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Omalizumab Effectiveness by Biomarker Status in
Patients with Asthma: Evidence From PROSPERO,
A Prospective Real-World Study
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What is already known about this topic? Omalizumab efficacy has been demonstrated in controlled research settings,
but knowledge of its effectiveness in a real-world setting, including the use of biomarkers or clinical characteristics to guide
response, is limited.

What does this article add to our knowledge? Omalizumab initiation in patients with moderate to severe allergic asthma
in a real-world setting yielded a positive treatment response, measured by multiple parameters, in 87% of patients in-
dependent of baseline characteristics or biomarker levels.

How does this study impact current management guidelines? These data suggest that once the decision to treat with
omalizumab has been made, biomarker levels may not be predictive of treatment outcomes.
BACKGROUND: Omalizumab has demonstrated efficacy in
clinical trials of patients with asthma, but real-world data are
needed.
OBJECTIVE: To assess outcomes after omalizumab initiation in
patients with asthma in a real-world setting.
METHODS: Patients aged 12 years and older with allergic
asthma who were candidates for omalizumab on the basis of
physician-assessed need were enrolled in a US-based, pro-
spective, single-arm, 48-week multicenter study, the Prospec-
tive Observational Study to Evaluate Predictors of Clinical
Effectiveness in Response to Omalizumab. Monthly assess-
ments included exacerbations, health care utilization, asthma
control test (ACT), and adverse events. At baseline, 6 months,
and end of study, biomarkers (blood eosinophils and
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fractional exhaled nitric oxide) were collected and spirometry
performed.
RESULTS: Of 806 enrollees, 801 (99.4%) received omalizumab
and 622 (77.2%) completed the study. The exacerbation rate
significantly improved from a mean of 3.00 – 3.28 in the 12
months before baseline to 0.78 – 1.37 through month 12
(P < .001) and was similar in adults and adolescents; there was a
reduction of 81.9% in the percentage of patients with 1 or more
hospitalizations. Lung function remained generally unchanged.
A mean improvement of 4.4 – 4.9 in ACT scores was observed.
Eighty-seven percent of patients were responders on the basis of
clinical improvement in exacerbations, lung function, or ACT
scores. Baseline biomarker status was associated with ACT scores
and lung function improvement, but the magnitude of this
ICON. R. S. Zeiger is a consultant with AstraZeneca, Genentech, Inc, Glax-
oSmithKline, Novartis, Patara Pharma, Sanofi/Regeneron, Teva, and Theravance
Biopharma; and has received research support from Aerocrine, AstraZeneca,
Genentech, Inc, GlaxoSmithKline, MedImmune, and Merck. B. Trzaskoma and
M. Yang are employees of Genentech, Inc. N. M. Griffin is a former employee of
Genentech, Inc. and is employed by Aimmune Therapeutics. B. E. Chipps is a
consultant; and is on the speakers’ bureau for AstraZeneca, Boehringer Ingelheim,
Circassia, Genentech, Inc, Novartis, and Teva.

Received for publication December 14, 2017; revised April 5, 2018; accepted for
publication April 30, 2018.

Available online May 22, 2018.
Corresponding author: Noelle M. Griffin, PhD, Genentech, Inc, 1 DNA Way, South
San Francisco, CA 94080. E-mail: noelle.griffin@gmail.com.

* N. M. Griffin is no longer employed at Genentech, Inc.
2213-2198
� 2019 The Authors. Published by Elsevier Inc. on behalf of the American Academy
of Allergy, Asthma & Immunology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jaip.2018.04.043

mailto:noelle.griffin@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaip.2018.04.043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2018.04.043&domain=pdf


J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 1

CASALE ETAL 157
Abbreviations used

ACT- a
sthma control test

AE- a
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PROSPERO- P
rospective Observational Study to Evaluate
Predictors of Clinical Effectiveness in Response to
Omalizumab
SAE- se
rious adverse event
improvement was not clinically relevant. No new safety sig-
nals emerged.
CONCLUSIONS: Omalizumab initiation in patients with
asthma resulted in improved exacerbation rates, reduced
hospitalizations, and improved ACT scores compared with
pretreatment values, regardless of biomarker status. � 2019
The Authors. Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology. This is
an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/). (J Allergy Clin
Immunol Pract 2019;7:156-64)

Key words: Asthma; Asthma burden; Biomarker profile; Comor-
bidities; Omalizumab; Patient-reported outcomes; Real-world
study

INTRODUCTION
Asthma remains a common global chronic respiratory disease

with an increasing prevalence in some populations.1 Despite
treatment guidelines, asthma in many patients remains uncon-
trolled. Almost half (47%) of adults report very poorly controlled
asthma and another 24% report asthma not well controlled.2 In
children, the prevalence of uncontrolled asthma is similar to that
in adults (46%).3

Biologic therapies for asthma are a means to achieve asthma
control, especially when patients remain symptomatic on Global
Initiative for Asthma step 3 and higher treatments.1 Although
many of these biologics are new, and thus clinical experience
with them is limited, omalizumab has been available for clinical
use in patients with moderate to severe persistent allergic asthma
for more than a decade.

Data are emerging that specific biomarkers, including periph-
eral blood eosinophils and fractional exhaled nitric oxide (FENO),4

may help identify patients who are more likely to respond to bi-
ologics, allowing for a more personalized approach to the treat-
ment of asthma.5-15 Evaluation of on-treatment response using
biomarkers or patient characteristics would add depth to asthma
management, but data consistently linking specific disease char-
acteristics with treatment responses are lacking.

The Prospective Observational Study to Evaluate Predictors of
Clinical Effectiveness in Response to Omalizumab (PROS-
PERO) was designed to investigate response to omalizumab in a
real-world setting where omalizumab was initiated on the basis of
physician-assessed need rather than as per protocol, as in ran-
domized controlled trials. Specifically, we sought to better
characterize asthma outcomes after omalizumab initiation and
evaluate whether a biomarker profile or specific patient charac-
teristics would be predictive of treatment response, with a goal of
providing useful guidance for clinical decision making. PROS-
PERO was thus designed to address 2 objectives: (1) to under-
stand the types of patients who initiate omalizumab in a
real-world setting, including identifying patient characteristics,
unmet needs, disease burden, and disease phenotypes from an
omalizumab-eligible patient population—knowledge that cannot
be obtained outside of a study such as the one described here,
and (2) to understand how reported clinical parameters may be
associated with distinct outcomes. The first goal was addressed in
a previous publication.16 Patients enrolled in PROSPERO had a
significant asthma burden, including multiple previous exacer-
bations, variable comorbid conditions (both allergic and nonal-
lergic), as well as a heterogeneous biomarker profile. This article
presents data from PROSPERO that relate to the second goal:
the efficacy and safety outcomes, including a responder analysis,
for patients 48 weeks after omalizumab initiation to understand
whether any specific patient characteristic is associated with
response to omalizumab.
METHODS
PROSPERO was a multicenter, prospective, 48-week effective-

ness study of omalizumab conducted in the United States
(clinicaltrials.gov identifier: NCT01922037). Physicians identified
patients 12 years and older with allergic asthma who, in their
opinion, were eligible for omalizumab (approved for patients as
young as age 6 years; however, at the time of the study, approval was
limited to patients 12 years or older). Patients were enrolled from
June 2013 to March 2015. Each investigator determined a patient’s
asthma severity and treatment on the basis of individual clinical
practice; there was no protocol-specified treatment regimen. Patients
were required to have access to omalizumab through their insurance
or other funding.

At baseline, demographic and clinical characteristics were docu-
mented.16 Patients reported exacerbations, defined as worsening of
asthma symptoms requiring the use of oral corticosteroids, emer-
gency department visit, or hospitalization, as well as adverse events
(AEs) monthly. Biomarkers (blood eosinophils and FENO) were
collected and spirometry was performed (according to the American
Thoracic Society criteria17) at baseline, 6 months, and end of study
(week 48). IgE level data were collected at baseline.16 Only the
following protocol-defined safety events, collected monthly
throughout the study, were reported: all serious adverse events
(SAEs), non-SAEs of special interest (suspected anaphylaxis due to
omalizumab or suspected transmission of infectious agent by me-
dicinal product), pregnancies, and non-SAEs assessed as being
causally related to omalizumab or when causality was unknown.

The asthma control test (ACT)18 was completed monthly along
with assessments of exacerbations. Each question on the 5-item ACT
is scored from 1 (poor control of asthma) to 5 (complete control of
asthma); overall ACT scores range from 5 to 25. ACT scores of 20
and higher reflect well-controlled asthma, scores of 16 to 19 suggest
asthma is not well controlled, and scores of 15 and lower indicate
asthma that is very poorly controlled.18 The minimally important
difference (MID) for the ACT is 3.19

All participants signed an informed consent approved by an
institutional review board. The study was conducted according to
the International Conference on Harmonisation E6 Guidelines for
Good Clinical Practice and the principles of the Declaration of
Helsinki, the US Food and Drug Administration regulations, and
any applicable local, state, and national laws.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Statistical analysis

Summary statistics were used for demographic and clinical char-
acteristics. Continuous outcomes variables were analyzed using
ANOVA and supplemented with nonparametric analyses. The
following prespecified cutoff points were used to create subgroups on
the basis of biomarker status: FENO

20 (<25 and �25 ppb) and eo-
sinophils21 (<300 and �300 cells/mL). Because of the small
adolescent sample size and different cutoff points for biomarkers in
this population, biomarker-related outcomes are reported only for
patients 18 years and older. Logistic regression was used to predict
which patients would experience an exacerbation during the study
using a prespecified list of covariates: previous exacerbations (in-
cludes emergency department visits or asthma-related hospitaliza-
tions), log of eosinophils, log of FENO, log of total IgE at baseline,
age, body mass index, FEV1 (continuous variable), eosinophil (<300
and �300 cells/mL) and FENO (<25 and �25 ppb) cutoff points,
and use of beclomethasone (or equivalent, continuous variable) at
baseline. When exacerbations were evaluated as a binary outcome,
any patient who discontinued from the study was treated as if he or
she experienced an exacerbation at the time of the discontinuation.
To account for early terminations, additional analyses were done by
adjusting the number of in-study exacerbations for time in study for
each patient.

Responder analysis

Patients were defined as omalizumab responders if any 1 of the
following criteria was met: (1) exhibited an exacerbation reduction of
50% or more from baseline (patients had to have reported at least 1
exacerbation in the previous 12 months),8,9,11,14,22 (2) changed from
uncontrolled at baseline based on ACT score of 19 or less to
controlled at the end of the study (ACT �20) or who achieved at
least a 3-point improvement (MID) in ACT score,19 and (3) ach-
ieved at least a 120-mL improvement in FEV1 from baseline to end
of the study.23,24 Number and percentage of patients defined as
responders by 1, 2, or 3 of the aforementioned criteria were calcu-
lated. Responder definitions were prespecified and expanded post
hoc on the basis of clinician input. Logistic regression analysis was
used to identify which predefined demographic and clinical char-
acteristics were predictors of response to omalizumab (as defined by
1 or more of the aforementioned criteria: exacerbation, ACT, or lung
function).

RESULTS

Baseline features of cohort
A total of 806 patients were enrolled in PROSPERO.16 Of

the enrolled population, 801 (99.4%) patients were treated
with omalizumab and 622 (77.2%) completed the 12-month
study (Figure 1). Most patients (91.4%) were adults (median
[min, max] age, 49 [12, 100] years), white (70.3%), and fe-
male (63.5%). Physicians classified their enrolled patients as
having asthma that was moderate (48%), severe (48%), and
mild (4%). Asthma was generally not well controlled, with
83.8% (670 of 800) of patients reporting ACT scores of 19 or
less and 61.0% (488 of 800) reporting scores of 15 or less (very
poorly controlled). In the previous 12 months, 60.7% patients
reported 2 or more exacerbations, 84.2% reported at least 1
other comorbid allergic condition, 35.5% reported hyperten-
sion, 22.1% reported depression, and 10.4% reported
anxiety.16

Of 711 patients with eosinophils measured at baseline (min,
max, 0, 2340 cells/mL), 35.4% had a high count (�300 cells/
mL). Of 722 patients with FENO measured at baseline (min, max,
5, 266 ppb), approximately 44.3% had a high level (�25 ppb).

Median (min, max) total IgE level was 193.3 (1.1, 68,628.0)
IU/mL in the full population, 506.7 (2.9, 68,628.0) IU/mL in
adolescents, and 175.4 (1.1, 8659.2) IU/mL in adults. IgE levels
outside the recommended limits of the dosing table from omali-
zumab US prescribing information (<30 or>700 IU/mL)25 were
noted in 23.8% (191 of 801) of patients. Most of these patients
(n ¼ 120) had an IgE level that was above the upper limit of the
dosing table (>700 IU/mL), with the remainder (n ¼ 71) having
an IgE level that was below the lower limit of the dosing table (<30
IU/mL). Omalizumab dosing in these patients ranged from 150
mg every 4 weeks (IgE<30 IU/mL) to 450 mg every 2 weeks (IgE
>700 IU/mL).

Omalizumab treatment

Median time on omalizumab was 11.2 months. Omalizumab
planned dosing frequency was almost evenly split between every
2- and 4-week dosing intervals (50.9% vs 49.1%, respectively).
Fifty-six patients switched dosing frequency during the study: 28
(50.0%) switched from every 2 to every 4 weeks and 21 (37.5%)
switched from every 4 to every 2 weeks. The remaining 7 pa-
tients were switched to alternative schedules. During the study,
the median (min, max) omalizumab dose was 450 mg (150,
3000 mg/month cumulative dose, irrespective of dosing
frequency).

Approximately 60% of patients missed at least 1 omalizumab
dose (range, 0 to �16). The percentage was higher among pa-
tients with more frequent dosing: 72.1% versus 48.1% in pa-
tients receiving every 2- and 4-week dosing, respectively.

Outcomes after 12 months of omalizumab

Exacerbation rate. The exacerbation rate significantly
improved from a mean baseline rate of 3.00 � 3.28 in the 12
months before baseline to a rate of 0.78 � 1.37 through month
12 (P < .001) (Figure 2, A). Baseline and through month 12
outcomes were similar in the adolescent (2.80 � 2.64 to 0.46 �
0.82) and adult (3.00 � 3.34 to 0.81 � 1.41) subgroups.
Overall, 62.4% (497 of 796) of patients experienced no exac-
erbations during the study period compared with 24.6% in the
year before the baseline visit.

After initiating omalizumab treatment, a significant decrease
in asthma exacerbations was noted over a 12-month period
irrespective of biomarker status in adults (Figure 2, B). Patients
whose IgE levels fell outside the limits of the dosing table also
experienced reductions in exacerbations from the 12 months
before study entry to the 12 months on study: mean of 2.94 �
3.63 to 1.23 � 1.85 for patients with IgE levels of less than 30
IU/mL25 and from 3.18 � 3.73 to 0.71 � 1.35 for patients with
IgE levels of more than 700 IU/mL25 (see Figure E1 in this
article’s Online Repository at www.jaci-inpractice.org).

Statistically significant predictors of experiencing an on-study
exacerbation included an exacerbation in the year before study
entry and a low baseline FEV1 (Table I).

Hospitalizations. A reduction of 81.9% in the percentage of
patients with 1 or more hospitalizations was observed; 22.1% of
patients reported 1 or more hospitalizations in the 12 months
before baseline versus 4.0% during the 12-month study
(Figure 3, A). This reduction was similar across biomarker sub-
groups (Figure 3, B). The percentage of adolescents with 1 or

http://www.jaci-inpractice.org


Enrolled
(n = 806)

12-17 y, n = 69; ≥18 y, n = 737 

Patients completing study
(n = 622)

12-17 y, n = 59 (86%); ≥18 y, n = 563 (76%) 

Patients receiving ≥1 dose of omalizumab
(n = 801) 

12-17 y, n = 69; ≥18 y, n = 732 

Discontinued Early From the Study (n = 184)
Noncompliance (n = 50)
Withdrew consent (n = 46)
Lost to follow-up (n = 31)
Relocation (n = 12)
Loss of insurance (n = 9)
Personal reasons (n = 8)
Adverse event (n = 8)
Death (none drug related) (n = 5)
Investigator/sponsor recommended (n = 5)
Study site closure (n = 3)
Clinic site logistics (n = 3)
Lack of benefit or disease worsening (n = 2)
Pregnancy (n = 2)

Safety
Population

FIGURE 1. Patient disposition. Noncompliance was defined as an indication that a patient has not agreed with or followed the
instructions related to the protocol.
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more hospitalizations decreased from 28% in the 12 months
before baseline to 4% during the 12 months on omalizumab.
Lung function. Overall, lung function remained relatively
unchanged from baseline across the total cohort (Figure 4); mean
improvement in prebronchodilator FEV1 was 40 mL. In the
adolescent population, prebronchodilator FEV1 improved by
170 mL from baseline to end of study/early termination, whereas
in adults the improvement was 30 mL.

Significantly greater improvements in lung function were
noted in the adult high-biomarker subgroups compared with the
low-biomarker subgroups (Table II); the magnitude of the
change was modest, but statistically significant.

Mean postbronchodilator FEV1 in the total cohort was 2.41 L
(0.81) at baseline and 2.47 L (0.81) at month 12. Greater im-
provements were observed in the adolescent cohort compared
with the adult cohort: 2.79 L (0.77) at baseline and 3.00 L
(0.76) at month 12 versus 2.38 L (0.81) at baseline and 2.42 L
(0.80) at month 12, respectively.

Asthma symptom control
In the 12 months after omalizumab initiation, an improve-

ment in ACT score was observed (Figure 5, A). On average,
MID improvement was achieved across the cohort. Mean
improvement from baseline was 3.9 � 5.0 in adolescents
(n ¼ 67), 4.5 � 4.9 in adults (n ¼ 721), and 4.4 � 4.9 overall
(n ¼ 788). About 50% of the approximately 85% of patients
who were uncontrolled at baseline reported good asthma control
(ACT score, �20) at the end of the study.

ACT score improvement was similar in patients with baseline
physician-assessed asthma severity that was mild/moderate versus
severe (Figure 5, B); mean change from baseline was 4.1 � 4.8
for patients with asthma assessed as mild/moderate (n ¼ 378)
and 4.9 � 5.0 for patients with asthma assessed as severe
(n ¼ 343).



TABLE I. Significant risk factors* for a study-related asthma exacerbation during omalizumab treatment

Risk factor Parameter estimate Standard error OR 95% CI for OR P value

Exacerbation in 12 mo before baseline† 0.78 0.18 2.19 1.55e3.08 <.001

FEV1 at baseline �0.42 0.09 0.65 0.54e0.79 <.001

Log FENO at baseline 0.15 0.09 1.17 0.98e1.39 .09

*Variables included previous exacerbations, log of eosinophils, log of FENO, log total IgE level, age, body mass index, FEV1, eosinophil (<300 and �300 cells/mL) and FENO
(<25 and �25 ppb) cutoff points, and use of beclomethasone at baseline.
†Reference group is the group without previous exacerbations.
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Patients with IgE levels outside the limits of the dosing table25

had a mean improvement in ACT score from baseline to month
12: 3.8 � 4.6 for patients with IgE levels of less than 30 IU/mL
(n ¼ 70) and 5.0 � 4.9 for patients with IgE levels of more than
700 IU/mL (n ¼ 118).

In adults, those in the eosinophil-high group had a higher least
squares mean (standard error) change in ACT score compared
with those in the eosinophil-low group (Figure 6, A). A signifi-
cant difference was noted between the eosinophil subgroups, but
both reached the MID. The difference between the FENO-high
and FENO-low subgroups was not statistically significant. At
month 12, a greater proportion of patients in the high-biomarker
subgroups were well controlled (ACT �20) than patients in the
low-biomarker subgroups (Figure 6, B).

Responder analysis

On the basis of our responder definitions, 86.9% (691 of 795)
of patients met 1 or more responder criteria and were charac-
terized as responders: 77.8% (495 of 636) by an exacerbation
reduction of 50% or more, 64.7% (510 of 788) by ACT
improvement, and 35.9% (226 of 630) by FEV1 improvement
(see Table E1 in this article’s Online Repository at www.jaci-
inpractice.org). Individuals were responders by more than 1
definition: 54.1% (340 of 629) by exacerbation reduction and
ACT score improvement, 29.4% (148 of 504) by exacerbation
reduction and lung function improvement, and 26.6% (167 of
627) by ACT score and lung function improvement. Of the 501
patients who had nonmissing values in all 3 domains, 23.0%
(115) were responders in all 3 categories.

Multiple logistic regression analysis indicated that males were
less likely to be responders (using all 3 criteria) than females
(odds ratio [OR], 0.49; 95% CI, 0.277e0.863; P ¼ .014).
Patients were significantly more likely to be responders if they
had 1 or more (OR, 4.36; 95% CI, 1.38e16.92; P ¼ .019)
positive allergen-specific IgE test results compared with 0 positive
results.

Patients with high baseline eosinophil levels were more likely
to be ACT responders (OR, 1.65; 95% CI, 1.100e2.512;
P ¼ .017) compared with those with low baseline eosinophil
levels; patients with controlled asthma (ACT �20) at baseline
were less likely to be lung function responders (OR, 0.49; 95%
CI, 0.25e0.91; P ¼ .029) and patients receiving asthma med-
ications in addition to inhaled corticosteroid/long-acting b2
agonist alone were more likely to be lung function responders
(OR, 2.63; 95% CI, 1.38e5.35; P ¼ .005). Aside from
increased number of exacerbations 12 months before the study
and sex, no factor was associated with increased odds of being a
responder by exacerbation definition.

Safety
Overall, 11.2% (90 of 801) of patients experienced a total of

144 SAEs: 7.2% (5 of 69) of adolescents experienced a total of 7
SAEs and 11.6% (85 of 732) of adults experienced a total of 137
SAEs. The most common SAEs were asthma in 3.2% (26 of
801), pneumonia in 1.4% (11 of 801), chronic obstructive
pulmonary disease in 0.5% (4 of 801), and pulmonary embolism
and status asthmaticus in 0.4% (3 of 801) each. There were 7
deaths from AEs during the study, 6 in adults (car accident,
cardiogenic shock, cardiac arrest, malignant neoplasm, pneu-
monia, and intracerebellar hemorrhage) and 1 in an adolescent
(non-Hodgkin lymphoma diagnosed after study entry). None of
the adult deaths were determined to be related to omalizumab;
causality of the death in the adolescent was unknown. Four
(0.5%) patients reported 10 anaphylactic events, including 5

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
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SAEs (not related to the study drug) and 5 non-SAEs (all related
to the study drug). Of the 4 patients, 1 patient with a history of
mast cell activation disorder (also had moderate to severe un-
controlled allergic asthma) reported a total of 7 events of
anaphylactic reaction. In 3 of the 4 patients, the study drug was
permanently discontinued.

There were only 3 (0.4%) AEs of special interest that were
reported. All 3 events were anaphylactic events of moderate
severity and related to omalizumab. All events were reported in
adults; no events were reported in the adolescent population.
DISCUSSION
In the 12-month period after omalizumab initiation in

PROSPERO, patients experienced significant reductions in ex-
acerbations, fewer hospitalizations, and clinically significant
improvement in ACT scores when compared with the 12
months before treatment. These improvements were generally
similar among age-defined subgroups. Patients in the study were
described by their physician as being approximately 50% mod-
erate and 50% severe. Measured ACT scores and number of
exacerbations suggest that more patients had severe asthma than
was classified by the prescribing physician. Asthma symptom
control, as measured by ACT, showed greater improvement in
the high- versus low-biomarker subgroups. Most patients who
were uncontrolled at study entry became controlled at the study
end; a greater percentage of patients in the high-biomarker
subgroups became well controlled by study end compared with
patients in the low-biomarker subgroups. These findings are
consistent with the results of a meta-analysis evaluating omali-
zumab effectiveness in real-world settings that described the as-
sociation of omalizumab with treatment response and asthma
symptom control.26

Omalizumab was effective across a range of biomarker values.
Biomarkers were useful in predicting ACT score change, but
given that all biomarker subgroups achieved or exceeded the
MID, their usefulness in predicting response remains to be
determined. Also, although differences in FEV1 were noted to be
statistically significant between high- and low-biomarker groups,
the magnitude of the change was modest (60-70 mL improve-
ment in low- vs high-biomarker group), and thus the clinical
relevance remains to be determined. Multivariate analysis of
responder data suggested that males were less likely to respond
than females, and patients with at least 1 positive allergen-specific
IgE test result were more likely to respond than were patients
without. However, the absence of a placebo arm limits the
interpretation of these findings. Previous analysis of pooled
clinical studies identified parameters that were predictive of a
response to omalizumab treatment in patients with allergic
asthma: high doses of inhaled corticosteroid, history of emer-
gency asthma treatment in the past year, and a low FEV1 (�65%
predicted).27 Other pooled analyses of omalizumab data in pa-
tients with severe allergic asthma suggest there was no baseline
characteristic that predicted response to omalizumab.28

The importance of comparing our results with previously
published data in the proper context is paramount. Published
placebo-controlled data have suggested that biomarkers may be
useful to clinicians attempting to identify patients who would
benefit from treatment with omalizumab versus not treating
them.21,29,30 For example, in the post hoc analysis of the Study of
Omalizumab (Xolair) in Subjects with Moderate to Severe
Persistent Asthma (EXTRA), reductions in exacerbation fre-
quency were the greatest in omalizumab-treated patients with
high levels of baseline biomarkers when compared with placebo,
suggesting that patients with higher baseline biomarkers experi-
ence a greater benefit from treatment.30 As was the case in a post
hoc analysis of data from the omalizumab pivotal trials,31 it is the
high exacerbation rate in the untreated/placebo arm that is
driving the response difference between the high- and low-
biomarker groups. In PROSPERO, patients responded equally
well to omalizumab regardless of their baseline blood eosinophil
or FENO levels. Similarly, a close examination of the data from
only the omalizumab-treated patients in EXTRA reveals an
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TABLE II. Relationship of change in FEV1 (L) to baseline biomarker during omalizumab treatment

Adjusted mean change: FEV1 (L) n* Baseline mean – SD Change from baseline LSMean (95% CI)† Adjusted P value (low vs high)†

Eosinophils low (<300 cells/mL) 362 2.28 � 0.82 �0.01 (�0.04 to 0.03)z .011

Eosinophils high (�300 cells/mL) 188 2.19 � 0.78 0.08 (0.03 to 0.13)z
FENO low (<25 ppb) 310 2.25 � 0.78 �0.02 (�0.06 to 0.02)z .002

FENO high (�25 ppb) 253 2.28 � 0.83 0.08 (0.03 to 0.12)z
LS, Least squares.
*n reflects the number of patients with biomarker measurement and variable measured.
†LSMean refers to statistical methodology designed to estimate a mean for a balanced population. LSMean and P values come from baseline adjustments.
zLSMean change from baseline.
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absence of substantial differences in exacerbation frequency be-
tween high- and low-biomarker subgroups. It suggests that even
patients in the low-biomarker subgroup can benefit from oma-
lizumab treatment.

PROSPERO confirms that patients exhibit different unmet
asthma control needs: some are exacerbation-prone, whereas
others exhibit poor lung function or symptom impairment. We
noted that 86.9% of patients were classified as responders on the
basis of meeting at least 1 of the responder criteria. Most of them
were responders on the basis of exacerbation reduction. How-
ever, a significant number of patients experienced lung function
improvements or gained control of their asthma symptoms in-
dependent of experiencing a reduction in exacerbations,
indicating that individual patients obtain different benefits after
initiating treatment with omalizumab.

Clinically significant variability in total IgE levels measured in
patients with moderate to severe persistent asthma over a 1-year
period has been described.32 In PROSPERO, 23.8% of patients
had IgE levels that fell outside the recommended limits of the
dosing table.25 In these patients, a wide range of omalizumab
doses were used, many outside the dosing table from omalizu-
mab US prescribing information recommendations. However,
patients dosed outside the recommendations had similar out-
comes, on the basis of reduction in exacerbations and improve-
ment in ACT scores, compared with patients who were dosed as
per the prescribing guidelines. There have been several reports in
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the literature describing the use and benefit of omalizumab in
patients with IgE or IgE and body weight outside the limits of
the US dosing table.33-36 Some of those are based on the Eu-
ropean Union dosing table, which allows for IgE levels of up to
1500 IU/mL, whereas others are based on the dosing formula
(from which the table is derived) of either a minimum of
0.008 mg/kg/IgE (IU/mL) every 2 weeks or a minimum of
0.016 mg/kg/IgE (IU/mL) every 4 weeks, up to a maximum dose
of 750 mg every 4 weeks.37 Given that these reports are based on
different derivations of the US dosing table, it is not surprising
that such patients have exhibited evidence of benefit.

On average across the entire population, improvement in lung
function was observed to only a clinically relevant level38 in the
adolescent population. Increase in lung function in children and
adolescents after omalizumab initiation has been described previ-
ously39; the observed change also may be the result of normal
growth over the study period.40 We did identify a subgroup of
patients (35.9%) within the entire population who experienced
significant improvements in lung function after omalizumab
initiation, and these patients tended to be on controller medica-
tions in addition to inhaled corticosteroid and long-acting b2
agonist, likely reflective of lower baseline lung function. In adults,
those with high levels of T2 biomarkers at baseline had significant
improvements in percent-predicted FEV1 compared with the low-
biomarker subgroup, but the absolute improvement was modest.

Study limitations
The major limitation of PROSPERO is its lack of a control

arm, with all the inherent shortcomings this presents. PROS-
PERO reflects actual use of omalizumab and reports patient
outcomes after treatment initiation. PROSPERO included pa-
tients who may not have qualified for placebo-controlled trials.
Formal causal inference about omalizumab efficacy or inference
about the comparative effectiveness of omalizumab was beyond
the scope of this study. The responder analysis was conducted in
a population without a placebo arm, and thus these results must
be interpreted with caution.

CONCLUSIONS
In patients with asthma, 12 months after initiating omalizu-

mab treatment there was evidence of clinically significant im-
provements in asthma control reflected through improved
exacerbation rates, reduced hospitalizations, and improved ACT
scores compared with pretreatment baseline values. These im-
provements were similar for patients with IgE levels that were
outside the limits of the omalizumab dosing table. Biomarker
status at baseline was associated with ACT scores and lung
function improvement, although the clinical relevance of these
differential improvements remains to be determined. Although
improvements in lung function were observed across the entire
population, they were clinically relevant only in the adolescent
population. Most patients whose asthma was uncontrolled at
study entry became controlled by study end. AEs were consistent
with the safety profile in the current product label. Once the
decision was made to initiate omalizumab, biomarker status had
minimal influence on omalizumab treatment outcomes.
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TABLE E1. Responder analysis

Responder definition Yes No

Met �1 responder criteria* 691 of 795 (86.9%) 104 of 795 (13.1%)

Exacerbation reduction
�50% from baseline†

495 of 636 (77.8%) 141 of 636 (22.2%)

ACT score improvementz 510 of 788 (64.7%) 278 of 788 (35.3%)

FEV1 improvementx 226 of 630 (35.9%) 404 of 630 (64.1%)

*Responder definition includes exacerbation reduction, ACT improvement, and
FEV1 improvement.
†Patients had to have at least 1 exacerbation in the previous 12 mo.
zChanged from uncontrolled at baseline on the basis of ACT score of �19 to
controlled at the end of the study (ACT score �20) or who achieved at least a 3-point
improvement (MID) in ACT score.
xAchieved at least a 120-mL improvement in FEV1 from baseline to end of the
study.

IgE <30 IU/mL IgE >700 IU/mL
0

2

4

6

M
ea

n
(S

D
)E

xa
ce

rb
at

io
n

Ra
te

2.94 3.18

1.23

0.71

70

71 120

119

FIGURE E1. Exacerbation rate before study entry and through 12
months on study for patients with IgE levels outside the limits of
the omalizumab dosing table.
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