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Abstract Benralizumab is a monoclonal antibody that targets interleukin-5 receptor α to deplete blood
eosinophils and improve the clinical outcomes of allergic asthma. We conducted a meta-analysis to evaluate the
safety and efficacy of different doses of benralizumab in patients with eosinophilic asthma. All randomized
controlled trials involving benralizumab treatment for patients with eosinophilic asthma, which were searched in
PubMed, Embase, and the Cochrane Library published until January 2017, as well as the rate of asthmatic
exacerbation, pulmonary functionality, asthma control, quality of life scores, and adverse events were included.
Randomized-effect models were used in the meta-analysis to calculate the pooled mean difference, relative risks,
and 95% confidence intervals. Five studies involving 1951 patients were identified. Compared with the placebo,
benralizumab treatment demonstrated significant improvements in the forced expiratory volume in 1 s (FEV1),
Asthma Quality of Life Questionnaire scores, decreased asthmatic exacerbation and Asthma Control
Questionnaire-6 (ACQ-6) scores. Benralizumab treatment was also not associated with increased adverse events.
These findings indicated that benralizumab can be safely used to improve FEV1, enhance patient symptom control
and quality of life, and reduce the risk of exacerbations and ACQ-6 scores in patients with eosinophilic asthma.
Furthermore, our meta-analysis showed that benralizumab with 30 mg (every eight weeks) dosage can improve the
health-related quality of life and appear to be more effective than 30 mg (every four weeks) dosage. Overall, data
indicated that the optimal dosing regimen for benralizumab was possibly 30 mg (every eight weeks).
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Introduction

Asthma is a chronic inflammatory airway disease that
affects up to 334 million people worldwide and causes a
high burden of disease and economic impact throughout
the world [1]. According to the Global Initiative for
Asthma guidelines, the primary treatment for asthma
consists of daily inhaled corticosteroids combined with
long-acting β2 agonists [2]. However, some asthmatics
suffer from inadequately controlled symptoms when
undergoing this treatment, because they are either highly
resistant to the inhaled drugs or they use them informally
[2–4]. For some uncontrolled asthmatics, other drugs (e.g.,
slow-release theophylline, leukotriene-receptor antago-
nists, long-acting anticholinergics, and phosphodiester-

ase-4 inhibitors) can be used [2,4]. Currently, monoclonal
antibodies have emerged as targeted therapy for asthma as
an innovative approach [5].
Eosinophilic inflammatory infiltration plays an impor-

tant role in the pathogenesis of asthma, and eosinophilic
asthma accounts for approximately 50%–60% of the total
asthma population [6]. One report demonstrated inter-
leukin-5 (IL-5) to be the primary cytokine responsible for
eosinophil production, survival, maturation, recruitment,
activation, and secretion at sites of allergic inflammation
[7]. Moreover, humanized monoclonal antibodies targeting
IL-5 showed considerable potential in patients with
eosinophilic asthma [5], and the novel anti-IL-5 agent,
benralizumab, has been investigated for the treatment of
asthma [8]. Benralizumab is a humanized afucosylated
monoclonal antibody against the IL-5 receptor α, which
exhibits enhanced effector function [9]. In addition,
benralizumab has demonstrated enhanced eosinophil-
depleting activity compared with neutralizing monoclonal
antibodies directed against IL-5 [9]. However, effects of
benralizumab therapy in asthmatics remain consistently
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incomplete. In the present study, we conducted a meta-
analysis of randomized controlled trials (RCTs) to assess
whether benralizumab is safe and effective in patients with
eosinophilic asthma.

Research status of anti-interleukin-5
therapy for asthma

Recently, several studies showed that anti-IL-5 drugs have
a clinically important effect on clinically relevant out-
comes in patients with asthma [10–13]. Mepolizumab and
reslizumab have been approved by the European Medi-
cines Agency and the US Food and Drug Administration,
respectively as an add-on treatment for severe asthma [14].
Benralizumab is a novel anti-IL-5 receptor α monoclonal
antibody that selectively depletes eosinophils and baso-
phils via enhancing antibody-dependent cell-mediated
cytotoxicity [15]. Busse et al. [16] evaluated the safety
profile, biological effects, and pharmacokinetic activity of
benralizumab and found decreased airway, bone marrow,
and peripheral blood eosinophil counts in conjunction with
an acceptable safety profiles. Since then, several placebo-
controlled clinical trials have evaluated the safety and
efficacy of benralizumab as a treatment for patients with
asthma [17]. Therefore, the safety and efficacy of
benralizumab for the treatment of eosinophilic asthma
should be evaluated by analyzing recent studies.

Specific steps of meta-analysis

We followed the recommendations of the Cochrane
Handbook for Systematic Reviews of Interventions and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines [18]. A
systematic search of PubMed, Embase, and the Cochrane
Library published up until January 2017 using the search
terms, such as “benralizumab,” “anti-interleukin-5,” or
“anti–IL-5” and “eosinophilic asthma,” was conducted. In
addition, a manual search of references from reports of
clinical trials or review articles was performed to identify
relevant trials. The search was performed without language
restriction. Two authors independently selected the trials
for inclusion. Trials published solely in abstract form were
excluded given that the data cannot be fully analyzed. Any
discrepancy was resolved by discussion and consensus
between the two evaluating authors.
Studies that meet the following criteria were included:

(1) adults and adolescents (12 years or older) with a
diagnosis of eosinophilic asthma. Eosinophilic inflamma-
tion was selected by a sputum eosinophil count ≥ 3%
or an asthma-related peripheral blood eosinophil count
≥ 300 cells/µL [10]; (2) double-blind, randomized, and
placebo-controlled studies; (3) treatment intervention

consisted of benralizumab monoclonal antibody therapy
compared with a placebo, regardless of the different drug
names and doses; and (4) the outcome measures included
forced expiratory volume in 1 s (FEV1), Asthma Control
Questionnaire (ACQ), Asthma Quality of Life Question-
naire (AQLQ), as well as rate of asthmatic exacerbation
and adverse events. Data retrieved from the articles
included the following: first author, year of publication,
benralizumab doses used, numbers of patients, duration of
study periods, and outcome measures. Standardized data
extraction forms were used. We assessed the methodolo-
gical quality of the included trials and the risk of bias using
the Cochrane risk-of-bias tool [19].
The data analysis was performed to treat, and all the

participants were included to minimize bias. We calculated
the mean differences (MD) or standardized mean differ-
ences (SMD) with 95% confidence intervals (CIs) for
continuous outcome relative risks (RRs) with 95% CIs for
dichotomous outcomes. SMDs were used when studies
reported different units or scales for the outcome.
Heterogeneity was measured using the I2 statistic.
I2>50% indicated significant heterogeneity [20]. Fixed-
effect models were used if the heterogeneity between
studies was nonsignificant, otherwise random effects were
used. As a priori subgroup analysis, we explored the
influence of different dosage of benralizumab. A P value
less than 0.05 was statistically significant. All analyses
were performed using Review Manager, version 5.3
(Nordic Cochrane Centre).

Characteristics and quality of the individual
studies

The study selection process is outlined in Fig. 1.We included
47 potentially relevant studies that were obtained from the
search results. After removing the duplicates and screening
the abstracts and full text, five trials (N = 1951 patients) met
the entry criteria [14,21–24]. All studies were multi-center
double-blind RCTs. The duration of treatment ranged from 8
to 56 weeks and the follow-up period ranged from 20 to 56
weeks. The participants received intravenous or subcuta-
neous injections of benralizumab in one study [21], whereas
the patients only received subcutaneous injections of
benralizumab in the remaining four studies. To reduce the
possible bias, we analyzed the effects of subcutaneous
benralizumab on all the above outcomes in this meta-
analysis. Outcome reporting was highly variable as FEV1
was reported in liters in three trials [14,22,24] and percent of
predicted value in one study [23]. The characteristics of the
five selected studies are listed in Table 1.
All five studies included in the meta-analysis exhibited a

low risk of bias (Fig. 2). All the included studies were
double-blinded and used random sequence generation
except for one [21]. All the outcome data in the included
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studies were reported. The funnel plot provided a
qualitative estimation of the publication bias associated
with the studies, and no evidence of bias was found
(Fig. 3).

Efficacy and safety of benralizumab in
eosinophilic asthmatics

We described and analyzed the efficacy and safety of

Fig. 1 Flow chart identifying the studies included in the analysis.

Table 1 Characteristics of the randomized controlled trials included in the meta-analysis

Reference Study design
No. of subjects
(treatment
/placebo)

Age
(year)

Doses of
benralizumab
used

Routine
Treatment

duration
Outcomes Follow-up

Laviolette et al.,
2013 [21] a

mRCT 4/5 18–65 100 mg Q4W SC 8 weeks Blood, sputum
eosinophils;
adverse events

20 weeks

Castro et al.,
2014 [22]b

mRCT 244/80 18–75 2, 20,
100 mg Q8W

SC 52 weeks Blood eosinophils;
asthma exacerbations;
FEV1

52 weeks

Park et al.,
2016 [23]b

mRCT 60/21 20–75 2, 20,
100 mg Q8W

SC 40 weeks Blood eosinophils;
asthma exacerbations;
FEV1; PEF; ACQ-6

52 weeks

FitzGerald et al.,
2016 [24]b

mRCT 480/248 12–75 30 mg Q4W or
30 mg Q8W

SC 56 weeks Asthma exacerbations;
FEV1; ACQ-6; AQLQ

56 weeks

Bleecker et al.,
2016 [14] a

mRCT 542/267 12–75 30 mg Q4W or
30 mg Q8W

SC 48 weeks Asthma exacerbations;
FEV1; ACQ-6; AQLQ

48 weeks

aWe only included 100 mg benralizumab in cohort 2. bWe only included patients with baseline blood eosinophils≥300 cells/µL. mRCT, multicenter RCT;
Q4W, every four weeks; Q8W, every eight weeks; SC, subcutaneous injections; FEV1, forced expiratory volume in 1 s; PEF, peak expiratory flow; ACQ,
Asthma Control Questionnaire; AQLQ, the Asthma Quality of Life Questionnaire.
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benralizumab in eosinophilic asthmatics from the follow-
ing five aspects.

Asthma exacerbations

Two studies involving 1537 participants were identified to
describe the effect of benralizumab on eosinophilic asthma
exacerbation [14,24]. Our analysis revealed that benrali-
zumab significantly decreased the risk of exacerbation
compared with placebo (RR = 0.59, 95% CI: 0.52 – 0.68,
P < 0.00001) (Fig. 4), with modest heterogeneity (I2 =
30%). Analyses of the different benralizumab dosing
regimens showed that no difference exists between a dose
of 30 mg every four weeks (Q4W) and 30 mg every eight
weeks (Q8W; first three doses given four weeks apart) in
significantly lower exacerbation rates (RR = 0.59, 95% CI:
0.49–0.71; RR = 0.59, 95% CI: 0.49–0.72, respectively).

Forced expiratory volume in 1 s (FEV1)

Four studies assessed the effects of benralizumab treatment
and different doses of benralizumab on FEV1 [14,22–24].
Overall, the pooled effect of benralizumab on FEV1 was
significant (SMD = 0.24, 95% CI: 0.16–0.32,
P < 0.00001), with minimal heterogeneity (I2 = 3%)
(Fig. 5). Analyses of different benralizumab doses revealed
that 100 mg Q8W was the most effective dose and
significantly improved FEV1 (SMD = 0.47, 95% CI: 0.20–Fig. 2 Risk of bias summary of the included studies.

Fig. 3 Funnel plot of the five studies that evaluated the effect of benralizumab on FEV1.
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0.74, P = 0.0006), without significant heterogeneity (I2 =
0%). Benralizumab at doses of 2 and 20 mg Q8W had no
significant effect on FEV1 (SMD = 0.24, 95% CI: – 0.05
to 0.53, P = 0.1; SMD = 0.29, 95% CI: 0.01–0.58, P =

0.05, respectively). In the 30 mg subgroup, 30 mg
benralizumab Q8W appeared to be more effective than
30 mg Q4W (SMD = 0.23, 95% CI: 0.11–0.35, P = 0.0003;
SMD = 0.19, 95% CI: 0.07–0.32, P = 0.002, respectively).

Fig. 4 Forest plot of the effect of benralizumab treatment on asthma exacerbations versus the placebo. Fixed-effect model. SE, standard error; IV,
inverse variance; CI, confidence interval.

Fig. 5 Effect of benralizumab treatment versus the placebo on FEV1. SD, standard deviation; IV, inverse variance; CI, confidence interval; Std.
Mean Difference, standardized mean difference.
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Asthma Control Questionnaire (ACQ)

Four trials reported the ACQ-6 scores in association with
benralizumab treatment [14,22–24]. All benralizumab
doses were associated with a significant reduction in the
ACQ-6 scores. The pooled analysis demonstrated that
benralizumab was associated with a significant decrease in
ACQ-6 scores (MD = – 0.25, 95% CI: – 0.32 to – 0.17,
P < 0.00001) (Fig. 6). Moreover, this finding was
statistically homogeneous (I2 = 0%). Among the different
doses, 100 mg benralizumab Q8W was the most effective
dose (MD = – 0.44, 95% CI: – 0.75 to – 0.14, P = 0.005).
Benralizumab at 2 and 20 mg doses, as well as 30 mg Q8W
were less effective (MD = – 0.36, 95% CI: – 0.67 to
– 0.06, P = 0.02; MD = – 0.32, 95% CI: – 0.63 to – 0.01,
P = 0.04; MD = – 0.27, 95% CI: – 0.39 to – 0.16, P <
0.00001). In the 30 mg subgroup, 30 mg benralizumab
Q8W was more effective than 30 mg Q4W (MD = – 0.17,
95% CI: – 0.28 to – 0.06, P = 0.004).

Asthma Quality of Life Questionnaire (AQLQ)

The quality of life was assessed in three studies with the
use of AQLQ to assess the effect of treatment with

benralizumab [14,22,24]. The pooled analysis revealed
that benralizumab significantly improved the AQLQ
scores (MD = 0.22, 95% CI: 0.14–0.30, P < 0.00001)
(Fig. 7). We found an improvement in the mean AQLQ
score compared with the placebo in patients who received
only 30 mg benralizumab. However, 30 mg benralizumab
Q4W was less effective than 30 mg Q8W (MD = 0.17,
95% CI: 0.05–0.29, P = 0.006; MD = 0.28, 95% CI: 0.15–
0.40, P < 0.0001, respectively). No statistically signifi-
cant heterogeneity was observed between the studies (I2 =
0%).

Adverse events

All studies assessed adverse events, and benralizumab was
well-tolerated. Adverse events were summarized for
eosinophilic and non-eosinophilic participants combined
in one study [22]. Therefore, only four studies can be
pooled for the analysis. Based on the results of the meta-
analysis, the overall incidence of adverse events was
similar in both treatment and placebo groups (RR = 0.98,
95% CI: 0.93–1.02, P = 0.34) (Fig. 8). Statistical
heterogeneity was not observed (I2 = 0%). The most
common adverse events were as follows: nasopharyngitis,

Fig. 6 Effect of benralizumab treatment versus the placebo on the ACQ-6 score. SD, standard derivation; IV, inverse variance; CI, confidence
interval.

6 Meta-analysis of benralizumab cure for eosinophilic asthma



asthma worsening, upper respiratory tract infection,
injection site reaction, and headache.

Discussion

Our meta-analysis was performed to investigate the safety
and efficacy of different doses of benralizumab for the
treatment of patients with eosinophilic asthma. Benralizu-
mab decreased the asthmatic exacerbation, improved the
FEV1 and AQLQ scores, reduced the ACQ scores, and
exhibited a placebo-like safety profile. Furthermore, our
findings suggest that the Q8W dosage can improve the
health-related quality of life and appear to be more
effective than the Q4W dosage, with 30 mg being the
most effective reported dosage. To the best of our
knowledge, this is the first meta-analysis of recent studies
that have evaluated the efficacy and dosage of benralizu-
mab for the treatment of eosinophilic asthma.
Our meta-analysis found that benralizumab significantly

reduced the asthma exacerbations, improved the pulmon-
ary function, and enhanced the symptom control for
patients with moderate to severe asthma and eosinophilic
inflammation. However, the mechanism of action of
benralizumab differs from mepolizumab and reslizumab.
The IL-5 receptor is a type I cytokine receptor that can
recognize and respond to cytokines that have four α-helical

strands [25]. Upon binding to the IL-5 receptor, complex
tyrosine kinases (e.g., JAK2 and Lyn) are activated,
leading to an activation of intracellular signaling pathway.
Benralizumab directly targets the eosinophil IL-5 receptor
to induce eosinophil apoptosis and can circumvent the
induction of increased cytokine production related to
anticytokine antibodies [26]. Furthermore, a recent study
retrospectively analyzed serum samples from two clinical
trials and found that the concentrations of the eosinophil-
resident cytotoxic granule proteins, eosinophil cationic
protein, and eosinophil-derived neurotoxin were reduced
following benralizumab treatment [27]. This result sug-
gests that cytotoxic granule proteins are not released
following eosinophil reduction [27].
Our study demonstrated that benralizumab significantly

reduced the asthma exacerbations and improved the FEV1.
This result might be due to the selection of a greater
population with eosinophilic asthma. For instance, Castro
et al. [22] evaluated the efficacy and safety of benralizu-
mab in patients with eosinophilic and non-eosinophilic
asthma. Patients in the subgroup had baseline blood
eosinophils ≥ 300 cells/µL, and treatment with benrali-
zumab was associated with greater improvements in lung
function and quality of life compared with the placebo
group [22]. In addition, Ortega et al. [28] reported that a
blood eosinophil count greater than 150 cells/µL was

Fig. 7 Effect of benralizumab treatment versus the placebo on the AQLQ score. SD, standard derivation; IV, inverse variance; CI, confidence
interval.
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sufficient to select for patients who had significant
reductions in symptom exacerbations following mepoli-
zumab treatment compared with the placebo. This finding
suggested that blood eosinophil counts might also be a
reliable and simple biomarker for patient selection
associated with positive clinical responses to benralizumab
treatment.
A phase IIb dose-ranging study found that in 20 and 100

mg dosages, benralizumab reduced the asthma exacerba-
tions in patients with uncontrolled asthma and eosinophilia
(>300 cells/µL) [23]. Furthermore, a global meta-analysis
revealed that benralizumab with 20 mg dosage appeared to
be excellent alternative for severe asthmatics [29].
However, the regimen consisting of two doses was not
associated with a significant improvement in the AQLQ
scores. According to an exposure–response analysis and

overall risk assessment, a subcutaneous administration of
30 mg benralizumab Q8W appeared to be the optimum
benralizumab dosing regimens [30]. Two subsequent
phase 3 studies identified the two optimal benralizumab
dosing regimens. Both studies indicated that 30 mg
benralizumab Q4W and Q8W significantly reduced the
annual rate of asthma exacerbations, improved the lung
function, and enhanced the patient quality of life [14,24].
Consistent with these two trials, our analysis found that the
30 mg Q8W dose was more efficacious than the 30 mg
Q4W dosage; however, both dosing regimens improved
the ACQ-6 and AQLQ. The small improvements in the
ACQ-6 and AQLQ scores are lower than the clinical
minimally important difference of 0.5 units [22,31].
Therefore, the clinical benefit of these small improvements
is uncertain.

Fig. 8 Forest plot of the effect of benralizumab treatment on adverse events versus the placebo. M-H, Mantel–Haenszel; CI, confidence interval.
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A similar percentage of patients who received benrali-
zumab or the placebo reported adverse events in all
included studies. The pooled analysis also indicated that
benralizumab was well-tolerated. Few adverse events were
considered to be drug-related, and discontinuations due to
benralizumab were uncommon.
Our study has several limitations. First, given the small

number of studies included in the meta-analysis, our ability
to draw conclusions is limited. Second, the subgroups were
small, with only one to three studies in each subgroup,
which may influence our results. Third, although these
studies shared many common issues, substantial hetero-
geneities were observed across the studies (e.g., the type of
patients included, study design, follow-up duration, and
definitions of asthma exacerbation).

Conclusions

In conclusion, this meta-analysis indicated that benralizu-
mab can be safely used to improve the FEV1 and AQLQ
scores, reduced the asthmatic exacerbations, and improved
the ACQ-6 scores. A benralizumab dose of 30 mg Q8W
appears to be the optimal treatment regimen for adults with
uncontrolled eosinophilic asthma. Further trials are
required to further investigate the safety and efficacy of
benralizumab in eosinophilic asthma, as well as the
threshold eosinophil count that results in significant
therapeutic improvement following benralizumab treat-
ment.
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