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Background: Omalizumab is approved as add-on therapy for pediatric asthma since 2013 in Japan,
however, its data in clinical practice is limited. This post-marketing surveillance aimed to evaluate long-
term safety and effectiveness of omalizumab in Japanese pediatric patients with severe allergic asthma in
real-life setting.
Methods: This 104-week, multicenter surveillance was conducted from September 2013 to May 2019 by
central registration method. Patients with severe allergic asthma aged �6 and < 15 years at initiation of
treatment who were first-time omalizumab users were included. The primary endpoints included
incidence of adverse drug reactions and physician's Global Evaluation of Treatment Effectiveness (GETE).
The secondary endpoints included incidence of serious adverse events, adverse events and adverse drug
reactions of special interest and asthma exacerbation-related events.
Results: Of the 128 patients enrolled, 127 completed the surveillance and were included for safety and
effectiveness analysis. Thirteen patients experienced 20 adverse drug reactions with an incidence rate of
10.2%. The most frequent adverse drug reactions were pyrexia (2.4%) and urticaria (1.6%). In total, adverse
events and serious adverse events occurred in 60 (47.2%) and 30 patients (23.6%) respectively. Two
patients experienced anaphylactic reaction and 1 patient experienced type 1 hypersensitivity. 77.2% had
an effective response to omalizumab according to GETE at final assessment, and frequency of all asthma
exacerbation-related events decreased in post-treatment versus pre-treatment.
Conclusions: Long-term omalizumab treatment showed no new safety signals in pediatric patients with
severe allergic asthma. The observed safety and effectiveness profile was consistent with previous
studies.
Copyright © 2021, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Asthma is a chronic respiratory disease affecting approximately
339million individuals worldwide.1 Over the past two decades, the
prevalence of asthma has been reported to be 3.6%e19.6% in chil-
dren (6e14 years of age) in Japan, with estimates differing based on
the age group and region surveyed.2e4 Approximately 50% of chil-
dren with asthma in Japan are reported to be persistent and 20%e
30% are moderate to severe asthma.5 Furthermore, a web-based
survey conducted in Japan demonstrated that 14.6% of pediatric
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patients with asthma aged 6e11 years had uncontrolled asthma,6

highlighting unmet medical needs in Japanese children with
asthma. According to the Japanese Pediatric Guideline for the
Treatment and Management of Asthma 2017, the ultimate treat-
ment goal of pediatric asthma is complete remission or cure.
However, the practical targets in daily life focus on controlling
symptoms, normalizing respiratory functions, and improving
quality of life.4

Omalizumab, an anti-human IgE monoclonal antibody, was
approved in Japan in 2009 as an add-on long-term management
therapy in adults with severe allergic asthma.7,8 In 2013, omalizu-
mab was also approved for pediatric patients with asthma aged �6
years based on a Phase III clinical trial enrolling 38 Japanese chil-
dren with severe allergic asthma.9,10 According to the JPGL 2017,
omalizumab is recommended as one of the additional therapies for
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Japanese children of 6 years or older in treatment step 4; inade-
quately controlled on high-dose inhaled corticosteroids (ICS) plus
two or more controllers [Global Initiative for Asthma Step 5] with
intended use before oral corticosteroids.5,11

There are numerous clinical trials and real-world studies that
have assessed the efficacy and safety of omalizumab in adults with
asthma who were uncontrolled despite treatment with standard-
of-care of ICS and long-acting bronchodilators.12e15 Only few
studies have evaluated the safety and effectiveness of omalizumab
in pediatric asthma in a real-life setting in the world.16,17 Although
there are some studies on pediatric patients in Japan that have
evaluated the efficacy and safety of omalizumab in children 6 years
or older with severe allergic asthma,9,10,18 these were mostly ran-
domized clinical trials and real life data of omalizumab on pediatric
asthma patients are limited. Therefore, a real-world study to
confirm the safety and effectiveness of omalizumab in routine
medical practice was needed. This post-marketing surveillance was
conducted to evaluate the long-term safety and effectiveness of
omalizumab in Japanese children with severe allergic asthma in
real-life clinical practice.

Methods

Surveillance description

This 104-week, multicenter surveillance was conducted from
September 2013 to May 2019 in accordance with good post-
marketing study practice,19 by a central registration method us-
ing Electronic Data Capture system (PostMaNet, Fujitsu FIP Cor-
poration, Tokyo),20 with a protocol agreed upon in consultation
with the Japanese Pharmaceutical and Medical Devices Agency,
and as such, informed consent was not mandate nor obtained.
Personal data was not obtained either. This surveillance was
conducted in 66 sites including 19 prefectural/municipal hospi-
tals (28.8%) and 14 medical practitioners/clinics (21.2%), and
patients were registered by investigators between the start date
of omalizumab treatment (Day 1) and Day 14. Patient details
were recorded using case report forms after each observation
treatment observation period (Week 16, Week 52, and Week 104)
by investigator. Case report forms were checked by the post-
marketing surveillance data management department in Novar-
tis then asked investigators to correct the case report forms by
query form as needed. Omalizumab dosing ranged from 75 mg to
600 mg and was administered subcutaneously every 2 or 4
weeks, according to the dosing table, based on the patient's total
serum IgE levels and body weight at baseline.21

Pediatric patients aged �6 and < 15 years at the initiation of
treatment who were first-time omalizumab users with severe
allergic asthma and were poorly controlled despite conventional
therapies were included in this study. Patients who discontinued
omalizumab were observed for 26 weeks after treatment
discontinuation with a maximum observation period of 104
weeks per patient. All the results were validated by double
programming; two or more analysis researchers programed
independently, compared these results and confirmed that re-
sults were matched.

Endpoints

Safety
The primary endpoint for safety included incidence of adverse

drug reactions and infection. An adverse event was defined as any
unfavorable or unintended sign (including an abnormal labora-
tory finding) symptom, or disease temporally associated with the
use of omalizumab, related or non-related to omalizumab.
Please cite this article as: Nakamura N et al., Real-life long-term safety a
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Adverse drug reactions were defined as adverse events where
causal relationship with omalizumab could not be ruled out
(except for ‘not related’).

The secondary endpoints for safety included incidence of
serious adverse events and concomitant allergic diseases. Adverse
events and adverse drug reactions of special interests were
‘anaphylaxis’, ‘malignant tumor’, ‘bleeding tendency’, ‘autoimmune
disease’, ‘infection parasitic’, and ‘eosinophilic syndrome’.

The safety of omalizumab by patient characteristics was also
evaluated.

Effectiveness
The primary endpoint for effectiveness was physician's Global

Evaluation of Treatment Effectiveness (GETE) score. Based on
asthma symptom information, a comparison between the start of
treatment and each assessment point or discontinuation in terms
of patients' status was defined as excellent: asthma is completely
controlled, good: asthma has markedly improved, moderate:
asthma has improved, but only slightly, unchanged: no significant
change, worsening: asthma symptoms are generally worsened
and not evaluable: unable to evaluate. Furthermore, ‘excellent’ or
‘good’ GETE were defined as effective, while ‘moderate’, ‘un-
changed’, ‘worsening’ or ‘not evaluable’ were considered as not
effective. The asthma exacerbation-related events were classified
into four categories: ‘worsening of asthma symptoms requiring
additional systemic steroid therapy’, ‘hospitalization due to
asthma’, emergency room visit due to asthma’, and ‘absence from
school due to asthma’

The secondary endpoints for effectiveness included asthma
exacerbation-related events and Japanese Pediatric Asthma Control
Program (JPAC) score.22 In JPAC, five items recorded on case report
forms (severity of stridor, number of dyspnea attacks, frequency of
nighttime awakening, asthma symptoms during exercise, and b2-
agonist use) were rated on a 0 to 3-point scale (out of 15). The sum
of the JPAC score was classified into 3 categories; Score 15: asthma
being completely controlled; Score 12-14: asthma being adequately
controlled; Score �11: asthma being poorly controlled. High JPAC
scores mean good asthma control. The data at the last time point
were used for the final evaluation of physician's GETE score and
JPAC score.

The effectiveness of omalizumab by patient characteristics was
also evaluated.

Statistical analysis

As per a previous clinical study in pediatric patients, assuming
an incidence rate of adverse drug reactions of 26.3%, a total of 107
patients was required to provide �95% power to detect at least 20
patients with adverse drug reactions. The percentage of discon-
tinuation/withdrawal was assumed to be � 10%. A target sample
size of 120 was determined to ensure availability of at least 107
patients in the safety analysis set. The GETE data were tabulated at
each assessment point (at Week 8, 16, 26, 34, 42, 52, 60, 68, 78, 86,
94,104, or Week 26 after discontinuation) and at the final assess-
ment in the effectiveness analysis set. Effectiveness ratio was
defined as the percentage of patients with ‘effective’ or ‘not effec-
tive’ GETE to the overall population.

For comparison among groups, ManneWhitney test was used
for comparison of 3 or more groups with unpaired ordinal data
(when the tabulation resulted in 2 � 2 contingency table, Fisher's
exact test was used) and Fisher's exact test was used for com-
parison of 2 groups. The level of significance was 5% in 2-tailed
hypothesis tests. Data results that were categorized as ‘un-
known’, ‘not reported’, or ‘not tested’ were not included in the
analysis.
nd effectiveness of omalizumab in Japanese pediatric patients with
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Table 1
Demographics, clinical characteristics and patient composition at the baseline
(safety dataset).

Characteristic N ¼ 127

Age, years, mean ± SD 9.9 ± 2.5
<6 0
�6 and < 12 93 (73.2)
�12 and < 15 34 (27.8)

Gender
Male 70 (55.1)
Female 57 (44.8)
Animals 63 (49.6)
Foods 22 (17.3)
Fungi 15 (11.8)
Insects 7 (5.5)
Other 0

Number of positive antigens
1 26 (20.5)
2 43 (33.9)
�3 57 (44.9)
Unknown/not tested 1 (0.8)

Concomitant medications 123 (96.1)
Inhaled corticosteroids þ Leukotriene
receptor antagonist

11 (8.7)

Inhaled corticosteroids þ Long-acting b2
agonist

7 (5.5)

Inhaled corticosteroids þ Long-acting b2
agonist þ Leukotriene receptor antagonist

68 (53.5)

Inhaled corticosteroid þ Long-acting b2 1 (0.8)
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Results

Study population

A total of 128 patients from 66 sites were enrolled, of which 127
patients had fixed case report forms; one patient was excluded due
to ‘failure to collect case report forms’. All 127 patients were
included in the safety and effectiveness analysis set (Fig. 1).

Demographics and baseline characteristics of patients in the
safety set are presented in Table 1 and Table 2. The mean age of
patients at baseline was 9.9 years with majority being in the age
group of �6 to <12 years. 55.1% were males and 44.9% were fe-
males. The meanweight ±SD was 34.6 ± 11.6 kg and mean total IgE
level ±SD was 568.7 ± 395.9 IU/mL at baseline. Patient distribution
as per the dose determination table is shown in Supplementary
Figure 1. The median (minemax) duration of omalizumab treat-
ment was 715 (1e750) days, with approximately 40% patients
receiving treatment for 78e104 weeks. All patients except one
were positive to an antigen, with sensitivity to house dust
(including mites) being the most common. Majority of the patients
presented comorbidities, of which allergic rhinitis was the most
prevalent (76.4%). Majority of the patients received 2 or more
concomitant medications for asthma, and approximately half of
them were on a combination therapy with ICS, LABA and leuko-
triene receptor antagonist.
agonist þ extended-release theophylline
Inhaled corticosteroid þ Long-acting b2
agonist þ two or more other controllersz

34 (26.8)

Data presented as n (%), unless specified.
z Short acting b2 agonist (rescue) and oral corticosteroid burst use are not

included.
Safety outcomes

Incidence of adverse drug reactions
Of the total 127 patients in the safety analysis set, 13 patients

experienced 20 adverse drug reactions with an incidence rate of
10.2% (Table 3). The most frequent adverse drug reactions by sys-
tem organ class (SOC) were ‘general disorders and administration
site conditions’ (3.9%), ‘immune system disorders’, ‘nervous system
disorders’ ‘respiratory, thoracic andmediastinal disorders’ and ‘skin
and subcutaneous tissue disorders’ (1.6% each). Other adverse drug
reactions were ‘cardiac disorders’, ‘vascular disorders’ and ‘gastro-
intestinal disorders’ (0.8% each, data not shown). Themost frequent
adverse drug reactions by preferred team (PT) were pyrexia (2.4%)
and urticaria (1.6%). The incidence of adverse drug reactions was
Fig. 1. Patient d
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highest within 4 weeks after initiation of omalizumab treatment
(7.9%).
Incidence of adverse events
Of 127 patients, 60 patients experienced 109 adverse events

with an incidence rate of 47.2% (Table 3). Themost frequent adverse
events (�5%) by SOC were ‘respiratory, thoracic and mediastinal
isposition.
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Table 2
Status of omalizumab administration (safety dataset).

Variable N ¼ 127

Total dosing period of omalizumab,
days, mean ± standard deviation

561.3 ± 240.6

<16 weeks 13 (10.2)
�16 weeks and <52 weeks 17 (13.4)
�52 weeks and <78 weeks 11 (8.7)
�78 weeks and <104 weeks 51 (40.2)
�104 weeks 35 (27.6)

Dose intervals (at initial dose)
2 Weeks 38 (29.9)
4 Weeks 89 (70.1)

Data presented as n (%), unless specified.

Table 3
Safety overview (safety dataset).

Number of patients
n (%) N ¼ 127

Patients with adverse drug reactions 13 (10.2)
Patients with any adverse events 60 (47.2)
Patients with serious adverse events 30 (23.6)

Number of patients n (%)

Most frequent adverse drug reactions by SOC y

General disorders and administration
site conditions

5 (3.9)

Immune system disorders 2 (1.6)
Nervous system disorders 2 (1.6)
Respiratory, thoracic and mediastinal
disorders

2 (1.6)

Skin and subcutaneous tissue
disorders

2 (1.6)

Most frequent adverse drug reactions by PT y

Pyrexia 3 (2.4)
Urticaria 2 (1.6)

Most frequent adverse eventsy by PT
Asthma 33 (26.0)
Nasopharyngitis 6 (4.7)
Pyrexia 6 (4.7)
Upper respiratory tract inflammation 4 (3.1)
Pneumonia 3 (2.4)

Most frequent serious adverse eventsy by PT
Asthma 27 (21.3)
Influenza 3 (2.4)

Adverse events of special interests
Adverse event: Anaphylaxis 3 (2.4)
Adverse drug reaction: Anaphylaxis 2 (1.6)

Most frequent adverse drug reactions of special interests by PT
Anaphylactic reaction 1 (0.8)
Type 1 hypersensitivity 1 (0.8)

Number of events: adverse drug reactions, 20; adverse events, 109; serious adverse
events, 39.
PT, preferred term; SOC, system organ class.

y Data represent adverse events, serious adverse events and adverse drug re-
actions occurring in more than 2 patients. Percentage was calculated per applicable
patient in each item/category.

Table 4
Adverse events and adverse drug reaction of special interest (safety dataset).

AE of special
interest (by
Preferred Terms)

Age (at
initial
dose),
gender

dose/dose
interval

the days
from
first dose to
onset

outcome

Anaphylactic
reaction

10-year-old
girl

300mg/4 week 99 day Resolved
on
the onset
day

Anaphylactic
reaction

13 years
old boy

525mg/2 week 732 day Resolved
on
the day
following
the date of
onset

Type I
hypersensitivity

10 years
old girl

525mg/2 week The day of
first dose

Resolved
on
the day of
onset
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disorders’ (31.5%), ‘infections and infestations’ (18.1%), and ‘general
disorders and administration site conditions’ (7.9%, data not
shown). The most frequent adverse events by PT, with an incidence
rate of �2% included asthma, nasopharyngitis, pyrexia, upper res-
piratory tract inflammation bronchitis, gastroenteritis and
pneumonia.

Incidence of serious adverse events
Thirty patients experienced 39 serious adverse events with an

incidence rate of 23.6%. The most frequent serious adverse events
by SOC were ‘respiratory, thoracic and mediastinal disorders’
(22.1%), and ‘infections and infestations’ (5.5%, data not shown).The
Please cite this article as: Nakamura N et al., Real-life long-term safety a
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most frequent serious adverse events by PT, occurring in �2% of
patients were asthma, influenza (Table 3).

Incidence of adverse events and adverse drug reactions of special
interest

Of 127 patients; one patient experienced anaphylactic reaction
as an adverse event of special interest. Of these adverse events,
adverse drug reactions of special interests were anaphylactic re-
action and type 1 hypersensitivity each in 1 patient (Table 4).
However, all of these patients continued treatment with omalizu-
mab without discontinuation or dropout. Furthermore, no malig-
nant tumor, bleeding tendency, autoimmune disease, infection
parasitic, and eosinophilic syndromewere reported throughout the
study.

Effectiveness outcomes

Physician's GETE
Of the total 127 patients in the effectiveness analysis set, 91

(73.4%) patients and 67 (85.9%) patients at Week 16 and at Week
104, respectively, were reported to be ‘effective’ as defined by GETE
(Fig. 2). Of all, 98 (77.2%) patients were ‘effective’ (‘excellent’, 53
[41.7%] and ‘good’, 45 [35.4%]) and 29 (23.8%) patients were ‘not
effective’, at the final assessment by GETE (Fig. 2). Among the 118
patients in the long-term treatment group, 92 patients (78.0%)
were ‘effective’ and 26 (22.0%) patients were ‘not effective’ at the
final assessment. Patients who discontinued omalizumab during
the 104-week treatment period were followed for up to a
maximum of 26 week, however, efficacy assessment such as GETE
was not measured, because the primary objective of this surveil-
lance was safety. Therefore, we are not sure if the efficacy of
omalizumab persisted after discontinuation.

Asthma exacerbation-related events
Fewer asthma exacerbation-related events were observed in

post-treatment with omalizumab compared to pre-treatment. The
proportion of patients without asthma exacerbation-related events
were higher for post-treatment with omalizumab compared with
pre-treatment (pre-treatment vs post-treatment: worsening of
asthma symptoms requiring systemic steroid, 25.2% vs 74.0%; fre-
quency of hospitalization, 54.0% vs 85.0%; visits to the emergency
room, 43.6% vs 78.2%; absence from school, 36.4% vs 78.2%; Fig. 3).
Similarly, long-term omalizumab treatment also showed reduction
in frequency of exacerbation-related events in the long-term
administration patient group.
nd effectiveness of omalizumab in Japanese pediatric patients with
ational, https://doi.org/10.1016/j.alit.2021.01.001



Fig. 2. Physicians' GETE evaluation in patients with omalizumab (effectiveness dataset). GETE, global evaluation of treatment effectiveness.
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JPAC scores
Of the 127 patients, the JPAC scores were obtained from 58

patients at both baseline and final assessment. High JPAC scores
indicated good asthma control. The percentages of patients who
were “completely controlled” (score 15) and “adequately
controlled” (score 12e14) increased from baseline to final assess-
ment, 8.6%e48.3% and 12.1%e24.1%, respectively. The ratio of pa-
tients who were “poorly controlled” (score �11) decreased from
79.3% at baseline to 27.6% at final assessment (Supplementary
Fig. 2).

Safety and effectiveness analysis by patient characteristics
Analysis of the incidence rate of adverse drug reactions by pa-

tients' demographics and clinical characteristics demonstrated no
statistically significant difference for the incidence rate of adverse
drug reactions (Supplementary Table 1). Similarly, effectiveness
analysis by patients’ demographics and clinical characteristics did
not showany statistically significant difference for the effectiveness
rate assessed by GETE (Supplementary Table 2).

Discussion

This post-marketing surveillance evaluated the safety and
effectiveness of long-term omalizumab treatment in pediatric pa-
tients with severe allergic asthma under routine medical practice.
Overall, the demographics and baseline characteristics of the pa-
tients enrolled in this surveillance were comparable to the
Please cite this article as: Nakamura N et al., Real-life long-term safety a
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randomized controlled trials and other real-life studies. Similar
proportions of male and female were included in this surveillance,
however previous studies reported inclusion of slightly higher
proportion of males.10,23 The baseline IgE levels were slightly high
in the present surveillance with a mean IgE level of 568.7 IU/mL
compared to the other studies (ranging from 335 IU/mL to 476 IU/
mL).10,23 The mean duration of asthma was comparable to that of
randomized controlled trials in Japan and the US, and the French
real-life studies.10,16,17,23 Similar to the previously reported real-life
study in France,17 the majority of patients in this surveillance had
comorbidities with allergic rhinitis being the most common. The
baseline demographics and clinical characteristics of the patients
included in this surveillance would present a further understand-
ing of the clinical profile of patients eligible for omalizumab.

Regarding the safety, this surveillance showed that omalizu-
mab was well tolerated in pediatric patients with 10.2% (13/127)
patients experiencing adverse drug reactions, of which only 2
patients discontinued omalizumab treatment byWeek 16. Overall,
the safety profile was similar to the previous studies23e25 with no
new safety signals observed during the 104-week treatment
period. The incidence of adverse drug reactions (10.2%) in the
present surveillance was lower to the findings from a 24-week
open label Japanese study evaluating safety and efficacy of oma-
lizumab in pediatric patients (26.3%).10 The most frequent adverse
drug reactions in this surveillance were pyrexia and urticaria
whereas the most common adverse drug reactions in the 24-week
clinical study were headache, injection site pain, injection site
nd effectiveness of omalizumab in Japanese pediatric patients with
ational, https://doi.org/10.1016/j.alit.2021.01.001



Fig. 3. Effectiveness of omalizumab on asthma exacerbation-related events.
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erythema, injection site swelling, and urticaria.10 It should be
noted that each of the adverse drug reactions in both studies
occurred in a small number of patients and hence a trend cannot
be determined.

Data from the 24-week clinical study reported an incidence rate
of adverse events of 94.7%.10 The extension of the same study
showed that 100% of patients reported at least one adverse events
during the �104-week treatment period.9 Lanier et al., in a global
52-week randomized controlled trial enrolling children aged 6e12
years, reported that most patients (90.3%) experienced at least one
adverse events and the overall incidence of adverse events was
similar between the omalizumab and placebo groups.23 The inci-
dence rate of adverse events in the present surveillance (47.2%) was
lower than the randomized controlled trial,23 probably due to the
Please cite this article as: Nakamura N et al., Real-life long-term safety a
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difference between randomized controlled trials and post-
marketing surveillance. The safety profile of omalizumab in the
present study were in line with other real life studies evaluating
omalizumab in children.26,27 Anaphylaxis defined as adverse events
of special interests was observed in 3 patients with 2 experiencing
anaphylactic reaction and 1 experiencing type 1 hypersensitivity.
Of these adverse events, adverse drug reactions of special interests
were anaphylactic reaction and type 1 hypersensitivity each in 1
patient. 1 anaphylactic patient was ‘non-serious’ and related with
omalizumab, and the other patient is ‘serious’ and relationshipwith
omalizumab was ‘not related’. The one patient with type 1 hyper-
sensitivity was ‘non-serious’ and related with omalizumab. These
patients continued treatment with omalizumab throughout the
surveillance. Anaphylaxis is described as one of the important
nd effectiveness of omalizumab in Japanese pediatric patients with
ational, https://doi.org/10.1016/j.alit.2021.01.001
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precaution in omalizumab product description21 and is a concern
for physicians in routine practice. Other pre-defined adverse events
and adverse drug reactions of special interest including malignant
tumor, bleeding tendency, autoimmune disease, infection parasitic,
and eosinophilic syndrome, were not reported in this surveillance.
Furthermore, the status of the concomitant allergic disease after
omalizumab treatment either improved or remain unchanged,
except in 2 of 97 patients with allergic rhinitis and 1 of 11 patients
with other allergic diseases, confirming that omalizumab treatment
did not have any adverse effects on the underlying concomitant
allergic diseases.

As for the effectiveness, long-term omalizumab treatment was
effective in improving asthma control and reducing asthma
exacerbation-related events in children with severe allergic
asthma. According to GETE, omalizumab was ‘effective’ in approx-
imately 80% patients at the final assessment in this surveillance.
Similar results were observed in the long-term treatment group
with approximately 78% of patients being ‘effective’ at the final
assessment. These results are similar to the randomized controlled
trial conducted in the United States,23 although our surveillance
cannot be directly compared with the randomized controlled trial.
In an open-labelled, extension study of the 24-week core study,
Odajima et al. reported 76.3% patients achieving completely- or
well-controlled asthma at the final assessment by JPAC compared
with 23.7% at the start of the extension study, although the patient
number and the evaluation period were different9 from our sur-
veillance. Similar results were also reported in a real-world study
enrolling pediatric patients in France.16 In this surveillance, treat-
ment with omalizumab was associated with reduction in the
asthma exacerbation-related events. A similar observation has been
reported from a 1-year real-life study on children with uncon-
trolled severe allergic asthma in Italy, demonstrating a significant
reduction in the number of asthma exacerbations during treatment
with omalizumab compared with the previous year (1.0 vs 7.2 after
6 months [p < 0.001] and 0.8 after 12 months] p < 0.001],
respectively).27

There are several reports implicating a disease modifying effect
of omalizumab after long-term treatment,28e31 represented by one
showing that substantial proportion of asthma patients were
controlled for 3 years since discontinuation after 6-year treatment
with omalizumab.29

Treatment with omalizumab also improved asthma control as
assessed by JPAC. At final assessment, the proportion of patients
whowere ‘completely controlled’ increased from8.6% at baseline to
48.3% post-treatment and those who were ‘adequately controlled’
increased from 12.1% at baseline to 24.1% post-treatment. These
findings confirm the effectiveness of long-term treatment with
omalizumab in children with severe allergic asthma under a
routine medical practice.

Regarding the long-term outcomes of omalizumab, it has been
recently shown that there was no decrease in effectiveness over the
3 years during the prospective real-life observational study in
Germany; the effectiveness of omalizumab, assessed by asthma
symptoms, quality of life, GETE and exacerbations, was sustained
throughout the three years, with no observed tachyphylaxis.32

In the present surveillance, the effectiveness of omalizumabwas
also sustained during the long-term treatment under a real-life
condition. The effectiveness of omalizumab tended to increase
along with the duration of treatment continuation (e.g., 85.9% was
effective at week 104; Fig. 2), probably because the patients with
effective response continued treatment with omalizumab (e.g.,
62.5% was effective at discontinuation; Fig. 2).

The potential limitations of present surveillance includes the
non-interventional observational study design without any
comparator arms, and therefore, the safety and effectiveness
Please cite this article as: Nakamura N et al., Real-life long-term safety a
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assessments are based on a comparison with baseline. The sur-
veillance depended on the participating medical institutions for
collection of case report forms from patients; some case report
forms could not be obtained due to a delay or non-collection by the
participating institutions and others included the completion
without re-reviewing. Because this surveillance was conducted
under a routine medical practice, the differences in concomitant
medications, omalizumab dose intervals, laboratory test methods,
and other parameters may have influenced the outcomes. Despite
these limitations, the findings from this surveillance would support
safety, tolerability and effectiveness of long-term treatment with
omalizumab in children with severe allergic asthma in a real-life
clinical setting in Japan. These findings may assist physicians in
guiding therapies for pediatric patients with uncontrolled asthma.

The findings from this post-marketing surveillance suggest no
new safety signals with long-term omalizumab treatment in chil-
dren with severe allergic asthma. Effectiveness of omalizumab in
terms of GETE, improvement in asthma control and reduction in
asthma exacerbation-related events was also demonstrated. The
safety and effectiveness profile observed in this surveillance sug-
gested that omalzumab is an established medicine for pediatric
patients with severe allergic asthma in a real-life setting.
Acknowledgements

This study was funded by Novartis Pharma K.K. Tokyo, Japan.
The authors thank Hiral Joshi, Jisha John and Archana Jayaraman

of Novartis, Hyderabad, India for providing medical writing sup-
port/editorial support, which was funded by Novartis, in accor-
dance with Good Publication Practice guidelines.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.alit.2021.01.001.
Conflict of interest
The authors are employees of Novartis Pharma K.K., Tokyo, Japan
Authors’ contributions
NN, MN and TS contributed to planning, implementation, data collection and

data analysis of the surveillance. All the authors contributed to interpretation of the
results, drafting and revising the manuscript, and agree to be accountable for all
aspects of the work.
References

1. The Global Asthma Report 2018. Available from: http://www.globalasthmareport.
org/. [Accessed 10 April 2020].

2. Nishima S, Chisaka H, Fujiwara T, Furusho K, Hayashi S, Hiraba K, et al. Surveys
on the prevalence of pediatric bronchial asthma in Japan: a comparison be-
tween the 1982, 1992, and 2002 surveys conducted in the same region using
the same methodology. Allergol Int 2009;58:37e53.

3. Akasawa A, Yoshida K, Adachi Y, Odajima H, Sasaki M, Furukawa M. Time
trends in the prevalence of asthma in Japanese children. J Allergy Clin Immunol
2015;135:AB229.

4. Arakawa H, Hamasaki Y, Kohno Y, Ebisawa M, Kondo N, Nishima S, et al. Jap-
anese guidelines for childhood asthma 2017. Allergol Int 2017;66:190e204.

5. Nishima S, Kozawa M, Milligan KL, Papadopoulos NG. Omalizumab and unmet
needs in severe asthma and allergic comorbidities in Japanese children. Asia
Pac Allergy 2019;9:e7.

6. Sasaki M, Yoshida K, Adachi Y, Furukawa M, Itazawa T, Odajima H, et al. Factors
associated with asthma control in children: findings from a national Web-
based survey. Pediatr Allergy Immunol 2014;25:804e9.

7. Ohta K, Yoshisue H, Aoki Y, Irokawa T, Ishigaki M, Adachi M, et al. Interim
analysis of post-marketing surveillance of omalizumab in Japan. Eur Respir J
2013;42:P4128.

8. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. Interna-
tional study of asthma and allergies in childhood (ISAAC): rationale and
methods. Eur Respir J 1995;8:483e91.
nd effectiveness of omalizumab in Japanese pediatric patients with
ational, https://doi.org/10.1016/j.alit.2021.01.001

https://doi.org/10.1016/j.alit.2021.01.001
http://www.globalasthmareport.org/
http://www.globalasthmareport.org/
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref2
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref2
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref2
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref2
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref2
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref3
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref3
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref3
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref4
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref4
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref4
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref5
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref5
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref5
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref6
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref6
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref6
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref6
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref7
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref7
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref7
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref8
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref8
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref8
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref8


N. Nakamura et al. / Allergology International xxx (xxxx) xxx8
9. Odajima H, Ebisawa M, Nagakura T, Fujisawa T, Akasawa A, Ito K, et al. Long-
term safety, efficacy, pharmacokinetics and pharmacodynamics of omalizumab
in children with severe uncontrolled asthma. Allergol Int 2017;66:106e15.

10. Odajima H, Ebisawa M, Nagakura T, Fujisawa T, Akasawa A, Ito K, et al. Oma-
lizumab in Japanese children with severe allergic asthma uncontrolled with
standard therapy. Allergol Int 2015;64:364e70.

11. Arakawa H. [Japanese Pediatric Guideline for the Treatment and Management
of Asthma 2017 -What's new in JPGL2017]. Arerugi 2017;66:1213e7 (in
Japanese).

12. Adachi M, Kozawa M, Yoshisue H, Lee Milligan K, Nagasaki M, Sasajima T, et al.
Real-world safety and efficacy of omalizumab in patients with severe allergic
asthma: a long-term post-marketing study in Japan. Respir Med 2018;141:56e63.

13. Soler M, Matz J, Townley R, Buhl R, O'Brien J, Fox H, et al. The anti-IgE antibody
omalizumab reduces exacerbations and steroid requirement in allergic asth-
matics. Eur Respir J 2001;18:254e61.

14. Braunstahl GJ, Chen CW, Maykut R, Georgiou P, Peachey G, Bruce J. The
eXpeRience registry: the 'real-world' effectiveness of omalizumab in allergic
asthma. Respir Med 2013;107:1141e51.

15. Ohta K, Yamamoto M, Sato N, Ikeda K, Miyamoto T. One year treatment with
omalizumab is effective and well tolerated in Japanese patients with moderate-
to-severe persistent asthma. Allergol Int 2010;59:167e74.

16. Deschildre A, Marguet C, Langlois C, Pin I, Rittie JL, Derelle J, et al. Real-life long-
term omalizumab therapy in children with severe allergic asthma. Eur Respir J
2015;46:856e9.

17. Deschildre A, Marguet C, Salleron J, Pin I, Rittie JL, Derelle J, et al. Add-on
omalizumab in children with severe allergic asthma: a 1-year real life survey.
Eur Respir J 2013;42:1224e33.

18. Yoshikawa H, Iwata M, Matsuzaki H, Ono R, Murakami Y, Taba N, et al. Impact of
omalizumab on medical cost of childhood asthma in Japan. Pediatr Int 2016;58:
425e8.

19. Kumano S. [GPSP: good post-marketing study practice]. Nihon Yakurigaku
Zasshi 2012;140:81e4 (in Japanese).

20. Wang RY, Sobti S, Garg N, Ziskind E, Junwen L, Krishnamurthy A. Turning the
postal system into a generic digital communication mechanism. In: ACM SIG-
COMM Computer Communication Review; 2004.

21. Novartis. Xolair [package insert]. U.S. Food and Drug Administration website.
Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/
103976s5225lbl.pdf. [Accessed 13 April 2020].
Please cite this article as: Nakamura N et al., Real-life long-term safety a
severe allergic asthma: A post-marketing surveillance, Allergology Intern
22. Isozaki A, Kawano Y, Shoda T, Mimura S, Ogawa N, Noma T, et al. [Relation of
the time course of Japanese Pediatric Asthma Control Test (JPAC) and
Childhood Asthma Control Test (C-ACT) score with respiratory function and
fractional exhaled nitric oxide (FENO)]. Arerugi 2010;59:822e30 (in
Japanese).

23. Lanier B, Bridges T, Kulus M, Taylor AF, Berhane I, Vidaurre CF. Omalizumab for
the treatment of exacerbations in children with inadequately controlled
allergic (IgE-mediated) asthma. J Allergy Clin Immunol 2009;124:1210e6.

24. Kulus M, Hebert J, Garcia E, Fowler Taylor A, Fernandez Vidaurre C, Blogg M.
Omalizumab in children with inadequately controlled severe allergic (IgE-
mediated) asthma. Curr Med Res Opin 2010;26:1285e93.

25. Busse WW, Morgan WJ, Gergen PJ, Mitchell HE, Gern JE, Liu AH, et al. Ran-
domized trial of omalizumab (anti-IgE) for asthma in inner-city children. N Engl
J Med 2011;364:1005e15.

26. Long A, Rahmaoui A, Rothman KJ, Guinan E, Eisner M, Bradley MS, et al. Inci-
dence of malignancy in patients with moderate-to-severe asthma treated with
or without omalizumab. J Allergy Clin Immunol 2014;134:560e7.

27. Licari A, Castagnoli R, Denicolo C, Rossini L, Seminara M, Sacchi L, et al. Oma-
lizumab in children with severe allergic asthma: the Italian real-life experi-
ence. Curr Respir Med Rev 2017;13:36e42.

28. Nopp A, Johansson SG, Ankerst J, Palmqvist M, Oman H. CD-sens and clinical
changes during withdrawal of Xolair after 6 years of treatment. Allergy
2007;62:1175e81.

29. Nopp A, Johansson SG, Ad�edoyin J, Ankerst J, Palmqvist M, Oman H. After 6
years with Xolair; a 3-year withdrawal follow-up. Allergy 2010;65:56e60.

30. Schreiber J, Kopp MV, Korn S, Taube C, Buhl R. [Disease modification and
duration of omalizumab treatment in patients with severe allergic asthma].
Pneumologie 2014;68:187e92 (in German).

31. L�opez-Abente J, Benito-Villalvilla C, Jaumont X, Pfister P, Tassinari P,
Palomares O. Omalizumab restores the ability of human plasmacytoid dendritic
cells to induce Foxp3 þ Tregs. Eur Respir J 2020. https://doi.org/10.1183/
13993003.00751-2020.

32. Schreiber J, Schwab Sauerbeck I, Mail€ander C. The long-term effectiveness
and safety of omalizumab on patient- and physician-reported asthma
control: a three-year, real-life observational study. Adv Ther 2020;37:
353e63.
nd effectiveness of omalizumab in Japanese pediatric patients with
ational, https://doi.org/10.1016/j.alit.2021.01.001

http://refhub.elsevier.com/S1323-8930(21)00001-0/sref9
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref9
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref9
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref9
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref10
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref10
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref10
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref10
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref11
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref11
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref11
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref11
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref12
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref12
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref12
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref12
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref13
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref13
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref13
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref13
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref14
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref14
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref14
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref14
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref15
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref15
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref15
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref15
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref16
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref16
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref16
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref16
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref17
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref17
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref17
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref17
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref18
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref18
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref18
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref18
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref19
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref19
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref19
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref20
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref20
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref20
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/103976s5225lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/103976s5225lbl.pdf
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref22
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref22
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref22
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref22
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref22
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref22
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref23
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref23
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref23
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref23
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref24
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref24
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref24
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref24
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref25
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref25
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref25
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref25
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref26
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref26
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref26
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref26
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref27
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref27
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref27
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref27
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref28
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref28
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref28
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref28
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref29
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref29
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref29
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref29
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref30
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref30
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref30
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref30
https://doi.org/10.1183/13993003.00751-2020
https://doi.org/10.1183/13993003.00751-2020
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref32
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref32
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref32
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref32
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref32
http://refhub.elsevier.com/S1323-8930(21)00001-0/sref32

	Real-life long-term safety and effectiveness of omalizumab in Japanese pediatric patients with severe allergic asthma: A po ...
	Introduction
	Methods
	Surveillance description
	Endpoints
	Safety
	Effectiveness

	Statistical analysis

	Results
	Study population
	Safety outcomes
	Incidence of adverse drug reactions
	Incidence of adverse events
	Incidence of serious adverse events
	Incidence of adverse events and adverse drug reactions of special interest

	Effectiveness outcomes
	Physician's GETE
	Asthma exacerbation-related events
	JPAC scores
	Safety and effectiveness analysis by patient characteristics


	Discussion
	Acknowledgements
	Appendix A. Supplementary data
	Conflict of interest
	Authors’ contributions

	References


