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Abstract

Background: Various studies have assessed omalizumab outcomes in the clinical practice
setting but follow-up and/or number of patients included were limited. We aim to describe
the long-term outcomes of pediatric patients with severe persistent allergic asthma receiving

omalizumab in the largest real-life cohort reported to date.
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Methods: ANCHORS was a multicenter, observational, retrospective cohort study conducted
in 25 Pediatric Allergy and Pulmonology units in Spain. We collected data of patients <18
years and initiating omalizumab between 2006-2018, from the year prior to omalizumab
initiation to discontinuation or last available follow-up. The primary outcome was the
evolution of the annual number of moderate-to-severe exacerbations compared to the baseline

period.

Results: Of the 484 patients included, 101 (20.9%) reached six years of treatment. The
meanzstandard deviation number of exacerbations decreased during the first year of
treatment (7.9+6.6 to 1.1+2.0, p<0.001) and remained likewise for up to six years. The other
clinical parameters assessed also improved significantly during the first year and stabilized or
continued to improve thereafter. The percentage of patients experiencing adverse events was

consistently low, and the main reason for discontinuation was good disease evolution.

Conclusion: In this large, long-term, observational study, moderate-to-severe exacerbations
decreased significantly from the first year of treatment with omalizumab. The beneficial
effect was maintained in the long-term, along with a good safety profile. Our results position
omalizumab as an effective long-term treatment in pediatric patients with severe persistent

allergic asthma.
Keywords

Children, adolescents, severe asthma, omalizumab, anti-asthmatic agents, humanized

monoclonal antibodies, observational study, real-life

Key message

Clinical trials have shown the benefits of omalizumab in pediatric patients with severe
allergic asthma, but the follow-ups and/or number of patients included have been limited.
Real-life studies are needed in order to check the results obtained in randomized clinical

trials.

To our knowledge, this is the first observational study reporting outcomes for up to 6 years of
omalizumab in a large cohort of pediatric patients with severe persistent allergic asthma. Our

results come to support the long-term efficacy and safety of omalizumab in pediatric patients
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with severe persistent allergic asthma who are unable to achieve disease control with

conventional treatments. No tachyphylaxis seems to develop in the long term.

Introduction

Pediatric patients aged >6 years with severe persistent allergic asthma (SPAA) and unable to
achieve disease control on Global Initiative for Asthma step 4 have the option to receive
tiotropium bromide or targeted therapy with mepolizumab or omalizumab.! In line with the
growing agreement on the need for pragmatic real-life data, various prospective®’ and

retrospective® 2

studies have assessed omalizumab outcomes in real-life pediatric cohorts,
but their follow-up, number of patients included or both have been limited. To determine the
safety and effectiveness of omalizumab in real life, long-term follow up data from larger
cohorts are needed. The study described herein follows this approach. The main objective
was to describe the clinical evolution after initiating omalizumab. Other objectives included
describing the patients’ profile, and the effectiveness, safety, and rate and reasons for

discontinuation of omalizumab.
Methods

ANCHORS (Asthma iN CHildren: Omalizumab in Real-life in Spain) was a multicenter,
observational, database, retrospective cohort study conducted in 25 Pediatric Allergy and
Pulmonology units in Spain with experience in severe asthma. All procedures were in
accordance with the Declaration of Helsinki. A central ethics committee (Hospital
Universitari i Politecnic La Fe, Valencia-Spain) approved the protocol, and granted a waiver

for informed consent.
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During the data collection period (August-October 2018), the participating units identified all
patients <18 years who initiated omalizumab between 2006 and 2018, and included those
who received omalizumab for the treatment of SPAA, after other respiratory disorders had
been ruled out. Children <6 years received treatment on compassionate grounds, after
obtaining informed consent from their parents. Data were collected from the year prior to
omalizumab initiation (baseline period) until omalizumab discontinuation or the last available

follow-up.

The primary outcome was the evolution of the annual number of moderate-to-severe
exacerbations (MSE) compared to baseline. MSE were those requiring systemic
corticosteroids, emergency visits, and/or hospitalizations. As secondary outcomes, we
described the characteristics of patients and analyzed the annual evolution of several clinical
parameters from baseline: number of non-serious exacerbations (requiring short-acting
beta-agonists only); forced expiratory volume at first second (FEV1, % predicted); fractional
exhaled nitric oxide (FeNO); maximum mid-expiratory flow (MMEF, % predicted); absolute
eosinophil count; number of healthcare encounters (unscheduled visits to primary care
pediatricians and specialists, asthma-related emergency visits and hospitalizations, and
pediatric intensive care unit [PICU] admissions); courses of systemic corticosteroids;
concomitant chronic medications for asthma; and asthma control. Asthma control was
assessed through validated tools (Asthma Control Questionnaire [ACQ], Asthma Control
Test [ACT], and/or the Spanish Asthma Control in Children [CAN]).**® Finally, as
secondary safety outcome, we described adverse events (AEs) and, as exploratory outcomes,

the rate and reasons for omalizumab discontinuation.
Statistical analyses

Sample size considerations are described in the Appendix. Data extracted at each unit were
pooled in a single anonymized database to conduct the statistical analyses (SAS software
version 9.4). We present data and performed analyses for baseline demographic and clinical
characteristics, MSE and other clinical parameters based on the effectiveness population
(patients with data for the primary outcome at baseline and at least one year after omalizumab
initiation). For safety outcomes, and rate and reasons for discontinuation, we used the safety
population (patients who received >1 dose of omalizumab). To assess potential differences by
age, demographics and clinical characteristics, evolution of MSE and main secondary

outcome results (FeNO, FEV; and MMEF) were described by age group (<6 years,
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>6-12 years, >12 years). As the study population also included patients in whom omalizumab
IS not approved (<6 years old), to subtract the effect of these patients we also

described/analyzed outcomes for those >6 years separately.

We analyzed questionnaire scores (QS) as a continuous and categorical variable, by
classifying patients as “controlled” and “uncontrolled” according to published thresholds.*> 2
As the tool most used in Spain (CAN) as well as ACT only distinguish between “controlled”
and “uncontrolled”, patients classified as “partially controlled” by ACQ were considered
“uncontrolled” to harmonize the three tools. For patients with more than one score on a given

year, we used the worst value.

We summarized and analyzed available data without imputing missing values. Annual
changes versus baseline were assessed using paired t-tests or Wilcoxon signed rank tests (for
continuous variables) and McNemar’s tests (for categorical). Comparisons between age
groups were conducted through Kruskal Wallis tests (for continuous variables) or Chi-square
or Fisher’s exact test (for categorical). The change in MSE over time (primary outcome) in
the total study population and among age groups was also assessed through mixed models
repeated measures (MMRM) analyses, using the baseline number of MSE as covariate, and
either the year of follow-up as fixed effect, or the year of follow-up, age group and year of
follow up-by-age group interaction as fixed effects. Pairwise comparisons were performed
applying the Bonferroni correction, to account for multiplicity. All tests were two-sided, with

a significance threshold of p<0.05.
Results

Of the 484 patients included, all formed the safety population, while 426 formed the
effectiveness population (Figure E1). Of the 484 patients, 101 (20.9%) reached six years of
treatment. As only 20 (4.1%) patients continued treatment beyond this point, we present
results for the first six years of follow-up, except for AEs and discontinuations. Clinical and
demographic characteristics of the effectiveness population at omalizumab initiation (Table
1) did not differ substantially from those of the safety population. Characteristics for age

subgroups are shown in Table E1.
Omalizumab dosage

In the effectiveness population, the meanzstandard deviation (SD) monthly dose of

omalizumab was higher for patients present at baseline (524.5+337.1 mg) compared with
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patients on follow-up at each year of the study period, the lowest mean dose being observed
at Year 6 (369.7£276.6 mg). Conversely, the mean dosing interval was narrower at baseline

(3.2+£1.1 weeks) and the widest interval was observed at Year 6 (4.0+1.6 weeks).
Efficacy outcomes

The meanzSD annual number of MSE decreased significantly from 7.9+6.6 during baseline
to 1.1+2.0 during the first year of treatment with omalizumab (-80.2%, 95% confidence
interval [Cl1] -84.5% to -75.8%). The number continued consistently low up to Year 6 (Figure
1A). The evolution was similar across age subgroups (Figure 1B). The MMRM analysis
showed a significant least square mean (LSM) reduction in MSE from baseline at all years of
follow-up, beginning at Year 1. Between-year pairwise comparisons only revealed significant
LSM differences at Year 1 and Year 2 versus the rest (Table E2). When the age group and the
year of follow-up-by-age group interaction were added to the MMRM model as fixed effects,
the LSM reduction from baseline was found to be significant within each age group at each
year of follow-up (Table E3). The model revealed a significant effect of age (p=0.0046), that
according to pairwise comparisons between groups was due to a LSM difference of 0.36
MSE (95%CI 0.08 to 0.63) between the >6-12 and the >12 y age group (p=0.0057). The
model still showed a significant effect of the year of follow-up (p=0.0020), consistent with
the results above, while the year of follow-up-by age group interaction was not significant
(p=0.5248).

During the first year of treatment, there was a significant reduction in the number of mild
exacerbations (-64.4%, 95%CI -71.1% to -57.7%), which remained consistently low up to
Year 6 (Figure E2). FeNO decreased and FEV; and MMEF increased significantly during the
first year, remaining stable thereafter (Figure 2; see also Table E4 for age subgroups). The
mean absolute eosinophil count progressively decreased as the follow-up progressed,
reaching the lowest value versus baseline at Year 6 (-33.1%, 95%CI -49.1% to -17.1%)
(Figure 3).

We describe disease control and evolution of QS for each tool in Figure E3. At baseline,
28/334 (8.4%) patients were controlled as per QS. This percentage improved significantly
during the first year of treatment (148/329 [45.0%], p<0.001) and kept increasing up to Year
6 (75/84 [89.3%)]).

After 1 year of omalizumab treatment, the number of all healthcare encounters decreased

significantly, with no PICU admissions from Year 2 onwards (Figure 4). Mean+SD courses
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of rescue systemic corticosteroids decreased by 84.5% (95%CI -88.8% to -80.2%) from
baseline to Year 1 (4.1+£3.4 vs.0.5+1.1, p<0.001) and remained low thereafter (0.2+0.7 during
Year 6).

The number of concomitant chronic medications was significantly reduced in Year 1 and
remained lower than baseline up to Year 6. There was an apparent increase in the proportion
of patients receiving >2 medications by the end of follow-up (Figure 5A). The proportion of
patients receiving each type of medication followed a similar pattern, with an apparent
increase from Year 5 in the use of inhaled corticosteroids (ICS) and long-acting beta-agonists
(LABA) (Figure 5B). There was a significant drop in the mean£SD daily dose of ICS from
baseline to Year 1 (867.3+474.5 vs. 663.4+431.4 pug budesonide equivalent [b.e.]), that
continued over to Year 6 (350.2+308.4 pug b.e., p<0.001, -64.2% [95%CI -74.5% to -53.8%]
compared to baseline). In the subset of patients reaching Year 6, the proportion receiving >2
medications at baseline (93%) decreased to 69% after four years of follow-up and remained
rather constant thereafter (data not shown). The percentage receiving ICS and LABA at
baseline (100% and 93%) also decreased significantly (75% and 64% at Year 6, p<0.001
both), as did the dose of ICS.

Main effectiveness results for the subset of patients >6 years are available in Table E5.
Adverse events

Twenty-one of 484 (4.3%) patients experienced at least one AE. These included headache
(n=8, 1.7%), unspecific symptoms like malaise, fatigue, asthenia, low-grade fever, myalgia,
and/or flu-like syndrome ( n=5, 1.0%), injection site pain/reaction (n=4, 0.8%), dizziness/loss
of consciousness/vasovagal syncope (n=4, 0.8%), transient urticaria (n=2, 0.4%),
anaphylaxis, Burkitt lymphoma, epistaxis, abdominal pain, immune thrombocytopenia, and
impaired wound healing (n=1 [0.2%] each). There were no deaths during omalizumab

treatment.
Discontinuations

Overall, 123/484 (25.4%) patients discontinued omalizumab. Discontinuations due to good
evolution of disease were the most common (n=99, 20.5%), and occurred for 0.2%, 1.2%,
2.5%, 2.1%, 3.9%, and 6.2% of patients between Years 1-6, and for 21.2% of patients
thereafter. Less common reasons were lack of efficacy (n=17, 3.5%), loss to follow-up (n=13,

2.7%), and patient decision (n=3, 0.6%). Seven (1.4%) patients discontinued due to
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AEs/concomitant disease: malaise (n=2), headache, anaphylaxis, Burkitt lymphoma,
abdominal pain and immune thrombocytopenia (n=1 each). Reason was not reported in seven
(1.4%) patients. Discontinuations increased with age (<6 years: 2.1%, >6-12 years: 43.8%,
>12 years: 54.1%).

Discussion

To our knowledge, ANCHORS is the first observational study reporting outcomes for up to 6
years of omalizumab in a large cohort of pediatric patients with SPAA. Many patients were
still on follow-up at Year 6, allowing for more precise estimates. Moreno-Galarraga et al*!
and Folque et al*? have reported omalizumab outcomes for a maximum of approximately 6

years, but in 13 and 48 patients respectively.

Our cohort was clearly uncontrolled despite the high medication use, indicated by the number
of exacerbations, healthcare encounters, rescue corticosteroids use and QS during the
baseline period. Nevertheless, in the year after omalizumab initiation, the annual number of
MSE was reduced to 1.1. The MMRM analyses confirmed that the significant change in MSE
mainly occurred in the first year after omalizumab initiation, and that it stabilized (while
remaining significant from baseline) from this year onwards. The evolution of MSE over time
was similar regardless of age, as shown by the non-significant interaction between year of
follow-up and age group. This significant reduction in severe exacerbations during the first
year of omalizumab treatment has been also noted in previous prospective real-life study by

I* in which exacerbations defined similar to our MSE decreased from 4.4 to

Deschildre et a
1.3. These patients had baseline FEV1, MMEF and use of ICS similar to our cohort, while

duration of asthma and IgE levels were higher and ICS dose lower.

The effectiveness population in our study included patients who received omalizumab at a
younger age than allowed in the product label (<6 years), reflecting the real-life clinical
practice. These patients showed a significantly higher number of MSE at baseline compared
to other age groups (probably motivating the off-label use of omalizumab), but the borderline
statistically significant effect of age found in the MMRM analysis was not due to differences
between these patients and the ones receiving omalizumab as per current indication (maybe
due to the relatively smaller size of this group), but to difference between the latter, as
revealed by pairwise comparisons. As the >6-12 years and >12 years age groups were solely
defined based on the current and former indication of omalizumab (respectively), the age

effect was due to a very small LSM difference in MSE, and there is not a validated minimal
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relevant difference for this outcome,® the clinical significance of this finding seems unclear.
However, the fact that both patients >6-12 and >12 years old showed a significant
improvement of lung function, leads us to believe that the effect of age in omalizumab
outcomes is very limited. The lack of a significant and consistent improvement in lung
function observed for patients <6 years may be due to the comparatively better values at
baseline, as disease duration may have been too short to produce a significant decline, and to

the smaller number of patients in this subgroup.

As MSE, statistically significant improvements in secondary outcomes also occurred during
the first year. We did not evaluate earlier time points, but previous studies have found
significant amelioration after only 3-6 months of omalizumab.>"***? In our case,
improvements were maintained (or even continued) throughout 6 years of follow-up, as
reported by Moreno-Galarraga et al*! and Folque et al.** Despite the shorter follow-up,
Deschildre et al also observed maintenance of omalizumab benefits for up to two years.® As
commented for MSE, determining whether these statistically significant improvements
translated into clinically meaningful improvements can be difficult as, of variables assessed
in this study, minimal relevant differences have only been validated for some asthma control
questionnaires (0.5 points for ACQ, 2 points for ACT in pediatric patients and C-ACT).% In
our study, the improvements observed in mean ACQ, ACT and C-ACT scores widely
exceeded these values. Also, there was a progressive shift of scores from the uncontrolled
disease to the controlled disease score range. All this suggests a meaningful clinical effect of
omalizumab. Additionally, to our knowledge these are the longest follow-up data for disease
control reported in pediatric patients with SPAA, supporting a continued effectiveness of
omalizumab without development of tachyphylaxis. The rate of AEs in our cohort was very
low, and the most frequent were consistent with the safety profile of omalizumab. Few
patients discontinued due to AEs, one of them a Burkitt lymphoma. Although we cannot rule
out a causal relationship, systematic reviews and pooled analysis have not shown increased

risk of malignancies with omalizumab.?* 2

Although this evidence supports the long-term use of omalizumab, an earlier discontinuation
may be feasible in a considerable subset of patients. In our study, only 1.4% of patients
discontinued omalizumab due to good evolution during the first two years, but the percentage
increased to approximately 16.1% after six years of follow-up. Deschildre et al** reported a

similar percentage after only two years of follow-up, but the baseline number of
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304  exacerbations and ICS dose were lower in their cohort, suggesting a better initial disease

305  control.

306  Our results point at an indirect anti-eosinophilic effect of omalizumab. This was accompanied
307  with a significant reduction in FeNO, also noted in prior studies.""*> An elevated eosinophil
308  count increases the risk of asthma exacerbations and, when coupled with an elevated FeNO,
309 s associated to higher asthma morbidity.?®?’ In severe asthma, high eosinophil levels may
310 persist despite high-dose ICS therapy,? so our findings are particularly relevant in the

311  population with SPAA.

312  The requirement for rescue corticosteroids and the use of ICS decreased from the first year.
313 This corticosteroid-sparing effect confirms that reported in previous real-life studies,***%%
314  and is of major importance in children, as both the exposure to rescue corticosteroids and

315  long-term use of ICS increase the risk of adrenal supression,*and ICS have a dose-dependent
316  negative effect on growth.*! The sparing effect extended to all other asthma medications. The
317  apparent increase from Year 5 in the number of medications and the use of ICS and LABA
318  may be a statistical artifact, as some patients had not reached Year 5 by the time of data

319  collection. Another possible reason would be selection bias, as some patients discontinued
320 omalizumab before Year 5 due to good evolution. In fact, patients who reached Year 6 were
321  already receiving many treatments at baseline. In these patients, the dose of ICS decreased
322 over time. The growing proportion of asthma control and discontinuations due to good

323  evolution, along with the consistently low number of exacerbations and healthcare

324  encounters, also exclude an upturn in asthma severity over time.

325  Our study has some limitations. The diagnosis of SPAA based on physicians’ criteria may
326  have led to the inclusion of patients with a range of disease status. However, baseline

327  characteristics suggest that most included patients had indeed severe asthma. Also, in the
328  context of a normal clinical practice, the mean time elapsed since diagnosis of severe asthma
329  seems enough to determine persistence of symptoms, as well to assess and try to correct

330  (when possible) secondary causes for lack of control (e.g. comorbidities, poor adherence,
331  inhaler technique, social issues). Anyway, given the size of the effectiveness population, we
332 believe that a potential small subset of misdiagnosed patients would have not affected the
333  results substantially. Adherence, inhaler technique, and social issues other than tobacco

334  smoke exposure (e.g. pets, suboptimal domestic hygiene) were not assessed as study

335  variables, but we are aware that some of our pediatric patients initiated omalizumab before
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these potential causes for lack of control had been corrected, mainly because parents were
reluctant/uncapable to do so. This, however, reflects the need to adapt to the circumstances of
these patients with severe symptomatology, and eventually the real-life nature of the study.
During the period covered by the ANCHORS study, omalizumab was only intended to be
administered by healthcare providers in specialized units, contrary to conventional
treatments. This may improve adherence, by direct verification of drug administration and a
closer follow-up. While this may have influenced outcomes in patients who initiated
omalizumab for uncontrolled asthma despite being non-adherent to conventional treatment
(through an improvement of adherence to asthma treatment), as explained previously we
believe these patients were a minority in our cohort. Furthermore, some variables in our study
continued to improve after the first year of follow-up, which cannot be explained by an early
improvement of adherence at the time of omalizumab initiation. Regarding data quality, we
pooled pre-existing databases which differed in the parameters recorded, time of assessments,
and format/units used. In some variables, this required manual categorization and/or
conversion of values in order to summarize and analyze them, which may have decreased
data granularity. The high number of missing data observed in some variables may have
biased results (e.g. mild exacerbations were less frequent than MSE, which points at an
underestimation). Also, the expected high number of missing values for asthma control
obliged us to pool data from various questionnaires, which differed in several aspects.
Nevertheless, the conservative approach chosen to analyze asthma control most probably lead
to underestimation. Finally, we cannot exclude some improvement due to surveillance bias,

since patients were visited very frequently.

In conclusion, in our large real-life cohort, there was a significant reduction in the number of
MSE and a significant improvement in all other clinical parameters assessed during the first
year of treatment with omalizumab. The beneficial effect was maintained in the long-term,
along with a good safety profile and a positive impact on medication use and healthcare
encounters. Our results confirm those of prior observational studies, and position omalizumab
as an effective long-term treatment in patients with SPAA unable to achieve disease control

with non-biological treatment.

Acknowledgements

This article is protected by copyright. All rights reserved



367
368
369

370

371

372

373

374

375

376

377
378
379

380
381
382

383
384
385

386
387
388

389
390
391

392
393

The authors want to thank their families, centers, pediatricians and nurses from the pediatric

allergy and pulmonology units participating in the study, as well as patients and their

families, for their patience and collaboration during this project.

References

1.

Global Initiative for Asthma. Global strategy for asthma management and prevention.
Published June 2019. Accessed April 17, 2020. https://ginasthma.org/wp-
content/uploads/2019/06/GINA-2019-main-report-June-2019-wms.pdf

Corrigan-Curay J, Sacks L, Woodcock J. Real-world evidence and real-world data for
evaluating drug safety and effectiveness. JAMA. 2018;320(9):867-868.
d0i:10.1001/jama.2018.10136

Deschildre A, Marguet C, Langlois C, et al. Real-life long-term omalizumab therapy in
children with severe allergic asthma. Eur Respir J. 2015;46(3):856-859.
d0i:10.1183/09031936.00008115

Sztafinska A, Jerzynska J, Stelmach W, Woicka-Kolejwa K, Stelmach 1. Quality of life in
asthmatic children and their caregivers after two-year treatment with omalizumab, a real-
life study. Postepy Dermatol Alergol. 2017;34(5):439-447. doi:10.5114/ada.2017.71109

Licari A, Castagnoli R, Denicolo C, et al. Omalizumab in children with severe allergic
asthma: the Italian real-life experience. Curr Respir Med Rev. 2017;13(1):36-42.
d0i:10.2174/1573398X13666170426094536

Tarraf HN, Masoud HH, Zidan M, Wahba B. Effectiveness and safety of omalizumab in

severe, persistent IgE-mediated asthma in pediatric and adult patients: a real-world

This article is protected by copyright. All rights reserved



394
395

396
397
398

399
400
401

402
403
404

405
406
407

408
409
410

411
412
413

414
415

416
417
418

419
420
421

10.

11.

12.

13.

14.

15.

observational study in Egyptian population. J Asthma. Published online 2018:1-7.
doi:10.1080/02770903.2018.1553051

Giubergia V, Ramirez Farias M, Pérez V, Crespi N, Castafios C. Clinical impact of
omalizumab treatment in children with severe asthma: report of a local experience. Arch
Argent Pediatr. 2019;117(2):e115-20. doi:10.5546/aap.2019.eng.e115

Klyucheva M, von Berg A, Gappa M, Suerbaum C, Berdel D. [Omalizumab therapy in
adolescents with severe allergic asthma - results of a post-marketing surveillance].
Pneumologie. 2013;67(4):233-237. doi:10.1055/s-0032-1326356

Pitrez PM, de Souza RG, Roncada C, et al. Impact of omalizumab in children from a
middle-income country with severe therapy-resistant asthma: a real-life study. Pediatr
Pulmonol. 2017;52(11):1408-1413. doi:10.1002/ppul.23845

Morales-Munera O, Pedraza A, Nifio-Serna L. [Omalizumab in children with
uncontrolled asthma: a real-life study carried out in Colombia]. Rev Alerg Mex.
2018;65(3):222-232. doi:10.29262/ram.v65i3.510

Moreno-Galarraga L, Urriza Yeregui L, Urriza Ripa I, Ferndndez-Montero A, Pefafiel
Freire D, Viguria Sanchez N. Evolucion de la funcién pulmonar en nifios con asma grave
en tratamiento con omalizumab. Acta Pediatr Esp. 2018;79(9-10):105-108.

Folqué MM, Lozano J, Riggioni C, et al. “Real-life” experience in asthmatic children
treated with omalizumab up to six-years follow-up. Allergol Immunopathol (Madr).
2019;47(4):336-341. doi:10.1016/j.aller.2018.09.009

Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR. Development and validation
of a questionnaire to measure asthma control. Eur Respir J. 1999;14(4):902-907.

Nathan RA, Sorkness CA, Kosinski M, et al. Development of the asthma control test: a
survey for assessing asthma control. J Allergy Clin Immunol. 2004;113(1):59-65.
doi:10.1016/j.jaci.2003.09.008

Liu AH, Zeiger R, Sorkness C, et al. Development and cross-sectional validation of the
Childhood Asthma Control Test. J Allergy Clin Immunol. 2007;119(4):817-825.
doi:10.1016/j.jaci.2006.12.662

This article is protected by copyright. All rights reserved



422
423
424

425
426
427

428
429
430

431
432
433

434
435
436

437
438
439

440
441
442

443
444
445

446
447
448

16.

17.

18.

19.

20.

21.

22,

23.

24,

Pérez-Yarza EG, Badia X, Badiola C, et al. Development and validation of a
questionnaire to assess asthma control in pediatrics. Pediatr Pulmonol. 2009;44(1):54-63.
doi:10.1002/ppul.20929

Juniper EF, Bousquet J, Abetz L, Bateman ED, GOAL Committee. Identifying “well-
controlled” and “not well-controlled” asthma using the Asthma Control Questionnaire.
Respir Med. 2006;100(4):616-621. doi:10.1016/j.rmed.2005.08.012

Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran P. The minimally
important difference of the Asthma Control Test. J Allergy Clin Immunol.
2009;124(4):719-723.el. doi:10.1016/j.jaci.2009.06.053

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(5):1224-1233.
d0i:10.1183/09031936.00149812

Bonini M, Di Paolo M, Bagnasco D, et al. Minimal clinically important difference for
asthma endpoints: an expert consensus report. Eur Respir Rev. 2020;29(156).
doi:10.1183/16000617.0137-2019

Busse W, Buhl R, Fernandez Vidaurre C, et al. Omalizumab and the risk of malignancy:
results from a pooled analysis. J Allergy Clin Immunol. 2012;129(4):983-989.€6.
doi:10.1016/j.jaci.2012.01.033

Rodrigo GJ, Neffen H. Systematic review on the use of omalizumab for the treatment of
asthmatic children and adolescents. Pediatr Allergy Immunol. Published online May 11,
2015. do0i:10.1111/pai.12405

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(4):250-263. doi:10.2500/aap.2017.38.4067

Deschildre A, Roussel J, Drumez E, et al. Omalizumab discontinuation in children with
severe allergic asthma: an observational real-life study. Allergy. 2019;74(5):999-1003.
doi:10.1111/all.13678

This article is protected by copyright. All rights reserved



449
450
451

452
453
454

455
456
457
458

459
460
461

462
463
464

465
466
467

468
469
470
471

472

473

474

475

476

25.

26.

217.

28.

29.

30.

31.

Silkoff PE, Romero FA, Gupta N, Townley RG, Milgrom H. Exhaled nitric oxide in
children with asthma receiving Xolair (omalizumab), a monoclonal anti-immunoglobulin
E antibody. Pediatrics. 2004;113(4):e308-312. doi:10.1542/peds.113.4.e308

Carr TF, Berdnikovs S, Simon H-U, Bochner BS, Rosenwasser LJ. Eosinophilic
bioactivities in severe asthma. World Allergy Organ J. 2016;9:21. doi:10.1186/s40413-
016-0112-5

Malinovschi A, Janson C, Borres M, Alving K. Simultaneously increased fraction of
exhaled nitric oxide levels and blood eosinophil counts relate to increased asthma
morbidity. J Allergy Clin Immunol. 2016;138(5):1301-1308.e2.
doi:10.1016/j.jaci.2016.01.044

Arron JR, Choy DF, Scheerens H, Matthews JG. Noninvasive biomarkers that predict
treatment benefit from biologic therapies in asthma. Ann Am Thorac Soc. 2013;10
Suppl:S206-213. doi:10.1513/AnnalsATS.201303-047AW

Brodlie M, McKean MC, Moss S, Spencer DA. The oral corticosteroid-sparing effect of
omalizumab in children with severe asthma. Arch Dis Child. 2012;97(7):604-609.
doi:10.1136/archdischild-2011-301570

Ahmet A, Mokashi A, Goldbloom EB, et al. Adrenal suppression from glucocorticoids:
preventing an iatrogenic cause of morbidity and mortality in children. BMJ Paediatr
Open. 2019;3(1). doi:10.1136/bmjpo-2019-000569

Pruteanu Al, Chauhan BF, Zhang L, Prietsch SOM, Ducharme FM. Inhaled
corticosteroids in children with persistent asthma: dose-response effects on growth.
Cochrane Database Syst Rev. 2014;(7):CD009878.
d0i:10.1002/14651858.CD009878.pub2

This article is protected by copyright. All rights reserved



477
478
479
480
481
482  Table 1. Demographic and clinical characteristics at omalizumab initiation

Effectiveness population (n=426)

Sex (male), n (%) 263 (61.7)
Age (years) 11.1 (2.9)
Range 1.9-17.9
Time from asthma diagnosis (years)? 5.5 (3.6)
Time from severe asthma diagnosis (years)® 1.4 (2.0)
Total IgE (kKU/L)* 976.5 (1196.8)
FeNO (ppb)* 44.5 (37.5)
FEV: (% predicted)® 84.6 (18.1)
MMEF (% predicted)’ 64.9 (37.6)
Absolute eosinophil count (cells/mm?)? 640.1 (447.7)
MSE (annual number) 7.9 (6.6)
Mild exacerbations (annual number)" 4.9 (4.1)

Sensitizations, n (%)i

House dust mites 299 (70.2)
Animal dander 150 (35.2)
Alternaria 147 (34.5)
Olive pollen 144 (33.8)
Grass pollen 105 (24.6)
Other pollen 105 (24.6)
Hen’s egg 43 (10.1)
Nuts 40 (9.4)

Cow’s milk 33(7.7)

Other foods 50 (11.7)
Cockroach 10 (2.3)
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Effectiveness population (n=426)

Prior SIT, n (%)’ 201 (47.2)
Good tolerance to prior SIT* 131 (65.2)
Current SIT, n (%)’ 151 (35.4)
Tobacco smoke exposure, n (%) 22 (5.2)
Comorbidities, n (%)’
Rhinoconjunctivitis 243 (57.0)
Atopic dermatitis 153 (35.9)
Food allergy 133 (31.2)
Eosinophilic esophagitis 38 (8.9)
Overweight/Obesity 30 (7.0)
Other 48 (11.3)

483

484 Values given as mean (SD) unless otherwise indicated. * Missing for 84 patients. ® Missing for 83 patients. ¢ Missing for 13 patients. ¢

485 Missing for 149 patients. © Missing for 12 patients.  Missing for 64 patients. 9 Missing for 94 patients. " Missing for 152 patients. ' Each
486 patient may have more than one. ' Missing for 52 patients. ¥ Missing for 2 patients. ' Missing for 32 patients. FeNO, fractional exhaled nitric
487 oxide; FEV}, forced expiratory volume at first second; MMEF, maximum mid-expiratory flow; ppb, parts per billion; MSE, moderate-to-

488 severe exacerbations; SD, standard deviation; SIT, specific immunotherapy.
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Figure 1. Annual evolution of MSE in the total effectiveness population (A) and by age
group (B)

Bars and data labels represent the mean value. Whiskers represent the SD. * p<0.001 versus
baseline from this point onwards. " p<0.001 versus baseline in Year 1, p<0.05 versus baseline
for Years 2 to 4. MSE, moderate-to-severe exacerbations; SD, standard deviation.

Figure 2. Annual evolution of FeNO (A), FEV; and MMEF (B) (effectiveness

population)

Markers and labels represent the mean value. Whiskers represent the SD. In B, round
markers/black line correspond to FEV; and square markers/grey line correspond to MMEF. *
p<0.001 versus baseline from Year 1 to Year 5; p=0.001 at Year 6. 1 p<0.001 versus baseline
from this point onwards. FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory
volume at first second; MMEF, maximum mid-expiratory flow; ppb, parts per billion; SD,

standard deviation.

Figure 3. Annual evolution of absolute eosinophil count (effectiveness population)

Markers and labels represent the mean value. Whiskers represent the SD. * p<0.001 versus
baseline from this point onwards. SD, standard deviation.

Figure 4. Annual evolution of healthcare encounters (effectiveness population)

Bars and labels represent the mean value. Whiskers represent the SD. * p<0.001 versus
baseline from this point onwards.  p<0.001 versus baseline from Year 1 to Year 5; and

p<0.05 at Year 6. PICU, pediatric intensive care unit; SD, standard deviation.

Figure 5. Annual evolution in the number (A) and type (B) of chronic concomitant

medications (effectiveness population)

* p<0.001 versus baseline from this point onwards. ¥ p<0.001 at Year 1 and Year 2, p<0.05
at Year 3. p not estimable from Year 4 onwards. § p<0.001 at Years 1,2 and 5; p<0.05 at
Year 3 and Year 4. Not significant at Year 6. ICS, inhaled corticosteroids; LABAs, long-

acting beta-agonists; NA, not available.
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Supplementary methods

Sample size calculation

Due to the observational nature of the study, we did not conduct a formal sample size calculation. Nevertheless, we estimated that a minimum of
250 patients would retrieve, for quantitative variables, 95% confidence intervals equal to the sample mean+12% standard deviation (SD); and for
qualitative variables, a maximum error margin of approximately 6%, for a confidence level of 95% and assuming maximum indetermination

(P=0=50).



Tables

Table E1. Demographic and clinical characteristics by age at omalizumab initiation (effectiveness population)

Sex (male), n (%)
Age (years)

Range
Time from asthma diagnosis (years)®
Time from severe asthma diagnosis (years)*
Total IgE (KU/L)®
FeNO (ppb)!
FEV:1 (% predicted)**
MMEF (% predicted)’
Absolute eosinophil count (cells/mm?3)*
MSE (annual number)
Mild exacerbations (annual number)%8
Sensitizations, n (%)

House dust mites

Animal dander

Alternaria

Olive pollen

<6 years
(n=16)
13 (81.3)
4.7 (1.3)
1.9-5.9
1.5(1.3)
0.2 (1.0)
405.2 (428.8)
39.0 (44.4)
94.5 (17.9)
72.1(21.8)
738.3 (397.6)
15.9 (12.5)
3.9(5.9)

8 (50.0)
5 (31.3)
5 (31.3)
3(18.8)

>6-12 years
(n=232)
138 (59.5)
9.5 (1.6)
6.0-12.0
4.7 (2.8)
1.1(1.49)
1029.8 (1284.0)
37.0(29.8)
85.0 (17.9)
67.2 (28.8)
680.8 (477.1)
8.2(6.2)
49 (4.2)

172 (74.1)
80 (34.5)
75 (32.3)
73 (31.5)

>12 years
(n=178)
112 (62.9)
13.9 (1.4)
12.0-17.9
7.0 (4.0)
1.8 (2.6)
958.7 (1110.6)
55.3 (43.6)
83.4(18.1)
61.4 (25.9)
571.4 (400.9)
6.7 (5.9)
5.1(3.7)

119 (66.9)
65 (36.5)
67 (37.6)
68 (38.2)

>6 years*
(n=410)
250 (61.0)
11.4 (2.7)
6.0-17.9
5.6 (3.5)
1.4 (2.0
999.6 (1212.2)
44.8 (37.3)
84.3 (18.0)
64.7 (27.7)
635.7 (449.9)
7.5 (6.1)
5.0 (4.0)

291 (71.0)
145 (35.4)
142 (34.6)
141 (34.4)



<6 years >6-12 years >12 years >6 years*

(n=16) (n=232) (n=178) (n=410)
Grass pollen 2 (12.5) 51 (22.0) 52 (29.2) 103 (25.1)
Other pollen 1(6.3) 55 (23.7) 49 (27.5) 105 (24.6)
Hen’s egg 2 (12.5) 29 (12.5) 12 (6.7) 41 (10.0)
Nuts 2 (12.5) 23(9.9) 15 (8.4) 38(9.3)
Cow’s milk 3(18.8) 19 (8.2) 11 (6.2) 30 (7.3)
Other foods 2 (12.5) 29 (12.5) 19 (10.7) 48 (11.7)
Cockroach 0 (0.0) 6 (2.6) 4(2.2) 10 (2.4)
Prior SIT, n (%)*** 8 (50.0) 100 (43.1) 93 (52.2) 193 (47.1)
Good tolerance to prior SIT'f 5 (62.5) 68 (68.0) 58 (62.4) 126 (65.3)
Current SIT, n (%) 7 (43.8) 88 (37.9) 56 (31.5) 144 (35.1)
Tobacco smoke exposure, n (%) 0 (0.0 14 (6.0) 8 (4.5) 22 (5.4)
Comorbidities, n (%)l
Rhinoconjunctivitis 5(31.3) 127 (54.7) 111 (62.4) 238 (58.0)
Atopic dermatitis 7 (43.8) 89 (38.4) 57 (32.0) 146 (35.6)
Food allergy 5(31.3) 78 (33.6) 50 (28.1) 128 (31.2)
Eosinophilic esophagitis 0 (0.0 24 (10.3) 14 (7.9) 38 (9.3)
Overweight/Obesity 1(6.3) 17 (7.3) 12 (6.7) 29 (7.1)
Other 1(6.3) 32 (13.8) 15 (8.4) 47 (11.5)

Values given as mean (SD) unless otherwise indicated. * Subgroup >6-12 years plus subgroup >12 years. ¥ Missing for 1, 44, 39 and 83 patients respectively. { Missing for 1, 46, 36 and 82 patients respectively. § Missing for 0,
4,9 and 13 patients respectively. | Missing for 6, 78, 65 and 143 patients respectively. ™ Missing for 4, 4, 4 and 8 patients respectively. ' Missing for 7, 30, 27 and 59 patients respectively. # Missing for 2, 45, 47 and 92 patients
respectively. 8 Missing for 2, 83, 67 and 150 patients respectively. Il Each patient may have more than one. ™ Missing for 0, 30, 22 and 52 patients respectively. /" Missing for 0, 1, 1 and 2 patients respectively. # Missing for



1, 17, 14 and 31 patients respectively. FeNO, fractional exhaled nitric oxide; FEV;, forced expiratory volume at first second; MMEF, maximum mid-expiratory flow; MSE, moderate-to-severe exacerbations; ppb, parts per
billion; SD, standard deviation; SIT, specific immunotherapy.

Table E2. LSM reduction in the number of MSE from baseline to each year of follow-up and pairwise comparisons between years (MMRM
- year of follow-up as fixed effect)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

LSM reduction from baseline 7.42 (-7.61,-7.23) -7.76 (-7.95,-757) -7.92(-8.10,-7.75) -8.13(-8.25,-8.01) -8.15(-8.3L -8.00) -8.19 (-8.36, -8.02)

(95% Cl)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
0.34 (0.16, 0.52); ) ) ] i i
Year 2 0.005
Pairwise Year 3 0.50 (:)0302010 68), 016 (8'28’20'33); - - i i
comparisons : - : . - . .
ot ftorence vearsa 071 (<065026 10.90), 0.37 96286 10.54), 0.21 (8.23,30.37), ]
0 . . . .
[gia/l"fe;] vears  073(050,096)  039(017,061; 023(003,043); 002(0.14, 0.19) : :
P <0.001 0.008 0.325 >0.999
vears  077(053,100) 043(020,066) 027(0.03,050); 006(0.1L023) 0.4 (-0.14,0.21); :
<0.001 0.004 0.385 >0.999 >0.999

Baseline effect p<0.0001; Year of follow-up effect p<0.0001.
Cl, confidence interval; LSM, least square mean; MMRM, mixed model repeated measures; MSE, moderate-to-severe exacerbations.



Table E3. LSM reduction in the number of MSE from baseline to each year of follow-up (MMRM - year of follow-up, age group and year
of follow-up-by-age group interaction as fixed effects)

Year 1 Year 2 Year 3
<6y >6-12y >12y <6y >6-12y >12y <6y >6-12y >12y
LSM mean reduction -7.81 -7.22 -7.65 -8.57 -7.61 -7.89 -7.79 -7.74 -8.17
95%Cl -8.79,-6.83  -7.47,-6.96  -7.94,-7.36  -9.56,-7.58  -7.86,-7.36  -8.18,-7,60  -8.71,-6.89  -7.98,-7.51  -8.44,-7.89
p-value (vs. baseline) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Year 4 Year 5 Year 6
<6y >6-12y >12y <6y >6-12y >12y <6y >6-12y >12y
LSM mean reduction -8.58 -7.96 -8.23 -7.94 -8.06 -8.31 -8.71 -8.02 -8.41
95%Cl -9.24,-793  -8.12,-7.81  -851,-813  -8.70,-7.17  -8.26,-7.87  -8.56,-8.06  -9.59,-7.83  -8.24,-7.80  -8.71,-8.12
p-value (vs. baseline) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Baseline effect p<0.0001; Year of follow-up effect p=0.0020; Age group effect p=0.0046; Year of follow-up*age group interaction effect p=0.5248.
Pairwise comparisons: <6 years vs. >6-12 years, LSM mean difference -0.46 (95%CI -1.2 to 0.27; p = 0.3916); <6 years vs. >12 years, LSM mean difference -0.10 (95%CI -0.85 to 0.64; p > 0.9999); >6-12 years vs.

>12 years, LSM mean difference 0.36 (95%CI 0.08 to 0.63; p=0.0057).

Cl, confidence interval; LSM, least square mean; MMRM, mixed model repeated measures; MSE, moderate-to-severe exacerbations; y, years.



Table E4. Annual evolution of FeNO, FEV: and MMEF across age subgroups

(effectiveness population)

Baseline

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Baseline

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Baseline

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Values presented as mean (SD). " p<0.001 versus baseline. * p<0.05 versus baseline. FeNO, fractional exhaled nitric oxide; FEV, forced

<6 years
(n=16)

39.0 (44.4)
19.0 (11.6)
19.9 (6.3)
20.8 (15.4)
18.0 (12.7)
20.2 (10.7)

35.4 (30.3)

94.5 (17.9)
100.4 (19.6)
103.5 (11.3)
96.8 (18.6)
95.2 (19.2)
95.1 (13.3)

90.8 (13.2)

72.1(21.8)
77.0 (23.7)
90.3 (19.7)
72.5 (28.5)
76.0 (38.2)
78.8 (30.1)

96.5 (2.1)

>6-12 years
(n=232)

FeNO (ppb)

37.0 (29.8)
27.3 (21.8)*
26.4 (20.9)
27.4 (18.4)
28.3 (18.1)
26.3 (20.1)

28.1 (31.3)

FEV1 (% predicted)

85.0 (17.9)
93.4 (15.3)*
92.6 (14.5)*
93.2 (15.4)*
91.7 (13.6)*
94.0 (13.2)*

91.4 (14.2)*

MMEF (% predicted)

67.2 (28.8)
75.1 (23.6)*
75.1 (24.3)*
74.4 (24.5)t
75.2 (27.3)*
75.0 (27.0)¢

71.7 (24.0)*

>12 years
(n=178)

55.3 (543.6)
31.3 (25.3)*
32.5 (46.7)*
35.8 (26.7)*
28.4 (17.9)*
24.1 (15.6)*

26.4 (21.1)"

83.4 (18.1)
90.2 (15.8)*
91.5 (15.0)*
89.7 (15.7)*
90.7 (13.5)*
92.9 (12.2)*

90.5 (13.5)

61.4 (25.9)
71.3 (24.8)*
73.4 (23.8)*
73.4 (23.1)*
72.9 (23.1)*
73.0 (21.2)*

72.8 (21.2)

expiratory volume at first second; MMEF, maximum mid-expiratory flow; ppb, parts per billion; SD, standard deviation.



Table E5. Primary and main secondary effectiveness outcomes for patients >6 years (effectiveness population,

Outcome

MSE (annual number)*

Mild exacerbations (annual number)*

FeNO (ppb)f

FEV:1 (% predicted)*

MMEF (% predicted)*

Absolute eosinophil count (cells/mm?3)*

Controlled patients, n (%)

Healthcare encounters (annual number)
Unscheduled primary care pediatrician*
Unscheduled specialist*

Emergency room visits*
Ward hospitalization*
PICU admissions®
Rescue systemic corticosteroids (courses)*

Number of patients according to the number of
other concomitant chronic medications
received for asthma, n (%)*

0

1

Baseline
7.5(6.1)
5.0 (4.0)
44.8 (37.3)
84.3 (18.0)
64.7 (27.7)
635.7 (449.9)
28 (8.4)

3.9 (3.7)
1.8 (3.1)
3.5 (3.1)
0.9 (1.5)
0.1 (0.4)
4.0 (3.1)

3(0.7)
11(2.7)

Year 1

1.1(2.0)

1.5(2.3)
28.9(23.3)
92.0 (15.6)
73.5(24.1)

525.2 (528.4)

148 (45.0)

0.6 (1.2)
0.2(0.7)
0.6 (1.3)
0.1 (0.4)
0.0 (0.0)
0.5 (1.1)

22 (5.4)
35 (8.5)

Year 2
0.8(1.9)
1.0 (1.6)

29.1(34.9)
92.1(14.7)
74.4 (24.0)
387.5(277.1)
168 (57.3)

0.5(1.2)
0.1(0.3)
0.4 (1.1)
0.1(0.3)
0.0 (0.0)
0.4 (1.0)

45 (12.6)
52 (14.5)

Year 3
0.6 (1.7)
0.8 (1.5)

31.0 (22.6)
91.6 (15.6)
73.9(23.8)
362.9 (243.7)
146 (59.8)

0.3(1.0)
0.1(0.3)
0.4(1.2)
0.0 (0.2)
0.0 (0.0)
0.3(0.8)

53 (18.3)
59 (20.3)

Year 4
0.4 (1.0)
0.6(1.2)

28.3(17.9)
91.3(13.5)
74.3 (25.6)
323.6 (237.6)
138 (70.4)

0.3(0.8)
0.1 (0.4)
0.2 (0.6)
0.0 (0.2)
0.0 (0.0)
0.2 (0.6)

63 (27.9)
32 (14.2)

n=410)

Year 5
0.4 (1.0)
0.5(1.0)

25.4 (18.4)
93.6 (12.8)
74.3 (24.9)
298.5 (173.6)
103 (75.5)

0.2 (0.6)
0.1(0.3)
0.2 (0.6)
0.0(0.2)
0.0 (0.0)
0.2 (0.5)

39 (25.0)
24 (15.4)

Year 6
0.3(1.0)
0.7 (1.5)

27.4 (27.3)
92.9 (14.0)
72.0 (23.0)
249.8 (182.0)
75 (89.3)

0.2 (0.6)
0.0 (0.2)
0.2 (0.4)
0.0 (0.1)
0.0 (0.0)
0.2(0.7)

18 (18.9)
9 (9.5)



Outcome Baseline Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

2 93 (22.7) 165 (40.2) 141 (39.4) 105 (36.2) 88 (38.9) 66 (42.3) 52 (54.7)
3 205 (50.0) 163 (39.8) 102 (28.5) 61 (21.0) 37 (16.4) 25 (16.0) 13 (13.7)
4 78 (19.0) 22 (5.4) 16 (4.5) 8 (2.8) 3(L3) 0(0) 1(1.1)
5 20 (4.9) 3(0.7) 2 (0.6) 2(0.7) 1(0.4) 1(0.6) 0(0)

Number of patients according to the type of
other concomitant chronic medications

received for asthma, n (%)

ICS* 403 (98.3) 376 (91.7) 287 (80.2) 213 (73.4) 143 (63.3) 109 (69.9) 71 (74.7)
LABA* 364 (88.8) 306 (74.6) 222 (62.0) 156 (53.8) 114 (50.4) 83(53.2) 60 (63.2)
Montelukast* 326 (79.5) 237 (57.8) 175 (48.9) 99 (34.1) 66 (29.2) 38 (24.4) 17 (17.9)
Chronic oral corticosteroids™ 77 (18.8) 12 (2.9) 9(2.5) 7(2.4) 4 (1.8) 3(1.9) 2(2.1)
Other* 54 (13.2) 26 (6.3) 21(5.9) 19 (6.6) 9 (4.0 3(1.9) 6 (6.3)
Dose of ICS (ug b.e.)* 873.0(474.3)  669.1(433.2)  639.3(446.9) 558.9(451.6)  453.6(348.9)  464.4(376.9)  354.4(311.7)

Values given as mean (SD) unless otherwise indicated. * p<0.001 versus baseline from Year 1 onwards. * p<0.001 versus baseline from Year 1 onwards except for Year 6 (p <0.05).* p<0.001 at Years 1, 2 and 5, p<0.05
at Years 3 and 4, p=0.09 at Year 6. b.e.: budesonide equivalent; FeNO, fractional exhaled nitric oxide; FEV;, forced expiratory volume at first second; ICS, inhaled corticosteroids; LABA, long-acting beta-agonists;
MMEF, maximum mid-expiratory flow; MSE, moderate-to-severe exacerbations; PICU, pediatric intensive care unit; SD, standard deviation.



Figure E1. Patient flow

Total patients included (n = 484)

'

Safety population (n = 484)

Excluded (n =58; 12%):
* Less than 1 year of omalizumab

treatment (n = 22)
 Data for the primary outcome missing

A4

> either in the baseline period or in the
year after omalizumab initiation (n = 36)

Effectiveness population (n = 426)

<6 years old
(n = 16; 3.8%)

>6-12 years old
(n = 232; 54.5%)

>12 years old
(n = 178; 41.8%)
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Figure E2. Annual evolution of mild exacerbations (effectiveness population)
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* p<0.001 versus baseline from this point onwards. SD, standard deviation.
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Figure E3. Annual evolution of asthma control (A), ACQ (B), ACT/C-ACT (C),
and CAN (D) scores (effectiveness population)
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Baseline Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

N 216 211 180 139 107 56 52

*p<0.001 versus baseline from this point onwards. ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; C-ACT, Asthma
Control Test in Children; CAN, Asthma Control in Children. Total ACQ score ranges from 0 (totally controlled) to 6 (severely
uncontrolled). Patients scoring < 0.75 are considered well controlled, >0.75 - <1.5 partly controlled, and > 1.5 not controlled (1). Total
ACT/C-ACT score ranges from 5 (poor control) to 25/27 (complete control). A score >20 indicates good control in both questionnaires
(2, 3). The total CAN score ranges from 0 (best control) to 36 (worst control). Patients scoring <8 points are considered well controlled
(4). In panels B, C and D, these scores ranges are shown as background red (“uncontrolled”), yellow (“partially controlled”) and green

(“controlled”) bands.
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