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ARTICLE INFO ABSTRACT

Keywords: Background: Currently, five biologic treatment options are available for use in patients with uncontrolled
Asthma persistent asthma: three interleukin (IL)-5 antagonists, which either bind to the anti-IL-5 ligand (mepolizumab,
Biol9gics reslizumab) or to the IL-5 receptor (benralizumab); one anti-immunoglobulin E (anti-IgE) therapy (omalizumab);
ED;:clilrlII; i]ijons and one anti-IL-4/IL-13 therapy (dupilumab). To date, no comparative data from head-to-head clinical trials are
FEV, available for these biologics.

Objective: An indirect treatment comparison (ITC) of dupilumab versus each of the anti-IL-5 and anti-IgE ther-
apies using the endpoints of annualized severe asthma exacerbation rates and change in pre-bronchodilator
forced expiratory volume in 1 s (FEVy).

Methods: Embase®, MEDLINE®, and Cochrane Central Register of Controlled Trials (CENTRAL) were searched
for studies published between January 1, 1980 and March 25, 2019. Eligible articles included randomized
controlled trials (RCTs) in patients aged > 12 years with persistent/uncontrolled asthma using at least medium-
to-high dose inhaled corticosteroid plus long-acting po-agonist with add-on biologic therapy. Bucher ITCs were
performed to compare subgroups of dupilumab patients with the anti-IL-5s and anti-IgE trial populations.
Results: Fourteen RCTs were included in the analyses. The matched dupilumab subgroups were associated with
greater reductions in annualized severe exacerbation rates compared with benralizumab, mepolizumab, resli-
zumab, and omalizumab (54%, 28%, 38%, and 26% greater reduction, respectively). A greater improvement in
FEV; was also observed for dupilumab at week 12 and/or week 24/52 than for the other biologics (0.06-0.14 L).
Conclusion: In this ITC, dupilumab was associated with lower severe asthma exacerbation rates and greater
improvements in lung function than anti-IL-5s and omalizumab.

Lung function

airway, the production of immunoglobulin E (IgE) [4], and the release of
several pro-inflammatory cytokines, including interleukin (IL)-4 and
IL-13. The latter mediate pathophysiologic changes (such as mucus
hypersecretion barrier dysfunction and airway remodeling) that account

1. Introduction

Asthma affects approximately 339 million people worldwide [1]. It is
a complex disease characterized by airway inflammation, variable
airway obstruction, and hyperresponsiveness [2]. The underlying
pathogenesis varies across endotypes, but is associated with type 2 in-
flammatory responses in the majority of patients [3]. Type 2 responses
include recruitment of eosinophils, mast cells, and basophils to the

for the major clinical features of the disease. IL-4 and IL-13 also play a
central role in comorbid conditions caused by type 2 inflammation (such
as nasal polyposis, atopic dermatitis, and allergic rhinitis), commonly
encountered in patients with asthma [5]. The presence of these co-
morbid conditions is associated with worse asthma control, greater use
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Abbreviations

ATS American Thoracic Society

CI confidence interval

CSR clinical study report

EAACI  European Academy of Allergy and Clinical Immunology

EMA European Medicines Agency
EOS eosinophil
FDA US Food and Drug Administration

FEV,; forced expiratory volume in 1 s
GINA Global Initiative for Asthma
ICS inhaled corticosteroid

IgE immunoglobulin E

IL interleukin

ITC indirect treatment comparison

ITT intent-to-treat

LABA long-acting ps-agonist

NICE National Institute for Health and Care Excellence

NR not reported

0OCSs oral corticosteroid

PICOS Population, Intervention, Comparison, Outcome, Study
design

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RCT randomized controlled trial
SD standard deviation
SLR systematic literature review

of healthcare resources, and decreased health-related quality of life [6].

Approximately 5-10% of patients with asthma have severe disease, i.
e. disease that remains uncontrolled despite Global Initiative for Asthma
(GINA) Steps 4 to 5 medications [7]. All currently approved biologic
add-on treatments for uncontrolled moderate-to-severe asthma target
components of the type 2 inflammatory pathway [8].

Therapies that antagonize IL-5 either bind directly to the anti-IL-5
ligand (anti-IL-5s; mepolizumab, reslizumab) or to the IL-5 receptor
(IL-5Ra; benralizumab) [9-11], whereas anti-immunoglobulin E (anti--
IgE; omalizumab) works by binding to IgE, and down-regulates FceRI on
mast cells and basophils, making them less responsive to allergen
stimulation [12].

Dupilumab is a fully human monoclonal VelocImmune®-derived
antibody [13,14], which blocks the shared receptor component for IL-4
and IL-13, key drivers of type 2 inflammation in multiple diseases [15].
Thus, dupilumab is the first-in-class anti-IL-4/IL-13 biologic that targets
type-2 inflammation more broadly [15].

Approved indications for use of biologics in asthma are largely based
on the phenotypic features of the patients recruited in the pivotal clin-
ical trials with each biologic treatment. These features were to some
extent determined by the putative mechanism of action of each biologic
treatment. Thus, anti-IL-5 and IL-5Ra therapies are approved for treat-
ment of severe asthma with an eosinophilic phenotype [16-18], and
omalizumab for moderate-to-severe allergic asthma [19]. The in-
dications for dupilumab are somewhat broader but differ in different
jurisdictions. In the USA, dupilumab is approved as an add-on mainte-
nance treatment for patients aged >12 years with moderate-to-severe
asthma with an eosinophilic phenotype or who have oral
corticosteroid-dependent asthma [20]. In Japan, the Pharmaceuticals
and Medical Devices Agency has approved dupilumab for use in patients
with severe or refractory asthma whose symptoms are inadequately
controlled with existing therapy [21]. In the EU, dupilumab is approved
for severe asthma with type 2 inflammation characterized by raised
blood eosinophils and/or raised fractional exhaled nitric oxide, which is
inadequately controlled with high-dose inhaled corticosteroid (ICS) plus
another medicinal product for maintenance treatment [22]. The 2019
GINA pocket guide recommends dupilumab as add-on treatment for
patients (>12 years of age) with severe eosinophilic or type 2 asthma
that is uncontrolled on high-dose ICS plus long acting po-agonist (LABA)
or requires maintenance oral corticosteroids (OCS) [23]. Dupilumab is
also approved for the treatment of patients with inadequately
controlled, moderate-to-severe atopic dermatitis, aged >12 years in the
USA [20], and for adults in the EU [22] and other countries [24-26]. In
the USA, dupilumab is additionally approved as an add-on maintenance
treatment for adults with inadequately controlled chronic rhinosinusitis
with nasal polyps [20].

Although each biologic treatment has been shown to be efficacious
versus standard of care, including ICS plus additional controllers, the

absence of head-to-head comparative trials, and the diversity of
approved indications complicates the selection of treatment for indi-
vidual patients. The mode of action of each treatment alone is not a
sufficient basis on which to make this choice. An alternative approach is
to consider the results of indirect treatment comparisons (ITCs) that
examine the comparative efficacy of each treatment for selected key
endpoints in cohorts of patients with the same well-defined selected
clinical and inflammatory phenotypes. Such ITCs can provide useful
comparative evidence [27], which is required by some policymakers
[28].

The aim of the ITCs performed in this study was to compare annu-
alized severe asthma exacerbation rates and pre-bronchodilator forced
expiratory volume in 1 s (FEV;) or percent predicted FEV1, as applicable,
for dupilumab versus anti-IL-5s (benralizumab, mepolizumab, reslizu-
mab) and anti-IgE (omalizumab) biologics among patients with uncon-
trolled, persistent asthma and similar inflammatory phenotypes.

2. Methods
2.1. Evidence base

A systematic literature review (SLR) was conducted following rec-
ommended methods described in the Cochrane Handbook for Systematic
Reviews of Intervention [29], the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [30], and the National Institute
for Health and Care Excellence (NICE) guidelines manual [31].

Searches were conducted in Embase® (via OvidSP), MEDLINE® (via
OvidSP), and Cochrane Central Register of Controlled Trials (CENTRAL;
via Wiley) for articles in English published from January 1, 1980 to
March 25, 2019. Searches were also conducted for recent (2015-2019,
inclusive) conference proceedings published by the American Thoracic
Society (ATS) and the European Academy of Allergy and Clinical
Immunology (EAACI). Additional searches of trial registries, journals,
reference lists, and industry submissions were conducted.

The PICOS (Population, Intervention, Comparison, Outcome, Study
design) criteria were used to establish the evidence base for the analyses;
randomized controlled trials (RCTs), conducted in patients (age > 12
years) with persistent/uncontrolled asthma using at least medium-to-
high dose ICS plus LABA with add-on biologic treatment that reported
annualized severe exacerbation rates and/or lung function were
included.

Risk of bias was assessed for all publications identified in the SLR.

2.2. Feasibility assessment of conducting ITC

All available studies identified during the SLR were examined for
comparability of study design, patient populations, outcomes of interest,
and durations of follow-up. Additionally, key treatment effect modifiers
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were assessed to identify the studies and subgroups relevant for inclu-
sion in the ITC. Clinical expert opinion was sought to confirm that the
selected effect modifiers were appropriate and comprehensive. Finally,
the findings from the feasibility assessment were used to determine
which statistical approach (Bayesian network meta-analysis, Bucher
ITC, matching adjusted, or simulated treatment comparison) would be
the most appropriate and efficient methodology for conducting a valid
analysis. In order to facilitate the ITCs, dupilumab subgroups were
created to match the patient inclusion criteria used in the comparator
biologic trials.

To make these ITCs applicable to clinical practice, all dupilumab
subgroups selected for the ITCs were required to be within the scope of
dupilumab’s United States Food and Drug Administration (US FDA) or
European Medicines Agency (EMA) indication in asthma. For this
reason, in the comparison of dupilumab versus omalizumab, the eosin-
ophilic subgroups of dupilumab with >1 perennial aeroallergen-specific
IgE >0.35 kU/L and IgE 30-700 IU/mL was considered and compared
with omalizumab’s eosinophilic subgroup. The skin-prick test, used for
the diagnosis of allergic asthma, was not administered in the dupilumab
trials. The criteria of >1 perennial aeroallergen-specific (Alternaria
tenuis/alternata, Cladosporium herbarum (Hormodendrum), Aspergillus
fumigatus, cat dander, Dermatophagoides farinae, Dermatophagoides pter-
onyssinus, dog dander, German cockroach, and Oriental cockroach) IgE
> 0.35 kU/L and IgE 30-700 IU/mL was used as a proxy to identify the
subgroup of dupilumab patients for comparison with omalizumab
(Table 1 summarizes the criteria used to identify dupilumab subgroups
which were comparable to the comparator biologics of interest).

2.3. ITC methods

Bucher ITCs were performed using the Metafor package in R 3.3.0.
Using frequentist meta-analysis, a pooled treatment effect was estimated
for each biologic by pooling the estimates of treatment effects from all
studies of the same biologic. Next, treatment effects were compared
between biologic treatments by using estimates of the relative effects
derived from the pairwise comparisons through a common comparator
(e.g. placebo) [32].

When more than one study was available for comparison, analyses
were based on random effect models, while fixed effect models were
used in cases where pairwise meta-analysis was not possible (i.e. if only
a single study was available per comparison).

Results of the Bucher ITCs were presented as the mean estimate of
the relative effect (rate ratio for annualized severe exacerbation, mean

Table 1
Identification of dupilumab subgroups for indirect treatment comparisons.
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difference for change in FEV; (at weeks 12 and 24), or change in percent
predicted FEV; (at weeks 24 and 52), along with 95% confidence in-
tervals (CIs). Statistical heterogeneity between the same comparisons
was evaluated using the I? statistic, and sensitivity analyses were con-
ducted, when applicable.

3. Results
3.1. SLR and feasibility assessment results

The SLR identified 6646 records (excluding duplicates). After title/
abstract and full-text screening, and feasibility assessment, 14 RCTs
were deemed eligible for inclusion in the ITC (Fig. 1).

Findings from the feasibility assessment illustrated that the intent-to-
treat (ITT) trial population of dupilumab was broader than that of the
anti-IL-5 and IL-5Ra therapies and included patients with >1 perennial
aeroallergen-specific IgE > 0.35 kU/L and total IgE > 30 IU/mL (see
Table E1 in the online repository). Due to differences across the biologic
therapies with regard to study design and ITT population characteristics,
it was determined that using the “pairwise” Bucher ITC would be the
most appropriate analytical approach. To adjust for the differences in
population characteristics, the pairwise ITCs used subgroups of patients
from the dupilumab ITT trial population which were comparable to
patients treated with corresponding biologic treatments in terms of key
treatment-effect modifiers.

Table E1 in the online repository summarizes the trials included in
the ITCs, while Table E2 in the online repository outlines the definitions
of severe exacerbations across the trials. Table E3A-D in the online re-
pository presents the baseline characteristics of dupilumab subgroups
and patients included in the corresponding comparator biologic trials in
terms of key treatment effect modifiers, including age, eosinophil
(EOS)/IgE level, prior exacerbations, ICS dose, and FEV; reversibility.

A qualitative assessment of the baseline characteristics of dupilumab
subgroups and patients treated with the corresponding comparator bi-
ologics suggests that the study data used in the ITCs were balanced for
the key treatment effect modifiers.

3.2. Results of the efficacy analyses
3.2.1. Comparisons of annualized severe asthma exacerbations

Table E4A-D in the online repository presents the severe exacerba-
tion rates by individual dupilumab subgroups and comparator arms.

Dupilumab ICS + LABA baseline Baseline blood eosinophil count or serum total IgE level at Severe exacerbations in  Age, % of asthma phase 2b
subgroup concentration baseline previous year, n years study (DRI) or QUEST
ITT population, n/N
(%)
Compared with Medium/high Blood eosinophils > 300 cells/pL >2 >12 QUEST: 439/1902
benralizumab (23.1)
DRI: 100/465 (21.5)
Compared with Medium/high Blood eosinophils > 400 cells/pL >1 >18 QUEST: 556,/1902
reslizumab (29.2)
DRI: 128/465 (27.5)
Compared with High Blood eosinophils > 150 cells/pL >2 >12 QUEST: 406/1902
mepolizumab (21.3)
DRI: 112/465 (24.0)
Compared with Medium/high Allergic asthma (serum total IgE level 30-700 IU/mL and >1 >1 >12 QUEST: 300/1902
omalizumab® perennial aeroallergen-specific IgE [> 0.35 kU/L]) and baseline (15.8)

blood eosinophils > 300 cells/puL

DRI: 84/465 (18.1)

ICS, inhaled corticosteroid; IgE, immunoglobulin E; ITT, intent-to-treat; LABA, long-acting p»-agonist.

@ Skin-prick test not conducted in dupilumab trials. Total IgE and aeroallergen-specific IgE were used as a proxy for allergic asthma. Aeroallergen-specific IgE
included Alternaria tenuis/alternata IgE; Cladosporium herbarum/Hormodendrum IgE; Aspergillus fumigatus IgE; cat dander IgE; Dermatophagoides farinae IgE; Dermato-
phagoides pteronyssinus IgE; dog dander IgE; German cockroach IgE; and Oriental cockroach IgE. Sensitivity analysis also presented for allergic subgroups (IgE 30-700
IU/mL and >1 perennial aeroallergen-specific IgE > 0.35 kU/L) without eosinophil restriction.



E.D. Bateman et al.

Respiratory Medicine 191 (2022) 105991

Records identified through Records identified through
database searching grey literature sources
N =9,630 N=23
N A 4

Records after duplicates removed

PICOS descriptions N = 6,646

Population: Patients with persistent,

uncontrolled, moderate-to-severe

asthma A

Intervention: Dupilumab Records screened R Records excluded

N = 6,646 N = 5,685

Comparators: IL-5s (benralizumab,

reslizumab, mepolizumab) and

Omalizumab

Outcomes: Annualized severe ! Full-text articles excluded

asthma exacerbation rates; FEV, with reasons

Full-text publications assessed for N =835
Study type: Randomized clinical trials eligibility » Wrong publication type: 28
N =961 Study design: 32
Population: 368
Intervention: 214
Comparison: 1
3 Outcomes: 126
Not English: 3
Full-text publications included in feasibility Duplicate publication: 53
assessment for approved biologic Wrong Publication date cutoff: 10
therapies/biologics
N =126
(85 unique trials)

Publication included in SLR but excluded during
v feasibility assessment for ITC: N = 22 (21 trials)

Dose examined not approved: 7 publication for

7 trials (Wenzel et al 2013; Haldar et al 2009;

Park et al 2016; Milgrom 1999, Castro 2014,

Kips 2003, and Nair 2009)

Patient population outlier: 3 publication for 3 trials

Studies included in (Garcia 2013, Chanez 2010, Bardelas 2012)
quantitative analysis Outcomes for ITC not reported: 7 publication for
N =104 7 trials (Study 008, Study 009, SOLAR,

A 4

(14 unique trials) Holgate 2004, Ohta 2009, Pasha 2014, Li 2016)

Open-label RCT: 5 publication for 4 trials

14 trials from SLR . .
. QUALITX, Hoshino 2012, Ayres 2004/Niven 2008,
1 Clinical study report (QUEST) EEXALT Bousquet 2011) Y

Clinical study report
N=1

A

Fig. 1. PICOS criteria and flow diagram of articles for inclusion in the SLR and ITC.
CSR, clinical study report; FEV 4, forced expiratory volume in 1 s; IL, interleukin; ITC, indirect treatment comparison; PICOS, Population, Intervention, Comparison,
Outcome, Study design; RCT, randomized controlled trial; SLR, systemic literature review.

3.2.1.1. Dupilumab subgroup versus benralizumab. Dupilumab (200 mg 3.2.1.2. Dupilumab subgroup versus mepolizumab. Dupilumab (200 mg
and/or 300 mg) was associated with a significantly lower severe exac- and/or 300 mg) was associated with a significantly lower severe exac-
erbation rate compared with benralizumab (exacerbation rate ratio erbation rate compared with mepolizumab (exacerbation rate ratio

0.46; 95% CI 0.32-0.67) (Fig. 2A).

0.72; 95% CI 0.57-0.92) (Fig. 2B).
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@
Random-effects

rate ratio (95% CI)
Benralizumab g8w vs placebo

Benralizumab - CALIMA, high ICS (487)
Benralizumab - CALIMA, medium ICS (96)
Benralizumab - SIROCCO, high ICS (534)
Direct meta-analysis

0.71(0.58, 0.86]
0.46 [0.24, 0.86]
049 [0.40, 0.59]
057 [0.43, 0.74]

Dupilumab 200 mg vs placebo
Dupilumab - DRI (64)
Dupilumab - QUEST (217)
Direct meta-analysis

0.37[0.15,0.92]
0.25[0.18, 0.35]
0.26[0.19, 0.36]

Dupilumab 300 mg vs placebo
Dupilumab - DRI (70)
Dupilumab - QUEST (222)
Direct meta-analysis

0.20(0.07,0.57]
0.26[0.19, 0.37]
0.26(0.19, 0.35]

Dupilumab 200 mg vs benralizumab q8w
Bucher indirect comparison 0.46(0.32, 0.66]
Dupilumab 300 mg vs benralizumab q8w
Bucher indirect comparison 0.45 [0.30, 0.65]
Dupilumab 200/300 mg vs placebo
Dupilumab - DRI

Dupilumab - QUEST

Direct meta-analysis

0.28[0.13, 0.58]
026(0.21,0.33)
026 [0.21,0.33]

Dupilumab 200/300 mg vs benralizumab q8w

Bucher indirect comparison 046032, 0.67]

®)
Random-effects
rate ratio (95% CI)

Mepolizumab vs placebo

Mepolizumab - DREAM (308)
Mepolizumab - MENSA (576)
Mepolizumab - MUSCA (551)
Direct meta-analysis

052(0.43, 0.62]
051042, 0.61]
0.42[0.32, 0.56]
0.50 [0.44, 0.56]

Dupilumab 200 mg vs placebo
Dupilumab - DRI (70)
Dupilumab - QUEST (199)
Direct meta-analysis

0.47 [0.20, 1.07]
033(0.24,0.44]
0.34(0.26, 0.45)

Dupilumab 300 mg vs placebo
Dupilumab - DRI (79)
Dupilumab - QUEST (207)
Direct meta-analysis

0.46 [0.22, 0.98]
0.38[0.28, 0.53]
0.39(0.29, 0.53]

Dupilumab 200 mg vs mepolizumab
Bucher indirect comparison 068 [0.50, 0.93]
Dupilumab 300 mg vs mepolizumab
Bucher indirect comparison o 0.79(0.58, 1.09]
Dupilumab 200/300 mg vs placebo
Dupilumab - DRI

Dupilumab - QUEST

Direct meta-analysis

0.46 (0.24, 0.88]
0.35[0.28, 0.43]
0.36[0.29, 0.44]

Dupilumab 200/300 mg vs mepolizumab

Bucher indirect comparison 0.72[0.57,0.92]

©
Random-effects

rate ratio (95% Cl)

Reslizumab gdw vs placebo

Reslizumab - BREATH (3082 & 3083) (953) 0.46 [0.41, 0.52]
Dupilumab 200 mg vs placebo
Dupilumab - DRI (91)
Dupilumab - QUEST (278)
Direct meta-analysis

0.29(0.13, 0.63]
0.27[0.20, 0.37)
0.27 (0.20, 0.36]

Dupilumab 300 mg vs placebo
Dupilumab - DRI (82)
Dupilumab - QUEST (278)
Direct meta-analysis

0.09[0.02, 0.39)
0.33[0.25, 0.45]
0.21(0.06,0.73)

Dupilumab 200 mg vs reslizumab qdw
Bucher indirect comparison 0.58(0.43, 0.80]
Dupilumab 300 mg vs reslizumab qdw
Bucher indirect comparison f 0.45[0.13, 1.58]
Dupilumab 200/300 mg vs placebo
Dupilumab - DRI

Dupilumab - QUEST

Direct meta-analysis

020(0.10, 0.42]
030(0.24,0.37]
0.29(0.23, 0.36]

Dupilumab 200/300 mg vs reslizumab qéw

Bucher indirect comparison 0.62[0.48, 0.79)

Favors dupilumab Favors comparator

Fig. 2. Annualized severe exacerbation rate: (A) dupilumab (200 mg and/or
300 mg) vs benralizumab q8w; (B) dupilumab (200 mg and/or 300 mg) vs
mepolizumab; and (C) dupilumab (200 mg and/or 300 mg) vs reslizumab q4w.
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3.2.1.3. Dupilumab subgroup versus reslizumab. Dupilumab (200 mg
and/or 300 mg) was associated with a significantly lower severe exac-
erbation rate compared with reslizumab (exacerbation rate ratio 0.62;
95% CI 0.48-0.79) (Fig. 2C).

Sample sizes of subgroups used in analysis are given in parentheses.
Lower bound of confidence interval (CI) for DRI dupilumab 300 mg vs
placebo goes beyond the range of the x-axis in part A and is denoted by a
left arrow. q4w, every 4 weeks; q8w, every 8 weeks.

3.2.1.4. Dupilumab subgroup versus omalizumab. The severe exacerba-
tion rate in the dupilumab (200 mg and/or 300 mg) eosinophilic sub-
group with >1 perennial aeroallergen-specific IgE > 0.35 kU/L and total
IgE 30-700 IU/mL was not statistically significantly lower than in the
omalizumab’s eosinophilic subgroup (exacerbation rate ratio 0.74; 95%
CI 0.50-1.10) (Fig. 3). Since omalizumab’s label population is broader
than its eosinophilic subgroup, a sensitivity analysis was performed by
comparing omalizumab’s ITT population with the dupilumab subgroup
without eosinophil criteria, that is, with only >1 perennial aeroallergen-
specific IgE >0.35 kU/L and total IgE 30-700 IU/mL criteria. In this
sensitivity analysis, the dupilumab (200 mg and/or 300 mg) subgroup
was not statistically significantly lower than omalizumab (exacerbation
rate ratio 0.73; 95% CI 0.38-1.42).

Sample sizes of subgroups used in analysis are given in parentheses.
Allergic: total immunoglobulin E (IgE) 30-700 IU/mL and >1 perennial
aeroallergen-specific IgE > 0.35 kU/L. Lower bound of confidence in-
terval (CI) for DRI dupilumab 300 mg vs placebo goes beyond the range
of the x-axis and is denoted by a left arrow.

3.2.2. Comparisons of pre-bronchodilator FEV; or percent predicted FEV;

Table 5A-H in the online repository presents the changes in FEV; (L)
from baseline by individual treatment arms for the subgroup
comparisons.

3.2.2.1. Dupilumab subgroup versus benralizumab. Dupilumab (200 mg
and/or 300 mg) was associated with a statistically significantly greater
improvement in FEV; compared with benralizumab at week 12 (mean
difference 0.12 L; 95% CI 0.02-0.22) and week 24 (mean difference
0.11 L; 95% CI 0.01-0.21) (Fig. 4A).

3.2.2.2. Dupilumab subgroup versus mepolizumab. The improvement in
FEV; with dupilumab (200 mg and/or 300 mg) at week 12 and at week
24 were not statistically significantly greater compared with mepolizu-
mab (0.08 L; 95% CI —0.08 to 0.24; and 0.09 L; 95% CI —0.05 to 0.24)
respectively (Fig. 4B).

3.2.2.3. Dupilumab subgroup versus reslizumab. At week 12, improve-
ment in FEV; with dupilumab (200 mg and/or 300 mg) was not statis-
tically significantly greater compared with reslizumab (0.08 L; 95% CI
—0.02 to 0.18). However, at week 24 improvement in FEV; was statis-
tically significantly greater with dupilumab versus reslizumab (0.14 L;
95% CI 0.04-0.24) (Fig. 4C).

3.2.2.4. Dupilumab subgroup versus omalizumab. The improvement in
percent predicted FEV; with dupilumab (200 mg and/or 300 mg)
eosinophilic subgroup with >1 perennial aeroallergen-specific IgE >
0.35 kU/L and total IgE 30-700 IU/mL compared with omalizumab’s
eosinophilic subgroups was not statistically significantly greater at week
24 (mean difference 2.91%; 95% CI —0.83 to 6.64), but was statistically
significantly greater at week 52 (mean difference 6.83%; 95% CI
2.86-10.81) compared with omalizumab’s eosinophilic subgroups
(Fig. 5). Similar to the sensitivity analysis performed for the outcome of
annualized exacerbation rates, improvement in FEV; from BL to week 24
in the omalizumab’s ITT population was compared with dupilumab’s
subgroup without the eosinophil criteria. In this sensitivity analysis,
improvement in FEV; for dupilumab was not statistically significantly



E.D. Bateman et al.

Respiratory Medicine 191 (2022) 105991

Random-effects
rate ratio (95% ClI)

Omalizumab 150-375 mg vs placebo
Omalizumab - EXTRA (414) —— 0.68 [0.52, 0.89]
Omalizumab - INNOVATE (245) —— 0.61[0.38, 0.98]
Direct meta-analysis —— 0.66 [0.52, 0.84]
Dupilumab 200 mg vs placebo
Dupilumab - DRI (51) n 0.58[0.16, 2.19]
Dupilumab - QUEST (151) — 0.57[0.33, 0.99]
Direct meta-analysis —a— 0.57[0.34, 0.99]
Dupilumab 300 mg vs placebo
Dupilumab - DRI (64) < = 0.31[0.09, 1.13]
Dupilumab - QUEST (149) —a— 0.43[0.24, 0.76]
Direct meta-analysis —a— 0.41 [0.24, 0.69]
Dupilumab 200 mg vs omalizumab 150-375 mg
Bucher indirect comparison —a— 0.86 [0.49, 1.51]
Dupilumab 300 mg vs omalizumab 150-375 mg
Bucher indirect comparison —a— 0.61[0.35, 1.09]
Dupilumab 200/300 mg vs placebo
Dupilumab - DRI —_—— 0.42[0.17,1.07]
Dupilumab - QUEST —— 0.50 [0.36, 0.70]
Direct meta-analysis —— 0.49 [0.36, 0.68]
Dupilumab 200/300 mg vs omalizumab 150-375 mg
Bucher indirect comparison —— 0.74[0.50, 1.10]
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Fig. 3. Annualized severe exacerbation rate in allergic and eosinophilic subgroup: dupilumab (200 mg and/or 300 mg) vs omalizumab’s eosinophilic subgroup.

greater at week 24 (mean difference 0.06 L; 95% CI —0.04 to 0.17)
compared with omalizumab.

4. Discussion

This is the first pairwise ITC that comprehensively evaluates the
RCTs of biologics for uncontrolled persistent asthma with respect to
study design, trial populations, and specified outcomes in order to
identify which RCTs should be included in the comparative analysis.
Previously reported ITCs [33-37] had several methodologic limitations,
some of which were acknowledged by their authors. In our analysis, we
attempted to address these limitations. In the ITC reported by Busse
et al., one landmark trial (i.e. the DREAM trial for mepolizumab) with a
52-week follow-up period was excluded [37]. The inclusion of RCTs
with longer follow-up is especially important for the
exacerbation-related outcomes. Annualizing exacerbation data from
short-term trials is less accurate than using exacerbation data collected
over the entire year, which accounts for seasonal variations in exacer-
bations [38]. Cockle et al. did not include the DREAM and MUSCA trials
in their analysis [34]. In the study conducted by Iftikhar et al. [36], only
limited data were included for dupilumab since the pivotal phase 3 trial
data [39] were not available at the time. In addition, Iftikhar et al.
applied network meta-analysis to compare heterogeneous trial pop-
ulations [36], a limitation that we addressed by using a pairwise ITC
approach.

This is the first ITC that includes all relevant RCT data for dupilumab
and other biologics. Our ITC included data for mepolizumab 75 mg

administered intravenously, evaluated in the DREAM and MENSA
studies, since this dose of mepolizumab is considered to be bioequivalent
to the 100 mg administered subcutaneously [40]. Results from our ITC
are consistent with findings from the Institute of Clinical and Economic
Review, an independent non-partisan research organization, which used
network meta-analysis to compare all biologics in an eosinophilic sub-
group and showed a greater exacerbation rate reduction and greater
lung function improvement for dupilumab versus all the comparators
[41].

Although some biologic treatments have demonstrated improve-
ments in lung function, our systematic literature review ascertained that
not all RCTs of omalizumab [42], reslizumab [43,44], and mepolizumab
[45,46] demonstrated a consistent and clinically meaningful effect of
these drugs on lung function. In contrast, treatment with dupilumab has
consistently shown improvements in lung function across phase 2 and 3
studies. The effect of dupilumab on lung function is observed as early as
week 2, is sustained over the entire duration of the trials, and tends to
increase over time (up to 52 weeks in the study by Castro et al.) [39,47].

As presented in the results, dupilumab’s allergic and eosinophilic
subgroup was compared with omalizumab’s eosinophilic subgroup to
ensure that all data presented in this analysis were within the scope of
dupilumab’s US FDA and EMA indications. Although this approach
limits the breadth of omalizumab data that could be included in the ITC,
it should be noted that the 2019 GINA guidelines specify that omalizu-
mab may have greater efficacy in a high eosinophil count subgroup [8].
Therefore, selection of omalizumab’s eosinophilic subgroup is not ex-
pected to introduce any bias against omalizumab.
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Dupilumab - QUEST —a— 0.11[0.03,0.19] Dupilumab - QUEST — 0.12[0.02,0.22)
Direct meta-analysis — . 0.15[0.04, 0.27] Direct meta-analysis — 0.18[0.04, 0.31]
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Dupilumab 200/300 mg vs placebo Dupilumab 200/300 mg vs placebo
Dupilumab - DRI —. 0.22[0.05, 0.39] Dupilumab - DRI —a 0.26 [0.09, 0.42]
Dupilumab - QUEST —a 0.25[0.18,0.32) Dupilumab - QUEST - 0.24[0.7,0.32)
Direct meta-analysis —. 0.25[0.18, 0.31] Direct meta-analysis —.— 0.25[0.18, 0.31]
Dupilumab 200/300 mg vs reslizumab qdw Dupilumab 200/300 mg vs reslizumab qdw
Bucher indirect comparison 4. 0.08 [0.02, 0.18] Bucher indirect comparison —. 0.14[0.04, 0.24]
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Fig. 4. Change in FEV; (L) from baseline: (A) dupilumab (200 mg and/or 300 mg) vs benralizumab at weeks 12 and 24; (B) dupilumab (200 mg and/or 300 mg) vs
mepolizumab at weeks 12 and 24; and (C) dupilumab (200 mg and/or 300 mg) vs reslizumab at weeks 12 and 24. Left shows data for week 12 and on the right data

for week 24.

CI, confidence interval; FEV;, forced expiratory volume in 1 s; 4w, every 4 weeks; q8w, every 8 weeks.
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Direct meta-analysis —. 4.60[0.95, 8.25]
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Dupilumab - QUEST (141) — 7.71[3.31, 12.11]
Direct meta-analysis — 7.29[3.56, 11.02]
Dupilumab 200 mg vs omalizumab 150-375 mg Dupilumab 200 mg vs omalizumab 150-375 mg
Bucher indirect comparison — 1.63 [-2.76, 6.03] Bucher indirect comparison e — 5.51[0.53, 10.49]
Dupilumab 300 mg vs omalizumab 150-375 mg Dupilumab 300 mg vs omalizumab 150-375 mg
Bucher indirect comparison - 4.32[-0.14,8.79] Bucher indirect comparison —. 8.41(3.18, 13.64]
Dupilumab 200/300 mg vs placebo Dupilumab 200/300 mg vs placebo
Dupilumab - DRI 1 5.81 [-0.52, 12.13] Dupilumab - QUEST —— 7.63 [4.43, 10.83]
Dupilumab - QUEST —. 5.89 [2.88, 8.91]
Direct meta-analysis —.— 5.88 [3.16, 8.60]
200/300 mg vs 150-375 mg 200/300 mg vs 150-375 mg
Bucher indirect comparison R 2.91(-0.83, 6.64] Bucher indirect comparison —. 6.83 [2.86, 10.81]
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Fig. 5. Change in percent predicted FEV; from baseline: the allergic and eosinophilic subgroup dupilumab (200 mg and/or 300 mg) vs omalizumab’s eosinophilic

subgroup (A) at week 24 and (B) week 52.

Allergic: total immunoglobulin E (IgE) 30-700 IU/mL and >1 perennial aeroallergen-specific IgE > 0.35 kU/L. CI, confidence interval; FEV, forced expiratory

volume in 1 s.

Dupilumab reduces asthma exacerbations, and improves asthma
control, lung function, and asthma-related quality of life, even in the
allergic subgroup of patients with IgE >700 IU/mL [48]. This subgroup
is currently not included in omalizumab’s label, and no corresponding
data exist for omalizumab to support an ITC versus dupilumab in this
subgroup.

Finally, the consistency of exacerbation and lung function results
observed in the dupilumab subgroups used in the ITC might be related to
the mechanism of action of dupilumab. The broader impact of dupilu-
mab on type 2 inflammation by targeting IL-4 and IL-13 seems to
improve efficacy across the allergic and eosinophilic phenotypes. Inhi-
bition of IL-4/IL-13 reduces IgE production, as well as reducing IL-5,
eotaxin-3, tissue eosinophilia, and production of inflammatory media-
tors by mast cells, thereby impacting many facets of the type 2 response
[49,50].

Although this ITC assesses efficacy outcomes of exacerbations and
lung function to inform decision-makers, it should be noted that several
additional factors may contribute to treatment related decision-making.
These factors include, but are not limited to, mode of administration (e.
g. subcutaneous or intravenous), place of treatment administration (at
home or in the physician’s office), frequency of administration, and
presence of type 2 comorbidities. Additionally, although the compara-
bility of clinical studies of biologics was evaluated with respect to their
study designs, trial populations, and specified outcomes in order to
identify which trials should be included in the ITC, this analysis has a
number of limitations. First, although we attempted to match the key
inclusion criteria of all comparator trials when identifying dupilumab
subgroups, some differences in trial populations still remained. For
example, no maintenance OCS treatment use was allowed in the trial
populations of QUEST and DRI, whereas trials of all other biologics
allowed use of maintenance OCS at baseline. However, exacerbation
reduction and FEV; improvement observed in the OCS-dependent pa-
tient population study of dupilumab (i.e. VENTURE [51]) were consis-
tent with QUEST, and there was no difference in the efficacy of
mepolizumab between patients who did and did not use OCS in either
DREAM or MENSA. The definition of asthma exacerbation in clinical
trials of anti-IL-5/IL-5Rs and dupilumab was generally consistent and
included worsening of asthma symptoms that required use of systemic
corticosteroids for 3 days or more or an emergency department/urgent

care visit, or inpatient admission. However, in the EXTRA and INNO-
VATE trial of omalizumab, asthma exacerbation was defined as wors-
ening of asthma symptoms requiring treatment with systemic
corticosteroids, without any clarification on the duration of OCS use or
place of treatment. Secondly in identifying dupilumab’s allergic sub-
group, the presence of >1 perennial aeroallergen-specific IgE to com-
mon inhaled allergens was used as a proxy, since skin-prick testing was
not performed in any of the dupilumab trials. Furthermore, we were
unable to exactly match dupilumab subgroups to the populations from
the mepolizumab studies, since different time periods were used for the
evaluation of baseline eosinophil counts. It should also be noted that
data from anti-IL, anti-IL-5R, and omalizumab studies were mostly
available for their ITT populations; hence, a comparison of sub-groups of
comparator biologics (rather than the ITT populations) versus dupilu-
mab was not feasible due to lack of comprehensive published informa-
tion on such sub-groups of the comparator biologics.

Patient-reported outcomes, such as asthma control and health status,
are important in assessing the impact of treatments in asthma. We were
unable to include these outcomes in our analysis due to the lack of data
or lack of consistency in the patient-reported outcome questionnaires
used in trials of the different biologic treatments. Similarly, comparisons
of safety outcomes were not feasible due to differences in definitions of
adverse events and serious adverse events across the trials.

This analysis did not compare the biologics in the OCS-dependent
patient population. This was mainly because only a single trial with
limited sample size exists for each of the three biologics (dupilumab,
benralizumab, and mepolizumab). Additionally, matching the key in-
clusion criteria to identify comparable dupilumab subgroups would
further reduce the sample size and the ability to conduct a robust
analysis.

Finally, it should be noted that the data included in this analysis
comes from randomized clinical trials and may not be generalizable to
real-life clinical practice. Further research is needed to analyze the dif-
ferences among treatments in a real-world situation.

5. Conclusions

The results of this ITC suggest that among comparable patient pop-
ulations, dupilumab was associated with statistically significantly lower
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annualized severe asthma exacerbation rates compared with benrali-
zumab, mepolizumab, and reslizumab. Additionally, dupilumab was
associated with statistically significantly greater improvement in lung
function compared with benralizumab and reslizumab (at week 24) and
omalizumab (at week 52). However, reduction in annualized severe
asthma exacerbation rates and improvements in lung function for
dupilumab were not statistically significant versus omalizumab and
mepolizumab, respectively.

In the absence of any head-to-head trials, our analysis may be useful
to clinicians and decision-makers considering these treatments for pa-
tients with uncontrolled persistent asthma.

Data sharing statement

Qualified researchers may request access to patient level data and
related study documents including the clinical study report, study pro-
tocol with any amendments, blank case report form, statistical analysis
plan, and dataset specifications. Patient level data will be anonymized
and study documents will be redacted to protect the privacy of our trial
participants. Further details on Sanofi’s data sharing criteria, eligible
studies, and process for requesting access can be found at: http://www.
clinicalstudydatarequest.com/

Originality and clinical relevance of paper

Currently, five biologic treatment options are available for use in
patients with uncontrolled persistent asthma: three interleukin (IL)-5
antagonists, which either bind to the anti-IL-5 ligand (mepolizumab,
reslizumab) or to the IL-5 receptor (benralizumab); one anti-
immunoglobulin E (anti-IgE) therapy (omalizumab); and one anti-IL-
4/1L-13 therapy (dupilumab). To date, no comparative data from
head-to-head clinical trials are available for these biologics. There is also
no indirect treatment comparison study for all five biologics to guide the
selection of treatment for individual patients. The inclusion criteria of
different biologics differed widely, which could lead to false conclusions
if compared without adjusting for these. This study compares the out-
comes of five products in comparable populations. In the absence of the
head-head clinical trials, the results of the study may provide useful
additional information for practitioners in deciding on treatment.
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