AUSL
Modena, Modena, Italy; Francesco Torcetta: Unita di Pediatria, Ospedale di Carpi, Carpi, Italy;
Claudio Rota: Unita di Pediatria, Ospedale di Sassuolo, Sassuolo, Italy; Chiara Ghizzi: Unita di
Pediatria, Ospedale Maggiore, AUSL Bologna, Bologna, Italy; Cristina Carboni, Ornella Parisini,
Marco Parpanesi, Alessandro Fierro, Riccardo Congia, Federica Bellini, Giulia Brighi, Valeria Scialpi,
Lanfranco Loretano, Veronica Conti, Lucia Rinaldi, Stefano Alboresi: Pediatri di famiglia, AUSL
Bologna, Bologna, Italy; Laura Serra, Elisabetta Calamelli: UOC Pediatria, Ospedale di Imola, Imola,
Italy; Enrico Valletta: Unita di Pediatria, Ospedale di Forli, AUSL Romagna, Forli, Italy; Anna Chiara
Casadei, Lucia Boselli: Pediatri di famiglia, AUSL Romagna, Forli, Italy; Marcello Stella: Unita di
Pediatria e Terapia Intensiva Pediatrica, Ospedale di Cesena, AUSL Romagna, Cesena, Italy; Agnese
Suppiej, Paola Gallo: Unita di Pediatria, Ospedale di Ferrara, Ferrara, Italy; Monica Malventano,
Livia Manfredini, Lisa Pecorari: Pediatri di famiglia, AUSL Romagna, Ferrara, Italy; Simone Fontijn:
Unita di Pediatria, Ospedale di Ravenna, AUSL Romagna, Ravenna, Italy; Mauro Baldini, Fabio
Dal Monte, Elena Zamuner, Lucia Vignutelli: Pediatri di famiglia, AUSL Ravenna, Ravenna, Italy;
Gianluca Vergine: Unita di Pediatria, Ospedale di Rimini, AUSL Romagna, Rimini, Italy; Carmelo
Palmeri, Cecilia Argentina: Pediatri di famiglia, AUSL Romagna, Rimini, Italy; Margherita Marchiani:
Associazione Respiro Libero Onlus, Parma, Parma, Italy.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

Asher, M.L; Montefort, S.; Bjorkstén, B.; Lai, C.K.; Strachan, D.P.; Weiland, S.K.; Williams, H.; The ISAAC Phase Three Study
Group. Worldwide time trends in the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood:
Isaac phases one and three repeat multicountry cross-sectional surveys. Lancet 2006, 368, 733-743; Erratum in Lancet 2007,
370, 1128. [CrossRef] [PubMed]

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. 2022. Available online: https://ginasthm
a.org/ (accessed on 16 March 2023).

O’Byrne, PM.; Pedersen, S.; Lamm, C.J.; Tan, W.C.; Busse, W.W.; START Investigators Group. Severe Exacerbations and Decline
in Lung Function in Asthma. Am. |. Respir. Crit. Care Med. 2009, 179, 19-24; Erratum in Am. ]. Respir. Crit. Care Med. 2010,
182,983-984. [CrossRef] [PubMed]

O’Brian, A.L.; Lemanske, R.E, Jr.; Evans, M.D.; Gangnon, R.E.; Gern, ].E.; Jackson, D.]J. Recurrent severe exacerbations in early life
and reduced lung function at school age. J. Allergy Clin. Immunol. 2012, 129, 1162-1164. [CrossRef] [PubMed]

British Thoracic Society /Scottish Intercollegiate Guidelines Network. SIGN 15. British Guideline on the Management of Asthma.
Revised Edition Published July 2019. Available online: https:/ /www.brit-thoracic.org.uk/quality-improvement/guidelines /asth
ma/ (accessed on 14 February 2023).

Expert Panel Working Group of the National Heart, Lung, and Blood Institute. Focused updates to the asthma management
guidelines: A report from the National Asthma Education and Prevention Program Coordinating Committee Expert Panel Working
Group. J. Allergy Clin. Immunol. 2020, 146, 1217-1270. [CrossRef]

Stempel, D.A.; Raphiou, L.H.; Kral, KM.; Yeakey, AM.; Emmett, A.H.; Prazma, C.M.; Buaron, K.S.; Pascoe, S.J.; AUSTRI
Investigators. Serious Asthma Events with Fluticasone plus Salmeterol versus Fluticasone Alone. N. Engl. ]. Med. 2016,
374, 1822-1830. [CrossRef]

Lemanske, R.F, Jr.; Mauger, D.T.; Sorkness, C.A.; Jackson, D.J.; Boehmer, S.J.; Martinez, ED.; Strunk, R.C.; Szefler, S.J.; Zeiger, R.S.;
Bacharier, L.B.; et al. Step-up therapy for children with uncontrolled asthma receiving inhaled corticosteroids. N. Engl. ]. Med.
2010, 362, 975-985. [CrossRef]

Fainardi, V.; Caffarelli, C.; Deolmi, M.; Skenderaj, K.; Meoli, A.; Morini, R.; Bergamini, B.M.; Bertelli, L.; Biserna, L.; Bottau, P.;
et al. Management of Preschool Wheezing: Guideline from the Emilia-Romagna Asthma (ERA) Study Group. J. Clin. Med. 2022,
11, 4763. [CrossRef]

Grandinetti, R.; Fainardi, V.; Caffarelli, C.; Capoferri, G.; Lazzara, A.; Tornesello, M.; Meoli, A.; Bergamini, B.M.; Bertelli, L.;
Biserna, L.; et al. Risk Factors Affecting Development and Persistence of Preschool Wheezing: Consensus Document of the
Emilia-Romagna Asthma (ERA) Study Group. J. Clin. Med. 2022, 11, 6558. [CrossRef]

Fainardi, V.; Caffarelli, C.; Bergamini, B.M.; Biserna, L.; Bottau, P.; Corinaldesi, E.; Dondi, A.; Fornaro, M.; Guidi, B.; Lombardi, F.
Management of Children with Acute Asthma Attack: A RAND/UCLA Appropriateness Approach. Int. ]. Environ. Res. Public
Health 2021, 18, 12775. [CrossRef]


https://doi.org/10.1016/S0140-6736(06)69283-0
https://www.ncbi.nlm.nih.gov/pubmed/16935684
https://ginasthma.org/
https://ginasthma.org/
https://doi.org/10.1164/rccm.200807-1126OC
https://www.ncbi.nlm.nih.gov/pubmed/18990678
https://doi.org/10.1016/j.jaci.2011.11.046
https://www.ncbi.nlm.nih.gov/pubmed/22236729
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/asthma/
https://doi.org/10.1016/j.jaci.2020.10.003
https://doi.org/10.1056/NEJMoa1511049
https://doi.org/10.1056/NEJMoa1001278
https://doi.org/10.3390/jcm11164763
https://doi.org/10.3390/jcm11216558
https://doi.org/10.3390/ijerph182312775

J. Clin. Med. 2023, 12, 5467 25 of 31

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Brozek, J.L.; Akl, E.A,; Jaeschke, R.; Lang, D.M.; Bossuyt, P; Glasziou, P.; Helfand, M.; Ueffing, E.; Alonso-Coello, P.; Meerpohl, J.
Grading quality of evidence and strength of recommendations in clinical practice guidelines: Part 2 of 3. The GRADE approach
to grading quality of evidence about diagnostic tests and strategies. Allergy 2009, 64, 1109-1116. [CrossRef]

Andrews, J.C.; Schiinemann, H.J.; Oxman, A.D.; Pottie, K.; Meerpohl, ].J.; Coello, P.A.; Rind, D.; Montori, V.M.; Brito, ].P.; Norris,
S. GRADE guidelines: 15. Going from evidence to recommendation-determinants of a recommendation’s direction and strength.
J. Clin. Epidemiol. 2013, 66, 726-735. [CrossRef] [PubMed]

Bergstrom, S.E.; Boman, G.; Eriksson, L.; Formgren, H.; Foucard, T.; Horte, L.G.; Janson, C.; Spetz-Nystrom, U.; Hedlin, G. Asthma
mortality among Swedish children and young adults, a 10-year study. Respir. Med. 2008, 102, 1335-1341. [CrossRef] [PubMed]
Dusser, D.; Montani, D.; Chanez, P.; de Blic, J.; Delacourt, C.; Deschildre, A.; Devillier, P; Didier, A.; Leroyer, C.; Marguet, C. Mild
asthma: An expert review on epidemiology, clinical characteristics and treatment recommendations. Allergy 2007, 62, 591-604;
Erratum in Allergy 2007, 62, 968. [CrossRef]

Crossingham, I.; Turner, S.; Ramakrishnan, S.; Fries, A.; Gowell, M.; Yasmin, F.; Richardson, R.; Webb, P.; O’ Boyle, E.; Sc Hinks, T.
Combination fixed-dose beta agonist and steroid inhaler as required for adults or children with mild asthma. Cochrane Database
Syst. Rev. 2021, 2021, CD013518. [CrossRef]

Di Cicco, M.E.; Leone, M.; Scavone, M.; Miraglia Del Giudice, M.; Licari, A.; Duse, M.; Brambilla, I.; Ciprandi, G,;
Caffarelli, C.; Tosca, M. Intermittent and mild persistent asthma: How therapy has changed. Acta Biomed. 2021, 92, e2021523.
[CrossRef] [PubMed]

To, T.; Zhu, |.; Terebessy, E.; Zhang, K.; Gershon, A.S.; Licskai, C. Is overreliance on short-acting 3-agonists associated with health
risks in the older asthma population? ER] Open Res. 2022, 8, 32. [CrossRef]

Nwaru, B.I; Ekstrom, M.; Hasvold, P.; Wiklund, F; Telg, G.; Janson, C. Overuse of short-acting 3-agonists in asthma is associated
with increased risk of exacerbation and mortality: A nationwide cohort study of the global SABINA programme. Eur. Respir. |.
2020, 55, 1901872. [CrossRef]

O’Byrne, PM.; FitzGerald, ].M.; Bateman, E.D.; Barnes, PJ.; Zhong, N.; Keen, C.; Jorup, C.; Lamarca, R.; Ivanov, S.; Reddel, H.K.
Inhaled Combined Budesonide-Formoterol as Needed in Mild Asthma. N. Engl. |. Med. 2018, 378, 1865-1876. [CrossRef]
Martinez, ED.; Chinchilli, V.M.; Morgan, W.J.; Boehmer, S.J.; Lemanske, R.E, Jr.; Mauger, D.T.; Strunk, R.C.; Szefler, S.J.; Zeiger,
R.S.; Bacharier, L.B.; et al. Use of beclomethasone dipropionate as rescue treatment for children with mild persistent asthma
(TREXA): A randomised, double-blind, placebo-controlled trial. Lancet 2011, 377, 650-657. [CrossRef]

Papi, A.; Canonica, G.W.; Maestrelli, P; Paggiaro, P.; Olivieri, D.; Pozzi, E.; Crimi, N.; Vignola, A.M.; Morelli, P.; Nicolini, G.; et al.
Rescue use of beclomethasone and albuterol in a single inhaler for mild asthma. N. Engl. ]. Med. 2007, 356, 2040-2052. [CrossRef]
Bateman, E.D.; Reddel, HK.; O’'Byrne, PM.; Barnes, PJ.; Zhong, N.; Keen, C.; Jorup, C.; Lamarca, R.; Siwek-Posluszna, A.;
FitzGerald, ].M. As-Needed Budesonide-Formoterol versus Maintenance Budesonide in Mild Asthma. N. Engl. J. Med. 2018,
378, 1877-1887. [CrossRef] [PubMed]

Beasley, R.; Holliday, M.; Reddel, H.K.; Braithwaite, I.; Ebmeier, S.; Hancox, R.J.; Harrison, T.; Houghton, C.; Oldfield, K,;
Papi, A.; et al. Controlled Trial of Budesonide-Formoterol as Needed for Mild Asthma. N. Engl. |. Med. 2019, 380, 2020-2030.
[CrossRef] [PubMed]

Hardy, J.; Baggott, C.; Fingleton, J.; Reddel, H.K.; Hancox, R.J.; Harwood, M.; Corin, A.; Sparks, J.; Hall, D.; Sabbagh, D.
Budesonide-formoterol reliever therapy versus maintenance budesonide plus terbutaline reliever therapy in adults with mild to
moderate asthma (PRACTICAL): A 52-week, open-label, multicentre, superiority, randomised controlled trial. Lancet 2019, 394,
919-928; Erratum in Lancet 2020, 395, 1422. [CrossRef] [PubMed]

Reddel, HK.; O’'Byrne, PM.; FitzGerald, ].M.; Barnes, PJ.; Zheng, ].; Ivanov, S.; Lamarca, R.; Puu, M.; Alagappan, VK.T,; Bateman,
E.D. Efficacy and Safety of As-Needed Budesonide-Formoterol in Adolescents with Mild Asthma. J. Allergy Clin. Immunol. Pract.
2021, 9, 3069-3077.e6. [CrossRef]

O’Byrne, PM,; FitzGerald, ] M.; Bateman, E.D.; Barnes, PJ.; Zheng, J.; Gustafson, P.; Lamarca, R.; Puu, M.; Keen, C.; Alagappan,
V.K.T,; et al. Effect of a single day of increased as-needed budesonide-formoterol use on short-term risk of severe exacerbations in
patients with mild asthma: A post-hoc analysis of the SYGMA 1 study. Lancet Respir. Med. 2021, 9, 149-158. [CrossRef]
Rodriguez-Martinez, C.E.; Sossa-Bricefio, M.P.; Buendia, ].A. As-Needed Use of Short-Acting (32-Agonists Alone Versus As-
Needed Use of Short-Acting 32-Agonists Plus Inhaled Corticosteroids in Pediatric Patients with Mild Intermittent (Step 1)
Asthma: A Cost-Effectiveness Analysis. |. Allergy Clin. Immunol. Pract. 2022, 10, 1562-1568. [CrossRef]

FitzGerald, ].M.; Arnetorp, S.; Smare, C.; Gibson, D.; Coulton, K.; Hounsell, K.; Golam, S.; Sadatsafavi, M. The cost-effectiveness
of as-needed budesonide/formoterol versus low-dose inhaled corticosteroid maintenance therapy in patients with mild asthma
in the UK. Respir. Med. 2020, 171, 106079. [CrossRef]

Haahtela, T.; Tamminen, K.; Malmberg, L.P.; Zetterstrom, O.; Karjalainen, J.; Yld-Outinen, H.; Svahn, T.; Ekstrém, T.; Selroos, O.
Formoterol as needed with or without budesonide in patients with intermittent asthma and raised NO levels in exhaled air: A
SOMA study. Eur. Respir. ]. 2006, 28, 748-755. [CrossRef]

Rodriguez-Martinez, C.E.; Sossa-Bricefio, M.P.; Garcia-Marcos, L. Use of inhaled corticosteroids on an intermittent or as-needed
basis in pediatric asthma: A systematic review of the literature. J. Asthma 2022, 59, 2189-2200. [CrossRef]

Chipps, B.E.; Albers, F.C.; Reilly, L.; Johnsson, E.; Cappelletti, C.; Papi, A. Efficacy and safety of as-needed albuterol /budesonide
versus albuterol in adults and children aged >4 years with moderate-to-severe asthma: Rationale and design of the randomised,
double-blind, active-controlled MANDALA study. BM] Open Respir. Res. 2021, 8, e001077. [CrossRef]


https://doi.org/10.1111/j.1398-9995.2009.02083.x
https://doi.org/10.1016/j.jclinepi.2013.02.003
https://www.ncbi.nlm.nih.gov/pubmed/23570745
https://doi.org/10.1016/j.rmed.2008.03.020
https://www.ncbi.nlm.nih.gov/pubmed/18635346
https://doi.org/10.1111/j.1398-9995.2007.01394.x
https://doi.org/10.1002/14651858.CD013518
https://doi.org/10.23750/abm.v92iS7.12422
https://www.ncbi.nlm.nih.gov/pubmed/34842585
https://doi.org/10.1183/23120541.00032-2022
https://doi.org/10.1183/13993003.01872-2019
https://doi.org/10.1056/NEJMoa1715274
https://doi.org/10.1016/S0140-6736(10)62145-9
https://doi.org/10.1056/NEJMoa063861
https://doi.org/10.1056/NEJMoa1715275
https://www.ncbi.nlm.nih.gov/pubmed/29768147
https://doi.org/10.1056/NEJMoa1901963
https://www.ncbi.nlm.nih.gov/pubmed/31112386
https://doi.org/10.1016/S0140-6736(19)31948-8
https://www.ncbi.nlm.nih.gov/pubmed/31451207
https://doi.org/10.1016/j.jaip.2021.04.016
https://doi.org/10.1016/S2213-2600(20)30416-1
https://doi.org/10.1016/j.jaip.2022.02.022
https://doi.org/10.1016/j.rmed.2020.106079
https://doi.org/10.1183/09031936.06.00128005
https://doi.org/10.1080/02770903.2021.2008430
https://doi.org/10.1136/bmjresp-2021-001077

J. Clin. Med. 2023, 12, 5467 26 of 31

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Hatter, L.; Bruce, P; Holliday, M.; Anderson, A.J.; Braithwaite, I.; Corin, A.; Eathorne, A.; Grimes, A.; Harwood, M.; Hills, T; et al.
The Children’s Anti-inflammatory Reliever (CARE) study: A protocol for a randomised controlled trial of budesonide-formoterol
as sole reliever therapy in children with mild asthma. ER] Open Res. 2021, 7, 00271-02021. [CrossRef]

National Asthma Education and Prevention Program. Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and
Management of Asthma-Summary Report 2007. J. Allergy Clin. Immunol. 2007, 120, S93-S138. [CrossRef]

Papi, A.; Brightling, C.; Pedersen, S.E.; Reddel, H.K. Asthma. Lancet 2018, 391, 783-800. [CrossRef] [PubMed]

Peloza, D.L.; Jackson, D.J. Strategies to prevent exacerbations of childhood asthma. Curr. Opin. Pulm. Med. 2019, 25, 27-33.
[CrossRef] [PubMed]

Castro-Rodriguez, ].A.; Rodrigo, G.J. The role of inhaled corticosteroids and montelukast in children with mild-moderate asthma:
Results of a systematic review with meta-analysis. Arch. Dis. Child. 2010, 95, 365-370. [CrossRef]

Massingham, K.; Fox, S.; Smaldone, A. Asthma therapy in pediatric patients: A systematic review of treatment with montelukast
versus inhaled corticosteroids. . Pediatr. Health Care 2014, 28, 51-62. [CrossRef]

Mane, D.S.; Mane, S.; Rampur, PP; Rajagara, S.S. Comparative outcomes between ihinhaled budesonide and oral montelukast in
mild persistent childhood asthma. Int. . Med. Biomed. Stud. 2019, 3, 113-124. [CrossRef]

Shin, J.; Oh, S.J.; Petigara, T.; Tunceli, K.; Urdaneta, E.; Navaratnam, P.; Friedman, H.S.; Park, S.W.; Hong, S.H. Comparative
effectiveness of budesonide inhalation suspension and montelukast in children with mild asthma in Korea. . Asthma 2020,
57,1354-1364. [CrossRef]

Chen, Z.M.; Zhao, D.Y,; Xiang, L.; Hong, J.G. Treatment of pediatric mild persistent asthma with low-dose budesonide inhalation
suspension vs. montelukast in China. World J. Pediatr. 2021, 17, 619-625. [CrossRef]

Bush, A. Montelukast in paediatric asthma: Where we are now and what still needs to be done? Paediatr. Respir. Rev. 2015,
16, 97-100. [CrossRef]

Bacharier, L.B.; Guilbert, TW. New Directions in Pediatric Asthma. Immunol. Allergy Clin. N. Am. 2019, 39, 283-295.
[CrossRef] [PubMed]

Zeiger, R.S.; Szefler, S.J.; Phillips, B.R.; Schatz, M.; Martinez, F.D.; Chinchilli, V.M.; Lemanske, R.F, Jr.; Strunk, R.C.; Larsen, G;
Spahn, ].D.; et al. Response profiles to fluticasone and montelukast in mild-to-moderate persistent childhood asthma. J. Allergy
Clin. Immunol. 2006, 117, 45-52. [CrossRef] [PubMed]

Bisgaard, H.; Le Roux, P,; Bjamer, D.; Dymek, A.; Vermeulen, ].H.; Hultquist, C. Budesonide/formoterol maintenance plus reliever
therapy: A new strategy in pediatric asthma. Chest 2006, 130, 1733-1743. [CrossRef]

Rabe, K.F,; Atienza, T.; Magyar, P,; Larsson, P; Jorup, C.; Lalloo, U.G. Effect of budesonide in combination with formoterol
for reliever therapy in asthma exacerbations: A randomised controlled, double-blind study. Lancet 2006, 368, 744-753.
[CrossRef] [PubMed]

Bousquet, J.; Boulet, L.P; Peters, M.J.; Magnussen, H.; Quiralte, ].; Martinez-Aguilar, N.E.; Carlsheimer, A. Budesonide/formoterol
for maintenance and relief in uncontrolled asthma vs. high-dose salmeterol/fluticasone. Respir. Med. 2007, 101, 2437-2446;
Erratum in Respir. Med. 2008, 102, 937-938. [CrossRef]

Kuna, P.;; Peters, M.].; Manjra, A.L; Jorup, C.; Naya, L.P.; Martinez-Jimenez, N.E.; Buhl, R. Effect of budesonide/formoterol
maintenance and reliever therapy on asthma exacerbations. Int. J. Clin. Pract. 2007, 61, 725-736. [CrossRef]

Vogelmeier, C.; D’Urzo, A.; Pauwels, R.; Merino, ].M.; Jaspal, M.; Boutet, S.; Naya, L.; Price, D. Budesonide/formoterol maintenance
and reliever therapy: An effective asthma treatment option? Eur. Respir. J. 2005, 26, 819-828; Erratum in Eur. Respir. ]. 2005, 26,
1191; Erratum in Eur. Respir. ]. 2011, 38, 491. [CrossRef]

Raphael, G.; Yiu, G.; Sakov, A,; Liu, S.; Caracta, C. Randomized, double-blind trial evaluating the efficacy and safety of fluticasone
propionate and fluticasone propionate/salmeterol delivered via multidose dry powder inhalers in patients with persistent asthma
aged 12 years and older. J. Asthma 2018, 55, 640-650. [CrossRef]

Jorup, C.; Lythgoe, D.; Bisgaard, H. Budesonide/formoterol maintenance and reliever therapy in adolescent patients with asthma.
Eur. Respir. ]. 2018, 51, 1701688. [CrossRef]

Van Zyl-Smit, R.N.; Kriill, M.; Gessner, C.; Gon, Y.; Noga, O.; Richard, A.; de Los Reyes, A.; Shu, X.; Pethe, A.; Tanase, A.M.; et al.
Once-daily mometasone plus indacaterol versus mometasone or twice-daily fluticasone plus salmeterol in patients with inade-
quately controlled asthma (PALLADIUM): A randomised, double-blind, triple-dummy, controlled phase 3 study. Lancet Respir.
Med. 2020, 8, 987-999. [CrossRef]

Ploszczuk, A.; Bosheva, M.; Spooner, K.; Mclver, T.; Dissanayake, S. Efficacy and safety of fluticasone propionate/formoterol
fumarate in pediatric asthma patients: A randomized controlled trial. Ther. Adv. Respir. Dis. 2018, 12, 1753466618777924.
[CrossRef] [PubMed]

Weinstein, C.L.].; Gates, D.; Zhang, X.; Varnell, T.; Mok, W.; Vermeulen, J.H.; Amar, N.J; Jain, N. A phase 3 study evaluating
the safety and efficacy of a pediatric dose of mometasone furoate with and without formoterol for persistent asthma. Pediatr.
Pulmonol. 2020, 55, 882-889. [CrossRef]

Cao, H,; Gu, J; Dai, J.; Yang, G.; Tang, H.; Ding, A. Comparison of the effect of fluticasone combined with salmeterol and
fluticasone alone in the treatment of pediatric asthma. Minerva Pediatr. 2021, 73, 452-459. [CrossRef] [PubMed]

Zhang, Y.; Wang, H. Efficacy of montelukast sodium chewable tablets combined with inhaled budesonide in treating pediatric
asthma and its effect on inflammatory factors. Pharmazie 2019, 74, 694—697. [CrossRef] [PubMed]


https://doi.org/10.1183/23120541.00271-2021
https://doi.org/10.1016/j.jaci.2007.09.043
https://doi.org/10.1016/S0140-6736(17)33311-1
https://www.ncbi.nlm.nih.gov/pubmed/29273246
https://doi.org/10.1097/MCP.0000000000000539
https://www.ncbi.nlm.nih.gov/pubmed/30422897
https://doi.org/10.1136/adc.2009.169177
https://doi.org/10.1016/j.pedhc.2012.11.005
https://doi.org/10.32553/ijmbs.v3i9.544
https://doi.org/10.1080/02770903.2019.1648504
https://doi.org/10.1007/s12519-021-00464-7
https://doi.org/10.1016/j.prrv.2014.10.007
https://doi.org/10.1016/j.iac.2018.12.012
https://www.ncbi.nlm.nih.gov/pubmed/30954177
https://doi.org/10.1016/j.jaci.2005.10.012
https://www.ncbi.nlm.nih.gov/pubmed/16387583
https://doi.org/10.1378/chest.130.6.1733
https://doi.org/10.1016/S0140-6736(06)69284-2
https://www.ncbi.nlm.nih.gov/pubmed/16935685
https://doi.org/10.1016/j.rmed.2007.07.014
https://doi.org/10.1111/j.1742-1241.2007.01338.x
https://doi.org/10.1183/09031936.05.00028305
https://doi.org/10.1080/02770903.2017.1350971
https://doi.org/10.1183/13993003.01688-2017
https://doi.org/10.1016/S2213-2600(20)30178-8
https://doi.org/10.1177/1753466618777924
https://www.ncbi.nlm.nih.gov/pubmed/29857783
https://doi.org/10.1002/ppul.24667
https://doi.org/10.23736/S2724-5276.21.05939-5
https://www.ncbi.nlm.nih.gov/pubmed/33988019
https://doi.org/10.1691/ph.2019.9582
https://www.ncbi.nlm.nih.gov/pubmed/31739840

J. Clin. Med. 2023, 12, 5467 27 of 31

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Zhou, X.J.; Qin, Z.; Lu, J.; Hong, ].G. Efficacy and safety of salmeterol/fluticasone compared with montelukast alone (or add-on
therapy to fluticasone) in the treatment of bronchial asthma in children and adolescents: A systematic review and meta-analysis.
Chin. Med. J. 2021, 134, 2954-2961. [CrossRef] [PubMed]

FDA. Requires Boxed Warning about Serious Mental Health Side Effects for Asthma and Allergy Drug Montelukast (Singulair);
Adyvises Restricting Use for Allergic Rhinitis. Available online: https://www.fda.gov/drugs/drug-safety-and-availability /fda-r
equires-boxed-warning-about-serious-mental-health-side-effects-asthma-and-allergy-drug (accessed on 30 March 2023).
Heaney, L.G.; Horne, R. Non-adherence in difficult asthma: Time to take it seriously. Thorax 2012, 67, 268-270. [CrossRef]
Ledrup Carlsen, K.C.; Hedlin, G.; Bush, A.; Wennergren, G.; de Benedictis, EM.; De Jongste, ].C.; Baraldi, E.; Pedroletti, C.;
Barbato, A.; Malmstrom, K.; et al. Assessment of problematic severe asthma in children. Eur. Respir. ]. 2011, 37, 432-440.
[CrossRef]

Bracken, M.; Fleming, L.; Hall, P.; Van Stiphout, N.; Bossley, C.; Biggart, E.; Wilson, N.M.; Bush, A. The importance of nurse-led
home visits in the assessment of children with problematic asthma. Arch. Dis. Child. 2009, 94, 780-784. [CrossRef]

Fainardi, V.; Saglani, S. An approach to the management of children with problematic severe asthma. Acta Biomed. 2020,
91, €2020055. [CrossRef]

Aschalew, A.; Kebed, R.A.; Demie, T.G.; Weldetsadik, A.Y. Assessment of level of asthma control and related factors in children
attending pediatric respiratory clinics in Addis Ababa, Ethiopia. BMC Pulm. Med. 2022, 22, 70. [CrossRef]

Basharat, S.; Jabeen, U.; Zeeshan, F.; Bano, I.; Bari, A.; Rathore, A.W. Adherence to asthma treatment and their association with
asthma control in children. . Pak. Med. Assoc. 2018, 68, 725-728.

Giubergia, V.; Ramirez Farias, M.].; Pérez, V.; Gonzalez, A.; Crespi, N.; Fridman, N.; Castafios, C. Severe asthma in pediatrics:
Outcomes of the implementation of a special health care protocol. Arch. Argent. Pediatr. 2018, 116, 105-111. [CrossRef] [PubMed]
Takkinsatian, P.; Chantaratin, S.; Sirisakpanit, S.; Srisuwatchari, W.; Pacharn, P.; Jirapongsananuruk, O.; Visitsunthorn, N.
Psychosocial factors and lack of asthma knowledge undermine child and adolescent adherence to inhaled corticosteroid.
J. Asthma 2022, 59, 2234-2245. [CrossRef] [PubMed]

De Groot, E.P; Nijkamp, A.; Duiverman, E.J.; Brand, P.L. Allergic rhinitis is associated with poor asthma control in children with
asthma. Thorax 2012, 67, 582-587. [CrossRef] [PubMed]

Bousquet, J.; Gaugris, S.; Kocevar, V.S.; Zhang, Q.; Yin, D.D.; Polos, P.G.; Bjermer, L. Increased risk of asthma attacks and
emergency visits among asthma patients with allergic rhinitis: A subgroup analysis of the investigation of montelukast as a
partner agent for complementary therapy [corrected]. Clin. Exp. Allergy 2005, 35, 723-727; Erratum in Clin. Exp. Allergy 2006,
36, 249. [CrossRef] [PubMed]

Longo, C.; Bartlett, G.; Schuster, T.; Ducharme, FM.; MacGibbon, B.; Barnett, T.A. Influence of weight status in the response to
Step-2 maintenance therapies in children with asthma. BMJ] Open Respir. Res. 2019, 6, €000401. [CrossRef] [PubMed]

Bush, A. Management of asthma in children. Minerva Pediatr. 2018, 70, 444-457. [CrossRef]

Olaniyan, T.; Dalvie, M.A.; Ro6sli, M.; Naidoo, R.; Kiinzli, N.; de Hoogh, K.; Parker, B.; Leaner, ].; Jeebhay, M. Asthma-related
outcomes associated with indoor air pollutants among schoolchildren from four informal settlements in two municipalities in the
Western Cape Province of South Africa. Indoor Air 2019, 29, 89-100. [CrossRef]

Esposito, S.; Rosafio, C.; Antodaro, E.; Argentiero, A.; Bassi, M.; Becherucci, P.; Bonsanto, F.; Cagliero, A.; Cannata, G.; Capello,
F; et al. Use of Telemedicine Healthcare Systems in Children and Adolescents with Chronic Disease or in Transition Stages of
Life: Consensus Document of the Italian Society of Telemedicine (SIT), of the Italian Society of Preventive and Social Pediatrics
(SIPPS), of the Italian Society of Pediatric Primary Care (SICuPP), of the Italian Federation of Pediatric Doctors (FIMP) and of the
Syndicate of Family Pediatrician Doctors (SIMPeF). J. Pers. Med. 2023, 13, 235. [CrossRef]

Davies, B.; Kenia, P.; Nagakumar, P.; Gupta, A. Paediatric and adolescent asthma: A narrative review of telemedicine and
emerging technologies for the post-COVID-19 era. Clin. Exp. Allergy 2021, 51, 393—401. [CrossRef]

Geller, D.E. Comparing clinical features of the nebulizer, metered-dose inhaler, and dry powder inhaler. Respir. Care 2005, 50,
1313-1321; discussion 1321-1322. [PubMed]

Dolovich, M.B.; Ahrens, R.C.; Hess, D.R.; Anderson, P.; Dhand, R; Rau, ].L.; Smaldone, G.C.; Guyatt, G.; American College of
Chest Physicians; American College of Asthma, Allergy, and Immunology. Device selection and outcomes of aerosol therapy:
Evidence-based guidelines: American College of Chest Physicians/American College of Asthma, Allergy, and Immunology.
Chest 2005, 127, 335-371. [CrossRef] [PubMed]

Can, C.; Akkelle, E.; Gokmirza Ozdemir, P; Yazicioglu, M.; Siit, N. Assessment of regular drug use and inhaler technique skills in
asthmatic children. Allergol. Immunopathol. 2020, 48, 124-129. [CrossRef] [PubMed]

Capanoglu, M.; Dibek Misirlioglu, E.; Toyran, M.; Civelek, E.; Kocabas, C.N. Evaluation of inhaler technique, adherence to
therapy and their effect on disease control among children with asthma using metered dose or dry powder inhalers. . Asthma
2015, 52, 838-845. [CrossRef] [PubMed]

Bickel, S.; Morton, R.; O'Hagan, A.; Canal, C.; Sayat, J.; Eid, N. Impact of Payor-Initiated Switching of Inhaled Corticosteroids on
Lung Function. |. Pediatr. 2021, 234, 128-133.e1l. [CrossRef]

Almomani, B.A.; Al-Qawasmeh, B.S.; Al-Shatnawi, S.F.; Awad, S.; Alzoubi, S.A. Predictors of proper inhaler technique and
asthma control in pediatric patients with asthma. Pediatr. Pulmonol. 2021, 56, 866-874. [CrossRef]

Caffarelli, C.; Cangemi, J.; Mastrorilli, C.; Giannetti, A.; Ricci, G. Allergen-specific Inmunotherapy for Inhalant Allergens in
Children. Curr. Pediatr. Rev. 2020, 16, 129-139. [CrossRef]


https://doi.org/10.1097/CM9.0000000000001853
https://www.ncbi.nlm.nih.gov/pubmed/34784306
https://www.fda.gov/drugs/drug-safety-and-availability/fda-requires-boxed-warning-about-serious-mental-health-side-effects-asthma-and-allergy-drug
https://www.fda.gov/drugs/drug-safety-and-availability/fda-requires-boxed-warning-about-serious-mental-health-side-effects-asthma-and-allergy-drug
https://doi.org/10.1136/thoraxjnl-2011-200257
https://doi.org/10.1183/09031936.00091410
https://doi.org/10.1136/adc.2008.152140
https://doi.org/10.23750/abm.v91i3.9603
https://doi.org/10.1186/s12890-022-01865-8
https://doi.org/10.5546/aap.2018.eng.105
https://www.ncbi.nlm.nih.gov/pubmed/29557596
https://doi.org/10.1080/02770903.2021.1999468
https://www.ncbi.nlm.nih.gov/pubmed/34752204
https://doi.org/10.1136/thoraxjnl-2011-201168
https://www.ncbi.nlm.nih.gov/pubmed/22213738
https://doi.org/10.1111/j.1365-2222.2005.02251.x
https://www.ncbi.nlm.nih.gov/pubmed/15969661
https://doi.org/10.1136/bmjresp-2019-000401
https://www.ncbi.nlm.nih.gov/pubmed/31179003
https://doi.org/10.23736/S0026-4946.18.05351-3
https://doi.org/10.1111/ina.12511
https://doi.org/10.3390/jpm13020235
https://doi.org/10.1111/cea.13836
https://www.ncbi.nlm.nih.gov/pubmed/16185367
https://doi.org/10.1378/chest.127.1.335
https://www.ncbi.nlm.nih.gov/pubmed/15654001
https://doi.org/10.1016/j.aller.2019.06.009
https://www.ncbi.nlm.nih.gov/pubmed/31627970
https://doi.org/10.3109/02770903.2015.1028075
https://www.ncbi.nlm.nih.gov/pubmed/26037396
https://doi.org/10.1016/j.jpeds.2021.03.008
https://doi.org/10.1002/ppul.25263
https://doi.org/10.2174/1573396315666191021104003

J. Clin. Med. 2023, 12, 5467 28 of 31

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Gradman, J.; Halken, S. Preventive Effect of Allergen Immunotherapy on Asthma and New Sensitizations. J. Allergy Clin. Immunol.
Pract. 2021, 9, 1813-1817. [CrossRef]

Asthma: Diagnosis, Monitoring and Chronic Asthma Management. London: National Institute for Health and Care Excellence
(NICE); (NICE Guideline, No. 80). 22 March 2021. Available online: https://www.nice.org.uk/guidance/ng80/chapter/Reco
mmendations (accessed on 14 February 2023).

Roberts, G.; Pfaar, O.; Akdis, C.A.; Ansotegui, I.].; Durham, S.R.; Gerth van Wijk, R.; Halken, S.; Larenas-Linnemann, D.;
Pawankar, R.; Pitsios, C.; et al. EAACI Guidelines on Allergen Immunotherapy: Allergic rhinoconjunctivitis. Allergy 2018,
73,765-798. [CrossRef]

Halken, S.; Larenas-Linnemann, D.; Roberts, G.; Calderén, M.A.; Angier, E.; Pfaar, O.; Ryan, D.; Agache, I.; Ansotegui, L].;
Arasi, S.; et al. EAACI guidelines on allergen immunotherapy: Prevention of allergy. Pediatr. Allergy Immunol. 2017, 28, 728-745.
[CrossRef]

Agache, I.; Lau, S.; Akdis, C.A.; Smolinska, S.; Bonini, M.; Cavkaytar, O.; Flood, B.; Gajdanowicz, P.; Izuhara, K.; Kalayci,
O.; et al. EAACI Guidelines on Allergen Immunotherapy: House dust mite-driven allergic asthma. Allergy 2019, 74, 855-873.
[CrossRef] [PubMed]

Bousquet, J.; Pfaar, O.; Agache, I.; Bedbrook, A.; Akdis, C.A.; Canonica, G.W.; Chivato, T.; Al-Ahmad, M.; Abdul Latiff, A.H.;
Ansotegui, L].; et al. ARTA-EAACI care pathways for allergen immunotherapy in respiratory allergy. Clin. Transl. Allergy 2021,
11, 12014. [CrossRef] [PubMed]

Pfaar, O.; Ankermann, T.; Augustin, M.; Bubel, P,; Béing, S.; Brehler, R.; Eng, P.A.; Fischer, PJ.; Gerstlauer, M.; Hamelmann, E.; et al.
Guideline on allergen immunotherapy in IgE-mediated allergic diseases: S2K Guideline of the German Society of Allergology
and Clinical Immunology (DGAKI), Society of Pediatric Allergology and Environmental Medicine (GPA), Medical Association
of German Allergologists (AeDA), Austrian Society of Allergology and Immunology (OGAI), Swiss Society for Allergology
and Immunology (SSAI), German Dermatological Society (DDG), German Society of Oto-Rhino-Laryngology, Head and Neck
Surgery (DGHNO-KHC), German Society of Pediatrics and Adolescent Medicine (DGK]J), Society of Pediatric Pulmonology
(GPP), German Respiratory Society (DGP), German Professional Association of Otolaryngologists (BVHNO), German Association
of Paediatric and Adolescent Care Specialists (BVK]), Federal Association of Pneumologists, Sleep and Respiratory Physicians
(BdP), Professional Association of German Dermatologists (BVDD). Allergol. Sel. 2022, 6, 167-232. [CrossRef]

Farraia, M.; Paciéncia, I.; Castro Mendes, F.; Cavaleiro Rufo, J.; Shamji, M.; Agache, I.; Moreira, A. Allergen immunotherapy for
asthma prevention: A systematic review and meta-analysis of randomized and non-randomized controlled studies. Allergy 2022,
77,1719-1735. [CrossRef]

Zielen, S.; Devillier, P.; Heinrich, J.; Richter, H.; Wahn, U. Sublingual immunotherapy provides long-term relief in allergic rhinitis
and reduces the risk of asthma: A retrospective, real-world database analysis. Allergy 2018, 73, 165-177. [CrossRef]

He, Y.-T.; Zhou, Y.; Shao, Q.; Gan, C.; Chen, M.; Bao, Y.-L.; Gu, H.-Y.; Zhang, S.-L.; Cui, Y; Tian, M. Inmunoregulatory Effects
of Subcutaneous Immunotherapy on Lymphocyte Subgroups and Cytokines in Children with Asthma. J. Immunol. Res. 2019,
2019, 7024905. [CrossRef] [PubMed]

Schmitt, J.; Wiistenberg, E.; Kiister, D.; Miicke, V.; Serup-Hansen, N.; Tesch, F. The moderating role of allergy immunotherapy in
asthma progression: Results of a population-based cohort study. Allergy 2020, 75, 596-602. [CrossRef]

Dai, H.; Zheng, R.; Wang, L.; Wan, J.; Tong, Y.; Zhao, W.; Zhang, W. ICS/LABA Combined with Subcutaneous Immunotherapy
Modulates the Th17/Treg Imbalance in Asthmatic Children. Front. Immunol. 2022, 13, 779072. [CrossRef]

Devillier, P.; Molimard, M.; Ansolabehere, X.; Bardoulat, I.; Coulombel, N.; Maurel, E; Le Jeunne, P.; Demoly, P. Immunotherapy
with grass pollen tablets reduces medication dispensing for allergic rhinitis and asthma: A retrospective database study in France.
Allergy 2019, 74, 1317-1326. [CrossRef]

Wang, C.-M.; Chang, C.-B.; Chan, M.W.; Wen, Z.-H.; Wu, S.-F. Dust mite allergen-specific immunotherapy increases IL4 DNA
methylation and induces Der p-specific T cell tolerance in children with allergic asthma. Cell Mol. Immunol. 2018, 15, 963-972.
[CrossRef]

Amat, F; Sese, L.; Hayat, M.; Bourgoin-Heck, M.; Just, J. Subcutaneous allergen immunotherapy may be a suitable treatment for
exacerbator allergic asthma. Ann. Allergy Asthma Immunol. 2018, 121, 258-259. [CrossRef] [PubMed]

Richards, J.R.; Stumpf, ].L. House Dust Mite Sublingual Immunotherapy for Pediatric Patients with Allergic Asthma. Ann.
Pharmacother. 2018, 52, 1019-1030. [CrossRef] [PubMed]

Keles, S.; Karakoc-Aydiner, E.; Ozen, A.; Izgi, A.G.; Tevetoglu, A.; Akkoc, T.; Bahceciler, N.N.; Barlan, I. A novel approach
in allergen-specific immunotherapy: Combination of sublingual and subcutaneous routes. J. Allergy Clin. Immunol. 2011,
128, 808-815.€7. [CrossRef] [PubMed]

Passalacqua, G.; Landi, M.; Peroni, D.G. Allergen immunotherapy for pediatric asthma: Current evidence and knowledge gaps.
Curr. Opin. Allergy Clin. Immunol. 2020, 20, 162-167. [CrossRef]

Leung, M.S.T.; O'Neill, P.; Dennett, E.; Kew, K.M.; Fortescue, R. The safety and efficacy of SLIT compared to placebo or standard
care for children with asthma. Paediatr. Respir. Rev. 2021, 37, 54-56. [CrossRef]

Rice, J.L.; Diette, G.B.; Suarez-Cuervo, C.; Brigham, E.P; Lin, S.Y.; Ramanathan, M., Jr.; Robinson, K.A.; Azar, A. Allergen-Specific
Immunotherapy in the Treatment of Pediatric Asthma: A Systematic Review. Pediatrics 2018, 141, €20173833. [CrossRef]


https://doi.org/10.1016/j.jaip.2021.03.010
https://www.nice.org.uk/guidance/ng80/chapter/Recommendations
https://www.nice.org.uk/guidance/ng80/chapter/Recommendations
https://doi.org/10.1111/all.13317
https://doi.org/10.1111/pai.12807
https://doi.org/10.1111/all.13749
https://www.ncbi.nlm.nih.gov/pubmed/31095767
https://doi.org/10.1002/clt2.12014
https://www.ncbi.nlm.nih.gov/pubmed/34136127
https://doi.org/10.5414/ALX02331E
https://doi.org/10.1111/all.15295
https://doi.org/10.1111/all.13213
https://doi.org/10.1155/2019/7024905
https://www.ncbi.nlm.nih.gov/pubmed/31737687
https://doi.org/10.1111/all.14020
https://doi.org/10.3389/fimmu.2022.779072
https://doi.org/10.1111/all.13705
https://doi.org/10.1038/cmi.2017.26
https://doi.org/10.1016/j.anai.2018.05.021
https://www.ncbi.nlm.nih.gov/pubmed/29803710
https://doi.org/10.1177/1060028018769443
https://www.ncbi.nlm.nih.gov/pubmed/29642713
https://doi.org/10.1016/j.jaci.2011.04.033
https://www.ncbi.nlm.nih.gov/pubmed/21641635
https://doi.org/10.1097/ACI.0000000000000618
https://doi.org/10.1016/j.prrv.2021.01.002
https://doi.org/10.1542/peds.2017-3833

J. Clin. Med. 2023, 12, 5467 29 of 31

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Holguin, F; Cardet, J.C.; Chung, K.E; Diver, S.; Ferreira, D.S.; Fitzpatrick, A.; Gaga, M.; Kellermeyer, L.; Khurana, S.;
Knight, S.; et al. Management of severe asthma: A European Respiratory Society / American Thoracic Society guideline. Eur.
Respir. ]. 2020, 55, 1900588. [CrossRef]

Reddel, HK,; Bacharier, L.B.; Bateman, E.D.; Brightling, C.E.; Brusselle, G.G.; Buhl, R.; Cruz, A.A.; Duijts, L.; Drazen, ].M,;
FitzGerald, ] M.; et al. Global Initiative for Asthma Strategy 2021: Executive Summary and Rationale for Key Changes. Respirology
2022, 27, 14-35. [CrossRef]

Zhang, Y.; He, J.; Yuan, Y.; Faramand, A.; Fang, F.; Ji, H. Increased versus stable dose of inhaled corticosteroids for asthma
exacerbations: A systematic review and meta-analysis. Clin. Exp. Allergy 2019, 49, 1283-1290. [CrossRef]

McKeever, T.; Mortimer, K.; Wilson, A.; Walker, S.; Brightling, C.; Skeggs, A.; Pavord, L; Price, D.; Duley, L.; Thomas, M.; et al.
Quadrupling Inhaled Glucocorticoid Dose to Abort Asthma Exacerbations. N. Engl. J. Med. 2018, 378, 902-910. [CrossRef]
Generoso, A.; Tuong, L.-A.; Oppenheimer, J. Treatment strategies for the yellow zone. Ann. Allergy Asthma Immunol. 2019,
123, 345-351. [CrossRef] [PubMed]

Abrams, E.M.; Szefler, S.J.; Becker, A.B. What Is the Role of Increasing Inhaled Corticosteroid Therapy in Worsening Asthma in
Children? J. Allergy Clin. Immunol. Pract. 2019, 7, 842-847. [CrossRef]

Jackson, D.J.; Bacharier, L.B.; Mauger, D.T.; Boehmer, S.; Beigelman, A.; Chmiel, ].E; Fitzpatrick, A.M.; Gaffin, ] M.; Morgan,
W.J.; Peters, S.P.; et al. Quintupling Inhaled Glucocorticoids to Prevent Childhood Asthma Exacerbations. N. Engl. |. Med. 2018,
378,891-901. [CrossRef] [PubMed]

Vogelberg, C.; Engel, M.; Laki, I.; Bernstein, J.A.; Schmidt, O.; El Azzi, G.; Moroni-Zentgraf, P.; Sigmund, R.; Hamelmann, E.
Tiotropium add-on therapy improves lung function in children with symptomatic moderate asthma. J. Allergy Clin. Immunol.
Pract. 2018, 6, 2160-2162.€9. [CrossRef] [PubMed]

Szefler, S.J.; Murphy, K.; Harper, T.; Boner, A.; Laki, I; Engel, M.; El Azzi, G.; Moroni-Zentgraf, P.; Finnigan, H.; Hamelmann, E.
A phase Il randomized controlled trial of tiotropium add-on therapy in children with severe symptomatic asthma. J. Allergy Clin.
Immunol. 2017, 140, 1277-1287. [CrossRef] [PubMed]

Hamelmann, E.; Bateman, E.D.; Vogelberg, C.; Szefler, S.J.; Vandewalker, M.; Moroni-Zentgraf, P.; Avis, M.; Unseld, A.; Engel, M.;
Boner, A.L. Tiotropium add-on therapy in adolescents with moderate asthma: A 1-year randomized controlled trial. J. Allergy
Clin. Immunol. 2016, 138, 441-450.e8. [CrossRef]

Yang, D.; Peng, Q.; Huang, T.; Guo, X,; Liu, C. Can tiotropium add-on therapy safely improve clinical outcomes in children and
adolescents with persistent asthma? Ann. Allergy Asthma Immunol. 2020, 125, 109-110. [CrossRef]

Casale, T.B.; Bateman, E.D.; Vandewalker, M.; Virchow, J.C.; Schmidt, H.; Engel, M.; Moroni-Zentgraf, P.; Kerstjens, H.A.
Tiotropium Respimat Add-on Is Efficacious in Symptomatic Asthma, Independent of T2 Phenotype. . Allergy Clin. Immunol.
Pract. 2018, 6, 923-935.€9. [CrossRef]

Fitzpatrick, A.M.; Chipps, B.E.; Holguin, F.; Woodruff, P.G. T2-“Low” Asthma: Overview and Management Strategies. ]. Allergy
Clin. Immunol. Pract. 2020, 8, 452-463. [CrossRef]

Szefler, S.J.; Vogelberg, C.; Bernstein, J.A.; Goldstein, S.; Mansfield, L.; Zaremba-Pechmann, L.; Engel, M.; Hamelmann, E.
Tiotropium Is Efficacious in 6- to 17-Year-Olds with Asthma, Independent of T2 Phenotype. J. Allergy Clin. Immunol. Pract. 2019,
7,2286-2295.e4. [CrossRef]

Meltzer, E.O.; Berger, W.E. A review of the efficacy and safety of once-daily tiotropium Respimat 2.5 micrograms in adults and
adolescents with asthma. Allergy Asthma Proc. 2018, 39, 14-26. [CrossRef] [PubMed]

Bernstein, J.A.; Mansfield, L. Step-up and step-down treatments for optimal asthma control in children and adolescents. J. Asthma
2019, 56, 758-770. [CrossRef] [PubMed]

Hamelmann, E.; Szefler, S.J. Efficacy and Safety of Tiotropium in Children and Adolescents. Drugs 2018, 78, 327-338. [CrossRef]
[PubMed]

Vogelberg, C.; Szefler, S.J.; Vrijlandt, E.].L.E.; Boner, A.L.; Engel, M.; El Azzi, G.; Vulcu, S.D.; Moroni-Zentgraf, PM.; Eickmeier, O.;
Hamelmann, E.H. Tiotropium add-on therapy is safe and reduces seasonal worsening in paediatric asthma patients. Eur. Respir. ].
2019, 53, 1801824. [CrossRef]

Graham, L.M.; Kerstjens, H.A.M.; Vogelberg, C.; Hamelmann, E.; Szefler, S.J.; Pisternick-Ruf, W.; Engel, M.; El Azzi, G.; Unseld, A;
Foggs, M.B. Safety of tiotropium Respimat® in black or African-American patients with symptomatic asthma. Respir. Med. 2019,
155, 58-60. [CrossRef]

Meng, ] -F; Li, H.; Luo, M.-].; Li, H.-B. Efficacy of tiotropium in treating patients with moderate-to-severe asthma: A meta-analysis
and systematic review based on 14 randomized controlled trials. Medicine 2019, 98, e16637. [CrossRef] [PubMed]

Sobieraj, D.M.; Baker, W.L.; Nguyen, E.; Weeda, E.R.; Coleman, C.I.; White, C.M.; Lazarus, S.C.; Blake, K.V.; Lang, ].E. Association
of Inhaled Corticosteroids and Long-Acting Muscarinic Antagonists with Asthma Control in Patients with Uncontrolled, Persistent
Asthma. JAMA 2018, 319, 1473-1484; Erratum in JAMA 2018, 319, 1939. [CrossRef]

Mansfield, L.; Duong-Quy, S.; Craig, T. Burden of Asthma and Role of 2.5 ug Tiotropium Respimat® as an Add-On Therapy: A
Systematic Review of Phase 2/3 Trials. Adv. Ther. 2019, 36, 2587-2599. [CrossRef]

Murphy, K.R.; Chipps, B.E. Tiotropium in children and adolescents with asthma. Ann. Allergy Asthma Immunol. 2020,
124, 267-276.€3. [CrossRef]


https://doi.org/10.1183/13993003.00588-2019
https://doi.org/10.1111/resp.14174
https://doi.org/10.1111/cea.13450
https://doi.org/10.1056/NEJMoa1714257
https://doi.org/10.1016/j.anai.2019.07.010
https://www.ncbi.nlm.nih.gov/pubmed/31330241
https://doi.org/10.1016/j.jaip.2018.10.004
https://doi.org/10.1056/NEJMoa1710988
https://www.ncbi.nlm.nih.gov/pubmed/29504498
https://doi.org/10.1016/j.jaip.2018.04.032
https://www.ncbi.nlm.nih.gov/pubmed/29751157
https://doi.org/10.1016/j.jaci.2017.01.014
https://www.ncbi.nlm.nih.gov/pubmed/28189771
https://doi.org/10.1016/j.jaci.2016.01.011
https://doi.org/10.1016/j.anai.2020.04.022
https://doi.org/10.1016/j.jaip.2017.08.037
https://doi.org/10.1016/j.jaip.2019.11.006
https://doi.org/10.1016/j.jaip.2019.03.019
https://doi.org/10.2500/aap.2018.39.4103
https://www.ncbi.nlm.nih.gov/pubmed/29279056
https://doi.org/10.1080/02770903.2018.1490752
https://www.ncbi.nlm.nih.gov/pubmed/29972079
https://doi.org/10.1007/s40265-018-0862-1
https://www.ncbi.nlm.nih.gov/pubmed/29368127
https://doi.org/10.1183/13993003.01824-2018
https://doi.org/10.1016/j.rmed.2019.07.002
https://doi.org/10.1097/MD.0000000000016637
https://www.ncbi.nlm.nih.gov/pubmed/31415357
https://doi.org/10.1001/jama.2018.2757
https://doi.org/10.1007/s12325-019-01062-w
https://doi.org/10.1016/j.anai.2019.11.030

J. Clin. Med. 2023, 12, 5467 30 of 31

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Chipps, B.; Mosnaim, G.; Mathur, S.K,; Shaikh, A.; Khoury, S.; Gopalan, G.; Palli, S.R.; Lamerato, L.; Casciano, J.; Dotiwala, Z.; et al.
Add-on tiotropium versus step-up inhaled corticosteroid plus long-acting beta-2-agonist in real-world patients with asthma.
Allerqy Asthma Proc. 2020, 41, 248-255. [CrossRef]

Lazarus, S.C.; Krishnan, J.A,; King, T.S.; Lang, J.E.; Blake, K.V,; Covar, R.; Lugogo, N.; Wenzel, S.; Chinchilli, V.M,;
Mauger, D.T.; et al. Mometasone or Tiotropium in Mild Asthma with a Low Sputum Eosinophil Level. N. Engl. ]. Med. 2019,
380, 2009-2019. [CrossRef]

Vogelberg, C.; Goldstein, S.; Graham, L.; Kaplan, A.; de la Hoz, A.; Hamelmann, E. A comparison of tiotropium, long-acting
2-agonists and leukotriene receptor antagonists on lung function and exacerbations in paediatric patients with asthma. Respir.
Res. 2020, 21, 1-19. [CrossRef] [PubMed]

Kim, L.H.Y;; Saleh, C.; Whalen-Browne, A.; O’'Byrne, PM.; Chu, D.K. Triple vs. Dual Inhaler Therapy and Asthma Outcomes in
Moderate to Severe Asthma: A Systematic Review and Meta-analysis. JAMA 2021, 325, 2466-2479. [CrossRef] [PubMed]

Oba, Y.; Anwer, S.; Maduke, T.; Patel, T.; Dias, S. Effectiveness and tolerability of dual and triple combination inhaler therapies
compared with each other and varying doses of inhaled corticosteroids in adolescents and adults with asthma: A systematic
review and network meta-analysis. Cochrane Database Syst. Rev. 2022, 12, CD013799. [CrossRef]

Santamaria, F,; Ziello, C.; Lorello, P.; Bouche, C.; Borrelli, M. Update on Long-Acting Anticholinergics in Children and Adolescents
with Difficult and Severe Asthma. Front. Pediatr. 2022, 10, 896865. [CrossRef] [PubMed]

Goldstein, S. Clinical efficacy and safety of anticholinergic therapies in pediatric patients. Ther. Clin. Risk Manag. 2019, 15, 437-449.
[CrossRef]

Bacharier, L.B.; Jackson, D.J. Biologics in the treatment of asthma in children and adolescents. J. Allergy Clin. Immunol. 2023,
151, 581-589. [CrossRef]

Lanier, B.; Bridges, T.; Kulus, M.; Taylor, A.F,; Berhane, L; Vidaurre, C.F. Omalizumab for the treatment of exacerbations in
children with inadequately controlled allergic (IgE-mediated) asthma. J. Allergy Clin. Immunol. 2009, 124, 1210-1216. [CrossRef]

Folqué, M.M.; Lozano, J.; Riggioni, C.; Piquer, M.; Alvaro, M.; Machinena, A.; Giner, M.T,; Dominguez, O.; Jiménez-Feijoo, RM.;
Dias da Costa, M.; et al. ‘Real-life’ experience in asthmatic children treated with omalizumab up to six-years follow-up. Allergol.
Immunopathol. 2019, 47, 336-341. [CrossRef]

Nieto Garcia, A.; Garriga-Baraut, T.; Plaza Martin, A.M.; Nieto Cid, M.; Torres Borrego, J.; Folqué Giménez, M.D.M.; Lozano
Blasco, J.; Bosque Garcia, M.; Moreno-Galarraga, L.; Tortajada-Girbés, M.; et al. Omalizumab outcomes for up to 6 years in
pediatric patients with severe persistent allergic asthma. Pediatr. Allergy Immunol. 2021, 32, 980-991. [CrossRef]

Giubergia, V.; Ramirez Farias, M.].; Pérez, V.; Crespi, N.; Castarios, C. Clinical impact of omalizumab treatment in children with
severe asthma: Report of a local experience. Arch. Argent. Pediatr. 2019, 117, e115—-e120. [CrossRef] [PubMed]

Casale, T.B.; Luskin, A.T.; Busse, W.; Zeiger, R.S.; Trzaskoma, B.; Yang, M.; Griffin, N.M.; Chipps, B.E. Omalizumab Effectiveness
by Biomarker Status in Patients with Asthma: Evidence From PROSPERO, A Prospective Real-World Study. J. Allergy Clin.
Immunol. Pract. 2019, 7, 156-164.el. [CrossRef] [PubMed]

Humbert, M.; Bourdin, A.; Taillé, C.; Kamar, D.; Thonnelier, C.; Lajoinie, A.; Rigault, A.; Deschildre, A.; Molimard, M. Real-life
omalizumab exposure and discontinuation in a large nationwide population-based study of paediatric and adult asthma patients.
Eur. Respir. ]. 2022, 60, 2103130. [CrossRef] [PubMed]

Nakamura, N.; Kashitani, Y.; Yoshisue, H.; Nagasaki, M.; Sasajima, T. Real-life long-term safety and effectiveness of omalizumab
in Japanese pediatric patients with severe allergic asthma: A post-marketing surveillance. Allergol. Int. 2021, 70, 319-326.
[CrossRef]

Humbert, M.; Taillé, C.; Mala, L.; Le Gros, V.; Just, J.; Molimard, M.; STELLAIR Investigators. Omalizumab effectiveness in
patients with severe allergic asthma according to blood eosinophil count: The STELLAIR study. Eur. Respir. J. 2018, 51, 1702523.
[CrossRef] [PubMed]

Ortega, H.G.; Liu, M.C,; Pavord, L.D.; Brusselle, G.G.; FitzGerald, ].M.; Chetta, A.; Humbert, M.; Katz, L.E.; Keene, O.N;
Yancey, S.W.; et al. Mepolizumab Treatment in Patients with Severe Eosinophilic Asthma. N. Engl. J. Med. 2014, 371, 1198-1207;
Erratum in N. Engl. J. Med. 2015, 372, 1777. [CrossRef]

Yancey, S.W.; Ortega, H.G.; Keene, O.N.; Bradford, E.S. Efficacy of add-on mepolizumab in adolescents with severe eosinophilic
asthma. Allergy Asthma Clin. Immunol. 2019, 15, 53. [CrossRef]

Gupta, A.; Pouliquen, I; Austin, D.; Price, R.G.; Kempsford, R.; Steinfeld, J.; Bradford, E.S.; Yancey, S.W. Subcutaneous
mepolizumab in children aged 6 to 11 years with severe eosinophilic asthma. Pediatr. Pulmonol. 2019, 54, 1957-1967. [CrossRef]

Jackson, D.J.; Bacharier, L.B.; Gergen, PJ.; Gagalis, L.; Calatroni, A.; Wellford, S.; Gill, M.A ; Stokes, J.; Liu, A.H.; Gruchalla, R.S.;
et al. Mepolizumab for urban children with exacerbation-prone eosinophilic asthma in the USA (MUPPITS-2): A randomised,
double-blind, placebo-controlled, parallel-group trial. Lancet 2022, 400, 502-511. [CrossRef]

Chapman, K.R.; Albers, EC.; Chipps, B.; Mufioz, X.; Devouassoux, G.; Bergna, M.; Galkin, D.; Azmi, J.; Mouneimne, D.;
Price, R.G.; et al. The clinical benefit of mepolizumab replacing omalizumab in uncontrolled severe eosinophilic asthma. Allergy
2019, 74, 1716-1726. [CrossRef]

Gupta, A.; Ikeda, M.; Geng, B.; Azmi, J.; Price, R.G.; Bradford, E.S.; Yancey, S.W.; Steinfeld, J. Long-term safety and pharma-
codynamics of mepolizumab in children with severe asthma with an eosinophilic phenotype. . Allergy Clin. Immunol. 2019,
144, 1336-1342.€7. [CrossRef]


https://doi.org/10.2500/aap.2020.41.200036
https://doi.org/10.1056/NEJMoa1814917
https://doi.org/10.1186/s12931-020-1282-9
https://www.ncbi.nlm.nih.gov/pubmed/31931792
https://doi.org/10.1001/jama.2021.7872
https://www.ncbi.nlm.nih.gov/pubmed/34009257
https://doi.org/10.1002/14651858.cd013799.pub2
https://doi.org/10.3389/fped.2022.896865
https://www.ncbi.nlm.nih.gov/pubmed/35928684
https://doi.org/10.2147/TCRM.S161362
https://doi.org/10.1016/j.jaci.2023.01.002
https://doi.org/10.1016/j.jaci.2009.09.021
https://doi.org/10.1016/j.aller.2018.09.009
https://doi.org/10.1111/pai.13484
https://doi.org/10.5546/aap.2019.eng.e115
https://www.ncbi.nlm.nih.gov/pubmed/30869489
https://doi.org/10.1016/j.jaip.2018.04.043
https://www.ncbi.nlm.nih.gov/pubmed/29800752
https://doi.org/10.1183/13993003.03130-2021
https://www.ncbi.nlm.nih.gov/pubmed/35618272
https://doi.org/10.1016/j.alit.2021.01.001
https://doi.org/10.1183/13993003.02523-2017
https://www.ncbi.nlm.nih.gov/pubmed/29545284
https://doi.org/10.1056/NEJMoa1403290
https://doi.org/10.1186/s13223-019-0366-x
https://doi.org/10.1002/ppul.24508
https://doi.org/10.1016/S0140-6736(22)01198-9
https://doi.org/10.1111/all.13850
https://doi.org/10.1016/j.jaci.2019.08.005

J. Clin. Med. 2023, 12, 5467 31 0f 31

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Cabanillas, B.; Brehler, A.-C.; Novak, N. Atopic dermatitis phenotypes and the need for personalized medicine. Curr. Opin.
Allergy Clin. Immunol. 2017, 17, 309-315. [CrossRef] [PubMed]

Di Filippo, P; Russo, D.; Attanasi, M.; Di Pillo, S.; Chiarelli, F. Immunological Targets of Biologic Drugs in Allergic Skin Diseases
in Children. Biomedicines 2021, 9, 1615. [CrossRef] [PubMed]

Rabe, K.F;; Nair, P;; Brusselle, G.; Maspero, J.F.,; Castro, M.; Sher, L.; Zhu, H.; Hamilton, J.D.; Swanson, B.N.; Khan, A ; et al.
Efficacy and Safety of Dupilumab in Glucocorticoid-Dependent Severe Asthma. N. Engl. |. Med. 2018, 378, 2475-2485.
[CrossRef] [PubMed]

Castro, M.; Corren, J.; Pavord, I.D.; Maspero, J.; Wenzel, S.; Rabe, K.E; Busse, WW.; Ford, L.; Sher, L.; FitzGerald, ].M.; et al.
Dupilumab Efficacy and Safety in Moderate-to-Severe Uncontrolled Asthma. N. Engl. ]. Med. 2018, 378, 2486—2496. [CrossRef]
Bacharier, L.B.; Maspero, ].F,; Katelaris, C.H.; Fiocchi, A.G.; Gagnon, R.; de Mir, I; Jain, N.; Sher, L.D.; Mao, X.; Liu, D.; et al.
Dupilumab in Children with Uncontrolled Moderate-to-Severe Asthma. N. Engl. ]. Med. 2021, 385, 2230-2240. [CrossRef]
Albers, E.C.; Miillerovd, H.; Gunsoy, N.B.; Shin, J.-Y.; Nelsen, L.M.; Bradford, E.S.; Cockle, S.M.; Suruki, R.Y. Biologic treatment
eligibility for real-world patients with severe asthma: The IDEAL study. J. Asthma 2018, 55, 152-160. [CrossRef]

Martineau, A.R.; Cates, C.J.; Urashima, M.; Jensen, M.; Griffiths, A.P.; Nurmatov, U.; Sheikh, A.; Griffiths, C.]. Vitamin D for the
management of asthma. Cochrane Database Syst. Rev. 2016, 9, CD011511. [CrossRef]

Williamson, A.; Martineau, A.R.; Sheikh, A.; Jolliffe, D.; Griffiths, C.J. Vitamin D for the management of asthma. Cochrane Database
Syst. Rev. 2023, 2, CD011511. [CrossRef]

Swangtrakul, N.; Manuyakorn, W.; Mahachoklertwattana, P.; Kiewngam, P; Sasisakulporn, C.; Jotikasthirapa, W.; Kamchaisatian,
W.; Benjaponpitak, S. Effect of vitamin D on lung function assessed by forced oscillation technique in asthmatic children with
vitamin D deficiency: A randomized double-blind placebo-controlled trial. Asian Pac. ]. Allergy Immunol. 2022, 40, 22-30.
[CrossRef]

Han, Y.-Y.; Forno, E.; Bacharier, L.B.; Phipatanakul, W.; Guilbert, T.W.; Cabana, M.D.; Ross, K.; Blatter, J.; Rosser, FJ.; Durrani,
S.; etal. Vitamin D supplementation, lung function and asthma control in children with asthma and low vitamin D levels. Eur.
Respir. ]. 2021, 58, 2100989. [CrossRef] [PubMed]

Forno, E.; Bacharier, L.B.; Phipatanakul, W.; Guilbert, T.W.; Cabana, M.D.; Ross, K.; Covar, R.; Gern, J.E.; Rosser, E]J.; Blatter, J.;
et al. Effect of Vitamin D3 Supplementation on Severe Asthma Exacerbations in Children with Asthma and Low Vitamin D Levels.
JAMA 2020, 324, 752-760; Erratum in JAMA 2021, 326, 90. [CrossRef] [PubMed]

Thakur, C.; Kumar, J.; Kumar, P.; Goyal, J.P; Singh, K.; Gupta, A. Vitamin-D supplementation as an adjunct to standard treatment of
asthma in children: A randomized controlled trial (VIiDASTA Trial). Pediatr. Pulmonol. 2021, 56, 1427-1433. [CrossRef] [PubMed]
Jat, K.R.; Goel, N.; Gupta, N.; Gupta, C.P; Datta, S.; Lodha, R.; Kabra, S.K. Efficacy of vitamin D supplementation in asthmatic
children with vitamin D deficiency: A randomized controlled trial (ESDAC trial). Pediatr. Allergy Immunol. 2021, 32, 479-488.
[CrossRef] [PubMed]

Malheiro, A.P.G.; Gianfrancesco, L.; Nogueira, R.J.N.; Grotta, M.B.; Morcillo, A.M.; Ribeiro, ].D.; Toro, A.A.D.C. Association
between serum Vitamin D levels and asthma severity and control in children and adolescents. Lung 2023, 201, 181-187. [CrossRef]
Nitzan, I.; Mimouni, EB.; Bin Nun, A.; Kasirer, Y.; Mendlovic, J. Vitamin D and Asthma: A Systematic Review of Clinical Trials.
Curr. Nutr. Rep. 2022, 11, 311-317. [CrossRef]

Dawood, ES.; Kamimoto, L.; D’'Mello, T.A.; Reingold, A.; Gershman, K.; Meek, J.; Arnold, K.E.; Farley, M.; Ryan, P;
Lynfield, R.; etal. Children with Asthma Hospitalized with Seasonal or Pandemic Influenza, 2003-2009. Pediatrics 2011,
128, e27—€32. [CrossRef]

Kramarz, P; DeStefano, F.; Gargiullo, PM.; Chen, R.T.; Lieu, T.A.; Davis, R.L.; Mullooly, J.P.; Black, S.B.; Shinefield, HR,;
Bohlke, K.; et al. Does influenza vaccination prevent asthma exacerbations in children? J. Pediatr. 2001, 138, 306-310. [CrossRef]
Hou, A.; Silverberg, J.I. Increasing rates of influenza vaccination were associated with lower asthma prevalence in United States
children. Allergy 2021, 76, 2273-2275. [CrossRef]

Martinez-Baz, I.; Navascués, A.; Casado, I.; Portillo, M.E.; Guevara, M.; Gomez-Ibaiiez, C.; Burgui, C.; Ezpeleta, C.; Castilla, J.
Effect of influenza vaccination in patients with asthma. CMA]J 2021, 193, E1120-E1128. [CrossRef]

Grohskopf, L.A.; Alyanak, E.; Broder, K.R.; Walter, E.B.; Fry, A.M.; Jernigan, D.B. Prevention and Control of Seasonal Influenza
with Vaccines: Recommendations of the Advisory Committee on Immunization Practices—United States, 2019-2020 Influenza
Season. MMWR Recomm. Rep. 2019, 68, 1-21. [CrossRef] [PubMed]

Bandell, A.; Ambrose, C.S.; Maniaci, J.; Wojtczak, H. Safety of live attenuated influenza vaccine (LAIV) in children and adults
with asthma: A systematic literature review and narrative synthesis. Expert Rev. Vaccines 2021, 20, 717-728. [CrossRef] [PubMed]
Sokolow, A.G.; Stallings, A.P.; Kercsmar, C.; Harrington, T.; Jimenez-Truque, N.; Zhu, Y.; Sokolow, K.; Moody, M.A.; Schlaudecker,
E.P; Walter, E.B.; et al. Safety of Live Attenuated Influenza Vaccine in Children with Asthma. Pediatrics 2022, 149, €2021055432;
Erratum in Pediatrics 2022, 150, €2022058263. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/ACI.0000000000000376
https://www.ncbi.nlm.nih.gov/pubmed/28582322
https://doi.org/10.3390/biomedicines9111615
https://www.ncbi.nlm.nih.gov/pubmed/34829844
https://doi.org/10.1056/NEJMoa1804093
https://www.ncbi.nlm.nih.gov/pubmed/29782224
https://doi.org/10.1056/NEJMoa1804092
https://doi.org/10.1056/NEJMoa2106567
https://doi.org/10.1080/02770903.2017.1322611
https://doi.org/10.1002/14651858.CD011511.pub2
https://doi.org/10.1002/14651858.cd011511.pub3
https://doi.org/10.12932/AP-010519-0553
https://doi.org/10.1183/13993003.00989-2021
https://www.ncbi.nlm.nih.gov/pubmed/34326185
https://doi.org/10.1001/jama.2020.12384
https://www.ncbi.nlm.nih.gov/pubmed/32840597
https://doi.org/10.1002/ppul.25287
https://www.ncbi.nlm.nih.gov/pubmed/33522698
https://doi.org/10.1111/pai.13415
https://www.ncbi.nlm.nih.gov/pubmed/33207014
https://doi.org/10.1007/s00408-023-00605-x
https://doi.org/10.1007/s13668-022-00411-6
https://doi.org/10.1542/peds.2010-3343
https://doi.org/10.1067/mpd.2001.112168
https://doi.org/10.1111/all.14790
https://doi.org/10.1503/cmaj.201757
https://doi.org/10.15585/mmwr.rr6803a1
https://www.ncbi.nlm.nih.gov/pubmed/31441906
https://doi.org/10.1080/14760584.2021.1925113
https://www.ncbi.nlm.nih.gov/pubmed/33939928
https://doi.org/10.1542/peds.2021-055432
https://www.ncbi.nlm.nih.gov/pubmed/35342923

	Introduction 
	Materials and Methods 
	Results 
	PICO Question 1. In Children with Infrequent Symptoms, Is SABA Combined with ICS or As-Needed ICS-Formoterol Preferred to SABA Alone? 
	Executive Summary 
	Recommendation 

	PICO Question 2. In Children with Asthma, Is Daily Therapy with ICS More Effective than Daily LTRA? 
	Executive Summary 
	Recommendation 

	PICO Question 3. In Children with Uncontrolled Asthma Symptoms Despite Low Daily ICS, Is Increasing the Dose of ICS More Effective than Adding LABA or LTRA? 
	Executive Summary 
	Recommendation 

	PICO Question 4. In Children with Uncontrolled Asthma Symptoms Despite Daily Therapy, What Is the Preferred Option between Increasing the Therapy or Assessing Modifiable Factors (Adherence, Inhalation Technique, Exposure to Allergens)? 
	Executive Summary 
	Recommendation 

	PICO Question 5. In Children with Asthma, Is Metered Dose Inhaler (MDI) Preferred to Dry Powder Inhalers (DPI)? 
	Executive Summary 
	Recommendation 

	PICO Question 6. Which Patients with Asthma Can Benefit from Immunotherapy? 
	Executive Summary 
	Recommendation 

	PICO Question 7. In Children with Uncontrolled Asthma Symptoms Despite a Daily Medium-Dose of ICS Combined with LABA, Is Increasing the Dose of ICS More Effective than Adding the LAMA Tiotropium? 
	Executive Summary 
	Recommendation 

	PICO Question 8. Considering the Biologics for Severe Asthma, Which Are the Differences among Omalizumab, Mepolizumab, and Dupilumab? 
	Executive Summary 
	Recommendation 

	PICO Question 9. In Children with Asthma, Does Vitamin D Supplementation Help with Asthma Control? 
	Executive Summary 
	Recommendation 

	PICO Question 10. In Children with Asthma, Does Influenza Vaccination Help with Asthma Control? 
	Executive Summary 
	Recommendation 


	Discussion 
	Conclusions 
	References

