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ABSTRACT

Background: Several studies have evaluated the efficacy and safety of lebrikizumab treatment with uncontrolled asthma.
However, most of these studies were small and conclusions were inconsistent. Furthermore, whether serum periostin can act
as a good predictor of the response to lebrikizumab treatment is still not certain.

Method: We conducted a systematic review and meta-analysis of randomized controlled trials to evaluate the efficacy and
safety of lebrikizumab treatment with uncontrolled asthma. Trials were searched in PubMed, Embase, Web of Science and
Cochrane. Outcome measures were the rate of asthma exacerbations, relative changes in the forced expiratory volume in the first
second of expiration (FEV1) of predicted value (%) and incidence of adverse events.

Result: Five trials were finally included.Compared with placebo lebrikizumab treatment significantly decreased the rate of
exacerbations(risk ratio [RR] 0.66 [95% confidence interval {CI}, 0.54–0.80]; p � 0.0001; n � 2039) and increased FEV1%
of predicted value (weighted mean difference [WMD] 5.46 [95% CI, 2.48–8.43]; p � 0.0003; n � 351). Patients with high
levels of serum periostin had greater exacerbation rate reductions (RR 0.59 [95%CI, 0.50–0.70]; p � 0.00001; n � 1157) and
FEV1 of predicted value improvement (WMD 7.18 [95% CI, 2.93–11.42]; p � 0.0009; n � 177) than patients with low
periostin levels in exacerbation rate reductions (RR 0.73 [95% CI, 0.47–1.14]; p � 0.17; n � 882) and FEV1 of predicted value
improvement (WMD3.79 [95% CI, 0.39–7.97]; p � 0.08; n � 174). There was no significant difference in the incidence of
adverse events in patients with lebrikizumab compared to placebo (RR 1.03 [95% CI, 0.99–1.06]; p � 0.11; n � 2056).

Conclusion: In patients with uncontrolled asthma, lebrikizumab treatment significantly decreased the rate of exacerbation
and improved lung function, especially for patients with high periostin levels.

(Allergy Asthma Proc 39:332–337, 2018; doi: 10.2500/aap.2018.39.4149)

Asthma is a complex disease with marked hetero-
geneity in the clinical course and in the response

to treatment.1 Despite management with standard-of-
care therapies, a proportion of patients’ asthma re-
mains uncontrolled and at high risk of life-threatening
exacerbations and disease worsening.1,2 Phenotypic
characterization of patients with asthma has led to
great advances in the “personalization” of treat-
ment.2–4

Interleukin (IL) 13, a T-helper type 2 cytokine, has
been shown to be a central mediator in T-helper type 2
inflammatory response and has a prominent role in the
pathophysiology of asthma.5 It has been established

that IL-13 is implicated in driving airway inflamma-
tion, remodeling, and hyperresponsiveness.5,6 IL-13
can contribute to resistance to glucocorticoids; some
patients with uncontrolled asthma continue to have
elevated levels of IL-13 in the sputum, despite the use
of systemic and inhaled glucocorticoids.7,8 IL-13, there-
fore, has been demonstrated as a potential therapeutic
target in patients with uncontrolled asthma and higher
concentrations of type 2 biomarkers.9

Periostin, previously known as osteoblast-specific
factor 2, is an extracellular protein that is expressed in
multiple cellular lines.10 IL-13 induces bronchial epi-
thelial cells to secrete periostin and can be detected in
serum. Periostin is highly expressed in the lungs of
patients with asthma and contributes to mucus secre-
tion, airway fibrosis, and remodeling.11–13 Much atten-
tion has been paid to periostin as a serum marker of
T-helper type 2 driven inflammation in asthma.14

Patients with severe asthma that is not controlled
despite taking effective therapy are most in need of
new treatment approaches. Lebrikizumab is an immu-
noglobulin G4 humanized monoclonal antibody that
specifically binds to IL-13 and inhibits its func-
tion.15,16 Several randomized controlled clinical
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studies evaluated the efficacy and safety of lebriki-
zumab in the treatment of uncontrolled moderate-to-
severe asthma.17–20 The MILLY study indicated that
patients with uncontrolled asthma lebrikizumab im-
proved forced expiratory volume in the first second of
expiration (FEV1) and reduced the rate of exacerba-
tions in patients with high periostin levels.17 However,
The LAVOLTA II study showed the different results.18

Whether serum periostin can act as a predictor of leb-
rikizumab therapy in patients with uncontrolled mod-
erate-severe asthma is still uncertain. We performed a
systematic review and meta-analysis to evaluate the
efficacy and safety of lebrikizumab, and to assess
whether periostin can act as a prediction response to
lebrikizumab therapy in patients with uncontrolled
and/or moderate-severe asthma.

METHOD

Data Sources and Search Strategy
We performed a systematic search of PubMed,

EMBASE, the Cochrane Controlled Trials Registry, and
the Web of Science by using the following keywords:
anti-interleukin-13 or lebrikizumab or monoclonal an-
tibody, combined with asthma. Searches were re-
stricted to studies published in the English language.

Inclusion and Exclusion Criteria
Inclusion criteria were patients with uncontrolled or

moderate-to-severe asthma. Intervention was monthly
subcutaneous lebrikizumab. The control was placebo.
Outcomes were the rate of asthma exacerbations, rela-

tive changes in the FEV1% of predicted value, and the
incidence of adverse events.

Data Extraction
For selected studies, two reviewers (YL and YC) ex-

tracted data independently by using a standard data
extraction form and were cross-checked. Data were col-
lected at the start of the study, including the first author,
year of publication, number of subjects, mean age, inter-
vention characteristics of the trial, and outcome mea-
sures. The information is presented in Table 1. All data
were obtained from tables or figures if no direct data
were available from the article text. Disagreements about
data extraction were resolved by discussion with a re-
view author until consensus was reached. All analyses
were based on previous published studies, thus no ethi-
cal approval or patient consent was required.

Assessment of Study Quality
Two researchers (SZ and RC) independently as-

sessed the quality of the included studies. The risk of
bias was evaluated by using the Cochran manual.16

Evaluation categories included (1) random sequence
generation (selection bias), (2) allocation concealment (se-
lection bias), (3) blinding of participants and personnel
(performance bias), (4) blinding of outcome assessment
(detection bias), (5) incomplete outcome data (attrition
bias), (6) selective reporting (reporting bias), and (7) other
bias. Each category included three levels: low risk, un-
clear risk, and high risk. Disagreements about study qual-
ity were resolved by discussion with a review author

Table 1 Characteristics of included randomized controlled trial

Study, y Population Intervention,
Lebrikizumab

Dose, mg

No.
Subjects

(L/P)

Age, mean �
SD, y

Outcomes Follow
up, wk

Corren et al.,17

2011
Uncontrolled

asthma
250 107/112 45.0 � 12.0 Asthma exacerbation,

AEs, FEV1%
changes

24

Noonan et al.,20

2013
Stable

asthma
125 53/52 37.6 � 12.4 Asthma exacerbation,

AEs, FEV1%
changes

20
250 53/52 40.0 � 12.4
500 52/52 40.6 � 11.4

Hanania et al.,19

2015
Uncontrolled

asthma
37.5 117/116 48.7 � 13.1 Asthma exacerbation,

AEs, FEV1%
changes

24
125 112/116 46.8 � 13.4
250 118/116 47.9 � 11.9

Hanania et al.,18

2016
(LAVOLTA I)

Uncontrolled
asthma

37.5 360/362 51.4 � 12.9 Asthma exacerbation,
AEs; FEV1%
changes

52
125 359/362 51.0 � 12.6

Hanania et al.,18

2016
(LAVOLTA II)

Uncontrolled
asthma

37.5 356/354 50.9 � 12.9 Asthma exacerbation,
AEs, FEV1%
changes

52
125 357/354 50.2 � 12.6

AE � Adverse event; FEV1 � forced expiratory volume in the first second of expiration; L/P � Lebrikizumab/Placebo.

Allergy and Asthma Proceedings 333

DO N
OT C

OPY



until consensus was reached. The selection of included
studies and the statistical methodology were verified by a
certified statistician from Sun Yat-Sen University.

Statistical Analysis
Data were analyzed by using RevMan 5.3. Weighted

mean differences (WMD) and their associated 95% con-
fidence intervals (CI) were calculated for the continu-
ous outcome of the relative change in FEV1 of the
predicted value. Risk ratios (RR) and their associated
95% CIs were calculated for the dichotomous outcomes
of the rate of asthma exacerbations and incidence of
adverse events. To assess the heterogeneity among
studies, the I2 index was calculated. Low and high
levels of heterogeneity were considered as I2 � 50%
and I2 � 50%, respectively. We used a fixed-effects
model on the conditions of p �0.05 and I2 � 50%,
otherwise, a random-effects model was used.

RESULTS

Search Results and Baseline Characteristic
The study selection process is shown in Fig. 1. Ini-

tially, 260 articles were included in our search strategy,
among which five studies met the inclusion criteria to
be included in the pooled analysis.17–20 The basic fea-
tures of the five studies included are listed in Table 1.

The mean age of the subjects ranged from 40 to 52
years. Patients were randomly assigned to receive sub-
cutaneous injections of lebrikizumab once every 4
weeks. The assessment of risk of bias is shown in Figs.
2 and 3; no obvious bias was detected.

Asthma Exacerbation Rates
Compared with placebo, lebrikizumab treatment sig-

nificantly decreased the risk of exacerbation (RR 0.66
[95% CI, 0.54–0.80]; p � 0.0001; n � 2039). Subgroup
analysis stratified by serum periostin levels showed that
lebrikizumab treatment significantly decreased the risk of
exacerbation in patients with high periostin levels (RR
0.59 [95% CI, 0.50–0.70]; p � 0.00001; n � 1157) but with
no significant difference in the patients with low periostin
levels (RR 0.73 [95% CI, 0.47–1.14]; p � 0.17; n � 882) (Fig.
4). Our meta-analysis demonstrated that the efficacy of
lebrikizumab on asthma exacerbation had a significant
relationship with serum periostin levels.

Lung Function (FEV1% of predicted value)
Three studies assessed the relative changes of FEV1%

of predicted value to treatment with lebriki-
zumab.17,19,20 Compared with placebo, lebrikizumab
treatment significantly increased FEV1% of predicted
value (WMD 5.46 [95% CI, 2.48–8.43]; p � 0.0003; n �

Figure 1. Flow diagram shows the process of literature
selection.
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351). Subgroup analysis stratified by serum periostin
levels showed that lebrikizumab treatment signifi-
cantly increased FEV1% of predicted value in the pa-
tients with high periostin levels (WMD 7.18 [95% CI,
2.93–11.42]; p � 0.0009; n � 177) but with no significant
difference in patients with low periostin levels (WMD
3.79 [95% CI, �0.39 to 7.97; p � 0.08; n � 174) (Fig. 5).
Our meta-analysis demonstrated that the efficacy of
lebrikizumab on FEV1% of predicted value had a sig-
nificant relationship with serum periostin levels.

Safety
Lebrikizumab was well tolerated. No significant differ-

ence in the incidence of adverse events was found in the
patients treated with lebrikizumab and in those on placebo
(RR 1.03 [95% CI, 0.99–1.06]; p � 0.11; n � 2056) (Fig. 6).

DISCUSSION
We systematically reviewed the available five ran-

domized controlled trials and found that lebrikizumab
significantly decreased the rate of exacerbation and
increased lung function in patients with uncontrolled
moderate-to-severe asthma. Our meta-analysis demon-
strated that patients with asthma and with higher con-
centrations of serum periostin benefited most from
lebrikizumab treatment. Periostin can act as a predic-
tion response to lebrikizumab in patients with unstable
asthma, despite Inhaled corticosteroids therapy.

Our results were in line with MILLY study and other
study.17–21 Similarly, the omalizumab study (n � 850)
also showed that serum periostin could be a predictive
marker of responses to omalizumab, an anti-IgE anti-
body, in patients with severe asthma.22 Although the
LAVOLTA II study reported that lebrikizumab did not
consistently show a significant reduction in asthma
exacerbations in patients with a high biomarker (serum
periostin of at least 50ng/mL), the exacerbation rates
were also reduced (lebrikizumab 37.5 mg: RR 0.74 [95%
CI, 0.54–1.01]; p � 0.0609; and lebrikizumab 125 mg:
RR 0.74 [95% CI, 0.54–1.02]; p � 0.0626), which is
considered to represent a clinically meaningful rate
reduction compared with placebo. Furthermore, the
study showed that pharmacokinetics and pharmaco-
dynamics data indicated that lebrikizumab blocked
IL-13 by affecting IL-13–related pharmacodynamics
biomarkers; clinically relevant changes of lebriki-
zumab could not be ruled out.18

Approximately 50% of patients with uncontrolled
moderate-to-severe asthma demonstrate evidence of
asthma based on the presence of type 2 inflammation.23

Phenotypic characterization of patients with asthma
has led to great advances in the “personalization” of
treatment.24,25 With the aid of biomarkers, patients can
receive targeted therapy, thus, which potentially yields
improved outcomes.26 Biologics have a great effect on
patients with uncontrolled asthma, but not all patients
can afford the expense. Therefore, identifying patients
who are most likely to benefit from biologic treatment
with biomarkers (e.g., blood eosinophil, fractional ex-

Figure 2. The risk of bias graph. Risk of bias summary. � � Low
risk; ? � unclear risk; � � high risk.

Figure 3. Risk of bias summary.
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haled nitric oxide[FeNO], and serum periostin) is nec-
essary to efficient cost saving.

This study had some limitations. First, the meta-
analysis was limited to five studies; the sample size
was not large enough. Second, the drug administration
dosage and treatment duration differed in some trials
involved in our meta-analysis, which may have caused
some bias. Third, the statistical heterogeneity of the

continuous outcome was significant. However, we per-
formed subgroup analysis and sensitivity analysis, and
the results remained robust.

CONCLUSION
In patients with uncontrolled asthma, lebrikizumab

treatment significantly decreased the rate of exacerba-

Figure 4. Incidence of asthma exacerbations: Overall and subgroup analyses stratified by serum periostin level.

Figure 5. Relative change in FEV1% of predicted value: overall and subgroup analyses stratified by serum periostin level. FEV1 � forced
expiratory volume in the first second of expiration.
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tion and improved lung function. Patients with high
periostin levels had greater exacerbation rate reduction
and lung function improvement with lebrikizumab
than did patients with low periostin levels. Serum
periostin can act as a good predictor of the response to
lebrikizumab in patients with uncontrolled asthma de-
spite Inhaled corticosteroids therapy.
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