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a b s t r a c t

Background: Severe asthma is a heterogeneous disease. Patients with both eosinophilic and allergic
asthma phenotypes may be eligible for treatment with mepolizumab and omalizumab. Evidence on the
relative effectiveness of these treatments in this ‘overlap’ population would be informative for clinical
and payer decision making.
Methods: A systematic literature review and indirect treatment comparison (Bayesian framework) were
performed to assess the comparative effectiveness and tolerability of mepolizumab and omalizumab, as
add-ons to standard of care. Studies included in the primary analysis were double-blind, randomized
controlled trials, �12 weeks' duration enrolling patients with severe asthma with a documented exac-
erbation history and receiving high-dose inhaled corticosteroids plus �1 additional controller. Two
populations were examined: patients potentially eligible for 1) both treatments (Overlap population) and
2) either treatment (Trial population).
Results: In the Overlap population, no differences between treatments in clinically significant exacer-
bations and exacerbations requiring hospitalization were found, although trends favored mepolizumab
(rate ratio [RR]:0.66 [95% credible intervals (Crl):0.37,1.19]; 0.19[0.02,2.32], respectively). In the Trial
population, mepolizumab treatment produced greater reductions in clinically significant exacerbations
(RR:0.63 [95% CrI:0.45,0.89]) but not exacerbations requiring hospitalization compared with omalizumab
(RR:0.58 [95% Crl: 0.16,2.13]), although the trend favored mepolizumab. Both treatments had broadly
comparable effects on lung function, and similar tolerability profiles.
Conclusions: Whilst this analysis has limitations due to a restricted evidence base and residual hetero-
geneity, it showed that in patients with severe asthma, mepolizumab seems to be at least as effective as
omalizumab and that the tolerability profiles of the two treatments did not meaningfully differentiate.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Severe asthma is characterized by frequent exacerbations, hos-
pitalizations and poor symptom control, despite the regular use of
intensive maintenance therapies [1,2]. Severe asthma is a hetero-
geneous disease with several phenotypes, including allergic and/or
persistent eosinophilic asthma [2,3]. Owing to the significant un-
met need in this patient population, novel targeted therapies have
been developed for different phenotypes of severe asthma, with the
aim of reducing the rate of clinical exacerbations [4]. For example,
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mepolizumab (GSK, London, UK) is an anti-interleukin (IL)-5 mAb
approved as an add-on treatment in patients with severe eosino-
philic asthma [5,6]; omalizumab (Genentech, Inc., South San
Francisco, CA), an anti-immunoglobulin E (IgE) monoclonal anti-
body (mAb) [7e9] is licensed as an add-on treatment for patients
with moderate-to-severe (US) or severe (EU) allergic asthma.

In clinical trials, both mepolizumab and omalizumab were
efficacious at reducing exacerbation rates in their respective patient
populations when compared with placebo [10e13]. It is estimated
that approximately one third of patients with severe asthma who
are eligible for treatment with one biologic (mepolizumab or
omalizumab) may also be eligible for treatment with the other
biologic, hence for these patients the clinician has to make a choice
between mepolizumab and omalizumab treatment [14,15]. Infor-
mation on the relative effectiveness and tolerability profiles of the
two treatments in this ‘overlap’ population would therefore be
useful for both clinical and payer decision making. Since there are
currently no published comparisons of mepolizumab and omali-
zumab in patients with severe asthma, we conducted a systematic
literature review and indirect treatment comparison (ITC) to assess
the comparative effectiveness and tolerability of mepolizumab and
omalizumab, as add-on therapy to standard of care (SoC), in pa-
tients with severe asthma.

2. Methods

2.1. Data sources

A systematic literature reviewwas conducted on August 5, 2014,
and updated on July 8, 2015, to identify published randomized
controlled trials (RCTs) of mepolizumab or omalizumab in severe
asthma (GSK ID: HO-14-13436). Further details of the search
strategy including databases and search terms can be found in
Supplementary Appendix A. This was conducted in accordance
with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines based on a pre-defined PICOS
(Population; Intervention; Comparator; Outcomes; and Study
Design) framework.

The main objective of this systematic literature review was to
collect all publicly available RCTs to support an ITC of mepolizumab
and omalizumab in severe asthma. Due to the broad evidence base
of severe asthma studies and the clinical and methodological het-
erogeneity, further pre-defined PICOS inclusion and exclusion
criteria were applied to the studies identified from the systemic
literature review to generate the evidence base for the ITC analysis
(GSK ID 200277/HO-13-9058). The quality of RCTs was evaluated
based on criteria outlined in Supplementary Appendix A and the
results of this assessment are shown in Table S1. The additional ITC
eligibility criteria imposed a minimum appropriate level of
comparability among the studies.

2.2. Eligibility criteria for inclusion in the indirect treatment
comparison

2.2.1. Population
In order to be included in this ITC, studies were required to

enroll patients meeting the following criteria: �12 years of age,
with severe asthma (patients receiving �1000 mg/day beclome-
thasone dipropionate equivalent plus �1 additional controller, and
with a documented history of exacerbations). This population
definition was then further refined to incorporate treatment eligi-
bility for mepolizumab and omalizumab, as far as data availability
allowed. Two populations were defined, 1) the Overlap population,
which aimed to include patients eligible for both mepolizumab
AND omalizumab, and 2) the Trial population, which aimed to

include patients eligible for either mepolizumab OR omalizumab
(Table 1).

Mepolizumab eligibility was defined as severe eosinophilic
asthma (blood eosinophil count �150 cells/mL at treatment initia-
tion or �300 cells/mL in the prior 12 months) and a history of ex-
acerbations. Omalizumab eligibility was defined as allergic asthma
with a pre-treatment serum IgE versus body weight combination
that met EU omalizumab prescribing criteria (baseline IgE levels
�30e�1500 IU/mL [patients �12 years of age with IgE <76 IU/mL
should have unequivocal in vitro reactivity to perennial allergen];
weight �20 kge�150 kg; maximum dose 600 mg subcutaneous
[SC] every 2 weeks). Detailed study and population inclusion
criteria are shown in Table 1 and Fig. S1.

In order to accurately identify the Overlap population, treatment
eligibility criteria would need to be applied to individual patient-
level data from all included studies. However, patient-level data
were only available for the mepolizumab studies. Therefore, it was
necessary to make an assumption that patients enrolled in omali-
zumab trials that met the disease severity criteria also fulfilled the
eligibility requirements for mepolizumab. However, the omalizu-
mab RCTs identified by the systematic literature review had lower
or undefined exacerbation history requirements, compared with a
requirement for at least 2 exacerbations in the previous year in the
mepolizumab RCTs. Consequently, if the exacerbation history
requirement had been set to�2 exacerbations in the previous year,
all the omalizumab trials would have been excluded from the an-
alyses. Therefore, the exacerbation history requirement was
relaxed in the Overlap population when compared with the in-
clusion criteria in the mepolizumab RCTs, while remaining strict
enough to help identify mepolizumab and omalizumab eligible RCT
populations of similar disease severity (according to exacerbation
history).

2.2.2. Intervention
Eligible interventions for inclusion in the ITCweremepolizumab

100 mg SC and omalizumab as per the EU prescribing criteria.
Detailed study and population inclusion criteria are shown in
Table 1 and Fig. S1.

2.2.3. Comparator
It was anticipated that the common comparator for mepolizu-

mab and omalizumab, would be placebo, in addition to SoC. If
eligible studies examined omalizumab versus SoC alone, the SoC
alone data were combined with placebo in the meta-analysis (ie.,
treated as a single common comparator for the active in-
terventions). This was considered necessary due to the very small
number of studies expected to be otherwise eligible for the ITC.

2.2.4. Outcomes
The primary pre-specified endpoints were the rate of clinically

significant exacerbations (defined as exacerbations requiring sys-
temic corticosteroid [SCS] treatment or at least a doubling of
existing dose for maintenance oral corticosteroid [OCS] and/or
hospitalization and/or an emergency department visit) and the rate
of exacerbations requiring hospitalization. Pre-specified secondary
endpoints included the change from baseline in health-related
quality of life (HRQoL), measured by the St George's Respiratory
Questionnaire or Asthma Quality of Life Questionnaire; change
from baseline in lung function, defined as % predicted pre-
bronchodilator forced expiratory volume in 1 s (FEV1), or post-
bronchodilator FEV1, or FEV1% predicted, or morning peak expira-
tory flow (PEF; L/min) when these data were unavailable; change
from baseline in asthma control measured by the Asthma Control
Questionnaire; and the proportion of patients with any adverse
events (AEs), serious AEs (SAEs), withdrawals due to AEs or fatal

S.M. Cockle et al. / Respiratory Medicine 123 (2017) 140e148 141



AEs. These pre-specified endpoints were only analyzed if data were
available in the trials meeting the criteria for inclusion in the
Overlap population.

2.2.5. Study design
Eligible studies for the primary analysis were double-blind,

parallel-group RCTs of �12 weeks duration. Where a protocol-
driven change in inhaled corticosteroid/OCS maintenance dosage
was implemented, only those data from periods prior to the dose
change were included in the ITC. Eligible studies were required to
have data for �1 pre-defined efficacy or tolerability endpoint
available for extraction or calculation.

2.3. ITC methods

The primary analysis of each pre-specified endpoint was con-
ducted using Bayesian network meta-analysis to indirectly
compare mepolizumab (100 mg SC injection) and omalizumab (SC,
licensed dose range per IgE level/weight) via a common compar-
ator of placebo. The posterior distribution of the treatment effects
(rate ratios [RR], odds ratios [OR], or mean difference with corre-
sponding 95% credible intervals [CrIs]) were estimated through
Gibbs sampling using either fixed- or random-effects models. Non-
informative prior distributions were assigned for all treatment ef-
fects. Meta-regression to adjust for study-level covariates was
planned but not performed due to an insufficient number of studies
included. Analyses were performed using WinBUGS 1.4.0 (MRC
Biostatistics Unit, Cambridge Institute of Public Health, Cambridge,
UK). A detailed description is provided in Supplementary Appendix
2.

2.4. Additional analyses

A Frequentist network meta-analysis was also conducted. De-
tails of this are provided in Supplementary Appendix B.

Sensitivity analyses were also conducted to assess the impact of
study design and mepolizumab dose/formulation. In these ana-
lyses, PICOS ITC inclusion criteria remained the same as described
above except that open-label omalizumab studies were included
and mepolizumab 100 mg SC data were pooled with the

bioequivalent mepolizumab 75 mg intravenous (IV) data.
Analyses were also conducted on a third ITC population, the

Extended overlap population, to assess the impact of exacerbation
history requirement on analysis results. Population criteria are
defined in Table S3.

3. Results

3.1. Included studies

The systematic literature review identified seven mepolizumab
publications corresponding to three distinct RCTs and 29 omali-
zumab publications, corresponding to 19 distinct RCTs (Table S2).
Upon application of the ITC inclusion/exclusion criteria (PICOS), of
the 22 identified RCTs, one mepolizumab study (MENSA [12]) and
three omalizumab studies (INNOVATE [16], Chanez et al., 2010 [17]
and EXTRA [18]) were eligible for inclusion in the primary ITC
analysis (Fig. 1). MENSA and INNOVATE were eligible for inclusion
in both the Overlap and Trial populations; EXTRA was only eligible
for inclusion in the Trial population analysis. Key characteristics of
the included studies are shown in Table 2.

Sufficient data were available to conduct the ITC primary anal-
ysis on three of the pre-specified efficacy endpoints and four of the
pre-specified safety endpoints. The efficacy endpoints were the rate
of clinically significant exacerbations, rate of exacerbations
requiring hospitalization, and the change from baseline in % pre-
dicted FEV1. Although asthma control and QoL were pre-specified
as efficacy endpoints for the ITC, feasibility assessment demon-
strated there was insufficient data in the included studies for
endpoint analysis. The feasibility assessment also concluded that it
would be appropriate to analyze summary safety endpoints, rather
than individual AE rates. The summary safety endpoints available in
the included studies were the proportion of patients with any AE,
any SAE, withdrawals due to AEs and fatal AEs.

3.2. Efficacy

3.2.1. Exacerbations
Mepolizumab and omalizumab reduced the rate of clinically

significant exacerbations and exacerbations requiring

Table 1
Study and population inclusion criteria for the ITC.

ITC population Disease criteria Treatment eligibility criteriaa, b

MEPO eligibility OMA eligibility

Disease and
current
treatment

Exacerbation history MEPO RCTs
(IPD available)

OMA RCTs
(aggregate RCT data
only)

MEPO RCTs
(IPD available)

OMA RCTs
(aggregate RCT
data only)

Overlap
population

Patient population
that is eligible
for both MEPO
and OMA

Severe asthma
patients aged
�12 years
taking
�1000 mg/day
BDP-
equivalent ICS
plus
�1 additional
controller

�2 exacerbations
(requiring SCS) OR
�1 severe exacerbation
(requiring hospitalization)
in previous 12 months

Required
Based on blood eosinophil
count inclusion criteria in
MEPO RCTs: blood
eosinophil count
�150 cells/mL at treatment
initiation or�300 cells/mL in
prior 12 months

Required
Based on OMA RCTs
that included
patients meeting
disease criteria

Required
Sub-group of MEPO patients that
met EU OMA license criteria:
based on weight, IgE levels and
positive RAST

Required
OMA RCTs that
included patients
meeting EU OMA
license

Trial population
Patient population

eligible for
either MEPO or
OMA

�1 exacerbation
(requiring SCS or asthma
hospitalization or asthma
ED visit) in the previous 12
months

Required
(As per Overlap population)

Not required in this
scenario

Not required in this scenario Required
(As per Overlap
population)

BDP, beclomethasone dipropionate; ED, emergency department; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IPD, individual patient-level data; ITC, indirect treatment
comparison; MEPO, mepolizumab; OMA, Omalizumab; RAST, radioallergosorbent test; RCT, randomized controlled trial; SCS, systemic corticosteroids.

a Criteria additional to disease criteria.
b Definition of treatment eligibility differs for MEPO and OMA studies, due to data availability. MEPO eligibility in OMA studies was proxied using exacerbation history

requirements at enrollment as imposed by the disease severity criteria.
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hospitalization versus placebo and SoC in both the Overlap and
Trial population analyses (Figs. 2 and 3). For the Overlap popula-
tion, no difference was found between mepolizumab and omali-
zumab. However, trends in favor of mepolizumab were observed,
with median estimated RRs of 0.66 (95% CrI: 0.37, 1.19; Fig. 2A) for
the rate of clinically significant exacerbations and 0.19 (95% CrI:
0.02, 2.32; Fig. 2B) for the rate of exacerbations requiring hospi-
talization. Results of the Trial population analysis showed that
mepolizumab was associated with an estimated median RR of 0.63
(95% CrI: 0.45, 0.89; Fig. 3A) corresponding to a reduction of 37% in
the rate of clinically significant exacerbations versus omalizumab.
No difference between treatments was observed for the rate of
exacerbations resulting in hospitalization; however, the median RR

of 0.58 (0.16, 2.13) favoredmepolizumab over omalizumab (Fig. 3B).

3.2.2. Lung function
Mepolizumab and omalizumab improved % predicted FEV1

versus placebo and SoC in both populations (Figs. 2 and 3). The
results of the ITC indicated that mepolizumab and omalizumab
were broadly similar in terms of their effects on change in % pre-
dicted FEV1 (Figs. 2C and 3C), with the point estimate favoring
omalizumab in the Overlap population (mean difference: �0.98
[95% CrI: �6.35, 4.36]; Fig. 2C) and mepolizumab in the Trial pop-
ulation (mean difference: 0.24 [95% CrI: �3.61, 4.10; Fig. 3C]).

Records identified 
(MEPO or OMA articles) (n=36: MEPO=7; OMA=29)

Corresponding to distinct RCTs (n=22: MEPO=3; OMA=19)

RCTs identified 
(met ≥1 specification of ITC population criteria,

intervention/comparator criteria and study design criteria)
(n=7: MEPO=2; OMA=5)

RCTs excluded
(did not meet ITC inclusion criteria)

(n=15: MEPO=1; OMA=14)

RCTs excluded
(did not report relevant outcomes)

(n=1: OMA)

Records identified from other sources
(n=2,624: NIHR=64; ATS=859; ACCP=211; ERS=701;
NIH=743; ANZCTR=45; ReBec=0; additional source=1)

Records identified
(n=6,517)

Duplicates removed
(n=650)

Records screened
(n=5,867)

Record excluded
(n=5,671: population=4,520; interventions=680;

 comparators=9; outcomes=22; study design=440)

Records (full text) screened for eligibility
(n=196)

RCTs identified 
(reported relevant efficacy or safety outcomes)

(n=6: MEPO=2; OMA=4)

RCTs excluded 
(did not include patients eligible for Overlap or 

Trial populations) (n=3: MEPO=1; OMA=1)

RCTs included for individual endpoint 
Bayesian analyses for Overlap and Trial populations 

(n=4: MEPO=1; OMA=3)

Records excluded
(n=160; population=17; interventions=26; comparators=0; 

outcomes=43; study design=18; reviews=53)

ITC criteria applied

Systemic literature search

Records identified from database search
(n=3,893: Embase and Medline=3,200; 

Cochrane=693)

Fig. 1. Systematic literature search and application of ITC inclusion and exclusion criteria to identified RCTs.
ACCP, American College of Chest Physicians; ATS, American Thoracic Society; ANZCTR, Australian New Zealand Clinical Trials Registry; ERS, European Respiratory Society; ITC,
indirect treatment comparison; MEPO; mepolizumab; NIH, National Institutes for Health; NIHR, National Institute for Health Research; OMA; omalizumab; ReBec, Registro Bra-
sileiro de Ensaios Clinicos; RCTs, randomized controlled trials
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3.3. Safety

Both mepolizumab and omalizumab were broadly comparable
to placebo in terms of their overall safety profile based on the
endpoints assessed. In general, there was no difference between
mepolizumab and omalizumab on the likelihood of AEs and SAEs in
either population (Figs. 2 and 3). There was a lower likelihood of
withdrawal due to AEs with mepolizumab, compared with omali-
zumab in both populations (Figs. 2 and 3). Due to the low incidence
of fatal AEs, the analysis of fatal AEs could only be carried out in the
Trial population. No difference in the rate of fatal AEs was found
(data not shown).

3.4. Additional analyses

Overall, the additional analyses were broadly consistent with
the main analyses described above (e.g. Frequentist vs Bayesian
[Table S4]; sensitivity analyses including additional data from
mepolizumab 75 mg IV data and eligible open-label omalizumab
RCTs vs the primary analysis [Table S5] and Extended overlap
populations vs Overlap and Trial population analyses [Table S6]).

4. Discussion

There are now several treatments available for severe asthma,
including mepolizumab and omalizumab, which target the
persistent eosinophilic and allergic phenotypes, respectively [5,8].
Approximately half of patients with severe asthma may exhibit
both phenotypes [19] and about one third of patients with severe
asthma may be eligible for both biologic treatments [14]. Conse-
quently, it is important to determine the comparative efficacy and
tolerability of mepolizumab and omalizumab in these patients in
order to assist clinical and payer decision making. Indeed, a recent
review article of treatments for severe asthma has highlighted the
need for comparisons [20]. Although head-to-head studies would

be the preferredmethod to investigate relative treatment effects, in
the absence of these studies, an ITC can be conducted. This analysis
evaluated the comparative efficacy and tolerability of mepolizumab
and omalizumab in patients with severe asthma and a history of
exacerbations.

The evidence base for this ITC was identified through a sys-
tematic literature review conducted according to accepted meth-
odology (ie., PRISMA guidelines) and further refined by the
application of PICOS framework eligibility criteria. These studies
provided the evidence base for a Bayesian networkmeta-analysis of
the rate of clinically significant exacerbations, exacerbations
requiring hospitalization, % predicted FEV1, and four safety
endpoints.

Compared with omalizumab, mepolizumab treatment was
associated with greater reductions in the rate of clinically signifi-
cant exacerbations in the Trial population than omalizumab, with a
trend in favor of mepolizumab in the Overlap population. Trends in
favor of mepolizumab were also shown in the rate of exacerbations
requiring hospitalization. Changes in lung function and safety
profiles were broadly comparable between the two treatments.
Overall results were similar when exacerbation history re-
quirements were varied between the Overlap and Trial populations,
and that the tolerability profiles of both treatments were largely
comparable. Results of the Frequentist analysis and sensitivity an-
alyses (including additional data from mepolizumab 75 mg IV and
omalizumab open-label trials) were consistent with the primary
analysis, providing support for these results and the study con-
clusions. However, while it is difficult to make definitive conclu-
sions based on this analysis, these results suggest that
mepolizumab may be at least as effective as omalizumab.

However, the literature search revealed heterogeneity in trial
design, disease severity, exacerbation history and phenotype of the
patients enrolled in the identified omalizumab and mepolizumab
RCTs. Heterogeneity in the ITC was reduced by the application of
stricter inclusion criteria, which sought to harmonize study designs

Table 2
Key characteristics of double-blind, randomized controlled trials included in the ITC.

Study
duration
(weeks)

Treatment armsa Key inclusion criteria Number
of
patients

Included in
Overlap
populationb

analysis

Included in Trial
populationc

analysis

Mepolizumab-included studies
MENSA

[12],d
32 � Mepolizumab 100 mg SC every 4 weeks

(n ¼ 194)
� Placebo (n ¼ 191)

� Blood eosinophil counts�150 cells/mL at
initiation of treatment or�300 cells/mL in
previous 12 months

� �2 asthma exacerbation in previous 12
months

527 ✓ ✓

Omalizumab-included studies
INNOVATE

[16],d
28 � Omalizumab administered every 2 or 4 weeks

to provide dose of �0.016 mg/kg per IU/mL of
IgE (n ¼ 209)

� Placebo (n ¼ 210)

� Persistent allergic asthma despite high doses
of corticosteroids and long-acting b2 agonists

� �2 asthma exacerbation (or 1 severe
exacerbation) in previous 12 months

419 ✓ ✓

Chanez
et al.,
2010
[9],e

16 � Omalizumab administered every 2 or 4 weeks
as per EU prescribing information [9] (n ¼ 20)

� Placebo (n ¼ 11)

� Persistent allergic asthma despite high doses
of corticosteroids and long-acting b2 agonists

� �2 severe asthma exacerbations in previous
12 months

31 ✓ ✓

EXTRA
[18],f

48 � Omalizumab �0.008 mg/kg per IU/mL of IgE
every 2 weeks or �0.016 mg/kg of IgE every 4
weeks (n ¼ 427)

� Placebo (n ¼ 421)

� Severe allergic asthma despite high doses of
corticosteroids and long-acting b2 agonists

� �1 asthma exacerbation in previous 12
months

848 e ✓

IgE, immunoglobulin E; ITC, indirect treatment comparison; SCS, systemic corticosteroids.
a For patients included in the base case meta-analysis only.
b Including patients potentially eligible for both mepolizumab and omalizumab.
c Including all patients eligible for mepolizumab regardless of their eligibility for omalizumab.
d Provided data for all efficacy and safety endpoints in the primary Bayesian network meta-analysis of the Overlap and Trial populations.
e Provided data for all safety endpoints in the primary Bayesian network meta-analysis of the Overlap and Trial populations.
f Provided data for exacerbations and safety endpoints in the primary Bayesian network meta-analysis of the Trial population.
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0.01 0.02 0.03 0.06 0.13 0.25 0.50 1.00 2.00 4.00 8.00

Rate ratio (95% Crl)

0.01 0.02 0.03 0.06 0.13 0.25 0.50 1.00 2.00 4.00 8.00
Rate ratio (95% Crl)

-10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 10.00
Mean difference (95% Crl)(L)

0.01 0.02 0.03 0.06 0.13 0.25 0.50 1.00 2.00 4.00

0.02 0.03 0.06 0.13 0.25 0.50 1.00 2.00 4.00

8.00

8.00

Odds ratio (95% Crl)

0.01

Odds ratio (95% Crl)

0.001 0.01 0.10 1.00 10.00

Odds ratio (95% Crl)

A

B

C

Omalizumab studies Omalizumab studies

D

Omalizumab studies Omalizumab studies

E

Omalizumab studies Omalizumab studies

F

           ITC (MEPO vs OMA ) 0.66 [0.37, 1.19] ITC (MEPO vs OMA) 0.79 [0.31, 1.91]

INNOVATE 0.74 [0.55, 1.00]

INNOVATE 0.84 [0.56, 1.27]

Combined 0.83 [0.56, 1.23]

Combined 0.70 [0.41, 1.17]

MENSA ASNEM]18.0,03.0[94.0 0.66 [0.30, 1.48]

Chanez et al, 2010 1.05 [0.75 1.48]

ITC (MEPO vs OMA) 0.19 [0.02, 2.32] ITC (MEPO vs OMA) 0.44 [0.11, 1.57]

Chanez et al, 2010 0.17 [0.01, 4.56]INNOVATE 0.54 [0.25, 1.17]

INNOVATE 0.73 [0.43, 1.22]

MENSA ASNEM]51.1,10.0[11.0 0.33 [0.10, 1.08]

ITC (MEPO vs OMA) -0.98 [-6.35, 4.36] ITC (MEPO vs OMA) 0.05 [0.002, 0.95]

INNOVATE 2.80 [0.10, 5.50] INNOVATE 2.53 [0.91, 7.06]

Mepolizumab studies Favors treatment Favors SoC Mepolizumab studies Favors treatment Favors SoC

Favors MEPO Favors OMA Favors MEPO Favors OMA

Mepolizumab studies Mepolizumab studies
Favors treatmentFavors SoC Favors treatment Favors SoC

Favors MEPOFavors OMA
Favors MEPO Favors OMA

Favors treatment Favors SoC Favors treatment Favors SoCMepolizumab studies Mepolizumab studies

Favors MEPO Favors OMA Favors MEPO Favors OMA

MENSA 1.86 [-2.81, 6.54] MENSA 0.13 [0.01, 2.15]

Fig. 2. Results of the Bayesian analysis for Overlap population: A) clinically significant exacerbations; B) exacerbations requiring hospitalization; C) change in % predicted FEV1; D) adverse events; E) serious adverse events; F)
withdrawals due to adverse events.
Overlap population: including patients potentially eligible for both mepolizumab and omalizumab.
CrI, credible interval; ITC, indirect treatment comparison; MEPO, mepolizumab; OMA, omalizumab; SoC, standard of care.
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Fig. 3. Results of the Bayesian analysis for Trial population: A) clinically significant exacerbations; B) exacerbations requiring hospitalization; C) change in % predicted FEV1; D) adverse events; E) serious adverse events; F) withdrawals
due to adverse events.
CrI, credible interval; ITC, indirect treatment comparison; MEPO, mepolizumab; OMA, omalizumab; SoC, standard of care.
Overlap population: including patients potentially eligible for both mepolizumab and omalizumab.
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and patient populations, and ensure a more valid treatment com-
parison. Consequently, only the mepolizumab MENSA and the
omalizumab INNOVATE trials met the eligibility criteria for the
Overlap population analysis [12,16]. Whilst these two studies are
pivotal regulatory trials, they provide a limited evidence base.

Despite the attempts to reduce heterogeneity through the ITC
inclusion criteria, it is possible that some heterogeneity remained,
since it was not possible to identify the true Overlap population.
Mepolizumab targets a specific asthma population with eosino-
philic inflammation and a history of frequent exacerbations [5,6]. In
contrast, omalizumab targets a more heterogeneous population of
patients with allergic moderate-to-severe disease, without any
specific requirement for previous exacerbations [8,9]. No omali-
zumab RCTs were identified that enrolled patients with the same
exacerbation history as the mepolizumab MENSA trial [12],
potentially biasing analysis results towards mepolizumab. The
impact of differences in patient exacerbation histories was explored
through the analysis of the Overlap and Extended overlap pop-
ulations. Relaxing the criteria around exacerbation history had little
impact on the results. The small number of eligible studies pre-
cluded the application of meta-regression to further reduce any
residual heterogeneity.

The lack of individual patient-level data prevented the identi-
fication of patients from omalizumab studies with blood eosinophil
counts that met mepolizumab eligibility requirements. However,
the potential impact of this missing information on the assump-
tions of the ITC can be informed to some extent by a recently
published post hoc subgroup analysis of the INNOVATE trial [21].
The results of this analysis indicate that in patients with blood
eosinophil counts �300 cells/mL, the rate of clinically significant
exacerbations was reduced by 39% with omalizumab compared
with placebo [21]. Similarly, in a subgroup of patients from the
MENSA and DREAM trials with blood eosinophil counts �300 cells/
mL, the rate of clinically significant exacerbations was reduced by
59%withmepolizumab (pooled data from the 100mg SC and 75mg
IV doses) compared with placebo [22]. These data suggest that if
eosinophil data for patients treated with omalizumab had been
available, it is unlikely that their incorporation would have altered
the conclusions of this analysis.

Although this analysis sought to assess a broad range of end-
points, not all of these outcomes could be assessed. For example,
asthma control and HRQoL could not be included in the analysis;
different measures were used in themepolizumab and omalizumab
trials, preventing comparison. However, the included efficacy
endpoints of clinically significant exacerbations and exacerbations
requiring hospitalizations are very relevant endpoints for patients,
payers, and clinicians. These endpoints represent an acute loss of
asthma control that has a significant impact on the patients' health
status, as well as being costly to healthcare systems [23e26].
Although, it was not possible to analyze a full range of safety
endpoints, there were sufficient data to include any on-treatment
AEs, SAEs, and AEs leading to discontinuation or withdrawals. The
results from these endpoints should be evaluated while bearing in
mind the heterogeneity in study designs and patient populations
between ITC included studies. In particular, differences in the
length of time between clinical visits may influence patient recall of
AEs, and the existence of an extension study for the mepolizumab
population may have influenced the rate of withdrawals. Addi-
tionally, the average patient age was greater in the mepolizumab
MENSA trial [12] (~50 years of age) than in the omalizumab
INNOVATE and EXTRA trials (43e45 years of age) [16,18]; conse-
quently, the number of asthma comorbidities in these patients may
have differed, suggesting that the comparison of treatment AE
profiles between RCTs should be interpreted with caution. Despite
these limitations, this analysis provided evidence on the relative

tolerability of mepolizumab and omalizumab and suggested their
tolerability profiles did not meaningfully differentiate.

In summary, this ITC compared the efficacy and tolerability of
mepolizumab and omalizumab. Restrictions in terms of data
availability led to a number of study limitations, which have been
acknowledged and which were partially tested by
additional scenarios and sensitivity analyses. These additional an-
alyses supported the results from the primary analysis, which
suggested that in patients with severe asthma eligible to receive
both treatments, mepolizumab seems to be at least as efficacious as
omalizumab at reducing exacerbations and improving lung func-
tion, and that the tolerability profiles of the two treatments do not
seem to meaningfully differentiate.
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Supplementary Appendix A.

Systematic literature review methods

Randomized controlled trials

Search strategy

All databases were searched without time frame or language limitations imposed, with the
exception of conference abstracts. Conference abstracts were only searched from 2012 until
the date of search. It was assumed that abstracts published earlier than 3 years at the
relevant conferences would have been published as full-text articles. It was expected that
the mepolizumab RCT data would be most extensively detailed in clinical study reports.
Therefore, the relevant data from the clinical study reports were added to the identified
systematic literature review results after the search and selection phase as the primary
source of mepolizumab clinical trial data. The following databases were searched:

Search engine (website) Databases Limits
ProQuest

(www.proquest.com/)

 Medline®

 EMBASE®

 MEDLINE® In-Process
 PASCAL

No limits

Cochrane

(www.cochrane.org/)

 CDSR
 DARE
 CENTRAL
 HTA

No limits

NIHR

(http://www.hta.ac.uk/erg/index.asp)

 ERG reports
 Manufacturers

submissions

No limits

Conference abstracts

(http://www.thoracic.org/)

(http://ersnet.org/)

(http://www.chestnet.org/)

 ATS
 ERS
 ACCP

Time limit (years): 2012–
2014 (2015 conference
abstracts not yet available)

Clinical trial registries

(https://clinicaltrials.gov/ct2/home
)

(http://www.anzctr.org.au/)

(http://www.ensaiosclinicos.gov.br
/)

 NIH ClinicalTrials.gov
Register

 ANZCTR
 ReBec

No limits

ACCP, American College of Chest Physicians; ATS, American Thoracic Society; ANZCTR, Australian New Zealand
Clinical Trials Registry; CDSR, Cochrane - systematic reviews; CENTRAL, Cochrane - central register of controlled
trials; DARE, Database of Abstracts of Reviews of Effects; ERG, Evidence Review Group; ERS, European
Respiratory Society; HTA, Health Technology Assessments Database; NIH, National Institutes for Health; NIHR,
National Institute for Health Research; ReBec, Registro Brasileiro de Ensaios Clinicos.



Search terms and study eligibility criteria

The search strategy combined search terms (free-text, Emtree/MESH terms and brand
names) for asthma and relevant treatments (mepolizumab and omalizumab, reslizumab,
benralizumab, tralokinumab, lebrikizumab, dupilumab, tiotropium, and maintenance OCS). If
a more extensive search was possible in the available search engines these terms were
additionally combined with search terms (free-text, Emtree/Medical Subject Headings
terms) for RCTs. The following search terms:



Search engine (database) Search no. (search terms)

ProQuest (Medline®

EMBASE®, MEDLINE® in
progress)

Asthma: #1: TI,AB(asthma) OR EMB("asthma") OR MESH("asthma"); #2: TI,AB(mepolizumab OR bosatria) OR
EMB("mepolizumab"); #3: TI,AB(omalizumab OR xolair OR “rhumab-e25”) OR EMB(“omalizumab”); #4:
TI,AB(reslizumab OR cinquil) OR EMB("reslizumab"); #5 TI,AB(benralizumab) OR EMB("benralizumab"); #6:
TI,AB(tralokinumab) OR EMB("tralokinumab") #7: TI,AB(lebrikizumab) OR EMB("lebrikizumab"); #8: TI,AB(dupilumab)
OR EMB("dupilumab") #9: TI,AB(tiotropium OR spiriva OR tiova) OR EMB("tiotropium") #10: (TI,AB(oral) OR
EMB.EXACT(“oral drug administration”) OR MESH.EXACT.EXPLODE(“Administration, Oral”)) AND (TI,AB(steroid* OR
glucocorticoid* OR corticosteroid* OR glucocosteroid* OR cyclocosteroid* OR beclomethasone OR beclometasone
OR beclamet OR beclocort OR becotide OR betamethasone OR betadexamethasone OR flubenisolone OR celeston*
OR cellestoderm OR betnelan OR oradexon OR dexamethasone OR dexameth OR dexone OR dexametasone OR
decadron OR dexasone OR hexadecadron OR hexadrol OR methylfluorprednisolone OR millicorten OR flunisolide OR
fluticasone OR hydrocortisone OR cortisol OR cortifair OR cortril OR hyrocortone OR cortef OR epicortisol OR
efcortesol OR methylprednisolone OR medrol OR metripred OR urbason OR mometasone OR prednisolone OR
prednisolon OR precortisyl OR deltacortril OR deltastab OR prednesol OR deltasone OR prednisone OR prednison OR
cortan OR paramethasone OR triamcinolone OR aristocort OR volon OR deflazacort OR atolone OR kenacort OR
orasone OR panasol OR prednicen OR azathioprine OR imuran OR “oral gold” OR terbutaline OR brethine OR bricanyl
OR ciclosporin OR neoral OR sandimmune OR methotrexate OR maxtrex OR panafcortelone OR ciclesonide OR
alvesco OR budesonide OR budelin OR pulmicort OR qvar OR “clenil modulate” OR asmabec OR becodisks OR
flixotide OR asmanex) OR EMB.EXACT.EXPLODE(“corticosteroid”) OR MESH.EXACT.EXPLODE(“Adrenal Cortex
Hormones”)) #11: #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10
Asthma & treatment: #12: #1 AND #11;
Study design (RCT): #13: (TI,AB(randomi*ed controlled trial) OR TI,AB(clinical AND (stud* OR trial*) AND (control OR
blind OR random OR randomi*ed))) OR (randomi*ed AND (EMB.EXACT.EXPLODE("controlled clinical trial") OR
MESH.EXACT.EXPLODE("Controlled Clinical Trial"))) OR (EMB.EXACT.EXPLODE("randomized controlled trial") OR
MESH.EXACT.EXPLODE("Randomized Controlled Trial"))
Asthma & treatment & study design: #14: #12 AND #13



Cochrane (CDSR, DARE,
CENTRAL, HTA)

Asthma: #1: asthma:ti,ab,kw #2: MeSH descriptor: [Asthma] #3: #1 OR #2
Treatment: #4: mepolizumab:ti,ab,kw OR bosatria:ti,ab,kw #5: omalizumab:ti,ab,kw OR xolair:ti,ab,kw OR “rhumab-
25”:ti,ab,kw #6: reslizumab:ti,ab,kw OR cinquil:ti,ab,kw #7: benralizumab:ti,ab,kw #8: tralokinumab:ti,ab,kw #9:
lebrikizumab:ti,ab,kw, #10: dupilumab:ti,ab,kw, #11: tiotropium:ti,ab,kw or spiriva:ti,ab,kw OR tiova:ti,ab,kw, #12:
oral:ti,ab and (steroid* or glucocorticoid* or corticosteroid* or glucocosteroid* or cyclocosteroid* or
beclomethasone or beclometasone or beclamet or beclocort or becotide or betamethasone or betadexamethasone
or flubenisolone or celeston* or cellestoderm or betnelan or oradexon or dexamethasone or dexameth or dexone or
dexametasone or decadron or dexasone or hexadecadron or hexadrol or methylfluorprednisolone or millicorten or
flunisolide or fluticasone or hydrocortisone or cortisol or cortifair or cortril or hyrocortone or cortef or epicortisol or
efcortesol or methylprednisolone or medrol or metripred or urbason or mometasone or prednisolone or prednisolon
or precortisyl or deltacortril or deltastab or prednesol or deltasone or prednisone or prednison or cortan or
paramethasone or triamcinolone or aristocort or volon or deflazacort or atolone or kenacort or orasone or panasol
or prednicen or azathioprine or imuran or "oral gold" or terbutaline or brethine or bricanyl or ciclosporin or neoral or
sandimmune or methotrexate or maxtrex or panafcortelone or ciclesonide or alvesco or budesonide or budelin or
pulmicort or qvar or "clenil modulate" or asmabec or becodisks or flixotide or asmanex):ti,ab,kw #13: #4 OR #5 OR #6
OR #7 OR #8 OR #9 OR #10 OR #11 OR #12
Asthma and treatment: #14: #3 AND #10
Study design (RCT): #15: (randomi*ed controlled trial):ti,ab,kw or (clinical and (stud* or trial*) and (control or blind
or random or randomi*ed)):ti,ab,kw or MeSH descriptor: [Randomized Controlled Trial] or (randomi*ed) and MeSH
descriptor:[Controlled Trial])
Asthma & treatment & study design: #16: #14 AND #15

NIHR (ERG reports
Manufacturers submissions)

Asthma: #1: asthma

Conference abstracts
(ATS, ERS, ACCP)

ATS #1: All abstracts from 2012, 2013, 2014,; ERS : #1: All abstracts from 2012, 2013; ACCP: #1: All abstracts from
2012, 2013, 2014



Clinical trial registries (NIH
ClinicalTrials.gov Register,
ANZCTR, ReBec)

NIH: #1: asthma AND (mepolizumab OR bosatria) #2: asthma AND (omalizumab OR xolair) #3: asthma AND
(reslizumab OR cinquil) #4: asthma AND benralizumab #5: asthma AND tralokinumab #6: asthma AND lebrikizumab
#7: asthma AND dupilumab #8: asthma AND (tiotropium OR spiriva OR tiova) #9: asthma AND oral AND (steroid OR
corticosteroid) #10: asthma AND (prednisolone OR prednisolon OR prednisone OR prednison)
ANZCTR: #1: mepolizumab #2: bosatria #3: omalizumab #4: xolair #5: reslizumab #6: cinquil #7: benralizumab #8:
tralokinumab #9: lebrikizumab #10: dupilumab #11: tiotropium #12: Spiriva #13: tiova #14: asthma(as health
condition) AND steroid #15: asthma(as health condition) AND prednisolone #16: asthma(as health condition) AND
prednisone
ReBec: #1: mepolizumab #2: bosatria #3: omalizumab #4: xolair #5: reslizumab #6: cinquil #7: benralizumab #8:
tralokinumab #9: lebrikizumab #10: dupilumab #11: tiotropium #12: Spiriva #13: tiova #14: steroid #15: prednisolone
OR prednisolon #16: prednisone OR prednison

AB, search in abstract; ATS, American Thoracic Society; ANZCTR, Australian New Zealand Clinical Trials Registry; CDSR, Cochrane - systematic reviews; CENTRAL, Cochrane - central register
of controlled trials; DARE, Database of Abstracts of Reviews of Effects; ERG, Evidence Review Group; ERS, European Respiratory Society; EMB, search as Emtree term; HTA, Health
Technology Assessments Database; kw, search in keywords; MESH, search as Mesh term; NIH, National Institutes for Health; NIHR, National Institute for Health Research; ReBec,
Registro Brasileiro de Ensaios Clinicos, TI, search in title.



After the searches were performed, the hits from all databases were combined in one Excel file and
used to remove duplicate records and to record the reasons for inclusion and exclusion. Duplicates
were identified using Excel functions to match titles and authors from different data sources.
The eligibility of all articles was assessed based on pre-specified inclusion and exclusion criteria
applied by two independent researchers in two rounds. For the first selection round, the title and
abstract were evaluated. For the second selection round, full text articles were evaluated if eligibility
remained uncertain after the previous selection round. The eligibility of non-English publications was
assessed based on their English abstracts. For publications without English abstracts, articles were
screened by individuals in the wider search team who spoke the language, or by using an online
translation tool. In case of discrepancies between the two researchers with respect to the final
selection of RCTs, a third reviewer was consulted who would make the final decision on inclusion.
Eligibility criteria are shown below:

Topic Inclusion criteria Exclusion criteria
Population  Patients with asthma with the

following characteristics:
o Age >12 years)
o Severe (or refractory/difficult-to-

treat/persistent/treatment-
resistant/uncontrolled) asthma

 Patients with and without
eosinophilic and allergic asthma
subtypes were included

 Non-humans
 Healthy subjects
 Other (respiratory) diseases

besides asthma
 Age ≤12 years
 Mild/moderate asthmaa

 Studies including patients with
severe asthma, but not reporting
results for this (sub)population

Intervention  Active arm, BSC (ICS/LABA) with:
o Mepolizumab
o Omalizumab
o Reslizumab
o Benralizumab
o Tralokinumab
o Lebrikizumab
o Dupilumab
o Tiotropium
o Maintenance OCS

 Studies not investigating one of the
following treatments in the active
arm:
o Mepolizumab
o Omalizumab
o Reslizumab
o Benralizumab
o Tralokinumab
o Lebrikizumab
o Dupilumab
o Tiotropium
o Maintenance OCS

 Studies investigating the impact of
acute OCS treatment

Comparators  Comparator arm:
o Placebo
o BSC

 Active comparator (mepolizumab,
omalizumab, reslizumab,
benralizumab, tralokinumab,
lebrikizumab, dupilumab, tiotropium,
maintenance OCS)

 Studies not investigating placebo,
BSC or relevant active comparator in
the comparator arm

Outcomes  Publications reporting at least one of
the following outcomes:
o Exacerbations
o Lung function
o Asthma control
o Symptoms

 Publications without at least one of
the relevant endpoints



o Steroid sparing rescue
medication use (OCS/ICS)

o Hospitalizations
o HRQoL (utilities)
o Safety and tolerability

Study design  Double-blind, single-blind and open-
label RCTsb reporting efficacy and/or
safety results (without restriction to
date or language or study duration)

 Systematic reviews including
references to relevant RCTsb

 Non-randomized clinical trials, case
reports

 Systematic reviews discussing only
other trial designs besides RCTs or
not discussing relevant outcomes

 Posters which report no
new/different study outcomes than
the full publication reporting on the
same trial

Language  Publications in all languages were
included

 Not applicable

Timeframe  Conference proceedings from the
last
3 years (2012–2014)

 No time limit was applied to all other
publications and reports

 Conference proceedings older than
3 years (<2012)

aStudies with mild and/or moderate asthma patients were excluded in this review. Studies with patients with
moderate/severe asthma were included, if the majority of the patients had severe asthma (see protocol deviations); bRCT
data were only extracted from publications that report primary results. Systematic reviews were screened for references to
relevant RCTs, but data were not extracted from this source.
BSC, best standard care; HRQoL, health-related quality of life; ICS, inhaled corticosteroid; LABA, long-acting β2-agonist;
OCS, oral corticosteroid; RCT, randomized controlled trial.

Data extraction

An empty Excel data extraction file was developed for one formal review round before the data-
extraction process was started. One researcher extracted the data and a second researcher
independently checked the data extraction forms, in accordance with Centre for Review and
Dissemination guidelines.[55] The second reviewer verified the data extraction file for accuracy and
completeness, by checking if all data presented in the Excel file corresponded directly with what was
presented in the selected articles. Thus the second reviewer did not only review a sample, but
checked all articles.
If article data were presented in a 2D graph, xyExtract software was used to obtain an accurate
estimate of the presented values.
Identified articles were categorized according to the clinical study reference number. Thus in cases
where multiple articles report data from a single study - with no difference in design, methodology
or patient population - these publications were treated as duplicates and all data from the identified
articles were reported under the clinical trial reference number in the data extraction file. In cases
where a subsequent publication provides pooled data across studies, this was treated as a new study
(ie, not included under the clinical trial reference number of pooled studies), and data were
extracted separately.
Reported data for all different subpopulations were inserted in the data extraction file. Relevant
subpopulations were eosinophilic asthma (including low and high eosinophil levels) and different
degrees of severe asthma. The different degrees could defined in terms of the number, type and
severity of exacerbations, including hospitalization for an asthma exacerbation, or according to



published severity guidelines,[1, 56] or according to concomitant treatment received such as
maintenance OCS.
If case outcomes at different time points were reported, all published data were included in the
data-extraction file. In the Excel file a clear differentiation between primary and secondary
outcomes was made. Data from online supplements or appendices were also included.
Quality assessment

After the data-extraction process was completed, a critical appraisal of the quality of the selected
RCTs was performed by a single researcher as per National Institute for Health and Care Excellence
guidelines.[57] Quality assessment was performed by assessing the following questions, adapted
from Centre for Reviews and Dissemination (2008) Systematic Reviews[55]:
Trial no. (acronym) Answers per trial

Was randomization carried out

appropriately?

(yes/no/not clear/N/A)

Was the concealment of treatment

allocation adequate?

(yes/no/not clear/N/A)

Were the groups similar at the outset of the

study in terms of prognostic factors?

(yes/no/not clear/N/A)

Were the care providers, participants and

outcome assessors blind to treatment

allocation?

(yes/no/not clear/N/A)

Were there any unexpected imbalances in

drop-outs between groups?

(yes/no/not clear/N/A)

Is there any evidence to suggest that the

authors measured more outcomes than

they reported?

(yes/no/not clear/N/A)

Did the analysis include an intention-to-

treat analysis? If so, was this appropriate

and were appropriate methods used to

account for missing data?

(yes/no/not clear/N/A)

N/A, not applicable.



Supplementary Appendix B.

Indirect treatment comparison methods

Bayesian modelling

Model specification and assumptions for each outcome type are detailed in the table below.

For the between-trial standard deviation ( ), a uniform distribution with a range of 0 to 0.5–
5 was used. The upper limit of this uniform distribution was determined by comparing the
posterior distribution of to the prior distribution of to ensure that it was sufficiently
different from the prior. If not sufficiently different, this would indicate that the prior is
dominating the data and no posterior updating has taken place. In cases where the prior and
posterior could not be discerned, the upper limit was set to 0.5. Uninformative priors were
used for all other parameters.
Posterior distributions were estimated through Gibbs sampling using 3 chains of 50,000
iterations including a burn-in of 20,000. Estimates (expressed as rate ratio, odds ratio, or
mean difference depending on type of analysis) along with their 95% credible interval (CrI)
were reported.
Convergence assessment was based on visual inspection of trace and autocorrelation plots
and on the Gelman-Rubin-Brooks diagnostic . The accuracy of the posterior
estimates was assessed using the Monte Carlo error (< 5% of the posterior SD) for each
parameter.
To select between fixed- or random-effects, the model with smallest deviance Information

Criterion (DIC) and residual deviance was chosen.



A) Rate data (exacerbation rates) B) Continuous data (lung function) C) Binary outcomes (yes/no) (safety data)

Model A normal distribution for the continuous measure of
the treatment effect of arm k relative to arm 1 in study

j, yjk , with with variance 2
jkσ such that:
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A normal distribution for the continuous measure of the
treatment difference of arm k relative to arm 1 in study j,

yjk , with variance 2
jkσ such that:
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The number of subjects with an event was assumed to follow
a Binomial distribution
The probabilities of success pjk were modelled on the logit
scale:
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Priors

j = study, b= control group (can be treatment A, B, C, k= treatment group (can be B, C, D), jky = effect estimate for treatment k in study j (log of rate-ratio for (A), treatment

difference for (B)),
jk = the underlying outcome for treatment k in study j, jb = odds of an event for ‘baseline’ treatment b in study j , = constant variance of relative effects for

each treatment versus reference treatment A across studies as a reflection of heterogeneity, jbk = difference for treatment k relative to comparator b in study j (log of rate-ratio for

(A), treatment difference for (B), log of odds ratio for (C)), = variance of effect estimate for treatment k in study j,
bkd = pooled difference treatment b relative to reference

treatment k (log of rate-ratio for (A), treatment difference for (B), log of odds ratio for (C)), Akd = pooled difference treatment k relative to reference treatment A (log of rate-ratio for

(A), treatment difference for (B), log of odds ratio for (C)),
Abd = pooled difference treatment b relative to reference treatment A (log of rate-ratio for (A), treatment difference for (B),

log of odds ratio for (C)), jkr =number of events observed for the treatment k in study j, jkn = number of subjects for treatment k in study j, and jkp = probability of an event for

treatment k in study j.



Frequentist modelling

The Bucher method was applied as only two active treatments were indirectly compared (as shown
in (a) below).  The Bucher method requires evidence from each treatment to be combined
separately before calculating the ITC estimate and uncertainty.  Heterogeneity was assessed via test
for heterogeneity where a p-value of <=0.1 was interpreted as some evidence of heterogeneity. In
these instances, random-effects methods were used.

Calculation for each type of outcome is specified as follows:
Rate data (exacerbation rates) Continuous data (lung

function)

Binary outcomes (yes/no) (safety data)

Combin
ing
data
for
each
treatm
ent

Inverse-variance weighting (fixed
effects) or DerSimonian and Laird (DSL)
(random effects) applied to effect
estimate (rate ratio, RR) and standard
error (SE) of ln(RR).

Inverse-variance
weighting (fixed effects)
or DSL (random effects)
applied to effect estimate
(mean difference versus
placebo, ) and standard
error (SE).

Mantel-Haenszel (fixed effects or
random effects) applied to 2x2
contingency tables. Studies where no
events were observed in both arms
were excluded from analysis. For
studies with a zero cell, treatment arm
continuity correction (TACC) was
applied, defined as TCC=k/(R + k),
CCC=R/(R + k) where TCC+CCC=k;
TCC=Treatment group Continuity
Correction; CCC=Control group
Continuity Correction; R=Ratio of group
sizes (Treatment vs. Control group), and
k=Proportionality constant. Where
there was a zero cell in every study for
one treatment, the PETO method was
used.

Indirect
estimat
e

RR = Rate ratio, A = Active treatment 1, B = Active treatment 2, C = Common comparator, SE = standard error, = Mean
difference, OR = Odds ratio



Supplementary data

Table S1. Quality assessment of systematic literature review results

Study Randomization
(Was
randomization
carried out
appropriately?)

Concealment
(Was the
concealment
of treatment
allocation
adequate?)

Similar groups
(Were the
groups similar
at the outset of
the study in
terms of
prognostic
factors?)

Blinding
(Were the care
providers,
participants
and outcome
assessors
blind to
treatment
allocation?)

Drop-outs
(Were there
any
unexpected
imbalances in
drop-outs
between
groups?)

Outcomes
(Is there any
evidence to
suggest that
the authors
measured
more
outcomes
than they
reported?)

ITT (Did the
analysis include
an ITT analysis?
If so, was this
appropriate and
were appropriate
methods used to
account for
missing data?)

Pavord 2012[1] yes yes yes yes no no yes

Dotter 2014[2] yes yes yes yes no no yes

Haldar 2009[3] yes not clear yes yes no no yes

Nair 2009[4] no yes yes yes no no yes

Bel 2014[5] yes yes yes yes no no yes

Ortega 2014[6] yes yes yes yes no no yes

Nair 2014[7] yes yes yes yes no no yes

Holgate 2004[8] not clear not clear yes not clear no no yes

Humbert 2005[9] yes not clear yes yes no no yes

Sthoeger 2007[10] yes not clear not clear not clear no no no

Humbert 2008[11] yes not clear yes yes no yes yes

Hanania 2011[12] yes not clear yes yes no no yes

Hanania 2013 [13] yes not clear yes yes no no yes

Bardelas 2012[14] not clear yes yes not clear no no yes

Busse 2001[15] not clear not clear yes not clear yes no yes

Finn 2003[16] not clear not clear yes not clear yes yes yes



Study Randomization
(Was
randomization
carried out
appropriately?)

Concealment
(Was the
concealment
of treatment
allocation
adequate?)

Similar groups
(Were the
groups similar
at the outset of
the study in
terms of
prognostic
factors?)

Blinding
(Were the care
providers,
participants
and outcome
assessors
blind to
treatment
allocation?)

Drop-outs
(Were there
any
unexpected
imbalances in
drop-outs
between
groups?)

Outcomes
(Is there any
evidence to
suggest that
the authors
measured
more
outcomes
than they
reported?)

ITT (Did the
analysis include
an ITT analysis?
If so, was this
appropriate and
were appropriate
methods used to
account for
missing data?)

Lanier 2003[17] not clear not clear yes not clear yes yes yes

Garcia 2013[18] not clear yes yes yes no no yes

Mohamed 2013[19] not clear not clear not clear not clear not clear no not clear

Chanez 2010[20] not clear yes yes yes no no yes

Massanari 2010[21] not clear yes yes yes yes no yes

Ohta 2009[22] not clear not clear yes not clear yes no yes

Ayres 2004[23] not clear no yes no not clear yes yes

Niven 2008[24] not clear no yes no not clear no no

Bousquet 2011[25] yes no yes no yes no yes

Siergiejko 2011[26] yes no yes no not clear no yes

Hoshino 2012[27] not clear no yes no no no yes

Rubin 2012[28] not clear no yes no no yes yes

Solèr 2001[29] not clear not clear yes not clear yes no yes

Buhl 2002[30] not clear not clear yes not clear yes yes yes

Buhl 2002[31] not clear not clear yes not clear yes yes yes

Milgrom 1999[32] not clear not clear yes not clear no no no

eXplore (NCT00670930)[33] not clear yes not clear not clear no no yes

Bousquet 2004[34] not clear not clear no not clear yes no no

Busse 2013[35] yes yes yes yes no no yes

Vignola 2004[36] not clear not clear yes not clear yes no yes



Study Randomization
(Was
randomization
carried out
appropriately?)

Concealment
(Was the
concealment
of treatment
allocation
adequate?)

Similar groups
(Were the
groups similar
at the outset of
the study in
terms of
prognostic
factors?)

Blinding
(Were the care
providers,
participants
and outcome
assessors
blind to
treatment
allocation?)

Drop-outs
(Were there
any
unexpected
imbalances in
drop-outs
between
groups?)

Outcomes
(Is there any
evidence to
suggest that
the authors
measured
more
outcomes
than they
reported?)

ITT (Did the
analysis include
an ITT analysis?
If so, was this
appropriate and
were appropriate
methods used to
account for
missing data?)

Piper 2013[37] yes not clear yes not clear no no yes

Corren 2011[38] yes yes yes yes no no yes

Hanania 2014[39] not clear not clear not clear not clear not clear no not clear

Castro 2011[40] yes yes yes yes yes no yes
Mathur 2011[41] not clear not clear not clear not clear not clear not not clear

Wenzel 2013[42] not clear not clear yes yes yes no yes

Corren 2013[43] not clear not clear not clear not clear not clear no not clear

Bernstein 2013[44] not clear not clear not clear not clear not clear no not clear

Kerstjens 2012[45] yes yes yes yes no no yes

Dahl 2013[46] not clear not clear not clear not clear not clear no not clear

Dahl 2014[47] not clear not clear not clear not clear not clear no not clear

Vandewalker 2013[48] not clear not clear yes not clear no no yes

Kerstjens 2011[49] yes yes yes yes not clear no not clear

Bel 2014[50] yes yes yes yes not clear no not clear

Castro 2014[51] yes yes no yes no yes yes

Castro 2015[52] not clear not clear not clear yes not clear no not clear

Castro 2015[53] yes not clear yes yes no yes yes

Feshchenko 2014[54] not clear not clear not clear yes not clear no not clear

Hanania 2015[55] yes not clear yes yes no yes not clear

Ohta 2014 [56] not clear not clear not clear yes no no not clear



Study Randomization
(Was
randomization
carried out
appropriately?)

Concealment
(Was the
concealment
of treatment
allocation
adequate?)

Similar groups
(Were the
groups similar
at the outset of
the study in
terms of
prognostic
factors?)

Blinding
(Were the care
providers,
participants
and outcome
assessors
blind to
treatment
allocation?)

Drop-outs
(Were there
any
unexpected
imbalances in
drop-outs
between
groups?)

Outcomes
(Is there any
evidence to
suggest that
the authors
measured
more
outcomes
than they
reported?)

ITT (Did the
analysis include
an ITT analysis?
If so, was this
appropriate and
were appropriate
methods used to
account for
missing data?)

Kerstjens 2014[57] not clear not clear not clear yes not clear no not clear

Kerstjens 2014[58] not clear not clear not clear yes not clear no not clear

Maspero 2014[59] not clear not clear not clear yes not clear no not clear

Nowak 2015[60] yes not clear no yes yes no yes

Price 2014[61] not clear not clear not clear yes not clear no not clear

Price 2014[62] not clear not clear not clear yes not clear no not clear

Tashkin 2014[63] yes not clear not clear yes not clear no not clear

Murphy 2014[64] not clear not clear not clear yes not clear no not clear
ITT, Intent-to-treat,



Table S2. Assessment of systematic literature search retrieved RCTs for ITC inclusion

MEPO studies retrieved by SLRa

Study name/reference

Outcome of eligibility

Assessment: ITC inclusion

Details of eligibility assessment per base case ITC inclusion criteria: MEPO studies

Population/intervention Comparator Study design Outcomes

MEPO-

eligibleb

patients

treated

with:

OMA-

eligiblec

patients

Patients

aged

≥12

years

Current

Tx of

≥1000 µg

BDP-

equiv.

ICS/day

≥1

controller

Exac.

history

(≥1 in

previous

year)d

Placebo plus

SoC, or SoC

alone

RCT

Stable

dosing

regime

n

Double-

blind

≥1 ITC-

relevant

endpoint

Prima

ry

analys

is

+ open-

label

studies

+ MEPO

75 mg IV

data 100

mg

SC

75

mg

IV

‘MENSA’ Ortega, 2014[6] YES YES YES Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes

‘DREAM’ Pavord, 2012[1] NO NO YES No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Nair, 2009[4] NO NO NO No No No Yes Yes Yes Yes Yes Yes Yes Yes

Haldar, 2009[3] NO NO NO No No No Yes Yes Yes Yes Yes Yes Yes Yes

‘SIRIUS’ Bel, 2014[5] NO NO NO Yes No Yes Yes Yes

Yes -

subset

only

Yes Yes No Yes Yes

Bel, 2015[50] NO NO NO Secondary publication; assessment identical to main publication

Nair, 2014[7] NO NO NO Editorial, assessment identical to primary publications



OMA studies retrieved by SLR

Study name/reference

Outcome of eligibility

Assessment: ITC inclusion

Details of eligibility assessment per base case ITC inclusion criteria: OMA studies

Population/intervention Comparator Study design Outcomes

Prima

ry

analys

is

+ open-

label

studies

+ MEPO

75 mg IV

data

OMA-

eligiblec

patients

Patients

aged ≥12

years

Current Tx of

≥1000 µg

BDP-equiv.

ICS/day

Exac. history

(≥1 in

previous

year)d

Placebo plus

SoC, or SoC

alone

RCT

Stable

dosing

regimen

Double

-blind

≥1 ITC-

relevant

endpoint

‘INNOVATE’ Humbert,

2005[9]
YES YES YES Yes Yes Yes Yes Yes Yes Yes Yes Yes

Sthoeger, 2007[10] YES YES YES Secondary publication; assessment identical to main publication

Humbert, 2008[11] YES YES YES Secondary publication; assessment identical to main publication

Chanez, 2010[20] YES YES YES Yes Yes Yes Yes Yes Yes Yes Yes Yes

‘EXTRA’ Hanania 2011[12] YES YES YES Yes Yes Yes Yes Yes Yes Yes Yes Yes

Hanania, 2013[13] YES YES YES Secondary publication; assessment identical to main publication

Bousquet, 2011[25] NO YES YES Yes Yes Yes Yes Yes Yes Yes No Yes

Siergiejko, 2011[26] NO YES YES Secondary publication; assessment identical to main publication

Holgate, 2004[8] NO NO NO Yes Yes Yes No Yes Yes Yes Yes Yes

Ayres, 2004[23] NO NO NO Yes Yes No Yes Yes Yes Yes No Yes

Niven, 2008[24] NO YES YES Yes Yes Yes Yes Yes Yes Yes No Yes

Bardelas, 2012[14] NO NO NO Yes Yes No No Yes Yes Yes Yes Yes

Busse, 2001[15] NO NO NO Yes Yes No No Yes Yes Yes Yes Yes

Finn, 2003[16] NO NO NO Secondary publication; assessment identical to main publication



Yes = pass base-case ITC inclusion criterion; No = fail primary ITC analysis inclusion criterion.
aPrimary mepolizumab studies were also informed by clinical study reports; bMepolizumab eligibility was defined as severe eosinophilic asthma (blood eosinophil count
≥150 cells/μL at treatment initiation or ≥300 cells/μL in the prior 12 months) and a history of exacerbations; cOMA eligibility is based on patients fulfilling the criteria for ≥1 OMA license; for

MEPO studies, this criterion is necessary only for the Overlap population; dthis is the less restrictive exacerbation history criteria applied for the Trial population. To identify studies included in
the Overlap population a stricter criterion of ≥2 OCS-treated exacerbation or ≥1 severe exacerbation resulting in hospitalization in previous 12 months was applied. This criterion is used to

identify ‘MEPO eligible’ populations at the study level in OMA studies; eMohamed 2013 is a pooled analysis of two excluded studies; Busse 2001 and Solèr 2001.
BDP, beclomethasone dipropionate; IV, intravenous; ICS, inhaled corticosteroid; ITC, indirect treatment comparison; MEPO, mepolizumab; OMA, omalizumab; RCT, randomized clinical trial;
SC, subcutaneous; SLR, systematic literature review; SoC, standard of care; TX, treatment.

Lanier, 2003[17] NO NO NO Secondary publication; assessment identical to main publication

Garcia, 2013[18] NO NO NO No Yes Yes Yes Yes Yes Yes Yes Yes

Hoshino, 2012[27] NO NO NO Yes Yes Yes No Yes Yes Yes No Yes

Massanari, 2010[21] NO NO NO Yes Yes No No Yes Yes No Yes No

Ohta, 2009[22] NO NO NO Yes Yes No No Yes Yes Yes Yes Yes

Rubin, 2012[28] NO NO NO Yes Yes Yes No Yes Yes Yes No Yes

Solèr, 2001[29] NO NO NO Yes Yes No No Yes Yes Yes Yes Yes

Buhl, 2002[30] NO NO NO Secondary publication; assessment identical to main publication

Buhl, 2002[31] NO NO NO Secondary publication; assessment identical to main publication

Bousquet, 2004[34] NO NO NO Secondary publication; assessment identical to main publication

Mohamed, 2013[19] NO NO NO Secondary publication; assessment identical to main publicationse

Milgrom, 1999[32] NO NO NO No Yes No No Yes Yes Yes Yes Yes

eXplore (NCT00670930)[33] NO NO NO Yes Yes No No Yes Yes Yes Yes No

Busse, 2013[35] NO NO NO Yes Yes No Yes Yes Yes Yes Yes Yes

Vignola, 2004[36] NO NO NO Yes Yes No Yes Yes Yes Yes Yes Yes



Table S3. Study and population inclusion criteria for the ITC Overlap and Extended overlap population

ITC population

Disease criteria Treatment eligibility criteriaa, b

MEPO eligibility OMA Eligibility
Disease and current

treatment
Exacerbation

history MEPO RCTs
(IPD available)

OMA RCTs
(aggregate RCT

data only)

MEPO RCTs
(IPD available)

OMA RCTs
(aggregate RCT

data only)
Overlap population
Patient population that
is eligible for both
MEPO and OMA

Severe asthma
patients aged

≥12 years taking
≥1,000 µg/day BDP-
equivalent ICS plus

≥1 additional
controller

≥2 exacerbations
(requiring SCS) OR

≥1 severe
exacerbation

(requiring
hospitalization) in

previous 12 months

Required

Based on blood eosinophil
count inclusion criteria in

MEPO RCTs: blood
eosinophil count

≥150 cells/μL at treatment
initiation or ≥300 cells/μL

in prior
12 months

Required

Based on OMA RCTs that
included patients meeting

disease criteria

Required

Sub-group of MEPO
patients that met EU OMA
license criteria: based on

weight, IgE levels and
positive RAST

Required

OMA RCTs that included
patients meeting EU OMA

license

Extended overlap
population
Patient population that
reduces RCT
exacerbation history
requirements from the
Overlap Population

≥1 exacerbation in
the previous

12 months (defined
as treatment with

SCS or asthma
hospitalization or
asthma ED visit)

Required

(As per Overlap
population)

Required

(As per Overlap
population)

Required

(As per Overlap
population)

Required

(As per Overlap
population)

aCriteria additional to disease criteria; bdefinition of treatment eligibility differs for MEPO and OMA studies, due to data availability. MEPO eligibility in OMA studies was proxied using
exacerbation history requirements at enrollment.
BDP, beclomethasone dipropionate; ED, emergency department; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IPD, individual patient-level data; ITC, indirect treatment comparison;
MEPO, mepolizumab; OMA, Omalizumab; RAST, radioallergosorbent test; RCT, randomized controlled trial; SCS, systemic corticosteroids.



Table S4. Summary of the results of the Frequentist analysis for Overlap and Trial populationa

ITC population ITC outcome
Favors MEPO

Point estimate (95% Crl)

Favors OMA

Point estimate (95% Crl)

Overlap population

Rate of clinically significant exacerbations RR 0.67 (0.37, 1.120) –

Rate of exacerbations requiring hospitalization RR 0.20 (0.02, 2.40) –

Change from baseline in % predicted FEV1 – Mean Diff. -0.94 (-6.31, 4.44)

Proportion of patients with any AE OR 0.79 (0.32, 1.94) –

Proportion of patients with any SAE OR 0.46 (0.13, 1.71) –

Proportion of patients withdrawing due to an AE OR 0.07 (0.0, 1.122) –

Proportion of patients with fatal AE Analysis could not be conducted

Trial population

Rate of clinically significant exacerbations RR 0.64 (0.45, 0.90) –

Rate of exacerbations requiring hospitalization RR 0.58 (0.16, 2.17) –

Change from baseline in % predicted FEV1 Mean Diff. 0.26 (-3.61, 4.13) –

Proportion of patients with any AE OR 0.79 (0.45, 1.40) –

Proportion of patients with any SAE OR 0.68 (0.33, 1.43) –

Proportion of patients withdrawing due to an AE OR 0.13 (0.01, 1.25 –

Proportion of patients with fatal AE OR 1.0 (0.0, 256.5)
aITC inclusion criteria – study design: parallel-group RCT; double-blind study; RCT duration ≥ 12 weeks; where a protocol-driven change in ICS/OCS maintenance dosage is implemented, only
those data from periods prior to the change may be included in the ITC; at least one pre-defined and comparable outcome can be extracted or calculated from the available RCT data;
interventions/comparators: MEPO 100 mg SC plus SoC; OMA doses compatible with local licensed/reimbursed OMA prescribing criteria; SoC, or placebo plus SoC;
AE, adverse event; Crl, credible interval; Diff., difference; FEV1, forced expiratory volume in 1 second; ICS , inhaled corticosteroid; ITC, indirect treatment comparison; MEPO, mepolizumab;
OCS, oral corticosteroid; OMA, omalizumab; OR, odds ratio; RCT, randomized controlled trial; RR, rate ratio; SAE, serious adverse event; SC, subcutaneous; SoC, standard of care.



Table S5. Summary of the results of the Bayesian sensitivity analysisa for Overlap and Trial population

ITC population ITC outcome
Favors MEPO

Point estimate (95% Crl)

Favors OMA

Point estimate (95% Crl)

Overlap population

Rate of clinically significant exacerbations RR 0.97 (0.66, 1.43) –

Rate of exacerbations requiring hospitalization – RR 1.35 (0.34, 5.33)

Change from baseline in % predicted FEV1 – Mean Diff. -0.13 (-4.29, 4.03)

Proportion of patients with any AE – OR 1.56 (0.77, 3.12)

Proportion of patients with any SAE OR 0.91 (0.36, 2.32) –

Proportion of patients withdrawing due to an AE OR 0.13 (0.0,1, 1.12) –

Proportion of patients with fatal AE Analysis could not be conducted

Trial population

Rate of clinically significant exacerbations RR 0.80 (0.41, 1.61) –

Rate of exacerbations requiring hospitalization – RR 1.11 (0.47, 2.65)

Change from baseline in % predicted FEV1 Mean Diff. 0.65 (-2.65, 3.96) –

Proportion of patients with any AE OR 0.93 (0.35, 2.71) –

Proportion of patients with any SAE OR 0.67 (0.39, 1.15) –

Proportion of patients withdrawing due to an AE OR 0.15 (0.03, 0.56) –

Proportion of patients with fatal AE OR 0.6 (0.004, 88.53)
aITC inclusion criteria – parallel-group RCT; double-blind or open-label RCTs; RCT duration ≥ 12 weeks; where a protocol-driven change in ICS/OCS maintenance dosage is implemented, only
those data from periods prior to the change may be included in the ITC; at least one pre-defined and comparable outcome can be extracted or calculated from the available data;
interventions/comparators: MEPO 100 mg SC plus SoC; MEPO 75 mg IV plus SoC; OMA doses compatible with local licensed/reimbursed OMA prescribing criteria;
SoC, or placebo plus SoC.
AE, adverse event; Crl, credible interval; Diff., difference; FEV1, forced expiratory volume in 1 second; ICS , inhaled corticosteroid; ITC, indirect treatment comparison; IV, intravenous; MEPO,
mepolizumab; OCS, oral corticosteroid; OMA, omalizumab; OR, odds ratio; RCT, randomized controlled trial; RR, rate ratio; SAE, serious adverse event; SC, subcutaneous; SoC, standard of
care.



Table S6. Summary of the results of the Bayesian analysisa for the Extended overlap population

ITC population ITC outcome
Favors MEPO

Point estimate (95% Crl)

Favors OMA

Point estimate (95% Crl)

Extended overlap population

Rate of clinically significant exacerbations RR 0.66 (0.39, 1.11) –

Rate of exacerbations requiring hospitalization RR 0.19 (0.02, 2.32) –

Change from baseline in % predicted FEV1 – Mean Diff. -0.98 (-6.35, 4.36)

Proportion of patients with any AE OR 0.68 (0.28, 1.60) –

Proportion of patients with any SAE OR 0.38 (0.09, 1.28) –

Proportion of patients withdrawing due to an AE OR 0.07 (0.00, 1.17) –

Proportion of patients with fatal AE Analysis could not be conducted

aITC inclusion criteria – study design: parallel-group RCT; double-blind study; RCT duration ≥ 12 weeks; where a protocol-driven change in ICS/OCS maintenance dosage is implemented, only
those data from periods prior to the change may be included in the ITC; at least one pre-defined and comparable outcome can be extracted or calculated from the available RCT data;
interventions/comparators: MEPO 100 mg SC plus SoC; OMA doses compatible with local licensed/reimbursed OMA prescribing criteria; SoC, or placebo plus SoC;
AE, adverse event; Crl, credible interval; Diff., difference; FEV1, forced expiratory volume in 1 second; ICS , inhaled corticosteroid; ITC, indirect treatment comparison; MEPO, mepolizumab;
OCS, oral corticosteroid; OMA, omalizumab; OR, odds ratio; RCT, randomized controlled trial; RR, rate ratio; SAE, serious adverse event; SC, subcutaneous; SoC, standard of care.



Figure S1. Conceptual diagram of overlap and trial ITC populations

This is an illustrative diagram, not intended to accurately represent the relative size of the patient groups
identified.
ITC, indirect treatment comparison; MEPO, mepolizumab; OMA, omalizumab; SCS, systemic corticosteroids.
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