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Abstract
Background: Despite remarkable advances in our understanding of asthma, there are 
still several unmet needs associated with the management of pediatric asthma.
Methods: A two‐day, face‐to‐face meeting was held in London, United Kingdom, on 
October 28 and 29, 2017, involving a group of international expert clinicians and 
scientists in asthma management to discuss the challenges and unmet needs that 
remain to be addressed in pediatric asthma.
Results: These unmet needs include a lack of clinical efficacy and safety evidence, 
and limited availability of non‐steroid‐based alternative therapies in patients <6 years 
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1  | INTRODUC TION

Asthma is a chronic airway condition affecting approximately 10% of 
children in the European Union (EU)1 and North America,2,3 with an 
even higher prevalence observed in some other areas, such as South 
America.4 Asthma comprises a serious personal, familial, and global 
economic burden, including school and employment absences, hos‐
pital care, and drug expenditures.5,6 To an even greater extent than 
has been observed for adult patients with asthma, considerable 
variation in pediatric asthma severity, natural disease history, clini‐
cal phenotype, and response to therapy can exist between patients, 
establishing asthma as a condition with significant heterogeneity.7

Despite remarkable advances in our understanding of this 
condition, and the availability and current development of novel 
medications for the treatment of asthma, many asthma patients 
remain uncontrolled, which imposes a significant ongoing burden. 
Uncontrolled pediatric asthma is associated with increased exacer‐
bation rate, impaired quality of life, and persisting bronchial obstruc‐
tion.8,9 Current clinical practice guidelines do not always adequately 
address pediatric asthma, a feature that is probably linked to the 
limited availability of clinical efficacy and safety data in younger pa‐
tients, often resulting in an extrapolation of adult recommendations 
to children. This dearth of evidence may impact on local reimburse‐
ment or resourcing policies and therefore on the accessibility of po‐
tentially effective medicines for this patient population.10

There is an urgent need for an up‐to‐date assessment of the true 
burden and unmet needs of asthma patients, and their families, to en‐
sure appropriate support to meet these needs. Provisions to ensure 
better asthma control at an earlier stage may facilitate improved quality 
of life and significant long‐term cost savings for both asthma suffer‐
ers and society.11 This article is a scoping review of the current unmet 
needs of children with asthma (Table 1) and the potential role for effec‐
tive therapies in this vulnerable patient population. Content has been 
developed from review of the literature and synthesized with expert 

opinion during a face‐to‐face, two‐day meeting with a group of interna‐
tional expert clinicians and scientists in pediatric asthma management.

2  | UNMET NEEDS IN PEDIATRIC A STHMA

2.1 | Guidelines that acknowledge the management 
of different asthma phenotypes

Diagnosing asthma and establishing control as early as possible in 
childhood are considerable clinical challenges. Clinical practice 
guidelines are in place to support healthcare practitioners (HCPs) in 
the management of pediatric asthma12,13; however, these may not be 
totally suitable to ensure optimal management of asthma in the real‐
life, day‐to‐day clinical setting. This is largely due to a lack of relevant 
evidence and different patterns of asthma in children.13

of age. An increased focus on children is needed in the context of clinical practice 
guidelines for asthma; current pediatric practice relies mostly on extrapolations from 
adult recommendations. Furthermore, no uniform definition of pediatric asthma ex‐
ists, which hampers timely and robust diagnosis of the condition in affected patients.
Conclusions: There is a need for a uniform definition of pediatric asthma, clearly distin‐
guishable from adult asthma. Furthermore, guidelines which provide specific treatment 
recommendations for the management of pediatric asthma are also needed. Clinical 
trials and real‐world evidence studies assessing anti‐immunoglobulin E (IgE) therapies 
and other monoclonal antibodies in children <6 years of age with asthma may provide 
further information regarding the most appropriate treatment options in these vulner‐
able patients. Early intervention with anti‐IgE and non‐steroid‐based alternative thera‐
pies may delay disease progression, leading to improved clinical outcomes.

K E Y W O R D S

asthma management, omalizumab, pediatric asthma, unmet need

TA B L E  1  Unmet needs in pediatric patients with asthma

Lack of clinical efficacy and safety evidence of biologics in patients 
<6 years

Limited availability of non‐steroid‐based alternative therapies

Lack of available therapies for children with severe asthma

Difficult diagnosis in children

Scarcity of studies on allergen immunotherapy in children

Limited access to specialist pediatric asthma care in some countries

No uniform definition of pediatric asthma or pediatric asthma 
control

Inadequate pediatric focus in current clinical practice guidelines

Lack of data on asthma endotypes/phenotypes

Lack of well‐defined pediatric treatable traits

Lack of molecular studies

Lack of data on personalized treatment strategies based on a 
phenotype (endotype) approach

Lack of treatment options for comorbidities
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Asthma is not a simple, single disease entity; the existence of a 
variety of clinical presentations (phenotypes) and underlying mech‐
anisms (endotypes), coupled with the presence of symptoms that 
overlap with other acute and chronic conditions, make the diagnosis 
of asthma challenging for HCPs.14 Although the role of allergy in pe‐
diatric asthma has been highlighted,15,16 our current understanding 
of the role of phenotypes and endotypes is limited in children and is 
complicated by the fact that the immune system in children is con‐
stantly developing and maturing. Therefore, it is likely that differ‐
ences exist in pathophysiology and inflammatory signaling in asthma 
in children compared with adults, and even compared with children 
of different ages.17,18 It is for this reason that molecular studies are 
required to provide a much deeper understanding of the immuno‐
logic mechanisms underlying allergy and asthma in association with 
developmental milestones (and indeed underlying each distinct 
phenotype).19 Such knowledge may facilitate the development of 
mechanism‐ or phenotype‐driven treatment options in children to 
establish control in the early stages of asthma.

The Global Initiative for Asthma (GINA) definition of asthma was 
recently updated; asthma is proposed to be “a heterogeneous disease, 
usually characterized by chronic airway inflammation. It is defined by 
the history of respiratory symptoms such as wheeze, shortness of breath, 
chest tightness and cough that vary over time and in intensity, together 
with variable expiratory airflow limitation”.12

The direct application of this definition to pediatric patients re‐
mains restricted, especially in patients <6 years of age. Wheeze, al‐
though a hallmark of pediatric asthma, can be a symptom of other 
conditions too and can be misdiagnosed as asthma in young chil‐
dren, leading to the inappropriate prescription of inhaled cortico‐
steroids (ICS). Furthermore, the relationship between pre‐school 
wheeze and asthma remains debatable.20 In children, an increase in 
post‐bronchodilator reversibility as measured by forced expiratory 
volume in one second (FEV1) of >12% predicted is recommended 
to fulfill the variable expiratory airflow limitation criterion of the 
definition of asthma.12 Outside of an acute exacerbation setting, 
12% improvement can be difficult to demonstrate in children with 
asthma, in whom FEV1 levels are most often in the normal range.

21 
Furthermore, airflow limitation assessment with spirometry or im‐
pulse oscillometry can be challenging in young children, making it 
difficult to conclusively meet the definition of asthma.22,23 In these 
cases, asthma diagnosis is essentially based on clinical criteria. Of 
note, the National Institute for Health and Care Excellence (NICE) 
guidelines recommend fractional exhaled nitric oxide (FeNO) testing 
in children (5–16 years) in cases of diagnostic ambiguity.24

The inability to reach a robust and universal definition of asthma 
is not a new phenomenon and is evidenced by the differing ap‐
proaches currently in existence. These discrepancies have been 
extensively discussed by the International Consensus on (ICON) 
Pediatric Asthma group, where they also highlighted a lack of distinc‐
tion in any current asthma guideline between the definitions of adult 
versus pediatric asthma.13 Of note, the Lancet Asthma Commission 
has recently put forward a new proposal to use “asthma” to describe 
a collection of overlapping symptoms, rather than as a single disease 

entity or an indicator for a specific pathophysiology.25 Interestingly, 
this approach is similar to the original use of the word “asthma” by 
Homer more than 2500 years ago.26

Furthermore, it is not clear to what extent the severity gradi‐
ent observed among asthma patients and mentioned in guidelines, 
that is, mild, moderate, and severe asthma, represents a continuous 
spectrum or reflects differences in pathophysiology. Such labeling 
systems are likely to affect future treatment strategies as children 
with asthma mature. New data on the natural history of asthma may 
help to inform such therapeutic implications (Figure 1).

2.2 | Timely and appropriate referral from primary 
care providers

Systems of care for pediatric asthma patients vary between coun‐
tries. In some countries, asthma is mainly diagnosed and cared for by 
general practitioners and primary care physicians (GPs/PCPs), while 
in other countries, children have more access to specialist care. This 
may have an important impact upon asthma control and access to 
advanced therapies. In systems where the GP/PCP plays a dominant 
role, referral of certain asthma patients for specialized care is often 
necessary. Table 2 describes a number of potential roles of the spe‐
cialized care center for pediatric asthma. Although patient referral 
recommendations are addressed in clinical practice guidelines, fail‐
ure to promptly refer a patient from primary to specialist care is a 
potential barrier to the effective management of pediatric asthma.14

In countries where a significant portion of asthma management 
is delivered in busy primary care clinics, GPs/PCPs are in an import‐
ant position to identify uncontrolled or difficult‐to‐treat asthma. 
The importance of local factors in the primary care setting should 
not be overlooked; local environmental triggers of symptoms and 
the ability to adapt global strategy documents to suit local needs 
should also be considered.27 An extensive overview of guideline rec‐
ommendations for the referral of adults with asthma is available.14 
Similar guideline‐defined recommendations are relatively limited for 
children, although the Canadian pediatric guidelines do recommend 
referral in the case of diagnostic uncertainty or uncontrolled asthma 
on medium‐dose ICS.28 It is critical that local healthcare systems 
have clear guidance in place to support GPs/PCPs in the referral of 
such patients to a specialist in appropriate instances, but this is not 
always available. This guidance is important as it is not feasible to ex‐
pect a GP/PCP to have the time or resources to optimize treatment 
in difficult cases, owing to the very broad range of conditions and 
patients presenting to primary care facilities.29 The use of electronic 
diaries and mobile health technology may significantly improve the 
management of pediatric asthma, and the communication between 
the GP/PCP and the specialist.30,31

Increased awareness of effective referral strategies and im‐
proved communication between GPs/PCPs and specialists may im‐
prove the rate of appropriate referrals.29 The time to referral will 
ultimately depend on local healthcare regulations and resources of 
GPs/PCPs.14 Local implementation of strategies to support GPs/
PCPs in the delivery of pediatric asthma care and appropriate 



PAPADOPOULOS et al.10  |     PAPADOPOULOS et al.

referral guidelines may improve clinical outcomes for children with 
asthma. Referral of pediatric patients with severe asthma to a spe‐
cialist should be considered with high‐priority status, even if the 
condition is controlled.32 This expert panel suggests the following 
algorithm for when referral may be considered: 3–4 courses of oral 
corticosteroids in a year, or a severe exacerbation requiring hospi‐
talization, or atypical symptoms suggesting an alternative diagnosis 
(unpublished).

2.3 | Effective treatment options

As with adults, the ultimate goals of pediatric asthma management in‐
clude adequate symptom control and reduced future risks.12 Natural 
history modification and possible disease prevention are also of high 
importance in children.33 Achieving asthma control usually requires 
pharmacological intervention, including controller medication, res‐
cue medication, and add‐on therapy, in the case of severe asthma.12 
Equally as important are the non‐pharmacological treatment ap‐
proaches, which are frequently underestimated. These include pa‐
tient education and trigger avoidance (eg, minimizing exposure to 
pollutants and allergens to reduce asthma‐associated morbidity).34,35

Corticosteroids play a central role in the pharmacological 
management of asthma. Over the last six decades, the clinical ef‐
fectiveness of corticosteroid treatment in asthma has been demon‐
strated.36-38 The mainstay controller medication used in pediatric 
asthma to limit airway inflammation is an ICS, as it has been shown 
to significantly improve lung function39 and reduce exacerbations.40 
However, ICS dose regimens that are suitable for the pediatric pop‐
ulation vary across different guidelines, as do the thresholds used 
to define low‐, medium‐, and high‐dose ICS. There is also high vari‐
ability of dose delivered according to device choice.41 The need for 
guidelines to be updated according to ICS dose responses has also 
been highlighted previously.42

TA B L E  2  The roles of the specialized care center for pediatric 
patients with asthma

Diagnosis, including differential diagnosis

Managing severe asthma

Phenotype/endotype approaches

Personalized treatments

Clinical trials

Educational programs

Treatment‐related adverse event surveys

Transition to adulthood and adult asthma services

Implementation of cooperative strategies between GPs/PCPs and 
asthma specialists

Biologic and other therapies reserved for severe asthmatics

Cohort studies

GPs, general practitioners; PCPs, primary care physicians

F I G U R E  1  Present inadequacies and 
potential future realities of pediatric 
asthma management
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Furthermore, delivery via the inhaled route can be ineffective 
in children <5 years in whom drug deposition to the lungs may be 
compromised by improper inhalation technique or anatomic fac‐
tors.43 Potential side effects of their use remain an important issue 
in relation to parents’ adherence and should always be considered 
by HCPs.44 Although ICS use in children is important and effective, 
there are non‐frequent, but potentially serious, adverse effects 
associated with their use. These include possible height deficits, 
increased susceptibility to infection, and hypothalamic‐pituitary‐
adrenal (HPA) axis suppression, potentially leading to adrenal crisis 
or growth retardation in children.44-47 As the incidence of adverse 
events is often dose‐dependent, the minimum effective dose in 
order to achieve uncompromised asthma control should always be 
considered.44

As per clinical guideline recommendations, short courses of 
oral corticosteroids (OCS) are used to effectively treat exacer‐
bations.12 However, frequent OCS use for exacerbations, espe‐
cially at higher doses, is associated with a wide range of adverse 
effects in children including growth impairment,48 reduced bone 
density,46 and behavioral effects.49 Also, the association between 
OCS and bone fractures has been highlighted in a recent multi‐
variate analysis which demonstrated a 17% increased risk of bone 
fracture in pediatric patients after one OCS prescription compared 
with none.50 It is therefore important to monitor level of control 
regularly and adjust the preventative treatment accordingly. If the 
severity of asthma requires increasing the regular dose of ICS (or 
combination therapy), or OCS bursts beyond an acceptable level, 
it is important to consider corticosteroid‐sparing strategies in 
this particular patient population. To this end, long‐acting β2‐ago‐
nists (LABAs) are indeed available for the treatment of asthma in 
school‐aged children and older, and they are frequently prescribed 
in combination with an ICS. Of note, the black box warning on 
medicines containing both an ICS and a LABA was recently re‐
moved by the US Food and Drug Administration, presumably af‐
fording more “peace of mind” to HCPs and caregivers of children 
receiving these medications. Tiotropium is a long‐acting musca‐
rinic antagonist (LAMA) recently approved for children with se‐
vere asthma ≥6 years of age, providing another treatment option 
for GINA step 4 and 5 patients. Furthermore, in patients ≥6 years 
of age with severe asthma, add‐on anti‐IgE therapy with omali‐
zumab has shown clinical efficacy and also reduces OCS use.51 
Similar efficacy data are still unavailable for patients <6 years due 
to a lack of appropriate studies.

3  | POTENTIAL FOR BIOLOGIC S A S 
NON‐STEROID ‐BA SED TRE ATMENTS IN 
PEDIATRIC A STHMA

An important question in the era of stratified medicine is what can 
be done beyond corticosteroids. Stratified or personalized medi‐
cine recognizes that the underlying mechanisms of asthma can vary 
significantly between patients, and it is widely acknowledged that 

there is a need for non‐steroid‐based treatment approaches in the 
management of asthma, especially in children.52

With the rapid emergence of many biologics for the treatment of 
adult asthma (including anti‐IgE, anti‐interleukin [IL]‐5, anti‐IL‐5Rα, 
anti‐IL‐13, and anti‐thymic stromal lymphopoietin monoclonal anti‐
body approaches),53 there is increased interest in their potential use 
in pediatric patients. Establishing disease control as early as possi‐
ble in pediatric asthma is critical, as is the prevention of asthma or 
disease progression; however, asthma management in very young 
patients is based largely on clinical judgment, expert opinion, and 
cost of medications owing to the lack of clinical evidence in this par‐
ticular patient population.54 As described previously by Szefler and 
colleagues, “the younger the child, the less information there is available 
to guide clinicians”.33 We would also add that the younger the child, 
the later he/she can benefit from medical progress.

Omalizumab is currently the only anti‐IgE monoclonal antibody 
with an approved indication in children ≥6 years (EU). In the EU, 
omalizumab is approved as add‐on treatment in patients ≥6 years of 
age with severe persistent allergic asthma that is not sufficiently con‐
trolled with ICS plus LABA therapy55 and in the United States (US) for 
patients ≥6 years with moderate‐to‐severe persistent asthma with a 
positive skin test or in vitro reactivity to a perennial aeroallergen and 
symptoms that are not sufficiently controlled with ICS monother‐
apy.56 This labeling excludes asthma patients <6 years who might 
benefit from anti‐IgE therapy and limits the add‐on therapy options 
available to physicians. Studies demonstrating the efficacy and 
safety of omalizumab in pre‐school children and milder patients are 
currently in planning, while similar studies involving other biologics 
are urgently required. Mepolizumab is an anti‐IL‐5 monoclonal anti‐
body approved for the treatment of patients ≥18 years (≥12 years in 
some countries) with eosinophilic asthma, and it is encouraging to 
note that other anti‐IL‐5Rα and anti‐IL‐4Rα therapies are currently 
under investigation in patients ≥12 years.53 Although the results of 
studies of these biologics, including mepolizumab57,58 and benrali‐
zumab,59,60 are a very positive step forward for patients with asthma, 
it is disappointing that only a limited number of adolescents were 
included in these initial trials.61 Furthermore, the efficacy of these 
promising therapies in patients below this age threshold (<12 years) 
is entirely unknown. It would be unfortunate if today’s pediatric pa‐
tients reach adulthood without getting the opportunity to experi‐
ence the potential benefits that any of these biologic therapies may 
have had on their asthma and quality of life. For this reason, more 
studies of longer duration that include children of all age groups are 
urgently needed to provide additional data on the efficacy of these 
biologics. However, the authors acknowledge that the relatively low 
prevalence of severe refractory asthma in younger children may im‐
pede the recruitment of these patients for such studies.

Furthermore, safety is an urgent, outstanding issue when treat‐
ing children with asthma—there is a serious lack of safety information 
regarding biologics (with the exception of omalizumab) for patients 
below the age of 18 years. While over 10 years of omalizumab use 
has suggested a favorable long‐term safety profile in children and 
adolescents,62 all other biologic therapies need to demonstrate the 
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same as soon as possible. Results of such studies may allow better 
informed treatment recommendations to be disseminated by guide‐
line committees in the future.

An unmet need that is particularly relevant for young children 
(particularly those <6 years) with asthma (where significant im‐
pact could be made on the course of disease at this early stage of 
life) is the possibility of preventing (or delaying) the progression of 
asthma severity using effective therapeutic intervention at a young 
age.63 Although we have observed some promising data with im‐
munotherapy in children (5–12 years) to date,64 studies assessing 
current asthma therapies in infants have been sparse. It is possible 
that omalizumab can modify disease or prevent disease progression, 
which are characteristics that will be evaluated in the Preventing 
Asthma in high Risk Kids (PARK) study in the United States (https://
clinicaltrials.gov/ct2/show/NCT02570984). In this study, which is 
due to commence in 2018, children aged 2–3 years with a history of 
2–4 wheezing episodes in the previous year and positive aeroaller‐
gen allergy will receive omalizumab or placebo for 2 years and will be 
followed for an additional 2 years. The co‐primary outcomes of the 
PARK study are (a) active asthma diagnosis and (b) asthma severity 
assessed by the validated composite asthma severity index (CASI),65 
which combines symptoms, medication use, and lung function into 
the score (time frame: final 12 months, during the 2‐year observa‐
tion period off the study drug). If this study demonstrates a signifi‐
cant benefit of anti‐IgE therapy in infants, its use in younger asthma 
patients will be worth considering in the future.

Ultimately, owing to the known heterogeneity that exists among 
children with asthma, it stands to reason that a personalized treat‐
ment rather than a universal “one‐size‐fits‐all” approach should 
be developed. The promising results of the recent Individualized 
Therapy for Persistent Asthma in Young Children (INFANT) study 
support this, wherein 74% of children showed clinically relevant re‐
sponses to one treatment over others, and blood eosinophils and 
aeroallergen sensitization status were shown to be useful and clini‐
cally accessible biomarkers to guide response to treatment.66

4  | UNANSWERED QUESTIONS FOR 
OMALIZUMAB THER APY IN THE PEDIATRIC 
A STHMA POPUL ATION

Considerations for omalizumab therapy in pediatric patients are 
listed in Table 3. Viruses, particularly rhinoviruses, are associated 
with the majority of asthma exacerbations in children, which occur 
frequently during the autumnal season upon the recommence‐
ment of the school year.67 Interestingly, reduced susceptibility to 
virus‐induced asthma exacerbations with omalizumab in children 
(6–17 years) has been demonstrated.67,68 Mechanistically, this exac‐
erbation reduction is believed to be linked to enhanced interferon 
(IFN)‐α responses.67 A similar impact on anti‐viral responses in chil‐
dren has not yet been demonstrated with another biologic agent, 
but the results of such studies would be important additions to our 
scientific knowledge on exacerbation prevention and reduction in 

children. The true potential impact of early‐life IgE blockage on the 
future development of asthma remains to be further investigated. 
The results of the PARK and EXPECT69 (discussed later) studies may 
add further insights.

Pediatric asthma patients often suffer significant multi‐mor‐
bidity, including allergic rhinitis and food allergy.70,71 Importantly, 
omalizumab has been shown to be effective in allergic rhinitis (by 
significantly improving total Rhinitis Quality of Life Questionnaire 
score).72 Furthermore, the efficacy of omalizumab in patients with 
food allergy is encouraging; omalizumab decreased or eliminated 
food allergy symptoms upon accidental exposure to foods against 
which they were sensitized.73 However, there is still a paucity of ev‐
idence for similar therapeutic action in affected patients <6 years 
of age. This suggests an unmet need to investigate the efficacy of 
omalizumab, and other anti‐IgE therapies, in young children with 
multi‐morbid asthma.

Patients with allergic multi‐morbidities are more likely to be sen‐
sitized to a multitude of allergen molecules as a consequence of the 
so‐called “molecular spreading” process.74 These patients are easily 
identifiable by serum IgE testing with microarray technology, are less 
responsive to allergen immunotherapy, and would probably benefit 
from a more comprehensive anti‐IgE treatment.75 Specific trials of 
the impact of anti‐IgE therapy in extremely polysensitized asthma 
patients are still lacking.

Although omalizumab is available for certain asthma patients 
aged 6–17 years, there is still room to improve accessibility to this 
drug. The omalizumab dosing table is an important consideration, 
whereby serum IgE levels and body weight must be taken into ac‐
count when calculating drug dose. However, patients in whom pre‐
treatment serum IgE levels exceed the upper limits of the dosing 
table are deemed ineligible for this therapy,76 even though it is not 
uncommon for patients with severe disease to show such excessively 
high IgE levels. This is particularly frustrating for families and physi‐
cians of children for whom there are no alternative anti‐IgE ther‐
apies currently licensed. Studies assessing omalizumab in patients 
with total IgE >1500 IU/mL, new protocols with decreasing doses, or 
less frequent administration after omalizumab initiation in controlled 
patients are needed. Moreover, growth curves of “normal” total IgE 
levels throughout childhood have been recently reported77 and may 
help in revising and expanding the criteria for eligibility for omal‐
izumab treatment. Finally, the fact that there are two parameters 
(serum IgE and body weight) involved in the dosing table may be an 
added complication for some physicians.

TA B L E  3  Considerations for omalizumab use in the pediatric 
asthma population

Reduction of viral‐induced exacerbations

Potential to treat multi‐morbidities, including allergic rhinitis and 
food allergy

Limitations of the dosing table

Potential for home administration

Good safety profile

https://clinicaltrials.gov/ct2/show/NCT02570984
https://clinicaltrials.gov/ct2/show/NCT02570984
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As omalizumab is a treatment that is administered every 2 or 
4 weeks, the opportunity to administer the medication at home 
would be of great benefit for both patients and busy parents/guard‐
ians. Home administration is currently performed in France by a 
nurse or GP. However, the convenience of home use must be bal‐
anced with the risk of omalizumab‐associated anaphylaxis, a serious, 
albeit very rare occurrence, affecting 0.1%–0.2% of patients receiv‐
ing this biologic agent.78

Alternative biologic options with safe and flexible dosing 
regimens are welcome. As new biologics such as anti‐IL‐5 and 
anti‐IL‐4/‐13 therapies are emerging, it will become increasingly im‐
portant to ensure that physicians have optimal educational support 
when choosing the appropriate biologic for the appropriate patient 
to maximize the clinical outcomes for the pediatric patient. This may 
include the identification of an easily accessible biomarker to distin‐
guish between inflammatory phenotypes in children. Further studies 
of the safety and efficacy of these biologics in younger patients will 
certainly help to fill current gaps in our knowledge.33

5  | OMALIZUMAB AND PREGNANCY

An observational study assessing the safety of omalizumab during 
pregnancy is also currently underway. The EXPECT omalizumab preg‐
nancy registry (https://clinicaltrials.gov/ct2/show/NCT00373061) 
records the incidence of congenital anomalies in babies born to asth‐
matic mothers who were exposed to ≥1 dose of omalizumab 8 weeks 
before conception or at any time during pregnancy. Interim analysis 
of the EXPECT study has revealed no increase in the prevalence of 
major anomalies in babies of asthmatic mothers who were exposed 
to omalizumab (via the feto‐maternal barrier) compared with the 
general asthma population.69 Observational data for the newborn 
are also collected at birth, and at 6 and 12 months post‐delivery 
(and up to 18 months post‐delivery if the infant is being breast‐
fed). Therefore, when completed, this study is expected to provide 
much‐needed safety information on the use of omalizumab during 
pregnancy, while also facilitating the assessment of longer‐term pre‐
ventative and safety outcomes in these children. Similar studies in‐
volving the assessment of other biologic therapies would be highly 
beneficial.

6  | FINAL CONSIDER ATIONS

Asthma is a condition that often begins in young children. If asthma is 
adequately treated to establish control early in life, it is possible that 
these young patients will experience improved quality of life, improved 
lung function, reduced morbidity and asthma severity as adults, cou‐
pled with potential cost savings for healthcare systems. This hypoth‐
esis is supported by the recent Finnish experience, in which improved 
asthma control resulted in significant cost savings through reduced 
healthcare utilization.79 In order to achieve this globally, the unmet 
needs in the management of asthma must be addressed.

As asthma is one of the most common conditions affecting chil‐
dren,1 both primary care providers and specialists play important 
roles in diagnosis and management.29 Furthermore, dissemination 
and implementation of evidence‐based guidelines to ensure efficient 
and appropriate escalation of therapy are critical.

There is still a paucity of clinical evidence available, or being 
generated, to support specific treatment (including biologic) recom‐
mendations in all children, especially those <6 years of age, as well 
as a lack of non‐steroid‐based treatment options indicated for or as‐
sessed in this age group. More adolescents and young children must 
be accommodated in ongoing and future planned clinical trials of bio‐
logic therapies. Through studies like these, clinical data may be used 
to support guideline committees in making informed recommenda‐
tions for all patients with asthma. Studies exploring the potential for 
asthma prevention or disease modification are urgently needed also. 
The inclusion of tools to support the prevention of long‐term effects 
of childhood asthma should be considered by committees for future 
asthma guidelines; these could include recommendations for contin‐
uous monitoring of spirometry over time to map lung function during 
childhood, the use of the CASI (as is being employed in the PARK 
study), and an increased emphasis on the use of technology to mon‐
itor treatment adherence.80 Further biomarker studies in children to 
build upon current evidence for stratified treatment approaches are 
also encouraged, to ensure timely and early therapeutic intervention 
to maximize clinical outcomes.

An increased focus on children in the context of asthma guide‐
lines would be welcome; current pediatric practice often relies on 
extrapolations from adult recommendations due to a lack of avail‐
able clinical trial data in young children and adolescents. Uniform 
and conclusive definitions of pediatric asthma and pediatric asthma 
control are needed. Studies assessing safety and efficacy of biolog‐
ics with outcomes that are relevant to pediatric asthma patients are 
warranted, including the impact on the quality of life of the child and 
caregiver as composite end‐points. The outcomes of these studies 
may then be used as evidence to support specific treatment recom‐
mendations in clinical practice guidelines, which are directly relevant 
for younger patients, and which would resonate with parents/guard‐
ians and healthcare practitioners. Findings may also facilitate label 
modifications of certain therapies to include use in younger patients. 
Emerging therapies with novel targets and mechanisms of action 
also need to be studied in the pediatric patient population to ensure 
that therapy can be optimized for individual patients, regardless of 
age, disease severity, or endotype.

Since the approval of omalizumab over ten years ago, there have 
been many studies demonstrating its benefits in children ≥6 years of 
age; however, the biologic therapeutic options available to younger 
asthma patients are limited. With more evidence of efficacy and 
safety in this vulnerable patient population, there is considerable 
potential for early intervention with omalizumab in these very 
young patients to improve clinical outcomes and possibly reduce 
disease progression and/or severity. Studies that demonstrate effi‐
cacy of omalizumab in younger patients are needed and are planned. 
Evidence of disease‐modifying and/or disease prevention potential 
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of omalizumab in pediatric asthma is needed to support the use 
of omalizumab in younger patients with uncontrolled disease who 
may significantly benefit from such therapy, but who are currently 
excluded. This unmet need may be addressed in part by the PARK 
study. Earlier intervention with omalizumab in appropriate patients 
may reduce or prevent the use of corticosteroids, inhaled or sys‐
temic, to maintain control in a patient population that is particularly 
vulnerable to adverse events associated with ICS or OCS.

Optimal management of pediatric asthma also involves the criti‐
cal step of specialist referral of uncontrolled or difficult‐to‐treat pa‐
tients in countries where asthma treatment is largely delivered by 
the GP/PCP.14 An increased understanding of the potential benefits 
of anti‐IgE therapy in multi‐morbid asthmatic children is also needed 
to ensure that patients are optimally treated, with specific label 
changes implemented where appropriate.

Finally, it is widely acknowledged that there are many unmet 
needs which remain to be addressed in the management of pediat‐
ric asthma patients. Prevention measures, biomarker analyses, and 
age‐specific treatment recommendations are just some of the ways 
in which the management of this condition may be driven forward in 
order to benefit as many patients and families as possible.

ACKNOWLEDG EMENTS

The authors acknowledge Pascal Pfister for his support during the 
development of this manuscript. The authors also thank Gillian 
Lavelle PhD, of Novartis Product Lifecycle Services, Dublin, Ireland, 
for providing medical writing support, which was funded by Novartis 
Pharma AG, Basel, Switzerland, in accordance with Good Publication 
Practice (GPP3) guidelines (https://www.ismpp.org/gpp3).

DISCLOSURE

Adnan Čustović reports personal fees from Novartis, Regeneron/
Sanofi, ALK, Bayer, ThermoFisher, GlaxoSmithKline, and Boehringer 
Ingelheim. Antoine Deschildre reports personal fees from Novartis, 
DBV, AImmune, and TEVA and personal fees and congress invita‐
tions from ALK, Stallergenes Greer, GlaxoSmithKline, AstraZeneca, 
and Chiesi. Antonio Nieto reports grants and personal fees 
from Novartis; clinical trial support from GlaxoSmithKline and 
AstraZeneca; and lecture honoraria from ThermoFisher. David 
B. Price reports personal fees from Almirall, Amgen, Cipla, 
GlaxoSmithKline, Kyorin, Merck, Skyepharma and grants from 
AKL Research and Development Ltd, British Lung Foundation, 
Respiratory Effectiveness Group, and UK National Health Service. 
He reports grants and personal fees from Aerocrine, AstraZeneca, 
Boehringer Ingelheim, Chiesi, Mylan, Mundipharma, Napp, 
Novartis, Pfizer, Teva, Theravance, and Zentiva and non‐financial 
support from the Efficacy and Mechanism Evaluation program and 
Health Technology Assessment. Dr Price has stock/stock options 
from AKL Research and Development Ltd which produces phytop‐
harmaceuticals, and owns 74% of the social enterprise Optimum 
Patient Care Ltd (Australia and UK) and 74% of Observational and 

Pragmatic Research Institute Pte Ltd (Singapore). Gunilla Hedlin 
reports advisory board participation with Novartis, AstraZeneca 
and ThermoFisher and lecture honoraria from ThermoFisher. 
Marcela Gavornikova and Xavier Jaumont are full‐time employees 
of Novartis Pharma AG, Basel, Switzerland. Michael D. Cabana re‐
ports personal fees from Novartis, Genentech, and ThermoFisher. 
Nikolaos G. Papadopoulos reports personal fees from Novartis, 
Faes Farma, Biomay, HAL, Nutricia Research, Menarini, MEDA, 
MSD, Omega Pharma, Abbvie, and Danone and grants from 
Menarini. Paulo M. Pitrez reports personal fees from Novartis, 
Boehringer Ingelheim, and AstraZeneca. Petr Pohunek reports 
personal fees and non‐financial support from Novartis, grants and 
personal fees from Teva, and personal fees from AstraZeneca and 
ALK. Sharon D. Dell reports personal fees from Trudell Medical 
International, AstraZeneca Canada, Novartis Pharmaceuticals, and 
Vertex Pharmaceuticals. Paolo M. Matricardi reports personal fees 
and grants from Novartis. All international expert clinicians and sci‐
entists received honoraria from Novartis for participation at the 
advisory board which led to the development of this manuscript.

AUTHOR CONTRIBUTION

All authors were involved in the conception, drafting, and critical 
review of this article. All authors approved the final version to be 
published and agree to be accountable for all aspects of this work.

ORCID

Nikolaos G. Papadopoulos   https://orcid.org/0000-0002-4448-3468 

Paolo M. Matricardi   http://orcid.org/0000-0001-5485-0324 

David B. Price   http://orcid.org/0000-0002-9728-9992 

R E FE R E N C E S

	 1.	 Selroos O, Kupczyk M, Kuna P, et al. National and regional asthma 
programmes in Europe. Eur Respir Rev. 2015;24:474‐483.

	 2.	 Akinbami LJ. The State of childhood asthma, United States, 
1980–2005. Advance data from vital and health statistics; no 381, 
Hyattsville, MD: National Center for Health Statistics. 2006.

	 3.	 Garner R, Kohen D. Changes in the prevalence of asthma among 
Canadian children. Health Rep. 2008;19:45‐50.

	 4.	 Pitrez PM, Stein RT. Asthma in Latin America: the dawn of a new 
epidemic. Curr Opin Allergy Clin Immunol. 2008;8:378‐383.

	 5.	 Ferreira de Magalhaes M, Amaral R, Pereira AM, et al. Cost of 
asthma in children: A nationwide, population‐based, cost‐of‐illness 
study. Pediatr Allergy Immunol. 2017;28:683‐691.

	 6.	 Sullivan PW, Ghushchyan V, Navaratnam P, et al. The national bur‐
den of poorly controlled asthma, school absence and parental work 
loss among school‐aged children in the United States. J Asthma. 
2018;55(6):659-667.

	 7.	 Russell RJ, Brightling C. Pathogenesis of asthma: implications for 
precision medicine. Clin Sci (Lond). 2017;131:1723‐1735.

	 8.	 Deschildre A, Pin I, El Abd K, et al. Asthma control assessment in 
a pediatric population: comparison between GINA/NAEPP guide‐
lines, Childhood Asthma Control Test (C‐ACT), and physician's rat‐
ing. Allergy. 2014;69:784‐790.

https://www.ismpp.org/gpp3
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0002-4448-3468
http://orcid.org/0000-0001-5485-0324
http://orcid.org/0000-0001-5485-0324
http://orcid.org/0000-0002-9728-9992
http://orcid.org/0000-0002-9728-9992


PAPADOPOULOS et al.      |  15PAPADOPOULOS et al.

	 9.	 Fleming L, Murray C, Bansal AT, et al. The burden of severe asthma 
in childhood and adolescence: results from the paediatric U‐
BIOPRED cohorts. Eur Respir J. 2015;46:1322‐1333.

	10.	 Potter PC. Current guidelines for the management of asthma in 
young children. Allergy Asthma Immunol Res. 2010;2:1‐13.

	11.	 Braido F. Failure in asthma control: reasons and consequences. 
Scientifica (Cairo). 2013;2013:549252.

	12.	 Global Initiative for Asthma. Global Strategy for Asthma 
Management and Prevention; 2018. https://ginasthma.org/gina-re‐
ports/. Accessed August 15, 2018.

	13.	 Papadopoulos NG, Arakawa H, Carlsen KH, et al. International con‐
sensus on (ICON) pediatric asthma. Allergy. 2012;67:976‐997.

	14.	 Price D, Bjermer L, Bergin DA, Martinez R. Asthma referrals: a key 
component of asthma management that needs to be addressed. J 
Asthma Allergy. 2017;10:209‐223.

	15.	 Posa D, Perna S, Resch Y, et al. Evolution and predictive value of 
IgE responses toward a comprehensive panel of house dust mite 
allergens during the first 2 decades of life. J Allergy Clin Immunol. 
2017;139:541‐549.e8.

	16.	 Simpson A, Lazic N, Belgrave DC, et al. Patterns of IgE responses 
to multiple allergen components and clinical symptoms at age 11 
years. J Allergy Clin Immunol. 2015;136:1224‐1231.

	17.	 Martin Alonso A, Saglani S. Mechanisms Mediating Pediatric Severe 
Asthma and Potential Novel Therapies. Front Pediatr. 2017;5:154.

	18.	 Georgountzou A, Papadopoulos NG. Postnatal innate immune de‐
velopment: from birth to adulthood. Front Immunol. 2017;8:957.

	19.	 Holgate ST, Arshad HS, Roberts GC, Howarth PH, Thurner P, Davies 
DE. A new look at the pathogenesis of asthma. Clin Sci (Lond). 
2009;118:439‐450.

	20.	 Ducharme FM, Tse SM, Chauhan B. Diagnosis, management, and 
prognosis of preschool wheeze. Lancet. 2014;383:1593‐1604.

	21.	 Yang CL, Simons E, Foty RG, Subbarao P, To T, Dell SD. Misdiagnosis 
of asthma in schoolchildren. Pediatr Pulmonol. 2017;52:293‐302.

	22.	 British Thoracic Society (BTS)/Scottish Intercollegiate Guideline 
Network (SIGN). British Guideline on the Management of Asthma. A 
national clinical guideline. Edinburgh, Scotland, 2012. https://www.
brit-thoracic.org.uk/document-library/clinical-information/asthma/
btssign-asthma-guideline-2016/. Accessed March 15, 2018.

	23.	 Herzog R, Cunningham‐Rundles S. Pediatric asthma: natural his‐
tory, assessment, and treatment. Mt Sinai J Med. 2011;78:645‐660.

	24.	 National Institute for Health and Care Excellence. Asthma: diagno‐
sis, monitoring and chronic asthma management. NICE guideline 
NG80; 2017. https://www.nice.org.uk/guidance/ng80/resources/
asthma-diagnosis-monitoring-and-chronic-asthma-manage‐
ment-pdf-1837687975621. Accessed March 15, 2018.

	25.	 Pavord ID, Beasley R, Agusti A, et al. After asthma: redefining air‐
ways diseases. Lancet. 2017;391:350‐400.

	26.	 Netuveli G, Hurwitz B, Sheikh A. Lineages of language and the diag‐
nosis of asthma. J R Soc Med. 2007;100:19‐24.

	27.	 Lenney W, Bush A, Fitzgerald DA, et al. Improving the global diag‐
nosis and management of asthma in children. Thorax. 2018;73:1‐8.

	28.	 Ducharme FM, Dell SD, Radhakrishnan D, et al. Diagnosis and man‐
agement of asthma in preschoolers: A Canadian Thoracic Society 
and Canadian Paediatric Society position paper. Paediatr Child 
Health. 2015;20:353‐371.

	29.	 William SB, Lecture P. Primary and specialty care interfaces: the 
imperative of disease continuity. Br J Gen Pract. 2003;53:723‐729.

	30.	 Bender BG, Cvietusa PJ, Goodrich GK, et al. Pragmatic trial of health 
care technologies to improve adherence to pediatric asthma treat‐
ment: a randomized clinical trial. JAMA Pediatr. 2015;169:317‐323.

	31.	 Huang X & Matricardi PM. Clinic Rev Allerg Immunol (2016). https://
doi.org/10.1007/s12016-016-8542-y

	32.	 Plaza AM, Ibanez MD, Sanchez‐Solis M, et al. Consensus‐based ap‐
proach for severe paediatric asthma in routine clinical practice. An 
Pediatr (Barc). 2016;84:122.e1‐222.

	33.	 Szefler SJ, Chmiel JF, Fitzpatrick AM, et al. Asthma across the 
ages: knowledge gaps in childhood asthma. J Allergy Clin Immunol. 
2014;133:3‐13.

	34.	 Gautier C, Charpin D. Environmental triggers and avoidance in the 
management of asthma. J Asthma Allergy. 2017;10:47‐56.

	35.	 Kotwani A, Chhabra SK. Effect of patient education and standard 
treatment guidelines on asthma control: an intervention trial. WHO 
South East Asia J Public Health. 2012;1:42‐51.

	36.	 Barnes N. Relative safety and efficacy of inhaled corticosteroids. J 
Allergy Clin Immunol. 1998;101:S460‐S464.

	37.	 Guilbert TW, Morgan WJ, Zeiger RS, et al. Long‐term inhaled cor‐
ticosteroids in preschool children at high risk for asthma. N Engl J 
Med. 2006;354:1985‐1997.

	38.	 Childhood Asthma Management Program Research Group, Szefler 
S, Weiss S, et al. Long‐term effects of budesonide or nedocromil in 
children with asthma. N Engl J Med. 2000;343:1054‐1063.

	39.	 Verberne AA, Frost C, Roorda RJ, Van derLaag H, Kerrebijn KF. One 
year treatment with salmeterol compared with beclomethasone in 
children with asthma. The Dutch Paediatric Asthma Study Group. 
Am J Respir Crit Care Med. 1997;156:688‐695.

	40.	 Castro‐Rodriguez JA, Rodrigo GJ. Efficacy of inhaled cortico‐
steroids in infants and preschoolers with recurrent wheezing 
and asthma: a systematic review with meta‐analysis. Pediatrics. 
2009;123:e519‐e525.

	41.	 Le Souef P. The meaning of lung dose. Allergy. 1999;54(Suppl 
49):93‐96.

	42.	 Holt S, Suder A, Weatherall M, Cheng S, Shirtcliffe P, Beasley 
R. Dose‐response relation of inhaled fluticasone propionate 
in adolescents and adults with asthma: meta‐analysis. BMJ. 
2001;323:253‐256.

	43.	 van Aalderen WM, Garcia‐Marcos L, Gappa M, et al. How to match 
the optimal currently available inhaler device to an individual 
child with asthma or recurrent wheeze. NPJ Prim Care Respir Med. 
2015;25:14088.

	44.	 Hossny E, Rosario N, Lee BW, et al. The use of inhaled corticoste‐
roids in pediatric asthma: update. World Allergy Organ J. 2016;9:26.

	45.	 Fuhlbrigge AL, Kelly HW. Inhaled corticosteroids in children: ef‐
fects on bone mineral density and growth. Lancet Respir Med. 
2014;2:487‐496.

	46.	 Kelly HW, Van Natta ML, Covar RA, et al. Effect of long‐term cor‐
ticosteroid use on bone mineral density in children: a prospective 
longitudinal assessment in the childhood Asthma Management 
Program (CAMP) study. Pediatrics. 2008;122:e53‐e61.

	47.	 Pruteanu AI, Chauhan BF, Zhang L, Prietsch SO, Ducharme FM. 
Inhaled corticosteroids in children with persistent asthma: dose‐re‐
sponse effects on growth. Evid Based Child Health. 2014;9:931‐1046.

	48.	 Kamada AK, Szefler SJ. Glucocorticoids and growth in asthmatic 
children. Pediatr Allergy Immunol. 1995;6:145‐154.

	49.	 Kayani S, Shannon DC. Adverse behavioral effects of treatment 
for acute exacerbation of asthma in children: a comparison of two 
doses of oral steroids. Chest. 2002;122:624‐628.

	50.	 Gray N, Howard A, Zhu J, Feldman LY, To T. Association between in‐
haled corticosteroid use and bone fracture in children with asthma. 
JAMA Pediatr. 2018;172:57‐64.

	51.	 Deschildre A, Marguet C, Salleron J, et al. Add‐on omalizumab in 
children with severe allergic asthma: a 1‐year real life survey. Eur 
Respir J. 2013;42:1224‐1233.

	52.	 Darveaux J, Busse WW. Biologics in asthma–the next step to‐
ward personalized treatment. J Allergy Clin Immunol Pract. 
2015;3:152‐160.

	53.	 Casale TB. Biologics and biomarkers for asthma, urticaria, and nasal 
polyposis. J Allergy Clin Immunol. 2017;139:1411‐1421.

	54.	 Bacharier LB, Guilbert TW. Diagnosis and management of 
early asthma in preschool‐aged children. J Allergy Clin Immunol. 
2012;130:287‐296.

https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/
https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/
https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/
https://www.nice.org.uk/guidance/ng80/resources/asthma-diagnosis-monitoring-and-chronic-asthma-management-pdf-1837687975621
https://www.nice.org.uk/guidance/ng80/resources/asthma-diagnosis-monitoring-and-chronic-asthma-management-pdf-1837687975621
https://www.nice.org.uk/guidance/ng80/resources/asthma-diagnosis-monitoring-and-chronic-asthma-management-pdf-1837687975621
https://doi.org/10.1007/s12016-016-8542-y
https://doi.org/10.1007/s12016-016-8542-y


PAPADOPOULOS et al.16  |     PAPADOPOULOS et al.

	55.	 Novartis Pharma GmbH. Xolair Summary of Manufactured Product 
Characteristics (SMPC). https://www.ema.europa.eu/documents/
product-information/xolair-epar-product-information_en.pdf. 
Accessed July 02, 2018.

	56.	 Food and Drug Administration ‐ Xolair. https://www.access‐
data.fda.gov/drugsatfda_docs/label/2015/103976s5224lbl.pdf. 
Accessed March 19, 2018.

	57.	 Ortega HG, Liu MC, Pavord ID, et al. Mepolizumab treat‐
ment in patients with severe eosinophilic asthma. N Engl J Med. 
2014;371:1198‐1207.

	58.	 Pavord ID, Korn S, Howarth P, et al. Mepolizumab for severe eosin‐
ophilic asthma (DREAM): a multicentre, double‐blind, placebo‐con‐
trolled trial. Lancet. 2012;380:651‐659.

	59.	 Bleecker ER, FitzGerald JM, Chanez P, et al. Efficacy and safety of 
benralizumab for patients with severe asthma uncontrolled with 
high‐dosage inhaled corticosteroids and long‐acting beta2‐agonists 
(SIROCCO): a randomised, multicentre, placebo‐controlled phase 3 
trial. Lancet. 2016;388:2115‐2127.

	60.	 FitzGerald JM, Bleecker ER, Nair P, et al. Benralizumab, an anti‐in‐
terleukin‐5 receptor alpha monoclonal antibody, as add‐on treat‐
ment for patients with severe, uncontrolled, eosinophilic asthma 
(CALIMA): a randomised, double‐blind, placebo‐controlled phase 3 
trial. Lancet. 2016;388:2128‐2141.

	61.	 Chipps BE, Bacharier LB, Farrar JR, et al. The pediatric asthma yard‐
stick: Practical recommendations for a sustained step‐up in asthma 
therapy for children with inadequately controlled asthma. Ann 
Allergy Asthma Immunol. 2018;120:559‐79.e11.

	62.	 Corren J, Kavati A, Ortiz B, et al. Efficacy and safety of omalizumab 
in children and adolescents with moderate‐to‐severe asthma: A 
systematic literature review. Allergy Asthma Proc. 2017;38:250‐263.

	63.	 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.

	64.	 Valovirta E, Petersen TH, Piotrowska T, et al. Results from the 5‐
year SQ grass sublingual immunotherapy tablet asthma preven‐
tion (GAP) trial in children with grass pollen allergy. J Allergy Clin 
Immunol. 2018;141:529‐538.

	65.	 Wildfire JJ, Gergen PJ, Sorkness CA, et al. Development and vali‐
dation of the Composite Asthma Severity Index–an outcome mea‐
sure for use in children and adolescents. J Allergy Clin Immunol. 
2012;129:694‐701.

	66.	 Fitzpatrick AM, Jackson DJ, Mauger DT, et al. Individualized ther‐
apy for persistent asthma in young children. J Allergy Clin Immunol. 
2016;138:1608‐1618.

	67.	 Teach SJ, Gill MA, Togias A, et al. Preseasonal treatment 
with either omalizumab or an inhaled corticosteroid boost 
to prevent fall asthma exacerbations. J Allergy Clin Immunol. 
2015;136:1476‐1485.

	68.	 Esquivel A, Busse WW, Calatroni A, et al. Effects of omalizumab on 
rhinovirus infections, illnesses, and exacerbations of asthma. Am J 
Respir Crit Care Med. 2017;196:985‐992.

	69.	 Namazy J, Cabana MD, Scheuerle AE, et al. The Xolair Pregnancy 
Registry (EXPECT): the safety of omalizumab use during pregnancy. 
J Allergy Clin Immunol. 2015;135:407‐412.

	70.	 Larenas‐Linnemann D, Nieto A, Palomares O, Pitrez PM, Cukier G. 
Moving toward consensus on diagnosis and management of severe 
asthma in children. Curr Med Res Opin. 2018;34(3):447-458.

	71.	 Pinart M, Benet M, Annesi‐Maesano I, et al. Comorbidity of ec‐
zema, rhinitis, and asthma in IgE‐sensitised and non‐IgE‐sensitised 
children in MeDALL: a population‐based cohort study. Lancet Respir 
Med. 2014;2:131‐140.

	72.	 Vignola AM, Humbert M, Bousquet J, et al. Efficacy and tolerability 
of anti‐immunoglobulin E therapy with omalizumab in patients with 
concomitant allergic asthma and persistent allergic rhinitis: SOLAR. 
Allergy. 2004;59:709‐717.

	73.	 Rafi A, Do LT, Katz R, Sheinkopf LE, Simons CW, Klaustermeyer W. 
Effects of omalizumab in patients with food allergy. Allergy Asthma 
Proc. 2010;31:76‐83.

	74.	 Hatzler L, Panetta V, Lau S, et al. Molecular spreading and predic‐
tive value of preclinical IgE response to Phleum pratense in children 
with hay fever. J Allergy Clin Immunol. 2012;130:894‐901.

	75.	 Asero R. Disappearance of severe oral allergy syndrome fol‐
lowing omalizumab treatment. Eur Ann Allergy Clin Immunol. 
2017;49:143‐144.

	76.	 Lanier B, Bridges T, Kulus M, Taylor AF, Berhane I, Vidaurre CF. 
Omalizumab for the treatment of exacerbations in children with in‐
adequately controlled allergic (IgE‐mediated) asthma. J Allergy Clin 
Immunol. 2009;124:1210‐1216.

	77.	 Sacco C, Perna S, Vicari D, et al. Growth curves of "normal" serum 
total IgE levels throughout childhood: A quantile analysis in a birth 
cohort. Pediatr Allergy Immunol. 2017;28:525‐534.

	78.	 Chipps BE, Lanier B, Milgrom H, et al. Omalizumab in children with 
uncontrolled allergic asthma: Review of clinical trial and real‐world 
experience. J Allergy Clin Immunol. 2017;139:1431‐1444.

	79.	 Haahtela T, Herse F, Karjalainen J, et al. The Finnish experience to 
save asthma costs by improving care in 1987‐2013. J Allergy Clin 
Immunol. 2017;139:408‐414.

	80.	 Szefler SJ. Asthma across the lifespan: time for a paradigm shift. J 
Allergy Clin Immunol. 2018;142:773‐780.

How to cite this article: Papadopoulos NG, Čustović A, 
Cabana MD, et al. Pediatric asthma: An unmet need for more 
effective, focused treatments. Pediatr Allergy Immunol. 
2019;30:7–16. https://doi.org/10.1111/pai.12990

https://www.ema.europa.eu/documents/product-information/xolair-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/xolair-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/103976s5224lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/103976s5224lbl.pdf
https://doi.org/10.1111/pai.12990

