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ABSTRACT
Objective: The purpose of this study is to examine the comparative efficacy of Omalizumab (OMA)
and Mepolizumab (Mepo) in the treatment of severe asthma by performing a network meta-analysis.
Method: Data Sources: A systematic review of the literature was performed through four databases
from their inception to February 2016. Study Selections: Randomized control trials and cohort stud-
ies were considered if they addressed the individual efficacy of OMA and Mepo in the treatment of
asthma that was not well controlled on inhaled corticosteroids (ICSs) with or without other agents.
Results: OMAwas significantly better thanMepo in improving theAsthmaQuality of LifeQuestionnaire
with a mean difference of 0.38 and a confidence interval of (0.21–0.55), p < 0.0001, without reaching
the minimal clinically important difference of 0.5. No significant difference was seen in Asthma Con-
trol Questionnaire, forced expiratory volume in second 1 (FEV1), and Peak Expiratory Flow Rate (PEFR)
improvement from baseline. Both medications were successful in reducing the calculated annualized
rates of asthma exacerbations (AEs) vs placebo by approximately 50%. The heterogeneity score for the
different comparisons were elevated except for the PEFR. Conclusion: When compared indirectly via
a network meta-analysis, the efficacy of OMA and Mepo was similar in the treatment of asthma that
was not well controlled on at least high-dose ICS. The high heterogeneity observed and the different
selection criteria for the use of the two drugs do not permit us to make any definitive recommenda-
tions for the preferential use of OMA vsMepo in the patient populations studied. However, the current
data do not suggest any major differences in efficacy.

Introduction

It is estimated that asthma affects about 7.7% of Amer-
icans [1]. Among them, 5–10% have severe asthma
[2]. According to the international ERS/ATS guidelines,
severe asthma is defined as one that requires high-dose
inhaled corticosteroid (ICS) therapy in addition to a sec-
ond controller and/or systemic glucocorticoids to prevent
asthma from becoming “uncontrolled” or which remains
“uncontrolled” despite this therapy [3]. It is well known
that the mainstay of asthma treatment, besides aller-
gen avoidance, is ICS. However in many instances this
cornerstone medication is just not sufficient to control
the disease. Add-on therapy to ICS for asthma encom-
passes a large array of medications, including long-acting
beta agonists, mast cell stabilizer medications namely
leukotriene receptor antagonist, tiotropium, a long-acting
muscarinic antagonist that was recently FDA approved
for asthma, and immunization therapy against specific
allergens in select patients. Two medications in the form
of targeted therapy have been approved by the FDA,
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Omalizumab (OMA) in June 2003 and Mepolizumab
(Mepo) in November 2015.

Omalizumab is an IgG monoclonal antibody (recom-
binant DNA derived) which binds to the high-affinity IgE
receptor on mast cells and basophils, thereby inhibiting
their activation by circulating IgE. This results in a more
limited allergic response (early and late phases). Addi-
tional effects of OMA are a decrease in serum-free IgE
levels and in the number of IgE receptors [4, 5]. Accord-
ing to GINA guidelines OMA can be added to stepwise
therapy when patients reach step 5, however it is used
less restrictively in current medical practice. More gener-
ally, OMA is approved for use in patients above the age
of 11 years with moderate-to-severe persistent asthma,
or if symptoms are inadequately controlled with inhaled
glucocorticoids. Patients should have a total serum IgE
level between 30 and 700 international units/mL. Patients
should also exhibit allergic sensitization proven by a pos-
itive skin test or via in vitro testing for allergen-specific
IgE to a perennial allergen. OMA is administered through
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a subcutaneous injection every two–four weeks, and the
dose is based on body weight and the levels of serum IgE.
Studies have shown that OMA results in better control
of asthma, less exacerbations, and less emergency depart-
ment visits. Clinical response can be judged at weeks
12–16 [6].

Mepolizumab is an interleukin-5 antagonist. IL-5 is
the principal cytokine responsible for the activation of
eosinophils which constitute a major cellular element
in the pathogenesis of asthma. By downregulating IL-5
signaling, Mepo decreases the recruitment and survival
of eosinophils which translates into an improvement in
asthma control in select patients [7]. Eligible asthmatics
for the use of Mepo are those with eosinophilic asthma
as determined by serum or sputum eosinophil levels.
Patients need to have persistently raised eosinophil levels
despite appropriate therapy and compliance with ICS
[8,9]. Although there is no consensus on the threshold
for eosinophilia, most studies with Mepo have included
patients with absolute serum eosinophil count above 150
or above 300, or sputum eosinophil levels >3% on more
than one occasion [10–13]. In this group of patients,
Mepo has been shown to decrease asthma exacerbation
(AE) and rates improve asthma control, with a significant
systemic glucocorticoid-sparing effect in patients requir-
ing oral corticosteroid maintenance therapy [11, 14].

To date, there has been no direct comparison study to
assess the efficacy of OMA versus Mepo as add-on ther-
apy in asthma patients. The purpose of our study is to
systematically examine the efficacy of these two agents in
patientswhose asthma symptomswere notwell controlled
on at least the ICS therapy with or without other asthma
medications. Outcome measures assessed were the mag-
nitude of improvement in forced expiratory volume in
second 1 (FEV1), morning Peak Expiratory Flow Rate
(PEFR), Asthma Quality of Life Questionnaire (AQLQ)
and Asthma Control Questionnaire (ACQ), as well as the
rate of AEs. We then compared the efficacy of Mepo and
OMA using network meta-analysis.

Materials andmethods

Search and selection criteria

Methodology
This review was performed following the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews andMeta-
Analyses) guidelines [15].

Eligibility criteria
Our search for published studies, revised in February
2016, included the following online databases: Med-
line, Science Direct, Embase, and CENTRAL (Cochrane

Central Register of Controlled Trials) using the follow-
ing search terms: “Mepolizumab” OR “anti-interleukin
5” AND “asthma,” “Omalizumab” OR “anti-IgE” AND
“asthma.” The search had no language restriction. We
have excluded trials that were published in abstract form
only as the methods and results could not be precisely
analyzed.

Inclusion and exclusion criteria
The following criteria were necessary for study inclusion:
(1) adults and/or adolescents above 12 years of age with
symptomatic asthma despite being on at least high-dose
ICS with or without other asthma medications including
maintenance oral steroid therapy. (2) Randomized con-
trolled studies (parallel group or crossover) and cohort
studies, whether blinded or open label, with a duration
of at least 12 weeks. (3) Comparison of subcutaneously
injected OMA with placebo or no treatment, or compar-
ison of intravenously injected Mepo (75, 250, or 750 mg)
or subcutaneously injected Mepo (100 mg) with placebo
or no treatment. (4) Included studies had to report at
least one of the subsequent endpoints: pulmonary func-
tion test as determined by pre-bronchodilator FEV 1 or
AMPEFR, asthma control test score: AQLQ total score, or
Asthma Control Questionnaire 7 (ACQ-7) total score, or
AE rates.

Exclusion criteria were (1) study addressed the effects
of the drug on asthma-related disease, but not asthma per
se (i.e. outcomes related to allergic bronchopulmonary
aspergillosis, allergic rhinitis, eosinophilic granulomato-
sis with polyangiitis, or other diseases. (2) study did not
directly assess drug (OMA/Mepo) effects, (3) study was
not designed as a randomized control trial or cohort
study, (4) study included patients less than 12 years of age,
(5) study did not use ICS as baselinemedication in all sub-
jects in their study population, (6) study did not measure
our outcomes of interest, or (7) desired outcomes reported
in a fashion that did not allow accurate abstraction of the
desired data. Figures 1 and 2 are flowcharts illustrating
study selection for OMA (Figure 1) andMepo (Figure 2).

Data collection and evaluation of risk of bias

Two reviewers independently screened titles, abstracts,
and the full text for inclusion and exclusion criteria.
Quality and risk of bias of the selected studies were
methodologically assessed using the Jadad score also
known as the Oxford quality scoring system, which eval-
uates the following items on multiple levels: (1) Random-
ization (two points possible), (2) Blinding (two points
possible), and (3) Withdrawals and dropouts reporting
(one point possible) with a possible total score between
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Figure . Flowchart illustrating study selection forOmalizumab.Abbreviations: n=number of studies, ABPA=Allergic bronchopulmonary
aspergillosis, Eosinophilic granulomatosis with polyangiitis, RCT= randomized controlled trial, ICS= inhaled corticosteroid.

Figure . Flowchart illustrating study selection for Mepolizumab. Abbreviations: n = number of studies, HES = hypereosinophilic syn-
drome, EGPA= Eosinophilic granulomatosis with polyangiitis, RCT= randomized controlled trial, ICS= inhaled corticosteroid.
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0 and 5 (highest level of quality). A higher score repre-
sented a better quality study (Jadad’s score �4).

Disagreements among the two reviewers were resolved
by review by a third reviewer with consensus by the three
reviewers.

Statistics and data analysis

Analysis was performed based on the intention to treat
study data tominimize bias. Outcomes were pooled using
mean differences of change from baseline with corre-
sponding standard deviations. For those studies with no
reported standard deviation for the mean difference of
change, we used the mean SD of the remaining stud-
ies with reported SDs. For studies that reported out-
come of interest graphically we determined the value by
manual measurement from the graph. We used 95% CI
to quantify the precision of the estimates with p equal
to 0.05 (two-tailed test) considered significant. We used
the i2 test to measure heterogeneity. The network meta-
analysis was performed with SAS 9.4 (Cary, NC, USA). A
random-effects model was used to obtain a pooled esti-
mate of FEV1, ACQ, AQLQ, and peak expiratory flow
(PEF) means, weighted by the inverse of the standard
error obtained in each paper and a pooled estimate for
the between-study variance. Using the weighted mean
and standard errors, simultaneous 95% confidence inter-
vals were obtained comparing Mepo to OMA, Mepo to
Placebo, andOMAtoPlacebo. The p value for significance
was adjusted for the three comparisons using a Bonferroni
correction.

Results

All the studies were prospective. Overall, eighteen stud-
ies in the OMA group [16–33] and four studies in the
Mepo group [11–13, 34] fit the entry criteria and did not
meet the exclusion criteria (Figures 1 and 2). Two stud-
ies in OMA [20, 22] were 24-week extensions to pre-
vious studies [21, 31], respectively. As outlined in the
Mepo flowchart two relevant studies were excluded as
they were assessing the oral corticosteroid sparing effects
of Mepo [10, 14]. Among the included Mepo studies, the
dose of Mepo was different, as well as the methods of
administration of Mepo (Table 3). If a trial included dif-
ferent doses or route of administration of Mepo, then
the different doses/route of administration were analyzed
separately.

In theOMAgroup 12 studies were randomized, double
blinded, and placebo controlled [17, 19–25, 27, 29, 31, 32],
and 5 studies were randomized but open label andwith no
placebo given to the control arm [16, 18, 26, 28, 30]. One
study was a cohort study with matched controls [33].

Table . Simultaneous % confidence intervals of the FEV
change from baseline (ml), of PEF change from baseline
(liter/minute), of ACQ score improvement form baseline, and of
AQLQ score improvement form baseline.

Comparison
Mean

difference LCLMD UCLMD p-value

FEV Change from Baseline (ml)
Mepolizumab vs Placebo . . . .
Omalizumab vs Placebo . − . . .
Mepolizumab vs Omalizumab . − . . .
PEF Change from Baseline (liter/minute)
Mepolizumab vs Placebo . . . .
Omalizumab vs Placebo . . . .
Mepolizumab vs Omalizumab . − . . .
ACQ score improvement from baseline
Mepolizumab vs Placebo − . − . − . .
Omalizumab vs Placebo − . − . . .
Mepolizumab vs Omalizumab − . − . . .
AQLQ score improvement from baseline
Mepolizumab vs Placebo . − . . .
Omalizumab vs Placebo . . . <.
Mepolizumab vs Omalizumab − . − . − . <.

FEV= forced expiratory volume in second .
LCLMD= lower confidence interval limit of the mean difference.
UCLMD= upper confidence interval limit of the mean difference.
PEF= peak expiratory flow.
ACQ= asthma control questionnaire.
AQLQ= asthma quality of life questionnaire.

In the Mepo group all four studies were randomized,
double blinded, and placebo controlled [11–13, 34].

The characteristics of the included studies are illus-
trated in Tables 3 and 4. For each study a Jadad score was
calculated.

Table . Tests for heterogeneity in Mepolizumab studies, Omal-
izumab studies, and Combined Placebo for FEV, PEF, ACQ, and
AQLQ.

Treatment Tau Chi df p-value I

Tests for heterogeneity for FEV
Mepolizumab . .  . .
Omalizumab . .  . .
Combined Placebo . .  . .
Tests for heterogeneity for PEF
Mepolizumab  .  . 
Omalizumab  .  . 
Combined Placebo  .  . 
Tests for heterogeneity for ACQ score
Mepolizumab . .  . .
Omalizumab . .  . .
Combined Placebo . .  . .
Tests for heterogeneity for AQLQ
Mepolizumab . .  . .
Omalizumab . .  . .
Combined Placebo . .  . .

FEV= forced expiratory volume in second .
Tau = estimate of the between-study variance in a random-effects model.
Chi= chi-squared statistic.
df= degree of freedom.
I= heterogeneity.
PEF= peak expiratory flow.
ACQ= asthma control questionnaire.
AQLQ= asthma quality of life questionnaire.
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In the OMA studies a total of 4854 subjects were
included, of whom 2243 received placebo or no addi-
tional therapy, and 2611 received OMA. In the Mepo
studies a total of 1620 subjects were included, of whom
508 received placebo and 1112 received Mepo (194 sub-
jects received subcutaneous Mepo at 100 mg, and the rest
received intravenous Mepo in the following distribution:
345 subjects received IV Mepo at 75 mg, 272 subjects
received IV Mepo at 250 mg, and 301 subjects received
IV Mepo at 750 mg).

In the Mepo studies, inclusion criteria were having
eosinophilic asthma and being not well controlled on at
least ICS as a chronic maintenance therapy. The thresh-
old for defining eosinophilia was variable among stud-
ies: In Haldar 2009 [11] subjects had to have a sputum
eosinophil count >3%. In Ortega 2014 [12] subjects had
to have a serum eosinophil count of at least 150 cells per
microliter in the peripheral blood at screening or at least
300 cells per microliter at some time during the previous
year. In Pavord 2012 [13], subjects had to have either a
sputum eosinophil count of 3% or more, or peripheral
blood eosinophil count of 0.3 × 109 per L or more. In
Flood-Page 2007 [34], the threshold for eosinophilia was
not defined. Duration of the studies ranged from 20 to 52
weeks.

In the OMA studies, inclusion criteria were having
allergic asthma and being not well controlled with at least
one ICS. Patients also had to have a positive skin-prick
test to at least one perennial allergen, with total serum
IgE level between 30 and 700 IU. Duration of the stud-
ies ranged from 16 to 52 weeks. OMA was administered
subcutaneously every two or four weeks according to the
patient’s pretreatment bodyweight and baseline IgE lev-
els, using a dosing table to provide a dose of at least
0.016 mg/kg for every IU/ml of total IgE.

The weighted mean baseline FEV1 in patients who
received OMA and Mepo were similar: 2.4 and 2.2 L
respectively. The weighted mean age among the subjects
who received OMA andMepo were also similar: 42.4 and
47.3 years respectively. The use of oral corticosteroid as
a maintenance therapy in patients who received OMA
and Mepo was also not statistically significant: 12.4%
(325/2611) and 23% (260/1112) respectively, p = 0.08
although there was a trend for greater oral steroid usage
in the Mepo patients.

In regard to FEV1 improvement from baseline, we
included studies that measured pre-bronchodilator FEV1
in ml or provided the improvement from baseline in ml,
and we excluded studies that did not do so or did not pro-
vide sufficient information for us to derive this value. The
remaining trials for FEV1 were seven in OMA [17, 23,
26–30], and seven in Mepo if different dosages within a

trial were analyzed separately [12, 13, 34]. Haldar 2009
was not included in the FEV1 study as it addressed the
post-bronchodilator FEV1 [11].

Results of the network meta-analysis for FEV1
improvement from baseline did not show a signifi-
cant difference between OMA and Mepo. The mean
difference was 9.3 ml in favor of Mepo, CI (−67.7–86.3)
with p = 1. Heterogeneity between the placebo arms of
the two drugs was high; i2 = 96%. See Figure 3, Tables 1
and 2.

Likewise, the two drugs were not significantly different
in terms of morning PEFR improvement when indirectly
compared to each other. The mean difference was 6.24
L/min in favor of Mepo, CI (−6.46; 18.9), with p = 0.72.
Heterogeneity between the placebo arms of the two drugs
was zero. Five trials in OMA [21, 25, 26, 29, 31] and four
trials in Mepo [12, 34] evaluated morning PEF (Figure 4
and Tables 1 and 2).

In regard to ACQ score improvement, two trials in
OMA [18, 23] and six trials in Mepo [11–13] addressed
this variable.

The results of the network meta-analysis showed no
significant difference between OMA and Mepo, with a
difference favoring Mepo by a mean decrease in the ACQ
score of −0.02, CI (−0.53; 0.5) with p = 1. Heterogeneity
between the placebo arms of the two drugs was high at
78% (Figure 5 and Tables 1 and 2).

On the other hand, when studying the other asthma
control tool AQLQ, which was assessed by eight trials in
OMA [19, 22, 24, 26–28, 30, 32] and four trials in Mepo
[11, 13], the difference in improvement was statistically
significant favoring OMA although the magnitude of the
difference did not reach the minimal clinically important
threshold of 0.5. The mean difference was 0.38, CI (0.21;
0.55) with p< 0.0001. Heterogeneity between the placebo
arms of the two drugs was high at 93% (Figure 6 and
Tables 1 and 2).

As for AEs, we converted the reported total number
of exacerbations per patient in each study to an annual
rate (studies that reported exacerbation in a different fash-
ion could not be included). Thirteen OMA studies [16–
18, 20, 21, 23–25, 27, 28, 31–33] evaluated the AE rates
per patient. With OMA, the mean annualized AE rate
among the 13 studies was 1.22 ± 0.75, 95% CI = 0.76–
1.67. For those receiving placebo or baseline therapy only,
the mean of the annualized AE rate was 2.29 ± 1.43, 95%
CI = 1.43–3.15. The annualized AE rates between OMA
and placebo/baseline therapy were significantly different
in favor of OMA with a p = 0.0001 and the mean reduc-
tion in AE rate was 47%.

Three Mepo trials [11–13] evaluated the AE rates per
patient.With the drugMepo, themean annualized AE for
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Figure . Networkmeta-analysis forest plots for FEV change frombaseline (ml)with % confidence intervals. Abbreviations: LCL= lower
confidence interval limit, UCL= upper confidence interval limit, N= number of patients.

different types of Mepo was 1.28 ± 0.45, 95% CI = 0.8–
1.75. For those receiving placebo, the mean annualized
AE was 2.56 ± 0.9, with 95% CI = 0.3–4.8. The annu-
alized AE rates between Mepo and placebo were signif-
icantly different in favor of Mepo with a p = 0.0001 and
themean reduction inAE rate was 50%. Bothmedications

(OMA and Mepo) reduced the rates of AE by a similar
magnitude.

We did not study the magnitude of improvement
in the use of rescue inhalers as part of the network
meta-analysis, as only one study in Mepo evaluated that
variable (Flood-Page 2007) [34].

Figure . Network meta-analysis forest plots for PEF change from baseline (liter/minute) with % confidence intervals. Abbreviations:
LCL= lower confidence interval limit, UCL= upper confidence interval limit, N= number of patients.



10 Z. NACHEF ET AL.

Figure . Network meta-analysis forest plots for ACQ score improvement from baseline. Abbreviations: LCL = lower confidence interval
limit, UCL= upper confidence interval limit, N= number of patients.

Discussion

Medical asthma therapy has seen marked advancements
in the last 15 years, which culminated with the advent
of the anti-IgE OMA and the anti-IL5 Mepo. These two

medications can be classified under the title of person-
alized therapy since each one addresses a specific phe-
notype of asthma; OMA for those with allergic asthma
with high serum IgE levels, and Mepo for those with
eosinophilic asthma. However, these 2 phenotypes often

Figure . Network meta-analysis forest plots for AQLQ score improvement from baseline. Abbreviations: LCL= lower confidence interval
limit, UCL= upper confidence interval limit, N= number of patients.
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overlap as both have th2-related asthma and thus many
patients will have both eosinophilia and high IgE levels.
In fact, the comparison of these two medications would
be most interesting in this overlap population. Whether
a combination of the two drugs in this overlap group is
beneficial or not is yet to be determined. In this analysis
we attempted to compare the two medications indirectly
using a networkmeta-analysis model, which assumes that
the placebo arms in both medication trials were similar
enough to be used as a common intersection to compare
Mepo and OMA. Although this is not the optimal way to
compare two medications, it is still the best available, as
no clinical trial has been conducted to directly compare
them in a head-to-head fashion. To our knowledge this is
the first networkmeta-analysis to compareMepo toOMA
in asthmatic patients.

There are limitations to our study. First, the criteria
used to determine eligibility for the two drugs is not
identical, meaning that there will be some differences in
the characteristics of the study populations, which may
have implications in comparing the efficacy of the two
drugs. While the Mepo studies (except Pavord 2012) had
reported their mean IgE serum levels which in many
patientswere high enough to be eligible for treatmentwith
OMA (see Table 3), the OMA studies did not study base-
line eosinophilia in their patients. The underpinning of a
network analysis is that the study populations are reason-
ably similar since it relies on the comparison of study drug
to placebo, and in order for this comparison to be reliable
the response in the placebo groups should be similar. In
this regard the fact that the baseline FEV1 and age were
similar in the Mepo and OMA groups is helpful while the
trend for greater oral corticosteroid usage in the Mepo
group and different inclusion criteria for the two drugs
could introduce bias to the results.

In our analysis, we elected to include studies in which
patients were on at least ICS because the inclusion crite-
ria used in both OMA and Mepo trials were highly vari-
able in regard to additional asthma medications. Some of
the studies permitted the use of long-acting beta agonist,
leukotriene receptor antagonists, a combination of the
two, while other studies allowed only ICSs. These differ-
ences in permitted additional medications could clearly
influence the magnitude of improvement that OMA or
Mepo can produce. This may be responsible for the high
heterogeneity levels we have obtained in our network
meta-analysis, except when we studied PEFR where the
heterogeneity was low. We have no clear-cut explanation
why PEF results were so homogenous. However, the lack
of heterogeneity between the two placebo groups makes
the lack of any difference in improvement in PEF between
Mepo andOMAmoremeaningful. It is difficult to directly
compare the improvement in FEV1 and AQLQ between

the two drugs as the heterogeneity levels in the placebo
arm were above 90%. In regard to AE both drugs have
shown a marked annualized AE reduction with similar
ranges as compared to placebo, 47 and 50% for OMA and
Mepo respectively.

Finally the studies used forMepowere of higher quality
(Jadad score 4 or 5) than some of the OMA studies. Many
OMA studies, despite being randomized, were not double
blinded or their control group did not receive placebo (see
Table 4).

In conclusion, a definitive recommendation for pref-
erential use of OMA vs Mepo in patients eligible for both
cannot bemade from the existing studies published in the
literature although the data available show similar efficacy
for the two drugs. A prospective randomized double-
blinded studywould be required to accurately evaluate the
efficacy ofMepo against OMApreferably in a select group
of patients with both high serum IgE and eosinophilia,
and with similar baseline asthma severity and controller
medications.
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