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ABSTRACT (279 words; 300-word limit)

Background: Oral corticosteroid (OCS) treatment for severe asthma is associated 

with substantial disease burden. Thus, OCS dosage reduction is desirable. Relative 

efficacy of biologics in reducing OCS treatment for severe, uncontrolled asthma is not 

fully characterised. 

Objective: We performed matching-adjusted indirect comparison (MAIC) to assess the relative 

effects on OCS treatment reduction of three biologic asthma treatments.

Methods: In MAIC of benralizumab vs. mepolizumab and vs. dupilumab, patient-level data from 

the Phase III benralizumab OCS-sparing trial, ZONDA, were weighted to match treatment effect–

modifying patient characteristics in comparator trials.

Results: After matching adjustment, mean difference between benralizumab and mepolizumab for 

OCS reduction was 6.08% (95% CI −22.22–34.38; p=0.67) by week 24, and odds ratio of OCS 

elimination was 2.32 (95% CI 0.48–11.15; p=0.29). A trend in annual asthma exacerbation rate 

reduction favouring benralizumab over mepolizumab was observed, although it was not 

statistically significant (rate ratio [RR]=0.56 [95% CI 0.28–1.13; p=0.11]). Mean difference 

between benralizumab and dupilumab for OCS reduction was −0.71% (95% CI −20.56–19.15; 

p=0.94), and odds ratio of OCS elimination was 2.26 (95% CI 0.52–9.84; p=0.28). A non-

significant trend in annual asthma exacerbation rate reduction favouring benralizumab over 

dupilumab was observed (RR=0.50 [95% CI 0.20–1.28; p=0.15]). Effective sample size was 49% 

(72 vs. 148) and 25% (36 vs. 142) of original sample size for MAIC of benralizumab vs. 

mepolizumab and benralizumab vs. dupilumab, respectively.

Conclusions & Clinical Relevance: Following patient baseline characteristics matching across, 

benralizumab demonstrated comparable efficacy comparable to mepolizumab and dupilumab for 

OCS dosage reduction, OCS elimination, and annual exacerbation rate reduction. Comparatively 

low effective sample sizes indicated substantial differences for patient populations between 

ZONDA and mepolizumab and dupilumab trials.A
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INTRODUCTION 

Patients with severe asthma have substantial disease burden and are susceptible to frequent 

exacerbations.1,2 This burden is even greater for patients receiving maintenance treatment with 

oral corticosteroids (OCS) who may experience increased risk of chronic comorbidities including 

type 2 diabetes mellitus, osteoporosis, and cataracts; neuropsychiatric effects including insomnia 

and depression; as well as infections and cardiovascular, metabolic, and gastrointestinal 

complications.3–5 For patients who initiated short-term or maintenance treatment with systemic 

corticosteroids (SCS) followed over a median of more than 7 years, increasing cumulative SCS 

exposure resulted in greater risk of potentially life-changing adverse outcomes, even for some 

patients with cumulative exposure of only 0.5–<1 g.3 Reduction of OCS exposure is therefore an 

important treatment goal for patients with severe OCS-dependent asthma.

OCS-sparing potential has been demonstrated by three biologics approved for treatment of severe 

asthma: benralizumab, an interleukin (IL)-5 receptor alpha–directed cytolytic monoclonal 

antibody; mepolizumab, an anti–IL-5 monoclonal antibody; and dupilumab, a monoclonal 

antibody that inhibits IL-4 and IL-13.6–11 In the ZONDA clinical trial (NCT02075255),7 

benralizumab treatment enabled patients with severe, uncontrolled OCS-dependent asthma and 

baseline blood eosinophil counts ≥150 cells/µL to achieve and maintain asthma control while 

reducing OCS dosage. Following an 8-week OCS optimisation phase, benralizumab 30 mg was 

administered subcutaneously every 4 weeks (Q4W) or every 8 weeks (Q8W; first three doses 

Q4W). Median OCS dosage reduction from baseline was 75% with benralizumab vs. 25% with 

placebo (p<0.001). Moreover, benralizumab Q8W treatment resulted in a 70% reduction in annual 

exacerbation rate vs. placebo (p<0.001).7 The SIRIUS clinical trial (NCT01691508)6 compared 

mepolizumab 100 mg Q4W with placebo for patients with severe asthma and eosinophil counts 

≥300 cells/µL in the year before screening or ≥150 cells/µL during the 3–8-week OCS dosage 

optimisation phase. Median OCS reduction from baseline was 50% with mepolizumab vs. 0% 

with placebo (p=0.007). Mepolizumab treatment was also associated with a 32% reduction in 

mean annual exacerbation rate vs. placebo (p=0.04).6 In the LIBERTY ASTHMA VENTURE trial 

(NCT02528214),8 the optimisation phase was 16 weeks long, with dosage reduction possible A
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every 4 weeks. Dupilumab treatment (300 mg administered subcutaneously every 2 weeks) was 

associated with a least squares mean reduction in OCS dosage of 70.1% with dupilumab vs. 41.9% 

with placebo (p<0.001) for patients with severe asthma. There was also a 59% reduction in annual 

exacerbation rate with dupilumab vs. placebo (95% confidence interval [CI] 37–74).8

Although these data are useful to clinicians, data comparing the OCS-sparing potential of 

benralizumab, mepolizumab, and dupilumab would be even more helpful in interpreting 

comparative efficacy for patients with severe asthma receiving OCS maintenance treatment. 

However, there have been no head-to-head trials with these treatments. 

Indirect treatment comparison (ITC) via matching-adjusted indirect comparison (MAIC) allows 

for comparison of treatments across clinical trials.12,13 MAIC is an accepted methodology that has 

been used to compare biologics for multiple sclerosis,14 psoriasis,12 haemophilia,15 multiple 

myeloma,16 and asthma.17 In our recent MAIC analysis of studies identified by a systematic 

literature review, benralizumab and mepolizumab were comparable for reduction of annual asthma 

exacerbation rates after weighted adjustment of baseline population characteristics. Benralizumab 

had a slightly greater effect on forced expiratory volume in 1 second (FEV1), but this was not 

statistically significant at all time points.17

MAIC is a population-adjusted ITC designed to reduce bias by matching patient-level data from 

clinical trials of one treatment with aggregate data reported for comparator trials.8 Treatment 

effect–modifying variables that differ across studies are used to weight patient-level data for one 

treatment to approximate the characteristics of patients from the comparator trial. For example, 

patients with exacerbation rates similar to the aggregate rate of the comparator population are 

weighted more heavily when modelling study outcomes, similar to a propensity score. Patients 

who are substantially different from the comparator population have less weight on the outcome. 

Therefore, this matching adjustment can simulate results as they would be if the same patient 

population had been used to assess the compared treatments.8

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

This second publication in a series of MAIC analyses of data for patients with severe, uncontrolled 

asthma compares benralizumab with mepolizumab and with dupilumab for effects on mean 

percentage of OCS dosage reduction, patients who achieved elimination of OCS treatment, and 

annualized exacerbation rate.
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METHODS

Overview

This MAIC analysis followed guidance for well-designed, population-adjusted ITCs.10 The 

systematic literature review (conducted August 2016) and study selection were described.14 Two 

OCS-sparing studies, ZONDA and SIRIUS,6,7 were identified but not included in the previous 

analysis because of differences in study design compared with other trials.14 A third OCS-sparing 

study, LIBERTY ASTHMA VENTURE,8 published after August 2016, was also identified. These 

three studies assessed OCS dosage reduction for patients treated with benralizumab (ZONDA), 

mepolizumab (SIRIUS), and dupilumab (LIBERTY ASTHMA VENTURE).6‒8 We examined all 

three therapies at their indicated dosages for patients with asthma, which meant that only the 

benralizumab Q8W arm of the ZONDA trial was included in this analysis. Only patients receiving 

high-dosage inhaled corticosteroids (ICS), defined according to benralizumab studies (fluticasone 

propionate or equivalent >500 µg/day), are presented in this analysis. Trial characteristics are 

summarised in Appendix 1, Table S1.

Data Analysis

Benralizumab was compared with mepolizumab and with dupilumab for three outcomes: OCS 

dosage reduction (at 24 weeks and at the end of the trial), percentage of patients able to eliminate 

OCS treatment at 24 weeks, and annual rate of clinically significant exacerbations. End-of-trial 

values were from week 28 for ZONDA and week 24 for SIRIUS and LIBERTY ASTHMA 

VENTURE. Odds ratios for elimination of OCS treatment were calculated based on the overall 

trial populations, not just the subsets of patients eligible for complete OCS reduction based on 

baseline OCS dosage. Annual rates of clinically significant exacerbations were estimated as rate 

ratios for active treatments vs. placebo.

All analyses were conducted with SAS Version 9.1 (SAS Institute Inc., Cary, NC, USA) and R 

Version 3.0.3 (R Foundation for Statistical Computing, Vienna). 

Matching-Adjusted Indirect Comparison Analysis

We compared study population differences between ZONDA7 and SIRIUS6 and between ZONDA 

and LIBERTY ASTHMA VENTURE8 as well as differences in variables known to modify A
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treatment effects. Study arms included patients receiving benralizumab 30 mg Q8W or placebo in 

ZONDA, patients receiving mepolizumab 100 mg Q4W or placebo in SIRIUS, and patients 

receiving dupilumab 300 mg every 2 weeks or placebo in LIBERTY ASTHMA VENTURE. 

Patients in ZONDA were then weighted to reflect the treatment effect–modifying characteristics in 

the comparator populations. An anchoring method was used for population-adjusted indirect 

comparisons18 (Appendix 2, Figure S1). Matching variables were selected for their clinical and 

statistical importance in explaining variability in the outcomes of interest and their demonstrated 

imbalance between ZONDA and SIRIUS or LIBERTY ASTHMA VENTURE. Success of 

weighting techniques was assessed by comparing adjusted baseline characteristics for patients in 

ZONDA with characteristics of populations from SIRIUS and LIBERTY ASTHMA 

VENTURE.17,18

Data adjustments 

ZONDA7 individual patient data were weighted based on relevant aggregate baseline 

characteristics from SIRIUS or LIBERTY ASTHMA VENTURE. Variables were adjusted with a 

logistic propensity score model that was conditional on the identified treatment-effect modifiers. 

Individuals were weighted by the inverse of their propensity scores (Appendix 3, Supplemental 

Methods).13 For comparison between ZONDA and SIRIUS, an additional sensitivity analysis was 

performed after including two additional variables (history of omalizumab use and Asthma 

Control Questionnaire 5 [ACQ-5] score) to assess robustness of the model. For each treatment 

comparison, we determined the effective sample size (ESS).13 

Treatment Comparisons

Relative treatment effects of benralizumab vs. mepolizumab and vs. dupilumab were estimated 

with standard ITC methodologies.19 Treatment differences for each active treatment compared 

with placebo were used to derive the anchored ITCs for the outcomes 

in this MAIC analysis.

Variability Assessment

To identify important variability across study methods, we examined study characteristics 

including sample size and patient selection criteria (Appendix 1, Table S1). All patients in 

ZONDA, SIRIUS, and LIBERTY ASTHMA VENTURE were receiving maintenance OCS A
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treatment at study baseline. Details for baseline ICS dosage across these populations was deemed 

irrelevant, as the effect of ICS treatment would be overtaken by the effect of OCS treatment. 

Therefore, only one definition of high-dosage ICS was considered for the analysis of OCS-sparing 

trials: fluticasone propionate or equivalent >500 µg daily.

Evidence networks were generated from the benralizumab ZONDA trial and the mepolizumab 

SIRIUS trial for placebo-anchored comparison of benralizumab vs. mepolizumab, and from the 

ZONDA trial and the dupilumab LIBERTY ASTHMA VENTURE trial for placebo-anchored 

comparison of benralizumab vs. dupilumab8 (Appendix 2, Figure S1).
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RESULTS

Benralizumab vs. Mepolizumab

Study design and baseline characteristics

The ZONDA and SIRIUS studies were broadly similar in overall design, inclusion/exclusion 

criteria, trial setting, blinding procedures (Appendix 1, Table S1), and patient characteristics 

(Table 1). The blood eosinophil count inclusion criteria differed between trials (ZONDA: ≥150 

cells/µL; SIRIUS: ≥150 cells/µL at baseline or ≥300 cells/µL in the past year), resulting in a 

greater mean baseline eosinophil count for patients in ZONDA (583 cells/µL) vs. SIRIUS 

(381 cells/µL) (Table 2). ZONDA inclusion criteria included use of OCS therapy equivalent to 

prednisolone or prednisone 7.5–40.0 mg/day.7 In SIRIUS, the range was 5–35 mg/day.6 Both trials 

included an OCS optimisation phase before beginning biologic treatment (Appendix 1, Table S1). 

In ZONDA, this phase lasted 8 weeks, with potential for dosage reduction every 2 weeks.7 In 

SIRIUS, the optimisation phase dosage reduction occurred weekly for 3–8 weeks.6 Patients were 

eligible for OCS elimination if they had a baseline optimised OCS dosage ≤12.5 mg/day (n=84, 

56.7%) in ZONDA7 and <25 mg/day (n=128, 94.8%) in SIRIUS.6 

Population adjustment

In comparing benralizumab vs. mepolizumab, the following variables were selected for matching 

in the base case model: eosinophil count, exacerbations in the previous year, OCS dosage, body 

mass index (BMI), and presence of nasal polyps. These variables, plus history of omalizumab use 

and ACQ-5 score, were used in the sensitivity analysis. After adjustment for SIRIUS population 

characteristics, ZONDA baseline characteristics were well-matched to the mepolizumab 

population (Table 2). ESS was 72 for the base case analysis and 44 for the sensitivity analysis. 

Variables were removed individually from the model to assess their effects on the ESS. Removal 

of only one variable, history of exacerbations, notably increased the ESS. However, as a 

treatment-effect modifier, this variable was too relevant to leave out of the model.

OCS dosage reduction

Comparisons were performed at week 24. Because ZONDA (28 weeks) was longer than SIRIUS 

(24 weeks), additional analyses were conducted for end of study. From baseline to week 24, in the 

base case analysis, reduction of mean OCS dosage was 36% (95% CI 19–54) greater with A
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benralizumab treatment compared with placebo in ZONDA before matching adjustment and 22% 

(95% CI 4–40) greater after matching adjustment to the mepolizumab population. From baseline 

to end of study, reduction of mean OCS dosage was 37% (95% CI 21–53) greater with 

benralizumab treatment compared with placebo before matching and 21% (95% CI 5–38) greater 

after matching to the mepolizumab population. Mepolizumab treatment reduced mean OCS 

dosage by 16% (95% CI −6–38) more than placebo from baseline to week 24, which was also the 

end of study. After matching, mean differences in OCS reduction between benralizumab and 

mepolizumab at 24 weeks and at study end were 6.08% (95% CI −22.22–34.38; p=0.67) and 

5.06% (95% CI −22.39–32.52; p=0.72), respectively (Figure 1).

In a sensitivity analysis where adjustments for ACQ-5 score and omalizumab use were added to 

the model as matching variables, reduction of mean OCS dosage was 28.14% (95% CI 8.94–

47.33) and 31.00% (95% CI 14.93–47.07) greater with benralizumab treatment compared with 

placebo at week 24 and end of study, respectively. Mean differences in OCS reduction between 

benralizumab and mepolizumab at 24 weeks and at study end were 11.94% (95% CI −17.20–

41.08; p=0.42) and 14.80% (95% CI −12.38–41.98; p=0.29), respectively. The wide CIs suggest 

high uncertainty in these results.

OCS treatment elimination

From baseline to week 24, odds ratios for OCS elimination with benralizumab Q8W vs. placebo 

were 4.06 (95% CI 1.67–9.88) before matching and 4.80 (95% CI 1.62–14.26) after matching 

adjustment to the mepolizumab population. Odds ratio for complete OCS dosage reduction for 

mepolizumab vs. placebo was 2.07 (95% CI 0.67–6.44) from baseline to week 24. After matching, 

patients receiving benralizumab were not statistically significantly different (odds ratio 2.32 [95% 

CI 0.48–11.15]) from those receiving mepolizumab for achieving OCS elimination (Figure 1).

In the sensitivity analysis, before matching, the odds ratio for benralizumab vs. placebo was 6.25 

(95% CI 1.63–23.96). After matching, benralizumab had an odds ratio of 3.02 (95% CI 0.52–

17.49) vs. mepolizumab for achieving OCS elimination.

Annual rate of clinically significant exacerbationsA
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Benralizumab reduced the annual rate of clinically significant exacerbations vs. placebo by 70% 

(rate ratio [RR] 0.30, 95% CI 0.19–0.49) in ZONDA before matching adjustment and by 62% (RR 

0.38, 95% CI 0.21–0.69) after matching adjustment to the mepolizumab population. Mepolizumab 

reduced the exacerbation rate by 32% (RR 0.68, 95% CI 0.47–0.99) vs. placebo (Figure 1). 
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Benralizumab vs. Dupilumab

Study design and baseline characteristics

The ZONDA and LIBERTY ASTHMA VENTURE studies were broadly similar in overall design, 

inclusion/exclusion criteria, trial setting, blinding procedures (Appendix 1, Table S1), and patient 

characteristics (Table 3). Blood eosinophil count inclusion criterion differed between ZONDA 

(≥150 cells/µL) and LIBERTY ASTHMA VENTURE (no restriction). Exacerbation history 

required for study enrollment was also different (ZONDA: ≥1 exacerbation in the past year; 

LIBERTY ASTHMA VENTURE: no restriction). As a result, baseline mean blood eosinophil 

count and mean exacerbations in the previous year were greater for patients in ZONDA (592 

cells/µL and 2.82, respectively) than in LIBERTY ASTHMA VENTURE (347 cells/µL and 2.09, 

respectively) (Table 4). ZONDA inclusion criteria included use of OCS therapy equivalent to 

prednisolone or prednisone 7.5–40.0 mg/day.7 In LIBERTY ASTHMA VENTURE, the range was 

5–35 mg/day.8 Both trials included an OCS optimisation phase before beginning biologic 

treatment (Appendix 1, Table S1). In ZONDA, this phase lasted 8 weeks, with potential for 

dosage reduction every 2 weeks.7 In LIBERTY ASTHMA VENTURE, the optimisation phase was 

16 weeks, with potential for dosage reduction every 4 weeks.8 Ratios of OCS dosage at the 

beginning and end of the optimisation phase were similar for both trials (benralizumab 0.96; 

dupilumab 0.95). The maintenance OCS dosage cut off that defined patients eligible for OCS 

dosage elimination also differed. Patients were eligible for OCS elimination if they had a baseline 

optimised OCS dosage ≤12.5 mg/day (n=84, 56.7%) in ZONDA7 and ≤30 mg/day in LIBERTY 

ASTHMA VENTURE (n unclear).8
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Population adjustment

For the benralizumab vs. dupilumab comparison of mean percentage OCS dosage reduction and 

percentage of patients with OCS elimination, the following variables were selected for matching: 

BMI, ACQ-5 score, exacerbations in the previous year, OCS dosage, and presence of nasal polyps. 

After adjustment for LIBERTY ASTHMA VENTURE population characteristics, ZONDA 

baseline characteristics were well-matched to the dupilumab population (Table 4). For the 

comparison of annual exacerbation rate, the following were selected for matching: BMI, ACQ-5 

score, exacerbations in the previous year, OCS dosage, blood eosinophil counts, and presence of 

nasal polyps. After adjustment for LIBERTY ASTHMA VENTURE population characteristics, 

ZONDA baseline characteristics were well-matched to the dupilumab population (Table 5). ESS 

for these analyses was 36. Variables were removed individually from the model to assess their 

effects on the ESS. Removal of only one variable, history of exacerbations, notably increased the 

ESS. However, this variable was too relevant to leave out of the model.

OCS dosage reduction 

From baseline to week 24 in ZONDA, reduction in mean OCS dosage was 36% (95% CI 19–54) 

greater with benralizumab compared with placebo before matching and 27% (95% CI 12–43) 

greater with benralizumab compared with placebo after matching adjustment to the dupilumab 

population. Mean OCS dosage reduction was 28% (95% CI 16–41) greater from baseline to week 

24 with dupilumab treatment compared with placebo. After matching, mean difference in OCS 

reduction between benralizumab and dupilumab was −0.71% 

(95% CI −20.56–19.15) (Figure 2).
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OCS treatment elimination

Odds ratios for OCS elimination for benralizumab vs. placebo were 4.06 (95% CI 1.67–9.88) 

before matching and 6.19 (95% CI 1.63–23.49) after matching. Odds ratio for OCS elimination for 

dupilumab vs. placebo was 2.74 (95% CI 1.47–5.10). After matching to the LIBERTY ASTHMA 

VENTURE population, odds ratio for benralizumab vs. dupilumab 

was not statistically significant (2.26 [95% CI 0.52–9.84]) for achieving OCS elimination (Figure 

2).

Annual rate of clinically significant exacerbations

Benralizumab treatment reduced annual exacerbation rate vs. placebo by 70% (RR 0.30, 

95% CI 0.19–0.49) in ZONDA before matching adjustment and by 79% (RR 0.21, 95% CI 0.09–

0.47) after matching adjustment to the dupilumab population (Figure 2). Dupilumab reduced the 

exacerbation rate in LIBERTY ASTHMA VENTURE by 59% (RR 0.41, 95% CI 0.26–0.63) vs. 

placebo. 
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DISCUSSION

Our study used the MAIC technique to evaluate OCS dosage reduction and exacerbation outcomes 

of benralizumab treatment compared with those of mepolizumab and dupilumab, two other 

biologics for the treatment of severe, uncontrolled asthma. After matching adjustment to balance 

baseline characteristics between the ZONDA (benralizumab) and SIRIUS (mepolizumab) 

populations, there were no statistically significant differences between the two treatments. No 

significant differences were observed between benralizumab vs. mepolizumab and vs. dupilumab 

before matching. 

ESS ranged from 25% to 49% of the original sample size in these analyses. This represented a 

substantial reduction from the original trial populations (ZONDA, N=148; SIRIUS, N=135; 

LIBERTY ASTHMA VENTURE, N=210). Greater differences between original study population 

size and ESS for a MAIC comparison indicate greater differences in characteristics of patients in 

the trials being compared.12 ESS from these analyses indicates that the overall population in 

ZONDA was markedly different from the populations in SIRIUS and LIBERTY ASTHMA 

VENTURE in ways that could be expected to impact treatment effect, including baseline OCS 

dosage, blood eosinophil count, history of exacerbations, nasal polyposis, and BMI. This 

reinforces the need for matching patients through MAIC methodology to compare data between 

clinical trials and demonstrates that the use of less robust ITC methods could provide biased 

results.
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These results extend our previous baseline-adjusted analysis of the Phase III benralizumab and 

mepolizumab exacerbation studies. In those studies, reduction in asthma exacerbation rates was 

similar for both treatments, and improvements in FEV1 were numerically greater with 

benralizumab, but the differences were not statistically significant.17 Similarly, we conducted 

MAIC analysis of results from the pivotal Phase III benralizumab trials with exacerbation 

reduction as the primary endpoint (SIROCCO and CALIMA9,10) vs. the Phase III exacerbation 

trial of dupilumab (LIBERTY ASTHMA QUEST20) (data not provided). Unfortunately, given the 

substantial heterogeneity and substantial lack of overlap between trial populations, matching 

adjustment was not possible. For example, nearly 51% of patients in the dupilumab trial had 

experienced only one exacerbation in the previous 12 months, while all patients in the 

benralizumab trials had had more than one exacerbation in the previous year. 

A recently published report by Busse et al. used ITC analysis to suggest that mepolizumab was 

associated with significantly greater improvements than benralizumab in clinically significant 

exacerbations and asthma control.21 However, their methodology was imperfect.22 Studies 

included in the analysis were not similar enough to justify cross-study comparisons. Moreover, 

one of the key clinical trials used to register mepolizumab was omitted from the analysis. These 

findings could not be replicated through MAIC analysis.17 ITC and network meta-analysis also 

allow indirect comparisons and have better statistical power than MAIC, but they may use 

nonhomogenous populations and introduce bias.

The three OCS-sparing studies of monoclonal antibody treatments for severe, uncontrolled asthma 

examined in this analysis varied in important ways, including differences in inclusion/exclusion 

criteria and baseline patient characteristics that would have biased standard ITCs. However, by 

matching individual patient data from the benralizumab 

ZONDA trial to important aggregate baseline characteristics from the comparator trial via MAIC 

analysis, the re-weighted, matching-adjusted data can provide an estimate of what 

the outcome would have been if the comparator trial had included a benralizumab arm. MAIC is a 

more powerful tool than meta-regression in adjusting for the impact of treatment-effect modifiers, 

because the use of individual patient data for adjustment offers more information about patient-

level associations than does the aggregate-level adjustments used 

in standard ITCs.18 In situations with few trials and no head-to-head data, as with these A
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OCS-sparing studies, MAIC analysis provides a way to address gaps in evidence and provide 

more complete information to payers, health technology assessment authorities, and health care 

professionals.18

Limitations

These OCS-sparing trials varied in defining which patients were eligible for OCS elimination. In 

the ZONDA trial, patients had to have a baseline optimised OCS dosage ≤12.5 mg/day; in the 

SIRIUS and LIBERTY ASTHMA VENTURE trials, the thresholds were <25 mg/day and ≤30 

mg/day, respectively. This component could not be adjusted with MAIC methodology, so the 

results should be interpreted with caution. Moreover, patient characteristics that were not 

measured in these trials, and could therefore not be accounted for in matching, may have played an 

undetermined role in these outcomes. ESS was substantially reduced from the original trial 

populations (ZONDA, N=148; SIRIUS, N=135; LIBERTY ASTHMA VENTURE, N=210). 

Moreover, the optimisation and OCS-tapering schemes also differed. Faster schemes inherently 

led to better OCS-sparing effect in a given (and presently quite short) time, usually at the price of 

greater exacerbation rates in the placebo arm. Undoubtedly, from a patient perspective, longer 

term OCS-sparing effects of new treatments are a welcome development, as OCS dependence 

usually lasts years. Adrenal insufficiency is a frequent cause of OCS weaning failure, and this 

event was not specifically addressed in these trials. This limitation could have potentially impacted 

the size of the treatment effect observed in this MAIC analysis.

Conclusions

MAIC provides a more reliable comparison of benralizumab vs. mepolizumab and vs. dupilumab 

than aggregate data alone. Matching eliminates biases that might arise in a standard ITC because 

of cross-trial differences. This MAIC analysis demonstrated that, after adjustment for differences 

in baseline population characteristics, reductions in OCS dosage, percentages of patients achieving 

OCS elimination, and annual asthma exacerbation rates were comparable between mepolizumab, 

dupilumab, and benralizumab. 
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TABLES 

 

 

 

Table 1. Comparison of baseline characteristics of patients included in benralizumab 

(ZONDA) and mepolizumab (SIRIUS) studies 

Characteristics 

ZONDA SIRIUS 

Benralizumab 

30 mg Q8W Placebo 

Mepolizumab 

100 mg Q4W Placebo 

Age, years 52.9 (10.1) 49.9 (11.7) 49.8 (14.1) 49.9 (10.3) 

Male (%) 35.6 36.0 36.0 55.0 

BMI, kg/m2 30.2 (6.5) 28.7 (5.2) 27.8 (5.9) 29.5 (6.1) 

Pre-bronchodilator FEV1 predicted, % 59.0 (17.9) 62.0 (16.5) 59.6 (17.0) 57.8 (18.5) 

Pre-bronchodilator FEV1/FVC, % 59.0 (12.0) 62.0 (13.0) 63.0 (12.4)a 61.0 (11.7)a 

Pre-bronchodilator FEV1, L 1.8 (0.6) 1.9 (0.7) 1.9 (6.6) 2.0 (8.2) 

Reversibility, % 25.1 (19.0) 23.2 (18.0) 24.9 (19.3) 23.7 (18.6) 

ACQ-5 score 2.4 (1.2) 2.7 (0.9) 2.2 (1.3) 1.99 (1.2) 

Exacerbations in previous year 3.1 (2.8) 2.5 (1.8) 3.3 (3.4) 2.9 (2.8) 

     0 exacerbations (%) 0 0 17.0 15.0 

     1 exacerbation (%) 28.8 32.0 16.0 17.0 

     ≥2 exacerbations (%) 71.2 68.0 67.0 68.0 

Never-smokers (%) 83.6 77.3 59.0 62.0 

OCS dosage, prednisolone equivalent, 

mg/day 

14.3 (7.8) 14.2 (6.4) 12.4 (7.2) 13.2 (6.3) 

Blood eosinophil count, cells/µL 509.0 (320.2) 656.0 

(589.0) 

413.0 (386.2) 347.0 

(303.3) 

Omalizumab use (%) 12.3 10.7 33.0 33.0 

Nasal polyps (%) 27.4 37.3 23.0 26.0 

Atopic (%) 39.7 49.3 - - 

Data presented as mean (SD) unless otherwise indicated. ACQ-5: Asthma Control 

Questionnaire 5; BMI: body mass index; FEV1: forced expiratory volume in 1 second; FVC: 



 

 

forced vital capacity; OCS: oral corticosteroid; Q4W: every 4 weeks; Q8W: every 8 weeks 

(first 3 doses Q4W); SD: standard deviation.  

aData extracted from the respective publication. All other values are extracted from the 

respective clinical study reports. 

  



 

 

Table 2. Baseline and sensitivity analysis characteristics of ZONDA patients before and 

after adjusting to SIRIUS patients for the analysis of percentage reduction in OCS 

dosage, percentage of patients with OCS elimination, and annual rate of clinically 

significant exacerbations  

Characteristics 

ZONDAa 

(before adjusting) 

SIRIUS  

(aggregate reported 

data) 

ZONDA  

(after adjusting to 

SIRIUS) 

Benralizumab 30 mg 

Q8W + placebo 

N=148b 

Mepolizumab 100 mg 

Q4W + placebo 

N=135 

Base case ESS=72 

Sensitivity ESS=44 

Maintenance OCS dosage, 

prednisolone equivalent, mg/day 
14.21 (7.06) 12.79 (6.74) 12.79 (5.39) 

Blood eosinophil count, cells/µL 583.05 (478.99) 380.73 (348.15) 380.73 (278.68) 

Exacerbations in the previous year   2.78 (2.36) 3.10 (3.10) 3.10 (2.48) 

Nasal polyps (%) 32.43 24.50 24.50 

BMI, kg/m2 29.47 (5.94) 28.66 (5.97) 28.66 (4.78) 

ACQ-5 score  2.69 (1.15) 2.07 (1.22) 2.07 (0.83) 

History of omalizumab use (%) 11.49 33 33 

Data presented as mean (SD) unless otherwise indicated. Data in bold indicate variables used 

only in the sensitivity analysis. ACQ-5: Asthma Control Questionnaire 5; BMI: body mass 

index; ESS: effective sample size; OCS: oral corticosteroid; Q4W: every 4 weeks; Q8W: 

every 8 weeks (first three doses Q4W); SD: standard deviation.  

aData for the ZONDA population are calculated from individual patient data. 

bOne patient was missing a baseline blood eosinophil count; six patients were missing 

information on 100% OCS reduction.  

 

  



 

 

Table 3. Comparison of baseline characteristics of patients included in benralizumab 

(ZONDA) and dupilumab (LIBERTY ASTHMA VENTURE) studies 

Characteristics 

ZONDA 

LIBERTY ASTHMA 

VENTURE 

Benralizumab 30 mg 

Q8W Placebo 

Dupilumab 

300 mg Q2W Placebo 

Age, years 52.9 (10.1) 49.9 (11.7) 51.9 (12.5) 50.7 (12.8) 

Male (%) 35.6 36.0 39.8 39.3 

BMI, kg/m2 30.2 (6.5) 28.7 (5.2) 28.88 (5.91) 29.77 (6.00) 

Pre-bronchodilator FEV1 predicted, 

% 

59.0 (17.9) 62.0 (16.5) 51.64 (15.28) 52.69 (15.14) 

Pre-bronchodilator FEV1, L 1.8 (0.6) 1.9 (0.7) 1.53 (0.53) 1.63 (0.61) 

ACQ-5 score 2.4 (1.2) 2.7 (0.9) 2.42 (1.24) 2.58 (1.09) 

Exacerbations in previous year 3.1 (2.8) 2.5 (1.8) 2.01 (2.08) 2.17 (2.24) 

OCS dosage, prednisolone 

equivalent, mg/day 

14.3 (7.8) 14.2 (6.4) 10.75 (5.90) 11.75 (6.31) 

Blood eosinophil count, cells/µL 509.0 (320.2) 656.0 (589.0) 370.0 (316) 325 (298) 

Blood eosinophil count <150 

cells/µL (%) 
0 0 21.4 35.5 

Blood eosinophil count ≥150 to 

<300 cells/µL (%) 
16.4 14.7 32 26.2 

Blood eosinophil count ≥300 

cells/µL (%) 
83.6 85.3 46.6 38.3 

Nasal polyps (%) 27.4 37.3 32.0 35.5 

Chronic rhinosinusitis (%) 35.6 38.7 22.3 28 

Omalizumab use (%) 12.3 10.7 - - 

Atopic status (%) 39.7 49.3 - - 

Data presented as mean (SD) unless otherwise indicated. ACQ: Asthma Control 

Questionnaire 5; BMI: body mass index; FEV1: forced expiratory volume in 1 second; OCS; 

oral corticosteroid; Q2W: every 2 weeks; Q8W: every 8 weeks (first three doses every 4 

weeks); SD: standard deviation. 



 

 

Table 4. Baseline characteristics of ZONDA patients before and after adjusting to 

LIBERTY ASTHMA VENTURE patients for the analysis of mean percentage 

reduction in OCS dosage and percentage of patients with OCS elimination 

 

 

 

 

 

 

 

 

 

 

 

Data presented as mean (SD) unless otherwise indicated. ACQ-5: Asthma Control 

Questionnaire 5; BMI: body mass index; ESS: effective sample size; OCS: oral 

corticosteroid; Q2W: every 2 weeks; Q8W: every 8 weeks (first three doses every 4 weeks); 

SD: standard deviation.  

aData for the ZONDA population are calculated from individual patient data. 

bOne patient was missing a baseline blood eosinophil count; six patients were missing 

information on 100% OCS reduction.  

 

 

 

Characteristics 

ZONDAa 

(before adjusting) 

LIBERTY 

ASTHMA 

VENTURE 

(aggregate 

reported data) 

ZONDA 

(after adjusting to 

LIBERTY 

ASTHMA 

VENTURE) 

Benralizumab  

30 mg Q8W + 

placebo  

N=148b 

Dupilumab  

300 mg Q2W  

+ placebo 

N=210 

Benralizumab 

30 mg Q8W SC + 

placebo  

ESS=36 

BMI, kg/m2 29.47 (6.06) 29.34 (5.96) 29.34 (3.66) 

ACQ-5 score 2.67 (1.16) 2.50 (1.16) 2.5 (0.71) 

Exacerbations in previous year 2.82 (2.39) 2.09 (2.16) 2.09 (1.33) 

OCS dosage adjusted at 

baseline, mg/day 
14.2 (7.05) 11.26 (6.12) 11.26 (3.76) 

Blood eosinophil count, 

cells/µL 
592.22 (483.84) 347 (307) 347 (188.45) 

Nasal polyps (%) 32.39 33.80 33.81 



 

 

Table 5. Baseline characteristics of ZONDA patients before and after adjusting to 

LIBERTY ASTHMA VENTURE patients for the analysis of annual exacerbation rate 

Characteristics 

ZONDAa 

(before adjusting) 

LIBERTY 

ASTHMA 

VENTURE 

(aggregate 

reported data) 

ZONDA 

(after adjusting 

to LIBERTY 

ASTHMA 

VENTURE) 

Benralizumab 

30 mg Q8W + 

placebo  

N=148b 

Dupilumab 

300 mg Q2W + 

placebo  

N=210 

Benralizumab 

30 mg Q8W + 

placebo  

ESS=36 

BMI, kg/m2 29.47 (5.94) 29.34 (5.96) 29.34 (3.72) 

ACQ-5 score 2.69 (1.15) 2.50 (1.16) 2.50 (0.72) 

Mean number of exacerbations in 

previous year 
2.78 (2.36) 2.09 (2.16) 2.09 (1.35) 

OCS dosage adjusted at baseline, 

prednisolone equivalent, mg/day 
14.21 (7.06) 11.26 (6.12) 11.26 (3.82) 

Blood eosinophil count, cells/µL 583.05 (478.99) 347 (307) 347 (191.48) 

Nasal polyps (%) 32.43 33.8 33.8 

Data presented as mean (SD) unless otherwise indicated. ACQ-5: Asthma Control 

Questionnaire 5; BMI: body mass index; ESS: effective sample size; OCS: oral 

corticosteroid; Q2W: every 2 weeks; Q8W: every 8 weeks (first three doses every 4 weeks); 

SD: standard deviation. 

aData for the ZONDA population are calculated from individual patient data. 

bOne patient was missing a baseline blood eosinophil count.  

  



 

 

FIGURES  

 

 

 

Figure 1. Indirect treatment comparisons of benralizumab and mepolizumab for a) 

percentage reduction in oral corticosteroid (OCS) dosage, b) percentage of patients with 

OCS elimination, c) and reduction in annual rate of clinically significant exacerbations 

 

CI: confidence interval; Q4W: every 4 weeks; Q8W: every 8 weeks (first three doses every 4 

weeks). 

 

Figure 2. Indirect treatment comparisons of benralizumab and dupilumab for a) 

percentage reduction in oral corticosteroid (OCS) dosage, b) percentage of patients with 

OCS elimination, and c) reduction in annual rate of clinically significant exacerbations 

 

CI: confidence interval; Q2W: every 2 weeks; Q8W: every 8 weeks (first three doses every 4 

weeks). 
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APPENDIX 1: Table S1. Comparison of benralizumab, mepolizumab, and

dupilumab studies

Study
characteristics

Benralizumab Mepolizumab Dupilumab

ZONDA
NCT020752551

SIRIUS
NCT016915082

LIBERTY
ASTHMA

VENTURE
NCT025282143

Publication type Journal and CSR Journal and CSR Journal
Reference for
primary results

Nair, et al. (2017)4 Bel, et al. (2014)5 Rabe, et al. (2018)6

Interventions

Benralizumab 30 mg
Q4W SC

Mepolizumab 100 mg
Q4W SC

Dupilumab 300 mg
Q2W SC

Benralizumab 30 mg
Q8W SCa -- --

Placebo Placebo Placebo
Phase 3 3 3
Sample size 220 135 210
Method of
randomisation

Adequate Adequate Adequate

Blinding status Double-blind Double-blind Double-blind

OCS optimisation
phase

OCS dose reduced every
2 weeks over 8 weeks to
minimum dose without
loss of asthma control

OCS dose reduced every
week over 3–8 weeks to
minimum dose without
loss of asthma control

OCS dose was
reduced every 4
weeks over 16 weeks
to minimum dose
without loss of
asthma control

Treatment
duration, weeks

28 24 24

Primary outcome
Percentage reduction in
OCS dosage from
baseline to week 28

Percentage reduction in
OCS dosage from
baseline to week 24

Percentage reduction
in OCS dosage from
baseline to week 24

Age 18–75 years ≥12 years ≥12 years

Baseline medication
for asthma

6 months of continuous
treatment with oral
glucocorticosteroids
(prednisolone or
equivalent 7.5 to 40.0
mg/day) + high-dosage
ICS (FP or equivalent
≥500 µg/day) + LABA ±
any other controller

Maintenance systemic
corticosteroid
(prednisolone or
equivalent 5–35 mg/day)
+ high-dosage ICS (≥18
years: FP or equivalent
≥880 µg/day; 12–17
years: FP or equivalent
≥440 µg/day) + an
additional controller

Treatment with
regular systemic
glucocorticoids
(prednisolone or
equivalent 5–35
mg/day) + high-
dosage ICS (FP or
equivalent ≥500
µg/day) in
combination + up to
two controllers

Exacerbation
history

≥1 exacerbation in the
past year

No clinically significant
exacerbation within 4
weeks prior to the study

No restriction

Blood eosinophil
count

≥150 cells/µL at visit 1

≥150 cells/µL at
baseline, or
≥300 cells/µL in the past
year

No restriction
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ACQ-5: Asthma Control Questionnaire 5; FP: fluticasone propionate; ICS: inhaled

corticosteroids: LABA: long-acting β2-agonists; OCS: oral corticosteroids; Q2W: every 2 weeks;

Q4W: every 4 weeks; Q8W: every 8 weeks; SC: subcutaneously.

aFirst three doses Q4W.
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APPENDIX 2: Figure S1. Evidence networks for comparisons of benralizumab with

mepolizumab and dupilumab for patients with severe, uncontrolled asthma

Q2W: every 2 weeks; Q4W: every 4 weeks; Q8W: every 8 weeks; SC: subcutaneously.

aFirst three doses Q4W.
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APPENDIX 3: SUPPLEMENTAL METHODS

Patients in ZONDA were weighted as previously described.7 The weights were estimated via a

logistic propensity score model that was conditional on effect modifiers. This is equivalent to the

following model on the dependent variable of log weight:

log (w_it )=α_0+α_1^T X_it

where α is a vector of covariates that predict weight, and〖X_ii〗^EM is a patient

characteristic.

The weights were estimated via the method of moments approach to match the effect modifier

distributions between the two studies. This is equivalent to minimising the following function:

∑_(i,j)▒〖exp (〗〖α_1〗^T〖X_ii〗^EM)

where E[〖X_ii〗^EM]=0.

For this condition to be satisfied, the effect modifiers included in the model were “centred” by

subtracting the E[〖X_ii〗^EM] for the target population (e.g., mepolizumab) from the

〖X_ii〗^EM for benralizumab. Weight was estimated for each patient in the study based on the

fitted α_1 and each individual patient characteristics, 〖X_ii〗^EM. The weights were rescaled

such that they were relative to the original unit weights of each individual.



6

To estimate α_1, the optim function from base R was used to minimise the method of moments

function. The Broyden–Fletcher–Goldfarb–Shanno optimisation routine was employed as

previously described.7
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