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“Real-life” Effectiveness Studies of Omalizumab
in Adult Patients with Severe Allergic Asthma:
Meta-analysis

Abdulaziz Alhossan, PharmD®®, Christopher S. Lee, PhD®, Karen MacDonald, PhD, and Ivo Abraham, PhD*%®  Riyadh,
Saudi Arabia; Tucson, Ariz; and Portland, Ore

What is already known about this topic? Omalizumab improves outcomes in patients with severe allergic asthma in
randomized clinical trials.

What does this article add to our knowledge? Omalizumab, as add-on treatment to inhaled corticosteroid + long-acting
B,-agonists agents, improves outcomes in patients with severe allergic asthma under conditions of heterogeneity in pa-
tients, clinicians, sites, and treatment patterns in “real-life” studies.

How does this study impact current management guidelines? Omalizumab, as an add-on therapy, is an effective

treatment for patients with severe allergic asthma who do not respond sufficiently to prior treatment.

BACKGROUND: After the approval of omalizumab for severe
allergic asthma, a total of 25 studies have evaluated the
effectiveness of omalizumab under “real-life” conditions of
heterogeneity in patients, clinicians, sites, and treatment
patterns.

OBJECTIVE: We conducted a meta-analysis to evaluate the
effectiveness of omalizumab focusing on treatment response,
lung function, quality of life, symptom control, corticosteroid
use, and exacerbations and hospitalizations at 4-6, 12, and 24
months.

METHODS: We searched PubMed and Embase for real-life
studies on omalizumab in severe asthma published up to 2015.
Three effect size types were extracted: single-point proportions;
mean * SD of change relative to baseline as raw numbers and
standardized as Cohen’s d; and changes in proportions of pa-
tients as relative risk. Random-effects meta-analyses were
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performed to account for within- and between-study heteroge-
neity. Studies were weighted by the DerSimonian and Laird
method.

RESULTS: Per data available at the 3 time points, omalizumab
therapy was consistently associated with large proportions of
patients classified as “good” to “excellent” treatment responders
(Global Evaluation of Treatment Effectiveness scale);
improvements in forced expiratory volume in 1 second, quality
of life (Asthma-related Quality-of-Life Questionnaire scale), and
asthma symptom control (Asthma Control Test scale);
reductions in oral and inhaled corticosteroid (ICS) use; and
reductions in exacerbations and hospitalizations.
CONCLUSIONS: This meta-analysis of noncontrolled studies
documents the real-life pharmacotherapeutic effectiveness of
omalizumab, as add-on treatment to ICS * long-acting
Bz-agonists agents, in improving outcomes in patients with
severe allergic asthma under conditions of heterogeneity in
patients, clinicians, sites, and treatment patterns. The results
mirror, complement, and extend the efficacy data from
randomized controlled trials. © 2017 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2017;m:m-m)
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Asthma affects up to 16% of people worldwide, much of
which is due to a significant increase in incidence over the past 4
decades.'™ In the absence of a cure, the main treatment goal is
asthma control to improve respiratory function; prevent exacer-
bations, unscheduled outpatient and emergency department
visits, and hospitalizations; reduce the need for oral and inhaled
corticosteroid (ICS) therapy; and thus improve quality of life.””
Despite guidelines, the majority of patients are controlled
suboptimally, especially those with severe asthma.”*
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Abbreviations used
ACT- Asthma Control Test
AQLQ- Asthma-related Quality-of-Life Questionnaire
FEV,- Forced expiratory volume in 1 second
GETE- Global Evaluation of Treatment Effectiveness scale
ICS- Inhaled corticosteroid
OCS- Oral corticosteroid
RR- Relative risk

Problematic severe asthma refers to asthma and asthma-like
symptoms that remain uncontrolled despite high-intensity
treatment, and comprises “difficult asthma” and “severe
refractory asthma.”” Difficult asthma is severe asthma due to
factors unrelated to the disease such as patient noncompliance,
psychosocial factors, functional breathing or vocal cord impair-
ment, environment exposure, or undertreated comorbidities.” Tt
is estimated to affect 17.4% of adult patients with asthma.’
Severe asthma not associated with any of these factors is classi-
fied as severe refractory asthma. It is defined as the presence of
poorly controlled asthma symptoms and/or frequent severe ex-
acerbations despite high-intensity treatment, or to asthma that
can only be controlled with systemic corticosteroids. The prev-
alence is estimated at 3.6% of adult patients with asthma.”

One target in asthma treatment is to control the endogenous
antibodies associated with allergic reactions such as IgE anti-
bodies.” Omalizumab is a recombinant monoclonal anti-IgE
antibody that inhibits IgE binding sites'”'" and thus the acti-
vation of mast cells and the release of inflammatory mediators.”
Omalizumab is used as an add-on treatment to long-acting
B,-agonists and ICS."?

Phase III randomized clinical trials have shown omalizumab to
improve asthma symptoms, reduce exacerbations, and improve
quality of life."”'* Efficacy and safety data from these and sub-
sequent studies have been reviewed elsewhere.'”'”"” After reg-
ulatory approval, the “real-life” effectiveness of omalizumab
under conditions of greater heterogeneity in patients, clinicians,
and treatment regimens has been evaluated extensively. In a
recent systematic review of 24 “real-life” effectiveness studies
conducted worldwide and published between 2008 and 2015,
we concluded that adjuvant omalizumab therapy is associated
with improvements across the full spectrum of objective and
subjective indicators that may extend up to 2 to 4 years.'® This
systematic review presented an overview of the studies con-
ducted, and the outcomes observed. These outcomes were pre-
sented as a range from lowest to highest, however, without any
justification. Here we follow up on this review with a meta-
analysis of these 24 studies—plus 1 study published after the
submission of our review for a total of 25—to quantitatively
evaluate the “real-life” effectiveness of omalizumab in adult
patients.

MATERIALS AND METHODS
Search strategy

We searched the PubMed and Embase databases for relevant
published studies using the keywords “allergic asthma,” “IgE,”
“omalizumab,” “observational,” “effectiveness,” and “real-life.” The
first report on the effectiveness of omalizumab was published in
2008; thus, the search was limited from January 1, 2007, to
December 31, 2015 (ahead-of-print) publications. In addition, the
reference list of each manuscript retained was searched to identify
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other potential studies of relevance. Published conference abstracts
were tracked for full publications. Studies included were those that
were observational in design and included at least one metric of
effectiveness in common with one or more additional studies and at
a concurrent time point of exposure to omalizumab (eg, 4-6, 12,
and/or 24 months). A total of 25 observational studies including
9213 patients across 32 countries'”*® were identified, the 24 being
included in our systematic review and 1 published after submission

.18
of our review.

Data extraction

Each study was evaluated by at least 2 reviewers. We developed
and pilot-tested a data extraction tool per standard meta-analysis
methodology. Any discrepancies were reconciled among the re-
viewers or, if not reconciled, escalated to a third person.

Outcomes

Studies differed in the outcomes measured. In several studies,
physicians were asked to rate the effectiveness of omalizumab using
the Global Evaluation of Treatment Effectiveness (GETE) scale.
This scale rates a patient’s overall response to treatment as being
excellent, good, moderate, poor, or worsening. A GETE of good or
excellent was used in several studies as an index of responsiveness,
and rationale for continuing omalizumab treatment, particularly
after 4 months. Another common measure across multiple studies
was the forced expiratory volume in 1 second (FEV,), which is
included in this meta-analysis as the percentage of expected. Sub-
jective asthma-related quality of life was often assessed using the
Asthma-related Quality-of-Life Questionnaire (AQLQ).** A change
of 0.5 points on the 7-point AQLQ scale represents a clinically
meaningful improvement in asthma-related quality of life. Asthma
control was also frequently assessed using the Asthma Control Test
(ACT),” a questionnaire with an overall score ranging from 5
(poorly controlled asthma) to 25 (well-controlled asthma). Also
included in this meta-analysis were the proportion of patients
requiring oral corticosteroids (OCS) or the amount of ICS required
in beclomethasone equivalents as specified in the studies and
matched each study’s period of observation. Exacerbations were re-
ported as the proportion of the sample that was exacerbation free and
in annualized incidence rates. Asthma-related hospitalizations were
reported in annualized incidence rates as well.

Statistical analysis

Our approach to this meta-analysis was guided by recommended
analytic and reporting criteria.”® Raw published/publically available
data were extracted, verified in duplicate, and combined into a single
database. Three effect size types were extracted from the literature.
First, single-point estimates, such as the proportion of patients with a
good or excellent GETE versus those without, were extracted as the
number of successes versus total sample size. Second, mean im-
provements relative to a known baseline, such as improvements in
FEV; or AQLQ), were extracted as mean change and the standard
deviation of change or as raw pretreatment and posttreatment means
and standard deviations. Standardized mean differences (Cohen’s 4)*”
were calculated as the primary metric for continuous measures; mean
changes are also presented in the original metric for interpretability.
Interpretation-wise, a Cohen’s d of 0.2 is considered a small, 0.5 a
medium, and 0.8 a large effect. Third, the number of patients
requiring OCS at a given time point relative to the number of patients
requiring OCS before the initiation of omalizumab was calculated in
the metric of relative risk (RR).
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FIGURE 1. PRISMA flow diagram.

Random-effects meta-analyses were performed to quantify pooled
effectiveness estimates, taking into account both the dispersion
observed within each study (eg, standard error) and the variation in
effect sizes across studies (ie, T%). Studies were weighted by the in-
verse of within-study variance plus the between-study variance as
calculated by the DerSimonian and Laird method.”® Weighted
pooled effectiveness estimates and 95% CI were reported. Z-scores
(weighted mean divided by the standard error of the weighted mean)
and associated P values (testing against the null hypothesis of neutral
effectiveness) were also provided for each measure to judge the
precision of the pooled estimate across studies. Variation in observed
effectiveness estimates across studies attributable to heterogeneity
was quantified using P, a metric ranging from 0% (indicating that
all of the heterogeneity is spurious) to 100% (indicating that all of
the heterogeneity is “real” and requires further examination/expla-
nation). Publication and small study bias were assessed graphically
and by using Duval and Tweedie’s trim and fill test and Egger’s
test,”” respectively. Sources of excessive heterogeneity were explored
using one-study-removed approaches. All analyses were performed

using Comprehensive Meta-Analysis V3 (Englewood, NJ) and/or
StataMP 14 (College Station, Tex).

RESULTS

The flow diagram of study selection is shown in Figure 1.
The first search yielded 79 studies, of which 21 studies were
excluded because of duplication, 26 studies because of
nonrelevant approaches, and 7 studies because they were not
“real-life” observational studies. Twenty-five observational
studies were included in this meta-analysis. Data on the
availability of each outcome at 4-6, 12, and/or 24 months are
presented in Table E1 (available in this article’s Online Re-
pository at www.jaci-inpractice.org). Patient demographics and
clinical status data are available from one systematic review
article."® Overall, there was no evidence of publication bias in
random-effects meta-analysis results. Therefore, estimates were
not altered using trim-and-fill techniques. There was no
evidence of excess bias from small study effects.


http://www.jaci-inpractice.org

TABLE I. Summary of meta-analysis statistics

4-6 mo 12 mo 24 mo
Estimate 95% ClI z-score  Q P Estimate 95% ClI z-score Q P Estimate 95% Cl  z-score Q P
GETE good or excellent (%) 772%  71.6%-82.8% 27.11 703 88.6%  73.0% 65.0%-80.9%  17.99 28.6  89.5%
Improvement in FEV, (Cohen’s d) 0.47 0.36-0.59 8.12 28 64.3% 0.51 0.38-0.64 7.93 214 673% 0.5 0.24-0.76 37 20 85.0%
Improvement in FEV, (% predicted) 9.04% 6.7%-11.4% 745 41.1  75.6% 10.6% 8.1%-13.2% 8.11 22 682%  9.6%  5.0%-142%  4.06 19.8 84.9%
Improvement in total AQLQ (Cohen’s d) 1.05 0.70-1.40 5.88 265 88.7% 1.2 0.89-1.52 7.44 124 88.7%
Improvement in total AQLQ (score) 1.29 1.01-1.57 7.56 234 91.4% 1.51 1.12-1.90 7.56 234  91.4%
Improvement in ACT (Cohen’s d) 0.77 0.39-1.15 397 66.6 955% 1.0l 0.50-1.63 371 4975 99.2% 1.22 0.50-1.93 335 5442 99.4%
Improvement in ACT (score) 3.71 1.96-5.45 416 977 96.9% 488 2.44-7.32 3.92 770.1  99.5% 5.6 2.55-8.66 3.6 929.3 99.7%
Proportion of patients requiring OCS (RR) 0.7 0.55-0.84 9.43 5.4% 443% 046  0.27-0.64 4.75 443 90.5%
Reductions in ICS (Cohen’s d) 038 0.31-0.46 9.56 32%  0.0%
Reductions in ICS (BE) 264.5 141.62-387.75 4.22 36.8 86.4%
Reduction in exacerbations (Cohen’s d) 0.71  0.57-0.86 9.58 922 91.3%
Reduction in exacerbations (mean) 2.64 2.13-3.16 10.03 1034 923%
Reduction in hospitalizations (Cohen’s d) 0.36  0.21-0.52 4.55 23.7  78.9% 0.48 0.35-0.62 7.06 2.01* 50.3%
Reduction in hospitalizations (mean) 0.53  0.31-0.75 4.73 232 784%  0.52 0.32-0.71 5.23 3.81% 73.8%

ACT, Asthma Control Test; AQLQ, Juniper Asthma-related Quality-of-Life Measure; BE, beclomethasone equivalents; FEV,, forced expiratory volume in 1 second; GETE, Global Evaluation of Treatment Effectiveness; /CS, inhaled

corticosteroid; OCS, oral corticosteroids; RR, relative risk compared with baseline proportions.
*Nonsignificant between-study heterogeneity.
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Study (Year)

4 to 6 Months
Braunstahl (2013)
Rubin (2012)
Vennera (2012)
Cazzola (2010)
Schumman (2012)
Molimard (2008)
Korn (2009)
Brusselle (2009)
Barnes (2013)
Subtotal (I-squared = 88.6%, p = 0.000)

12 Months

Braunstahl (2013)

Brusselle (2009)

Cazzola (2010)

Vennera (2012)

Subtotal (I-squared = 89.5%, p = 0.000)

NOTE: Weights are from random effects analysis
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GETE (95% Cl)  Weight (%)
- 0.64 (0.61,0.67) 12.41
—_— 0.74 (0.64,0.83) 9.33

—— 0.75 (0.69, 0.80)  11.52
—_— 0.76 (0.68,0.82)  10.73
—— 0.79 (0.72,0.85) 10.98
— 0.81(0.74,0.87) 11.05
—— 0.82 (0.77,0.86) 11.76
— 0.82 (0.75,0.88)  11.20
—— 0.82(0.75,0.88)  11.02

< 0.77 (0.72,0.83)  100.00
- 0.64 (0.61,0.67) 27.35
— 0.73 (0.65,0.79)  23.46
— 0.77 (0.70,0.84)  23.52
—— 0.78 (0.73,0.83)  25.67

<> 0.73 (0.65,0.81)  100.00

I I I
0 .25 5

FIGURE 2. Global Evaluation of Treatment Effectiveness. Note: removing Braunstahl et al (2013

)2 resulted in more precise estimates and

nonsignificant between-study heterogeneity (4-6 months = 79.4% [76.9% to 81.1%], z = 64.4, P < .001; Q = 8.3, P = .304,
7 =16.0%; 12 months = 76.6% [73.2% t0 80.1%], z=43.2, P<.001; Q = 1.6, P=.443, > = 0.0%). C/, Confidence interval; GETE,

Global Evaluation of Treatment Effectiveness.

Global evaluation of treatment effectiveness

GETE data were available on 2214 patients after 4-6 months
of therapy and on 1491 patients after 12 months of therapy
(Table 1). On average, 77.2% of patients achieved a good or
excellent GETE rating at 4-6 months and 73.0% achieved such
GETE rating at 12 months of omalizumab treatment
(Figure 2). Removing Braunstahl et al (2013)°? resulted in
more precise estimates and nonsignificant between-study het-
erogeneity (4-6 months = 79.4%, P = 16.0%; 12 months =
76.6%, I* = 0.0%).

Forced expiratory volume in 1 second

Data on FEV| were available on 1225 patients after 4-6, 1542
patients after 12, and 547 patients after 24 months of therapy
(Table I). Compared with baseline values, there were significant
improvements in FEV; after 4-6 (Cohen’s 4 = 0.47; 9.04%
predicted FEV;), 12 (Cohen’s 4 = 0.51; 10.6% predicted
FEV;), and 24 months (Cohen’s 4 = 0.50; 9.6% predicted
FEV)) of treatment with omalizumab (Figure 3).

Asthma-related quality of life

Data on AQLQ scores before and at 4-6 and at 12 months
after omalizumab treatment were available on 547 patients and
1114 patients, respectively (Table I). There were significant
and large improvements in asthma-related quality of life after

4-6 (Cohen’s 4 = 1.05; 1.29 AQLQ points) and 12 months of
therapy (Cohen’s d = 1.20; 1.51 AQLQ points) (Figure 4, A).

Asthma control

Data on ACT scores in response to omalizumab were available
on 5258 patients after 4-6, 6183 patients after 12, and 6123
patients after 24 months of therapy (Table I). There were sig-
nificant and large improvements in asthma control after 4-6
(Cohen’s 4 = 0.77; 3.71 ACT points), 12 (Cohen’s d = 1.01;
4.88 ACT points), and 24 months of therapy (Cohen’s 4 = 1.22;
ACT 5.60 points) (Figure 4, B).

Oral and inhaled corticosteroids

Data on OCS requirements before and at 4-6 and 12 months
after omalizumab treatment were available on 634 patients and
1394 patients, respectively (Table I). Patients were much less
likely to require OCS after 4-6 (RR = 0.70) and 12 months of
omalizumab therapy (RR = 0.46, Figure 5, A). Data on ICS
requirements before and after 12 months of omalizumab treat-
ment were available on 667 patients (Table I). Significant and
small-to-moderate reductions in ICS were noted (Cohen’s
d = 0.38; beclomethasone equivalents = 264.5) (Figure 5, B).

Asthma exacerbations

Data on asthma exacerbations the 12 months before and 12
months after treatment with omalizumab were available on 6650
patients (Table I). Compared with the year before treatment,
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Study (Year)

4 to 6 Months
Subramanian (2013)
Costello (2011)
Vennera (2012)
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Cohen's d (95% Cl) Weight (%)

0.20 (-0.16, 0.56)  6.31
0.23 (-0.02,0.48) 9.43
0.29 (0.17,0.41)  14.40

Vieira (2012) —_— 0.35(-0.17,0.88) 3.74
Bousquet (2011) —— 0.44 (0.31, 0.56) 14.33
Kelmenson (2013) * 0.44 (-0.59, 1.47) 1.15
Barnes (2013) b ol 0.51 (0.33, 0.69) 12.13
Schumann (2012) - 0.52 (0.37, 0.67) 13.32
Tzortzaki (2012) —_— 0.63 (0.36,0.91) 8.54
Brusselle (2009) — 0.70 (0.52, 0.87) 12.33
Alfarroba (2013) _— 1.03 (0.56, 1.51)  4.31
Subtotal (I-squared =64.3%, p = 0.002) < 0.47 (0.36, 0.59) 100.00
12 Months

Vennera (2012) — 0.23 (0.10, 0.37) 18.81
Vieira (2012) —_— 0.49 (-0.05, 1.02) 4.49
Barnes (2013) _— 0.50 (0.05,0.96) 5.81
Brusselle (2009) —_— 0.51 (0.32, 0.69) 15.80
Braunstahl (2013) - 0.54 (0.47,0.61)  22.07

Tzortzaki (2012) —_— 0.61(0.33,0.88)  11.11
Barnes (2013) — 0.65(0.47,0.84) 15.65
Alfarroba (2013) —_— 0.73(0.30,1.16)  6.25
Subtotal (I-squared = 67.3%, p = 0.003) <> 0.51(0.38,0.64)  100.00
24 Months

Vennera (2012) >50 —— 0.15(-0.02,0.32) 29.24
Braunstahl (2013) —— 0.46 (0.34,0.59)  30.96
Vennera (2012) <50 —— 0.65(0.47,0.84)  28.54
Vieira (2012) ————> 109(045,1.73) 11.26
Subtotal (I-squared = 85.0%, p = 0.000) > 0.50(0.23,0.76)  100.00

NOTE: Weights are from random effects analysis

I I I I I
5 1 1.5 2 25

FIGURE 3. Improvements in forced expiratory volume (% predicted). Note: corresponding improvements in FEV (% predicted) were
9.04%, 10.6%, and 9.6% at 4-6 months, 12 months, and 24 months, respectively, after treatment with omalizumab. C/, Confidence

interval; FEV,, forced expiratory volume in 1 s.

there was a significant and large reduction in the number of
exacerbations after 12 months (Cohen’s 4 = 0.71; 2.64 fewer
exacerbations, Figure 6, A).

Asthma-related hospitalizations

Data on asthma hospitalizations the 12 months before and 12
months after treatment with omalizumab were available on 1454
patients (Table I). Compared with the year before treatment,
there was a significant but small reduction in the number of
hospitalizations after 12 (Cohen’s 4 = 0.36; 0.53 fewer hospi-
talizations, Figure 6, B) and 24 months of therapy with omali-
zumab (Cohen’s 4 = 0.48; 0.52 fewer hospitalizations, Table I).

DISCUSSION

Although randomized controlled trials evaluate the pharma-
cological efficacy of a drug candidate under constrained condi-
tions, noncontrolled  postapproval  studies assess  the
pharmacotherapeutic effectiveness of drugs under “real-life”
conditions marked by significant heterogeneity in patients, cli-
nicians, sites, and treatment patterns. The pharmacological effi-
cacy of omalizumab has been reviewed extensively.'”'” Our
meta-analysis of 25 “real-life” noncontrolled studies documents
the effectiveness of omalizumab in the management of adults and

adolescents with severe asthma—most of whom can be assumed
to fall in the recently proposed category of severe refractory
asthma.” To summarize, the principal findings are that, consis-
tently across the time points for which data were available,
omalizumab is associated with improvements in physician-
reported GETE, respiratory function (FEV)), quality of life
(AQLQ), asthma control (ACT), and reductions in ICS use,
exacerbations, and hospitalizations.

Our meta-analysis covered outcomes measured up to 24
months and, with the exception of GETE, evaluated both
changes in the nominal metric and as a standardized effect size in
the metric of Cohen’s d. By convention, this metric considers a
d of approximately 0.2 to be a small effect, a & of approximately
0.5 a medium, and a 4 of approximately 0.8 and higher a large
effect. At 4-6 months, a decision point as to whether to proceed
with omalizumab treatment, three-quarters of patients had a
good or excellent GETE rating; omalizumab therapy was asso-
ciated with a medium-sized improvement in FEV; and a large
improvement in quality of life and asthma symptom control;
though the majority of patients still required OCS at that time.
By 12 months, about the same proportion of patients still had a
good or excellent GETE rating; omalizumab was associated with
a medium increase in FEV; and, compared with the 4- to
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A Study (Year)

Cohen's d (95% Cl) Weight (%)

4 to 6 Months

Tajiri (2014) —_— 058(0.20,096) 2159
Rubin (2012) —— 0.88(062,1.14) 2492
Brusselle (2009) —— 117(0.96,137) 2639
Korn (2009) ——  148(131,165)  27.09
Subtotal (I-squared = 88.7%, p = 0.000) < 105(0.70,140)  100.00
12 Months

Tajiri (2014) _— 100(057,143) 2380
Braunstahl (2013) - 107(0.99,1.15) 4133
Brusselle (2009) ——  150(127,173) 3487
Subtotal (-squared = 83.8%, p = 0.002) < 1.20(0.89,152)  100.00

NOTE: Weights are from random effects analysis
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B Study (Year) d(95%Cl)  Weight (%)

4 to 6 Months

Zazzali (2015) . 0.36 (0.34, 0.39)29.09
Tzortzaki (2012) —— 0.57 (0.30, 0.84)25.36
Vennera (2012) - 0.88 (0.74, 1.02)28.02

Alfarrroba (2013) ———— 1.57(1.00, 2.15)17.53
Subtotal (I-squared = 95.5%, p = 0.000) <> 0.77 (0.39, 1.15)100.00
12 Months

Zazzali (2015) . 0.38(0.35, 0.41)21.12
Tzortzaki (2012) — 0.96 (0.65, 1.26)19.90
Vennera (2012) - 1.09 (0.93, 1.24)20.82
Braunstahl (2013) - 1.35 (1.27, 1.44)21.02

Alfarrroba (2013) ——=—— 1,66 (1.07, 2.25)17.13

Subtotal (I-squared = 99.2%, p = 0.000) ~ ~——__— 1.07 (0.50, 1.63)100.00
24 Months

Zazzali (2015) . 0.43 (0.40, 0.46)26.12
Vennera (2012) - 1.37 (1.20, 1.53)25.76
Braunstahl (2013) - 1.47 (1.38, 1.57)26.01

Alfarrroba (2013)
Subtotal (I-squared = 99.4%, p = 0.000)

NOTE: Weights are from random effects analysis

——— 1.66 (1.07, 2.25)22.12
1.21(0.50, 1.93)100.00

T T T T T T T T T T T
25 -2 -15 -1 -5 0 5 1 15 2 25

FIGURE 4. A, Improvements in Asthma-related Quality of Life. Note: the observed improvement in Cohen’s d corresponds with a mean of
1.29 points higher on the AQLQ after 4-6 months and a mean of 1.51 points higher on the AQLQ after 12 months of therapy compared
with the year before treatment. B, Improvements in asthma control. Note: corresponding improvements in Asthma Control Test scores

were 3.71, 4.88, and 5.60 at 4-6 months, 12 months,

and 24 months,

respectively, after treatment with omalizumab.

AQLQ, Asthma-related Quality of Life Questionnaire; C/, confidence interval.

A Study (Year)

4 to 6 Months

RR (95% CI) Weight (%)

Schumman (2012) —_
Costello (2011)

Subramaniam (2013)

057(045,072)  40.12
074 (047,117) 1320
—————> 0.79(0.43, 1.44) 7.24

—_—

Mollimard (2010) - 0.80(067,095) 3943
Subtotal (I-squared = 44.3%, p = 0.146) <> 070 (055,084)  100.00
12 Months
Cazzola (2010) —_-— 019(0.10,038) 2021
Sweeney (2012) - 027(0.18,039)  21.24
Braunstahl (2013) - 043(035,053) 2169
Rottem (2012) —— 068(0.49,094)  17.12
Brusselle (2009) —— 0.76 (062,093)  19.73
Subtotal (I-squared = 90.5%, p = 0.000) < 045(027,064)  100.00
NOTE: Weights are from random effects analysis

T T T T

0 5 1 15

Study (Year) Cohen's d (95% ClWeight (%)

Cazzola (2010) 0.37(0.20, 0.54) 21.45

Brusselle (2009) 0.29(0.13,0.45) 24.47

—_—
b

Tzortzaki (2012) — 0.51(0.24,0.78) 8.57

Vennera (2012) E

0.41(0.28,0.53) 39.63

Vieira (2012)

——~——3064(008,1.19) 201

Alfarroba (2013) 0.41(0.01,0.81) 3.87

—_—

Overall (I-squared = 0.0%, p = 0.668) @ 0.38 (0.31,0.46) 100.00

NOTE: Weights are from random effects analysis

25 2 5 1 -5 0 5 1 5 2 25

FIGURE 5. A, Reduction in proportion of patients requiring oral corticosteroids (OCS). B, Reduction in proportion of patients requiring
inhaled corticosteroids (ICS). Note: the observed improvement in Cohen’s d corresponds with a mean reduction of 264.5 in beclome-
thasone equivalents after 12 months of therapy compared with the year before treatment. C/, Confidence interval; RR, relative risk

compared with baseline proportions.

6-month time point, an even larger improvement in quality of
life and symptom control, whereas only about half of patients
required OCS support. A small-to-medium reduction in ICS use
was observed as well. Per available data, at 24 months, omali-
zumab was associated with effects on FEV; and asthma symptom
control similar in size to those observed at 12 months, suggesting
a stabilization in asthma status.

Reductions in exacerbations and hospitalizations in association
with omalizumab therapy showed similar patterns. These are best
reviewed in terms of changes in means and effect sizes. Relative
to the year before starting omalizumab, the first 12 months of
therapy were associated with reductions of, on average, 2.64
exacerbations (medium-to-large effect) and 0.53 hospitalizations
(low-to-medium effect). By 24 months, the average number of
hospitalizations was 0.52 (medium effect), indicating a stabili-
zation in hospitalization over 2 years.

Of note, this meta-analysis provides greater support for
improvement in subjective outcomes than it does for objective
outcomes—with FEV; being the exception. This may be a
function of the design of many of the studies included in the
meta-analysis. Because these were effectiveness and not efficacy
studies, more patient-reported outcomes were included than
what is typically seen in trials. This has the advantage of being
able to capture various aspects of patients’ experience in the
management of their severe asthma, especially as it relates to
improvements over prior treatments.

Our meta-analysis has limitations. In line with the heteroge-
neity that characterizes observational studies, the P statistics were
large, indicating that studies varied in terms of the outcomes
observed. Although we attempted to manage this statistically, it
does indicate that the generalizability of individual studies is
limited. The studies included in our meta-analysis also differed in
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Study (Year) Cohen'sd (95% Cl)  Weight (%)
Brusselle (2009) — 027 (0.11,0.43) 12.42
Alfarroba (2013) —_— 0.42(0.02, 0.83) 6.93
Zazzali (2015) s 0.60 (0.57, 0.63) 14.46
Tzortzaki (2012) —_— 0.62 (0.34, 0.90) 957
Tajiri (2014) —._ 072 (0.32, 1.11) 7.06
Barnes (2013) —o— 0.83 (0.64, 1.03) 1155
Braunstahl (2013) [ 0.84 (0.76,0.91) 14.02
Vennera (2012) f—— 092 (0.77, 1.06) 1277
Cazzola (2010) | —%— 110(089,131) 1122
Overall (I-squared = 91.3%, p = 0.000) <> 0.71(0.57, 0.86) 100.00
NOTE: Weights are from random effects analysis :

r T T T T T T T T T T
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Study (vear) Cohen's d (95% Cl) Weight (%)
Rottem (2012) —_— 0.11(-0.23,046) 1125
Braunstahl (2013) —— 022(0.15,028) 2367
Tajiri (2014) _— 023(0.12,059) 1075
Vennera (2012) —— 0.47(0.35,060)  21.22

Costello (2011) 050(0.24,0.76) 1453

Barnes (2013) 054(0.36,072) 1858

—_—
——
Q 0.36(0.21,052)  100.00

Overall (I-squared = 78.9%, p = 0.000)

NOTE: Weights are from random effects analysis

2 s K -5 o 5 1 15 2

FIGURE 6. A, Reductions in asthma exacerbations. Note: the observed reduction in Cohen’s d corresponds with a mean of 2.64 fewer
exacerbations in the year after omalizumab therapy compared with the year before treatment. B, Reductions in asthma hospitalizations.
Note: the observed reduction in Cohen’s d corresponds with a mean of 0.53 fewer hospitalizations in the year after omalizumab therapy

compared with the year before treatment. C/, Confidence interval.

terms of methodological rigor and, all of them being observa-
tional, likely subjected to selection bias in the patients included.
Furthermore, these studies were unlikely to be monitored to the
extent that clinical trials are; hence the relative accuracy of out-
comes reported cannot be assured. Because of the more general
fact, we report on a meta-analysis of observational studies, and
that we are confined by the methodologies of the studies
included, the definition of exacerbation, days of systemic corti-
costeroid treatment during exacerbations, and the absolute
change in FEV; in mL were not provided in the included studies.
The relative heterogeneity in patient outcomes suggests that
there may be patients who respond better to omalizumab. A
meta-analysis like ours, which uses aggregate study-level data,
cannot answer such subgroup analyses, as this requires access to
patient-level data.

However, the observed heterogeneity does not impair our
principal findings that in the “real-life setting” add-on therapy
with omalizumab is associated with significant improvements in
subjective and objective outcomes. What the heterogeneity
suggests is that these improvements may show some variation
from one country to another, from one health care delivery and
health care financing system to another, and from one clinical
setting to another. Furthermore, heterogeneity is more impor-
tant in the meta-analysis of randomized controlled trials
because the emphasis is on studies confirming one another. In
contrast, in observational studies like the ones included in our
meta-analysis, the focus is on understanding how omalizumab
works in the real world, without the controls and constraints
inherent to randomized controlled trials.

In conclusion, our meta-analysis provides, to the best of our
knowledge, the first quantitative synthesis evidence that the
effectiveness of omalizumab therapy under heterogeneous,
noncontrolled conditions mirrors, complements, and extends the
efficacy shown in randomized controlled trials in the manage-
ment of severe allergic asthma in adults.
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TABLE E1. Indices of omalizumab effectiveness
Evaluable N at baseline

Study (omalizumab-treated) GETE FEV, ACT AQLQ oCs Exacerbations Hospitalizations
4-6 mo

Molimard et al, 2008"° 146 e

Brusselle et al, 2009 158 P P V

Korn et al, 2009°° 280 e -

Cazzola et al, 2010 142 P

Korn et al, 2010 471

Molimard et al, 2010> 166 P

Bousquet et al, 2011°* 272 P

Costello et al, 2011%* 63 P P

Rottem, 20127 33

Rubin et al, 2012% 78 e

Schumann et al, 2012% 195 P P » v

Sweeney et al, 20127 59

Tzortzaki et al, 2012°° 60 e e

Vennera et al, 201277 266 1% 1% 1%

Vieira et al, 2014°° 15 e

Alfarroba et al, 2014°7 26 P P

Barnes et al, 2013 136 P P

Braunstahl et al, 2013 925 P

Grimaldi-Bensouda et al, 2013°° 374

Kelmenson et al, 2013% 4 1% 7

Subramaniam et al, 2013 30 1% 7

Tiro et al, 2015 47

Novelli et al, 2015*! 306

Tajiri et al, 2014* 31

Zazzali et al, 2015% 576 e v

Evaluable n 2214 1225 5258 547 634 - -
12 mo

Molimard et al, 2008" 146

Brusselle et al, 2009 158 e e » v e

Korn et al, 2009°° 280

Cazzola et al, 2010* 142 e e e

Korn et al, 2010% 471

Molimard et al, 2010* 166

Bousquet et al, 2011°* 272

Costello et al, 2011%* 63 P

Rottem, 2012%° 33 P P

Rubin et al, 2012% 78

Schumann et al, 2012* 195

Sweeney et al, 201278 59 7

Tzortzaki et al, 2012°° 60 e » »

Vennera et al, 2012%7 266 1% 1% 1% 7 1%

Vieira et al, 2014°° 15 P

Alfarroba et al, 2014°’ 26 P P P

Barnes et al, 2013 136 P P e

Braunstahl et al, 2013 925 e e e - » e

Grimaldi-Bensouda et al, 2013°° 374

Kelmenson et al, 2013% 4

Subramaniam et al, 2013%° 30

Tiro et al, 2015"° 47

Novelli et al, 2015"! 306

Tajiri et al, 2014* 31 v v

(continued)
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TABLE E1. (Continued)

Evaluable N at baseline

Study (omalizumab-treated) GETE FEV, ACT AQLQ ocs Exacerbations Hospitalizations

Zazzali et al, 2015* 576 P 2 P

Evaluable n 1491 1542 6183 1114 1394 6650 1454
24 mo

Molimard et al, 2008" 146

Brusselle et al, 2009° 158

Korn et al, 2009°° 280

Cazzola et al, 2010* 142

Korn et al, 2010 471

Molimard et al, 2010* 166

Bousquet et al, 2011°** 272

Costello et al, 2011%* 63

Rottem, 2012%° 33

Rubin et al, 2012% 78

Schumann et al, 2012%° 195

Sweeney et al, 2012° 59

Tzortzaki et al, 2012°° 60

Vennera et al, 201277 266 1% 17 17 1%

Vieira et al, 2014°° 15 e

Alfarroba et al, 2014°’ 26 P v

Barnes et al, 2013 136

Braunstahl et al, 20132 925 17 17 17 17

Grimaldi-Bensouda et al, 2013°° 374

Kelmenson et al, 2013 4

Subramaniam et al, 2013’ 30

Tiro et al, 2015 47

Novelli et al, 2015"! 306

Tajiri et al, 2014 31

Zazzali et al, 2015" 576 e

Evaluable n — 547 6123 — — 1217 1191

ACT, Asthma Control Test; AQLQ, Asthma-related Quality-of-Life Questionnaire; FEV;, forced expiratory volume in 1 second; GETE, Global Evaluation of Treatment
Effectiveness; OCS, oral corticosteroids.
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