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ABSTRACT

Introduction: Allergic asthma is a chronic
inflammatory disease caused by immunoglob-
ulin E (IgE)-mediated allergy. Omalizumab is a
monoclonal anti-IgE antibody for the treatment
of severe allergic asthma (SAA).
Objectives: The primary objective of the study
was to assess asthma-related control in patients
with SAA receiving omalizumab therapy. Sec-
ondary objectives included quality of life,
treatment effectiveness, rate of severe exacer-
bations, and safety.
Methods: This was a prospective, multi-centre,
non-interventional study to assess patient-re-
lated long-term outcomes of omalizumab
treatment in Germany. This 3-year study

enrolled patients aged C 18 years with SAA.
Asthma control was assessed using the asthma
control questionnaire (ACQ-6) and physician-
assessed global evaluation of treatment effec-
tiveness (GETE). Exacerbations were recorded,
and quality of life was assessed using the mini-
asthma quality of life questionnaire (mini-
AQLQ).
Results: Of 161 patients screened, 153 partici-
pated in this study. Most patients (92.2%) had
been receiving prior omalizumab therapy for
mean (SD) 2.9 (2.3) years. Omalizumab slightly
decreased mean ACQ-6 score from 2.0 (1.22) at
baseline to 1.7 (1.23) at the end of the 3-year
treatment period [difference: –0.18 (1.07),
P = 0.340]. Post-hoc analyses of ACQ-6 for the
small number of treatment-naı̈ve patients
showed a decrease in mean (SD) ACQ-6 from 2.7
(1.08) at baseline to 1.4 (1.40) after 3 years of
omalizumab treatment. Mini-AQLQ increased
from 4.5 (1.26) at baseline to 4.7 (1.48) after
3 years [difference: 0.26 (1.35), P = 0.186]. GETE
was reported as excellent or good for most
patients (67.46–84.69%) and more than two-
thirds had no severe exacerbation. There were
no unexpected safety signals during the study
period and no tachyphylaxis was observed.
Conclusions: In conclusion, despite most
patients receiving prior omalizumab treatment
for approximately 3 years, there was no decrease
in effectiveness or safety over the subsequent
3 years during this study. This supports the
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long-term use of omalizumab in maintaining
asthma control and quality of life.
Funding: Novartis Pharma GmbH, Germany.
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Key Summary Points

Omalizumab is a monoclonal anti-IgE
antibody approved for treatment of severe
allergic asthma.

This real-life observational study showed
that effectiveness of omalizumab in
maintaining control of asthma and
improving quality of life did not lessen
over time.

No new safety issues were observed over
3 years of treatment.

INTRODUCTION

Asthma is one of the most prevalent chronic
respiratory diseases, affecting approximately
358 million people globally [1]. According to
the Global Initiative for Asthma (GINA) strategy
[2], the overarching long-term goal of asthma
management is to achieve control of the con-
dition. Reducing future risk of exacerbation and
reducing or withholding oral corticosteroid
(OCS) dose to avoid or minimise side effects are
also important goals in asthma management
[2].

Despite the availability of treatment recom-
mendations and standard-of-care therapies [2],
it is estimated that approximately 5–10% of
asthma patients have severe disease, and over
half of patients with severe asthma have
uncontrolled disease [3].

Omalizumab is an anti-immunoglobulin E
(IgE) monoclonal antibody approved in the
European Union (EU) as an add-on therapy to
improve asthma control in patients

aged C 6 years with severe persistent allergic
asthma [4]. The efficacy of omalizumab in
improving asthma control has been docu-
mented in several studies [5, 6], including the
5-year Evaluating Clinical Effectiveness and
Long-term Safety (EXCELS) in patients with
moderate-to-severe asthma observational study
[7].

Asthma control can be measured by means
of the asthma control questionnaire (ACQ)-6,
which is a shortened, six-item variant of the
ACQ proper, but excludes the lung function
assessment domain. Importantly, this short-
ened version has been fully validated and
achieves similar results to the full ACQ [8].

The aim of this observational study was to
further investigate the effectiveness and safety
of long-term omalizumab therapy on asthma
control and quality of life of patients with sev-
ere allergic asthma under real-life conditions.
This was done using two questionnaires, the
ACQ-6 and the mini-asthma quality of life
questionnaire (AQLQ), respectively. Owing to
the real-life aspect of this study, previous
exposure to omalizumab was permitted. Fur-
thermore, exacerbations and safety aspects were
documented.

METHODS

Study Design

This was a prospective, multi-centre, non-in-
terventional study of omalizumab carried out
in Germany between May 2013 and March
2017. The scheduled observation period was up
to 3 years. Omalizumab injections were
envisaged every 2–4 weeks and medical find-
ings and questionnaire records were to be
documented at inclusion, during follow-up
visits (every 2–4 weeks, every 3 months, and
every year), and after 3 years. The primary
objective of the study was to assess asthma-
related control using the ACQ-6 in patients with
severe allergic asthma. Secondary objec-
tives included assessment of quality of life,
treatment effectiveness of omalizumab, rate of
severe exacerbations, and safety.
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This study received approval from the ethics
committee of the Otto von Guericke University
of Magdeburg, Germany (Ethics Approval
Number: 07/13). All patients provided written
informed consent for inclusion in this study. As
this was a non-interventional study, trial regis-
tration was not required.

Participants

Patients C 18 years with severe allergic asthma
were eligible for inclusion in this study if they
had been previously treated with high-dose ICS
and long-acting b2-agonists (LABA). Both
patients who were previously treated with
omalizumab and newly initiated patients were
eligible. Patients with contraindications to the
omalizumab SmPC [4] or a history of lung dis-
ease other than allergic asthma were excluded
from this study. Further eligibility criteria are
outlined in the Supplementary Information.

Study Assessments

Effectiveness of omalizumab was assessed (1)
using the ACQ-6, (2) by global evaluation of
treatment effectiveness (GETE), and (3) by
monitoring exacerbations every 2–4 weeks.
ACQ-6 total scores were defined as:\ 0.75:
asthma controlled adequately; 0.75–1.50:
threshold range (undecided);[1.50: asthma
not controlled adequately. A decrease of [ 0.5
from baseline ACQ-6 was considered a clinically
relevant improvement. An exacerbation was
defined as administration of an OCS course, an
unscheduled visit to the physician, a hospitali-
sation, or emergency treatment because of
asthma deterioration, or decrease of FEV1\60%
from the personal best value. Quality of life data
were captured every 3 months using the mini-
AQLQ, which was completed by the patients.

Safety

Adverse events (AE) and serious AEs (SAE) were
recorded during the course of this study.
Adverse events were further categorised
according to relationship with omalizumab as
follows: non-serious AE or serious AE with no

causality with omalizumab; non-serious adverse
drug reaction or serious adverse drug reaction
with causality with omalizumab.

Statistical Analysis

The analyses presented in this manuscript were
conducted in the Full Analysis Set (FAS), except
for the incidence of AEs, which was reported in
the Safety Analysis Set. A Wilcoxon signed rank
test was used to test the pre- and post-treatment
differences in ACQ-6 and mini-AQLQ scores for
differences from zero. For all other analyses, epi-
demiological and descriptive statistics were
employed. For most parameters, mean ± stan-
dard deviation (SD) are reported, unless otherwise
stated. To assess differences between treatment-
naı̈ve and treatment-experienced patients, a post
hoc analysis of ACQ-6 and mini-AQLQ was con-
ducted in the FAS. The FAS was stratified into two
groups according to duration of omalizumab
therapy prior to the start of the study. Of note,
the stratification of ‘‘treatment-naı̈ve patients
with B 4 months of omalizumab therapy prior to
study start’’ versus ‘‘treatment-experienced
patients with[4 months of omalizumab therapy
prior to study start’’ was chosen because in clinical
practice, the first evaluation of omalizumab
treatment efficacy is recommended after 16 weeks
(i.e. 4 months) of treatment [9]. Statistical analy-
ses were conducted by Novartis Pharma GmbH
(Germany) and Kantar Health GmbH (Germany)
using SAS software version 9.4.

RESULTS

Participants

Of 161 severe allergic asthma patients screened,
all 161 (100%) patients were included in the SAF.
Of these, eight (5%) patients were excluded from
the FAS (n = 153) for the reasons listed in Fig. 1.
All patients with their last documented visit at the
first annual visit or later were included in the
FAS1Y (n = 118, 73.3%). Similarly, all patients
with their last documented visit at the second
annual visit or later were included in the FAS2Y
(n = 107, 66.5%). This also demonstrates the
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remarkably low discontinuation rate in this study.
Patients with a premature final visit, no docu-
mented final visit, or an observation
period B 2.74 years were included in the Safety
Dropout Set (SDS; n = 63, 39.1%). The mean
observation period (SD) was 901.6 (367.0) days.
The n numbers for each individual analysis are
inconsistent because not all variables could be
collected at all time points for every patient. The
median (minimum, maximum) age of patients in
the FAS was 50 (18, 76) years, with no
patients\18 years old (Table 1). Most patients
were female (n = 93; 60.8%) and lifelong non-
smokers (n = 109; 71.24%). Mean (SD) forced
expiratory volume in 1 s (FEV1) was 70.1% (20.43)
predicted of normal at baseline. The majority of
patients (n = 141; 92.2%) had previous exposure
to omalizumab and had been receiving omal-
izumab therapy for a mean (SD) of 2.9 (2.3) years
prior to study start. The mean (SD) time elapsed
since diagnosis of asthma was 15.5 (12.2) years.

Primary End Point: Effect of Omalizumab
Treatment on Patient-Reported Asthma
Control

After 3 years of omalizumab treatment, the
mean (SD) ACQ-6 total score decreased

numerically from 2.0 (1.22) at baseline to 1.7
(1.23) at the end of the observation period,
representing a change from baseline of - 0.18
(1.07) (P = 0.340). The greatest improvement in
ACQ-6 score was seen at the 0.5-year and 1-year
time points, where respective mean decreases of
- 0.2 (1.08) (P = 0.087) and - 0.2 (1.20)
(P = 0.102) in total score compared with base-
line were recorded (Fig. 2, Table E1). An over-
view of the patient responses to items 1–6 in the
ACQ-6 is available in Table E2 of the Supple-
mentary Information.

Secondary End Points

Mini-AQLQ
Mini-AQLQ total score was significantly
improved with omalizumab treatment com-
pared with baseline at 0.5 years (P = 0.002),
1 year (P = 0.001), 1.5 years (P = 0.009), and
2 years (P = 0.011) (Table E3). Overall, this
measure increased from 4.5 (1.26) at baseline to
4.7 (1.48) after 3 years (difference: 0.26 [1.35],
P = 0.186). The effect of omalizumab on indi-
vidual domains of the mini-AQLQ remained
relatively stable across all time points. Symp-
toms were significantly improved at all time
points with omalizumab treatment compared

Fig. 1 Participant enrolment. All patients who signed
informed consent and had at least one visit after the
baseline visit were included in the SAF. COPD chronic

obstructive pulmonary disease, FAS full analysis set, FAS1Y
1 year complete FAS, FAS2Y 2 years complete FAS, SAF
safety analysis set, SDS study dropout set
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with baseline. Patient-reported emotional
function, environmental stimuli, and activity
limitation were also improved at various time
points in response to omalizumab treatment
(Fig. 3).

GETE
The majority of patients had GETE assessed as
either ‘‘excellent’’ or ‘‘good’’ at all time points
(67.46–84.69%). The proportion of patients
with excellent GETE (i.e. total control of
asthma) slightly increased from 24.56% (n = 28
of 114) at the 0.5-year visit to 28.57% (n = 36 of
126) at 3 years (Table 2). No GETE assessment
reported worsening of asthma for any patient at
any time point in this study.

Post-hoc analyses revealed a difference in the
proportion of people with excellent, good, or
moderate GETE at the end of the study between
patients who had previous exposure to therapy
for at least 4 months prior to the study start
(treatment-experienced, n = 106) and those
who did not (treatment-naı̈ve, n = 18), respec-
tively. By the end of this study, excellent GETE
was reported for 27.36% (n = 29 of 106) and
33.33% (n = 6 of 18) of treatment-experienced
and treatment-naı̈ve patients, respectively.
Good GETE (i.e. significant improvement in
asthma) was reported for 43.40% (n = 46 of 106)
and 11.11% (n = 2 of 18) of treatment-experi-
enced and treatment-naı̈ve patients, respec-
tively (Table E4).

Severe exacerbations
The proportion of patients experiencing severe
exacerbations remained low and
stable throughout this study; 12.42% (n = 19 of
153), 7.87% (n = 10 of 127), and 11.97% (n = 14
of 117) of patients had C 2 severe exacerbations
in the first, second, and third years of observa-
tion, respectively (Figure E2). The proportion of
patients experiencing C 2 exacerbations during
the winter months (October–March) decreased
from 9.45% (n = 12 of 127) in the first year to
5.13% (n = 6 of 117) and 0.00% (n = 0 of 63) in
the second and third year of observation,
respectively. The number of hospitalisations
due to severe exacerbations remained very low;
three patients were hospitalised more than once
for this reason during this study.

The shift in proportion of patients experi-
encing 0, 1, or C 2 exacerbations in the first
versus third year of the study is depicted in
Fig. 4.

Importantly, acceptance of omalizumab
therapy, assessed by the physician, was high
and did not significantly change over the course
of the study (Table E5).

Post-Hoc Analysis of the Primary
and Secondary End Points

Post-hoc analysis of the ACQ-6 results stratified
by previous exposure to omalizumab, smoking
history, gender, and age confirmed the results of

Table 1 Patient demographics and baseline characteristics

FAS
(n = 153)

Female, n (%) 93 (60.8)

Age

Mean years (SD) 49.0 (12.16)

Median years (min, max) 50.0 (18, 76)

Age categories

C 18–\ 50 years 76 (49.67)

C 50 years 77 (50.33)

Treatment-experienced patients

with omalizumab, n (%)

141 (92.16)

Duration of exposure to

omalizumaba, mean years (SD)

2.9 (2.33)

FEV1, % predicted, mean (SD) 70.1% (20.43)

BMI (kg/m2), mean (SD) 28.7 (6.09)

Smoking status, n (%)

Non-smoker 109 (71.24)

Current smoker 9 (5.88)

Ex-smoker 35 (22.88)

Values are n (%) or mean (SD) unless otherwise indicated
BMI body mass index, FAS full analysis set, FEV1 forced
expiratory volume in 1 s, SD standard deviation
a Before study start
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the full analysis set for all subgroups (Table E6).
Subgroup analyses explored ACQ-6 and mini-
AQLQ results between treatment-experienced
(n = 141 of 153, 92.2%) and treatment-naı̈ve
(n = 12 of 153, 7.8%) patients who did and did
not receive omalizumab therapy for[4 months
before study entry, respectively.

Post-hoc analyses of the ACQ-6 results
showed improvements for treatment-naı̈ve
patients with a decrease in mean (SD) ACQ-6
from 2.7 (1.08) at baseline to 1.4 (1.40) after
3 years of omalizumab treatment. Treatment-

experienced patients (with more than
4 months’ exposure to omalizumab prior to
study start) had better baseline ACQ-6 scores
than the treatment-naı̈ve patients and retained
good asthma control over the course of the
study [mean (SD) ACQ-6: 1.8 (1.20) at baseline
and 1.7 (1.22) at 3 years].

As the first evaluation of omalizumab treat-
ment is recommended at 16 weeks [9], we per-
formed a post hoc analysis of ACQ-6 and mini-
AQLQ in treatment-naı̈ve patients only at the
time point closest to this recommendation, i.e.,

Fig. 2 Mean ACQ-6 total score over time (FAS,
n = 153). Data shown are the mean (SD) ACQ-6 total
scores recorded by patients at baseline and at half-yearly

observation windows throughout the study. ACQ-6 asthma
control questionnaire-6, FAS full analysis set, SD standard
deviation

Fig. 3 Mini-AQLQ total and domain scores over time
(FAS, n = 153). Data shown are mini-AQLQ total score
and domain scores (SD) recorded by patients at baseline
and at half-yearly observation windows throughout the

study. Statistical significance compared with baseline
(P\ 0.05) is denoted by *. FAS full analysis set, mini-
AQLQ mini-asthma quality of life questionnaire, SD
standard deviation
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at 0.5 years. For these patients, improvements
from baseline were observed for ACQ-6 and
mini-AQLQ at the 0.5-year observation. Mean
ACQ-6 reduced from 2.7 (1.08) at baseline to 2.0
(1.56) after 0.5 years of omalizumab treatment.
Similarly, mean mini-AQLQ increased from 4.0
(1.03) at baseline to 4.7 (1.25) at 0.5 years.

Smoking status affected the extent of asthma
control improvement achieved in this study.
Smokers and ex-smokers achieved greater
improvements in asthma control over the
course of this study than non-smokers. In

smokers and ex-smokers, ACQ-6 improved from
2.2 (1.31) at baseline to 1.6 (1.02) at the 3-year
observation. In non-smokers, level of asthma
control was better than for smokers at the
beginning of the study and was retained for the
duration of the study: 1.9 (1.19) at baseline to
1.7 (1.31) at the 3-year time point. More discreet
differences were observed when the effect of
gender and age on asthma control was
investigated.

Post-hoc analyses of mini-AQLQ results
stratified by previous exposure to omalizumab,

Table 2 Global evaluation of treatment effectiveness (FAS, n = 153)

0.5 years
n = 114

1 year
n = 107

1.5 years
n = 98

2 years
n = 101

2.5 years
n = 79

Final n = 126

GETE, n (%)

Missing 7 (6.14) 3 (2.80) 3 (3.06) 4 (3.96) 4 (5.06) 11 (8.73)

Excellent 28 (24.56) 32 (29.91) 23 (23.47) 36 (35.64) 26 (32.91) 36 (28.57)

Good 58 (50.88) 54 (50.47) 60 (61.22) 45 (44.55) 38 (48.10) 49 (38.89)

Moderate 21 (18.42) 16 (14.95) 10 (10.20) 15 (14.85) 11 (13.92) 28 (22.22)

Poor 0 (0.00) 2 (1.87) 2 (2.04) 1 (0.99) 0 (0.00) 2 (1.59)

Worsening 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Excellent = total control of asthma; good = significant improvement of asthma; moderate = observable but limited
improvement of asthma; poor = no noteworthy change of asthma; worsening = worsening of asthma
GETE global evaluation of treatment effectiveness, FAS full analysis set, n number of patients with observations

Fig. 4 Number of severe exacerbations in first year versus
third year of the study (FAS, n = 153). The percentage of
patients who experienced 0 (n = 100), 1 (n = 23), or C 2
(n = 19) severe exacerbations in the first year of the study

are shown in the pink column. The subset of these patients
who went on to experience 0, 1, or C 2 severe exacerba-
tions in the final (third) year of the study are also shown
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smoking history, gender, and age confirmed the
results of the full analysis set for all subgroups
(Table E7). Similar results were observed for
mini-AQLQ. Treatment-naı̈ve patients demon-
strated a greater increase from baseline in mini-
AQLQ total score compared with treatment-ex-
perienced patients. Mini-AQLQ increased from
4.0 (1.03) at baseline to 5.0 (1.51) in treatment-
naı̈ve patients at the end of the study. Baseline
quality of life was better and remained stable in
the treatment-experienced patients: mini-AQLQ
score was 4.6 (1.26) at baseline and 4.7 (1.49) at
the end of the study. Greater increases from
baseline were observed in mini-AQLQ in
smokers and ex-smokers, and males compared
with non-smokers and females, respectively.

Due to the limited number of patients in
these post-hoc analyses, the differences did not
reach statistical significance.

Safety

A total of 128 of 161 patients (79.5%) reported
at least one adverse event over the course of this
study. The most frequent AEs classified by
MedDRA terminology were infections and
infestations (28.5% of AEs; n = 189 of 663) and
respiratory, thoracic, or mediastinal disorders
(24.8% of AEs; n = 164 of 662).

Adverse events were further categorised
according to relationship to omalizumab.
Causality with omalizumab therapy was not
suspected in the majority (89.8%; n = 946 of
1053) of adverse events. Overall, of 161
patients, 119 (73.9%) and 60 (37.3%) experi-
enced a non-serious AE or serious AE, respec-
tively, not related to the study drug. This is
compared with 34 (21.1%) and 21 (13.0%)
patients who experienced a non-serious adverse
drug reaction or serious adverse drug reaction
related to omalizumab, respectively. A complete
list of reported adverse events and their rela-
tionship to the study drug is available in the
Supplementary Information (Table E8). One
patient died during this study, but the fatal
event was not deemed by the investigator to be
related to the study drug.

DISCUSSION

Despite numerous randomised clinical trials
demonstrating the efficacy of omalizumab over
the last 2 decades, data supporting the effec-
tiveness of anti-IgE therapy in real-world clini-
cal settings have been relatively lacking.
However, recent data from the real-life
Prospective Observational Study to Evaluate
Predictors of Clinical Effectiveness in Response
to Omalizumab (PROSPERO) study have pro-
vided some promising results in which omal-
izumab reduced exacerbation rates and
hospitalisations and improved Asthma Control
Test scores over a 42-week period compared
with pre-treatment [10].

The study presented herein further builds on
these results. This was an observational study
carried out in Germany over a 3-year period,
which assessed the effectiveness of omalizumab
on asthma control and quality of life in patients
with severe allergic asthma. By means of the
ACQ-6, asthma control with omalizumab was
shown to be stable, and there was no significant
loss of efficacy of this biological therapy over
time. Of note, these results are in line with
those previously reported by Braunstahl and
colleagues, measured over a shorter period of
time [11].

While neither statistical significance nor the
minimal clinically important difference in
ACQ-6 of 0.5 was reached in this study, it is
important to consider that the majority of
patients were treated with omalizumab before
the start of the study, making it difficult to
observe meaningful differences from baseline
over the study course. Furthermore, according
to the SmPC [4], omalizumab is effective within
12–16 weeks of treatment initiation; therefore,
significant differences from baseline at half-
yearly observations over 3 years were not nec-
essarily expected.

Interestingly, the post-hoc analysis per-
formed on ACQ-6 results between treatment-
naı̈ve and treatment-experienced patients indi-
cated that treatment-naı̈ve patients experienced
improvements in control as the study pro-
gressed, although statistical significance could
not be demonstrated because of the low number
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of participants in this analysis. Similarly, no loss
of omalizumab efficacy was observed in treat-
ment-experienced patients (i.e. those who had
been exposed to[ 4 months of omalizumab
therapy before the start of this study). These
patients tended to obtain control early and
retain similar levels of control throughout the
course of the study. Furthermore, we observed
no loss of efficacy of omalizumab in patients
who smoke.

The mini-AQLQ is a 15-item, self-adminis-
tered questionnaire [12] and was used in this
study to measure patient-reported quality of
life. Despite the vast majority of patients already
receiving omalizumab before the start of the
study, significantly improved quality of life
scores were reported by patients over the first
2 years of treatment compared with baseline
scores. Omalizumab use improved symptoms
and emotional function over the course of this
study. However, as this study lacked a control
group, we cannot exclude the possibility that
this is not a treatment effect. Post-hoc analyses
on the mini-AQLQ data also indicated
improvement in quality of life for treatment-
naı̈ve patients and sustained quality of life
improvement for treatment-experienced
patients.

Effectiveness variables captured in this
observational study also included GETE. Physi-
cian’s GETE is a recommended instrument to
measure response to treatment and overall
asthma control [11]. In this study, the majority
of patients were considered ‘‘responders’’ to
omalizumab treatment, having either excellent
or good physician-evaluated GETE at each half-
yearly time point. This is consistent with other
real-life effectiveness studies of omalizumab
[11, 13].

AEs were reported for a relatively high
number of patients. We think that the forced
reporting model of AEs in this study (i.e. AE
reporting was triggered by certain electronic
case report form entries by the physician) may
hamper representative conclusions pertaining
to the safety profile of omalizumab. Impor-
tantly, causality with omalizumab was not sus-
pected for most adverse events. No unexpected
safety concerns occurred during this study.

Given the observational nature of this study,
the discontinuation rate was remarkably low.

This study carries certain limitations. As it
captured retrospective data during the year
before study commencement, as well as
prospective data for the 3 years following study
commencement, appropriate comparisons
between the two data sets cannot be easily
made. The low proportion of patients without
previous exposure to omalizumab may have
further hampered appropriate comparisons. It is
difficult to determine efficacy and safety as
there is confounding from the substantial
number of patients who were receiving omal-
izumab before the start of this study. Further-
more, this observational study lacked a control
group, which may limit drawing meaningful
causal relationships from these data.

Nonetheless, our findings support the per-
sistent effectiveness and safety of omalizumab
in maintaining asthma control and quality of
life in patients with severe asthma, with no
observed tachyphylaxis. All sub-populations
analysed in these studies showed similar effects.
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