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ABSTRACT
Introduction In a subset of patients with asthma,
standard-of-care treatment does not achieve disease
control, highlighting the need for novel therapeutic
approaches. Lebrikizumab is a humanised, monoclonal
antibody that binds to and blocks interleukin-13
activity.
Methods LUTE and VERSE were replicate,
randomised, double-blind, placebo-controlled studies,
evaluating multiple doses of lebrikizumab in patients
with uncontrolled asthma despite the use of medium-
to-high-dose inhaled corticosteroid and a second
controller. Patients received lebrikizumab 37.5, 125,
250 mg or placebo subcutaneously every four weeks.
The primary endpoint was the rate of asthma
exacerbations during the placebo-controlled period.
Analyses were performed on prespecified subgroups
based on baseline serum periostin levels. Following the
discovery of a host-cell impurity in the study drug
material, protocols were amended to convert from
phase III to phase IIb. Subsequently, dosing of study
medication was discontinued early
as a precautionary measure. The data collected for
analysis were from a placebo-controlled period of
variable duration and pooled across both studies.
Results The median duration of treatment was
approximately 24 weeks. Treatment with lebrikizumab
reduced the rate of asthma exacerbations, which was
more pronounced in the periostin-high patients
(all doses: 60% reduction) than in the periostin-low
patients (all doses: 5% reduction); no dose–response
was evident. Lung function also improved following
lebrikizumab treatment, with greatest increase in FEV1
in periostin-high patients (all doses: 9.1% placebo-
adjusted improvement) compared with periostin-low
patients (all doses: 2.6% placebo-adjusted
improvement). Lebrikizumab was well tolerated and no
clinically important safety signals were observed.
Conclusions These data are consistent with, and
extend, previously published results demonstrating the
efficacy of lebrikizumab in improving rate of asthma
exacerbations and lung function in patients with
moderate-to-severe asthma who remain uncontrolled
despite current standard-of-care treatment.
Trial registration numbers The LUTE study was
registered under NCT01545440 and the VERSE study
under NCT01545453 at http://www.clinicaltrials.gov

INTRODUCTION
Asthma is a complex, heterogeneous disease charac-
terised by a variable clinical course, severity and
response to treatment.1 2 In a subset of patients with
asthma, standard-of-care treatment does not
adequately control symptoms,1–4 and this is asso-
ciated with increased healthcare use and high
burden of disease.5

Several phenotypes of asthma have been
defined2 6 7 that can be grouped into at least two dis-
tinct molecular phenotypes based on the level of
expression and activity of type 2 cytokines.8 9 Type 2
cytokines, which include interleukin (IL)-13, IL-4
and IL-5, contribute to many aspects of asthma path-
ology including airway inflammation and hyperre-
sponsiveness.9–11 Of these cytokines, IL-13 has been
identified as a central effector cytokine in asthma and
recognised as a potential therapeutic target.
Identifying patients whose asthma is type

2-driven is important. Periostin is a matricellular
protein that is associated with type 2 inflammation
and subepithelial fibrosis in the lung. Bronchial epi-
thelial cells stimulated with IL-13 secrete periostin
basolaterally into the extracellular compartment
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and subsequently periostin accumulates in peripheral blood.
Periostin in the circulation therefore serves as a surrogate
marker for IL-13 activity in the lung.9 11–13

Lebrikizumab is a humanised monoclonal antibody that binds
to soluble IL-13 with high affinity and blocks signalling through
the active IL-4Rα/IL-13Rα1 heterodimer.8 14 15 In a previous
phase II study (MILLY) in patients whose asthma was inad-
equately controlled despite treatment with inhaled corticoster-
oids (ICS), lebrikizumab treatment significantly improved the
primary endpoint, FEV1, particularly in patients with higher
serum periostin levels.8 The current studies, LUTE and VERSE,
were designed to evaluate the efficacy and safety of different
doses of lebrikizumab in a larger number of patients with
moderate-to-severe asthma, treated for a longer duration and
evaluating the rate of exacerbations as the primary endpoint.

METHODS
Study design
LUTE and VERSE were replicate, randomised, multicentre,
double-blind, placebo-controlled studies (NCT01545440 and
NCT01545453). The studies were initially designed to enrol
approximately 1400 patients each and to include a 52-week
double-blind treatment period (see below for study modifica-
tion). Patients were randomised in a 1:1:1:1 ratio to receive leb-
rikizumab 37.5, 125, 250 mg, or placebo subcutaneously every
four weeks. Randomisation was stratified by baseline serum
periostin level, history of asthma exacerbations within the last
12 months and baseline asthma medications. All patients
remained on their standard-of-care therapy that consisted of
500–2000 μg/day ICS therapy (fluticasone propionate dry
powder inhaler (DPI) or equivalent) and a second eligible
asthma controller medication.

Study population
Patients aged 18–75 years with uncontrolled asthma despite
daily use of 500–2000 μg/day of fluticasone propionate DPI or
equivalent and a second asthma controller medication were
included in the studies.1 16 Second controller medications
included long-acting β2-agonists, leukotriene receptor antago-
nists, long-acting muscarinic antagonists or theophylline.

Detailed inclusion and exclusion criteria are included in the
online supplementary material. Briefly, inclusion criteria included
diagnosis of asthma ≥12 months, acute bronchodilator response
(≥12% relative improvement) and pre-bronchodilator FEV1 40–
80% of predicted. Uncontrolled asthma was defined as an
Asthma Control Questionnaire-5 score ≥1.5 and at least one of
the following: symptoms >2 days/week, night-time awakenings
≥1 time/week, use of a short-acting β2-agonist as rescue medica-
tion >2 days/week or interference with normal daily activities.
During the screening period, patients were asked to report adher-
ence with background controller medications, and only patients
who reported adherence with controller medications could be
considered for randomisation. Patients continued their stable
background asthma controller medications for the duration of
the studies. There was no run-in period as patients remained on
their own stable medications and randomised treatment with
lebrikizumab or placebo started on day 1. Patients were excluded
if they had received maintenance oral corticosteroid treatment
within the previous three months or treatment with systemic cor-
ticosteroids within the previous four weeks for any reason.

Efficacy and safety assessments
The primary endpoint was the rate of asthma exacerbations
during the placebo-controlled period. Due to early termination

of dosing, the observation period was variable for each individ-
ual patient; see study modification below. An asthma exacerba-
tion was defined as new or increased asthma symptoms that led
to treatment with systemic corticosteroids or to hospitalisation.
Treatment with systemic corticosteroids was defined as oral,
intravenous or intramuscular corticosteroid treatment for
≥3 days or an emergency room visit with ≥1 dose of intraven-
ous or intramuscular corticosteroids. Asthma exacerbations were
assessed at each study visit by the investigator using directed
questions to assess whether the patient had experienced any
asthma exacerbations since the last visit. It was prespecified that
the primary and all secondary endpoints would be evaluated
separately in the periostin-high and periostin-low groups (based
on a cut-point of 50 ng/mL). Spirometry (pre-bronchodilator
and post-bronchodilator) was assessed throughout the study, and
methods are described in the online supplementary material.
A peak flow/eDiary device was used for once-daily measurement
of peak expiratory flow (between 5:00 and 11:00) and record-
ing of asthma rescue medication and controller use.

Prespecified secondary endpoints were relative change in pre-
bronchodilator FEV1 from baseline, time to first asthma exacer-
bation during the placebo-controlled period, change from base-
line in the asthma-specific health-related quality-of-life measure,
Asthma Quality-of-Life Questionnaire (standardised; (AQLQ
(S))), change in asthma rescue medication use from baseline,
rate of urgent asthma-related healthcare use (ie, hospitalisations,
emergency department visits and acute care visits) during the
placebo-controlled period.

Safety endpoints were the rate and severity of adverse events
(AEs) during the placebo-controlled and follow-up periods and
the incidence of antitherapeutic antibodies (ATAs) during the
study relative to baseline.

Study modification
A host cell protein impurity (PLBL2)17 was identified after the
initiation of the studies. This required manufacturing process
changes to the drug product. As a consequence, the studies
were no longer considered pivotal studies and the protocols
were amended from phase III to phase IIb. Upon conversion to
phase IIb, it was decided that each study would enrol 225
patients from approximately 70 sites located in the USA (for a
total of 450 patients). The planned placebo-controlled period
was of 28–52 weeks’ duration, with a variable number of doses
administered depending on when the patients enrolled in the
studies. After the treatment period, patients were followed for
safety for 24 weeks (>5 half-lives of the drug) following the
last dose of study drug, including those who discontinued
treatment early (see online supplementary figure S1). The pro-
tocols further specified that data from the two studies would
be pooled for analysis and an internal administrative review of
the unblinded data would inform the design of subsequent
phase III clinical studies.

Coincident with the administrative data readout, results from
an immunoassay designed to measure immune response to the
host cell protein impurity demonstrated that nearly all
lebrikizumab-treated patients showed an immune response. At
that point, a decision was made to discontinue dosing early as a
precautionary measure to avoid patients’ further exposure to the
impurity-containing study drug material. All patients were asked
to complete the safety follow-up period.

Statistical analyses
Data obtained from LUTE and VERSE were pooled for analysis.
Based on the sample size and treatment duration as originally
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planned in the phase IIb protocols, the combined sample size of
approximately 450 patients (56 patients per treatment arm per
periostin subgroup) was estimated to provide 70% power to detect
a 50% reduction in the rate of exacerbations within each periostin
subgroup for a given lebrikizumab dose group compared with
placebo. Calculations were based on a Poisson regression model
and two-sided test at the α=0.20 level with the assumption of an
average rate of 0.6 exacerbations per patient-year in the placebo
arm, a 20% dropout rate and 20% Poisson over-dispersion.

As prespecified in the protocols, analysis of the primary
efficacy and all secondary efficacy endpoints were performed
separately in periostin-high (≥50 ng/mL) and periostin-low
(<50 ng/mL) subgroups.

Because dosing was stopped early, all efficacy analyses were
considered at that point to be exploratory, and results for effi-
cacy outcomes were primarily summarised in a descriptive
fashion. Point estimates of treatment effect were provided along
with 95% CIs. P values for specific comparisons of interest were
included, as supportive information, without adjustments for
multiplicity comparisons. Owing to incomplete data at later
time points, the primary time point used for comparison of the
lebrikizumab arms versus the placebo arm for secondary or
exploratory outcomes was week 12.

RESULTS
Patients
The pooled population included a total of 463 patients. The
LUTE study randomised 258 (56%) patients and the VERSE

study 205 (44%) patients. At the time of dosing termination,
patients discontinued the placebo-controlled treatment period
and entered into the 24-week safety follow-up period.

The baseline demographic and disease characteristics were
similar across treatment groups (table 1).

Because dosing was terminated early, not all patients had the
opportunity to participate in the placebo-controlled treatment
period for the minimum duration (ie, seven doses of study drug
over 28 weeks) as specified in the amended protocols.

The median duration of treatment was 24.1 weeks, and the
median time spent in the study, including the safety follow-up
period, was 44.1 weeks (table 2). Patients received a median of
six (range 1–12) doses of study drug during the placebo-
controlled period (table 2).

Efficacy
Asthma exacerbations
For the primary outcome, lower exacerbation rates were
observed in the lebrikizumab treatment groups compared with
placebo (table 3). The exacerbation rate reduction compared
with placebo was more pronounced in periostin-high patients
than in periostin-low patients (table 3). In periostin-high
patients, there was a 60% (95% CI 18% to 80%) reduction in
the rate of exacerbations for the lebrikizumab dose groups com-
bined compared with placebo in periostin-high patients. In the
periostin-low patients, only a 5% (95% CI −81% to 47%)
reduction was observed (table 3).

Table 1 Patient baseline characteristics

Placebo (n=116)
Lebrikizumab
37.5 mg (n=117)

Lebrikizumab
125 mg (n=112)

Lebrikizumab
250 mg (n=118)

Age, mean (SD), years 50.0 (13.3) 48.7 (13.1) 46.8 (13.4) 47.9 (11.9)
Female, n (%) 74 (63.8) 72 (61.5) 60 (53.6) 69 (58.5)
Weight, mean (SD), kg 86.1 (17.3) 85.2 (17.4) 86.7 (18.1) 87.1 (17.0)
Race
White 84 (72.4) 91 (77.8) 87 (77.7) 86 (72.9)
Black 25 (21.6) 21 (17.9) 17 (15.2) 17 (14.4)
Asian 1 (0.9) 4 (3.4) 2 (1.8) 6 (5.1)
Other 6 (5.2) 1 (0.9) 6 (5.4) 9 (7.6)

Ethnicity
Hispanic or Latino 14 (12.1) 13 (11.1) 6 (5.4) 18 (15.3)
Not Hispano or Latino 102 (87.9) 104 (88.9) 105 (93.8) 100 (84.7)
Not reported 0 0 1 (0.9) 0

Number of asthma exacerbations in the last 12 months, n (%)
0 59 (50.9) 60 (51.3) 61 (54.5) 62 (52.5)
1–2 47 (40.5) 47 (40.2) 43 (38.4) 44 (37.3)
≥3 10 (8.6) 10 (8.5) 8 (7.1) 12 (10.2)

Baseline ICS* dose ≥1000 μg/day+LABA use, n (%) 46 (39.7) 49 (41.9) 53 (47.3) 54 (45.8)
Pre-bronchodilator FEV1 (% of predicted), mean (SD) 62.7 (10.2) 62.5 (10.2) 62.8 (10.9) 60.9 (10.2)
Best bronchodilator response (% relative improvement), mean (SD) 21.9 (11.4) 23.4 (16.7) 23.2 (17.5) 23.8 (14.6)
AQLQ(S), mean (SD) 4.4 (0.8) 4.5 (0.8) 4.5 (0.7) 4.4 (0.8)
ACQ-5, mean (SD) 3.3 (0.8) 3.2 (0.8) 3.2 (0.7) 3.3 (1.0)
IgE, median, IU/mL 149.0 153.0 146.5 124.0
Periostin, median (day −7) (ng/mL) 46.4 49.5 47.3 48.7
<50, n (%) 74 (63.8) 60 (51.3) 69 (61.6) 65 (55.1)
≥50 , n (%) 42 (36.2) 57 (48.7) 43 (38.4) 53 (44.9)

Eosinophils, mean (SD),103/μL 0.36 (0.69) 0.30 (0.18) 0.28 (0.22) 0.31 (0.30)
FeNO, mean (SD), ppb 26.8 (24.9) 27.8 (30.0) 31.3 (24.6) 29.3 (27.6)

*Fluticasone dry powder inhaler or equivalent.
ACQ-5, Asthma Control Questionnaire-5; AQLQ(S), Asthma Quality-of-Life Questionnaire (standardised); ICS, inhaled corticosteroid; IgE, immunoglobulin E; LABA, long-acting β2-agonist.
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There was no clear dose–response for lebrikizumab on exacer-
bations. Compared with placebo, the exacerbation rate was
reduced by 81% (95% CI 35% to 97%), 77% (95% CI 26% to
95%) and 22% (95% CI −62% to 63%) in periostin-high
patients and by 33% (95% CI −53% to 73%), −17% (95% CI
−141% to 42%) and 5% (95% CI −114% to 59%) in periostin-
low patients in the lebrikizumab 37.5, 125 and 250 mg groups,
respectively (figure 1). Kaplan–Meier plots of time to first
exacerbation are shown in the online supplementary material
(see online supplementary figure S2) as are exacerbation data
for each trial (see online supplementary table S1).

Lung function
The mean relative change in FEV1 for the pooled lebrikizumab
group versus placebo from baseline to week 12 in periostin-high
patients was 9.1% and 2.6% in periostin-low patients. By dose,
in periostin-high patients, this was 6.8% (95% CI −0.7% to
14.4%) in the lebrikizumab 37.5 mg group, 10.7% (95% CI
0.6% to 20.7%) in the lebrikizumab 125 mg group and 10.1%
(95% CI 1.3% to 18.9%) in the lebrikizumab 250 mg group
(figure 2). In comparison, in periostin-low patients, the mean

relative change from baseline in FEV1 versus placebo was
−1.9% (95% CI −8.3% to 4.6%) in the lebrikizumab 37.5 mg
group, 2.2% (95% CI −3.4% to 7.9%) in the lebrikizumab
125 mg group and 7.2% (95% CI −0.7% to 15.2%) in the leb-
rikizumab 250 mg group.

Secondary outcomes
Other secondary outcomes at week 12 are summarised in
table 4 and described in more detail in the online supplemen-
tary material. Briefly, there was evidence of increased time to
first exacerbation with lebrikizumab treatment in periostin-high
patients, especially in the 37.5 and 125 mg groups, and a
similar effect reducing the rate of urgent asthma-related health-
care use in periostin-high patients. For other outcomes including
the patient-reported AQLQ, there was little indication of treat-
ment differences but CI were wide, thus limiting interpretation.

Biomarkers
Figure 3 shows the average change in biomarker values (FeNO,
blood eosinophils and serum periostin) at each study visit
through to week 12 by treatment group in periostin-high and

Table 2 Time in study and drug exposure

Placebo (n=116)
Lebrikizumab
37.5 mg (n=117)

Lebrikizumab
125 mg (n=112)

Lebrikizumab
250 mg (n=118)

LUTE, n (%) 66 (56.9) 64 (54.7) 62 (55.4) 66 (55.9)
VERSE, n (%) 50 (43.1) 53 (45.3) 50 (44.6) 52 (44.1)
Time in placebo-controlled period (weeks)

Median 24.1 24.1 28.1 24.1
<12, n (%) 17 (14.7) 21 (17.9) 13 (11.6) 22 (18.6)
12 to <24, n (%) 34 (29.3) 33 (28.2) 31 (27.7) 35 (29.7)
24 to <36, n (%) 37 (31.9) 37 (31.6) 33 (29.5) 31 (26.3)
≥36, n (%) 28 (24.1) 26 (22.2) 35 (31.3) 30 (25.4)

Time in study (weeks)
Median 44.0 41.0 44.5 41.1
<24, n (%) 6 (5.2) 10 (8.5) 9 (8.0) 10 (8.5)
24 to <36, n (%) 28 (24.1) 27 (23.1) 23 (20.5) 31 (26.3)
≥36, n (%) 82 (70.7) 80 (68.4) 80 (71.4) 77 (65.3)

Number of doses received
Median (range) 6.0 (2–12) 6.0 (1–12) 7.0 (1–12) 6.0 (1–12)

Table 3 Protocol-defined asthma exacerbations during the placebo-controlled period

Placebo (n=116)
Lebrikizumab
37.5 mg (n=117)

Lebrikizumab
125 mg (n=112)

Lebrikizumab
250 mg (n=118)

Lebrikizumab dose
groups combined (n=347)

Periostin-high patients (≥50 ng/mL), n 42 57 43 53 153
Total number of exacerbations 21 5 5 19 29
Total patient-years 20.7 26.6 21.2 24.1 72.0
Exacerbation rate per year 1.01 0.19 0.24 0.79 0.40
Rate reduction vs placebo

Absolute rate reduction – 0.82 0.77 0.22 0.61
Percentage rate reduction (95% CI) – 81% (35 to 97) 77% (26 to 95) 22% (−62 to 63) 60% (18 to 80)

Periostin-low patients (<50 ng/mL), n 74 60 69 65 194
Total number of exacerbations 17 9 20 14 43
Total patient-years 35.4 28.1 35.5 30.7 94.3
Exacerbation rate per year 0.48 0.32 0.56 0.46 0.46
Rate reduction vs placebo

Absolute rate reduction – 0.16 −0.08 0.02 0.02
Percentage rate reduction (95% CI) – 33% (−53 to 73) −17% (−141 to 42) 5% (−114 to 59) 5% (−81 to 47)
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periostin-low patients. More detailed description of methods
and results is presented in the online supplementary material.

Preliminary analyses of exacerbation and lung function data
stratified by baseline FeNO and blood eosinophil count are
provided in the online summary (see online supplementary
table S3). Raised FeNO (≥21 ppb) and blood eosinophils
(≥240 cells/mL) were both predictive of treatment response to
lebrikizumab.

Pharmacokinetics
Pharmacokinetic analyses showed that lebrikizumab concentra-
tions in serum increased roughly proportionally with the dose
levels. Overall, the pharmacokinetics of lebrikizumab were as
expected based on data from previous trials. The observed mean
(SD) of trough concentrations at week 12 were 4.0 (±1.9), 14.2
(±6.4) and 26.5 (±11.1) μg/mL for the 37.5, 125 and 250 mg
dose groups, respectively. As expected, this shows overlap in the
ranges of exposure for the 125 and 250 mg dose.

Safety
Among all patients, 9.7% of patients discontinued treatment
prior to the discontinuation of dosing, with similar rates across
treatment groups (see online supplementary figure S1). The inci-
dence of AEs was generally similar across the treatment groups
(table 5). In total, 30 serious adverse events (SAEs) were
reported in 21 patients during the entire study (including the
safety follow-up period) and 12 SAEs were reported in nine
patients during the placebo-controlled part of the study (see
online supplementary material for details). Injection site reac-
tions were numerically higher in the lebrikizumab 125 and
250 mg dose groups compared with the lebrikizumab 37.5 mg
group or placebo (20.5%, 20.3%, 11.1% and 6.0%, respect-
ively). There were 11 AEs leading to withdrawal of study drug,

8 in lebrikizumab-treated patients and 3 in placebo (see online
supplementary material for details). AEs leading to discontinu-
ation were varied and did not suggest a safety concern.

Five neoplasms (capturing benign, malignant and unspecified
neoplasms including cysts and polyps) were reported during the
study, none of which were considered related to study drug (see
online supplementary material for details). Two non-serious
hypersensitivity reactions were reported in the placebo group
and one each in the lebrikizumab 125 and 250 mg groups.
There were no cases of anaphylaxis, anaphylactoid or serious
hypersensitivity reactions reported during the study. ATAs and
antibody response to the impurity identified (PLBL2) were
detected but not associated with any AE (more details are avail-
able in the online supplementary material).

DISCUSSION
In two replicate studies in patients with moderate-to-severe
asthma uncontrolled despite ICS therapy and an additional con-
troller, lebrikizumab administered subcutaneously every four
weeks reduced asthma exacerbation rate by 60% (95% CI 18%
to 80%) compared with placebo in periostin-high patients and
by 5% (95% CI −81% to 47%) in periostin-low patients. In
addition, lebrikizumab improved lung function, as measured by
change in FEV1, in periostin-high patients. However, the wide
CIs in both exacerbations and lung function measures must be
acknowledged. Despite these improvements in lung function,
lebrikizumab treatment did not lead to clinically meaningful
placebo-corrected improvements in asthma symptoms or quality
of life, potentially due to the limited power of the studies for
these endpoints. Furthermore, lung function does not always
correlate with subjective measures in clinical trials and previous
trials of biological therapy that have shown improvements in
symptoms or quality of life have reduced background therapy or
have involved larger patient populations.18 19 Lebrikizumab was
generally well tolerated and no clinically important safety
signals were observed. It is also notable that, besides periostin,
both blood eosinophil count and FeNO were predictive of clin-
ically meaningful treatment benefit using biomarker high and
low groups defined by the median values for these biomarkers.

In the previous phase II (MILLY) study in moderate-to-severe
asthma, lebrikizumab significantly improved lung function, with
the greatest changes in periostin-high patients. There was a non-
significant trend for a lower exacerbation rate through 24 weeks
with lebrikizumab treatment compared with placebo.8

The placebo-corrected rate of exacerbations was reduced by
67% in periostin-high patients and by 29% in periostin-low
patients.8 The results from the combined phase IIb studies,
LUTE and VERSE, extend the findings described previously, in
a larger population with more severe asthma. The results from

Figure 1 Rate of asthma exacerbations during the placebo-controlled
period.

Figure 2 Mean (SE) percentage
change in FEV1 from baseline up to
week 12.
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these studies also support the finding that baseline periostin
level can be predictive of lebrikizumab treatment benefit. Of
note was that periostin-low patients in the placebo group experi-
enced fewer exacerbations than periostin-high patients in the
placebo group in the combined phase IIb studies, LUTE and
VERSE. Larger phase III trials, currently underway, are required
to confirm over longer duration of treatment the effects
observed in this study on the rate of asthma exacerbations and
lung function, as well as to further investigate whether these
improvements can translate into symptom benefits for patients.

The IL-13 contribution to the pathophysiology is not limited
to patients with a history of exacerbations. Accordingly, in
neither the current studies nor the previous phase II study
(MILLY) was a history of exacerbation required. In the com-
bined phase IIb studies, LUTE and VERSE, approximately 52%

of patients had not experienced an exacerbation in the previous
year. We observed no dose–response for lebrikizumab on exacer-
bation rates; paradoxically, the lowest rate reduction was
observed in the highest dose group. The higher rate of exacerba-
tions in the pooled 250 mg lebrikizumab group is largely driven
by a higher number of exacerbations in the periostin-high
arm of the VERSE trial (see online supplementary table S1).
The reason for this higher rate is unclear. The small sample
sizes and short median observation period also contributed to
the decrease in precision in the analyses.

The apparently smaller rate reduction in the 250 mg group is
unexpected given that a previous study in a similar patient
population8 showed efficacy at 250 mg comparable to that of
125 mg in this study. Furthermore, data from secondary efficacy
endpoints and biomarkers reported here do not show a lower

Table 4 Secondary and exploratory efficacy and pharmacodynamic endpoints

Placebo

Lebrikizumab

37.5 mg 125 mg 250 mg

Change in FEV1 from baseline to week 12 (%)
Periostin-high patients (≥50 ng/mL), n 32 42 34 37
Mean (SD) 4.8 (16.1) 11.7 (16.0) 15.5 (24.1) 14.9 (20.6)
Difference in means vs placebo (95% CI) – 6.8 (−0.7 to 14.4) 10.7 (0.6 to 20.7) 10.1 (1.3 to 18.9)

Periostin-low patients (<50 ng/mL), n 54 41 50 44
Mean (SD) 7.3 (16.2) 5.4 (15.4) 9.6 (12.8) 14.5 (22.1)
Difference in means vs placebo (95% CI) – −1.9 (−8.3 to 4.6) 2.2 (−3.4 to 7.9) 7.2 (−0.7 to 15.2)

Change in morning peak expiratory flow from baseline to week 12 (L/min)
Periostin-high patients (≥50 ng/mL), n 41 49 40 48
Mean (SD) −2.54 (55.30) 0.40 (52.04) 14.44 (62.72) 8.64 (86.84)
Difference in means vs placebo (95% CI) – 2.95 (−19.72 to 25.61) 16.98 (−9.20 to 43.16) 11.18 (−19.10 to 41.47)

Periostin-low patients (<50 ng/mL), n 67 52 61 60
Mean (SD) −3.84 (62.11) −0.67 (42.42) 4.29 (42.67) 17.08 (44.97)
Difference in means vs placebo (95% CI) – 3.17 (−15.84 to 22.19) 8.13 (−10.38 to 26.65) 20.92 (2.00 to 39.84)

Time to first asthma exacerbation during the placebo-controlled period
Periostin-high patients (≥50 ng/mL), n 42 57 43 53
HR (95% CI) – 0.23 (0.07 to 0.74) 0.30 (0.10 to 0.95) 0.85 (0.37 to 1.92)
Periostin-low patients (<50 ng/mL), n 74 60 69 65
HR (95% CI) – 0.69 (0.29 to 1.64) 1.21 (0.59 to 2.48) 0.95 (0.44 to 2.05)

Change in AQLQ(S) from baseline to week 12
Periostin-high patients (≥50 ng/mL), n 34 44 34 39
Mean (SD) 0.7 (0.7) 0.6 (0.7) 1.0 (1.1) 0.8 (0.8)
Difference in means vs placebo (95% CI) – −0.1 (−0.4 to 0.3) 0.3 (−0.1 to 0.8) 0.1 (−0.3 to 0.5)

Periostin-low patients (<50 ng/mL), n 55 43 53 46
Mean (SD) 0.6 (0.9) 0.7 (0.8) 0.5 (0.7) 0.8 (0.8)
Difference in means vs placebo (95% CI) – 0.2 (−0.2 to 0.5) 0.0 (−0.3 to 0.3) 0.3 (−0.1 to 0.6)

Change in asthma rescue medication use from baseline to week 12 (inhalations per day)
Periostin-high patients (≥50 ng/mL), n 41 49 40 49
Mean (SD) −1.0 (1.3) −0.4 (4.1) −1.3 (2.4) −0.9 (1.6)

Difference in means vs placebo – 0.6 (−0.6 to 1.8) −0.3 (−1.2 to 0.6) 0.0 (−0.6 to 0.6)
Periostin-low patients (<50 ng/mL), n 67 52 61 60
Mean (SD) −0.5 (1.4) −0.7 (1.5) −0.7 (1.4) −1.1 (1.7)
Difference in means vs placebo – −0.2 (−0.7 to 0.3) −0.2 (−0.7 to 0.3) −0.6 (−1.1 to 0.0)

Rate of urgent asthma-related healthcare use during placebo-controlled period
Periostin-high patients (≥50 ng/mL), n 42 57 43 53
Event rate/year 0.58 0.08 0.19 0.41
Rate reduction vs placebo (95% CI), % – 87 (31 to 99) 67 (−25 to 94) 28 (−88 to 74)

Periostin-low patients (<50 ng/mL), n 74 60 69 65
Event rate/year 0.31 0.18 0.42 0.23
Rate reduction vs placebo (95% CI), % – 43 (−73 to 84) −36 (−265 to 47) 27 (−130 to 79)

AQLQ(S), Asthma Quality-of-Life Questionnaire (standardised).
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response at 250 mg compared with 125 mg. While there was
approximately a twofold difference in the average exposure of
the 125 and 250 mg dose groups, there is a partial overlap in
the concentration ranges. As there was no apparent relationship
between lebrikizumab concentration and exacerbation rate, it
suggests a potential plateau in the dose–response. Improvement
in FEV1 was less pronounced in the lebrikizumab 37.5 mg dose
cohort compared with the 125 and 250 mg dose cohorts in the
periostin-high group, suggesting the 37.5 mg dose was a par-
tially effective dose. The FEV1 response to lebrikizumab was
rapid with improvement within 1 week and near maximal
improvements reached by week 4—a pattern also seen in the
previous phase II study (MILLY).8 The mechanism for this rapid
response is unclear, although it has been suggested previously

that enrolment in a clinical trial may be associated with rapid
improvements simply due to improved adherence to background
therapy. However, in this study, the patients completed a screen-
ing period lasting at least 14 days, during which patients were
assessed for adherence with their background asthma therapy
and the degree of asthma control provided by their standard-of-
care asthma medications. Patients whose symptoms remained
uncontrolled during this screening period despite adherence
with controller medicines were eligible to participate.
Therefore, placebo-corrected improvements in lung function
seen during week 1 are unlikely to be due to improved adher-
ence to therapy.

Changes in peripheral blood eosinophil counts have been
reported previously8 20 and may reflect blocking of IL-13

Figure 3 Mean values for (A) FeNO, (B) periostin and (C) blood eosinophils over 12 weeks.
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activity. The increased eosinophil counts in blood may be due to
decreased migration from blood to the airways due to reduced
chemotaxis.21 22

Our study has several limitations. The change in study design
after initiation of the studies resulted in variation of study drug
exposure among patients; however, on average, the exposure was
balanced between the treatment arms. Some patients were treated
for a relatively short period of time (eg, 1–2 doses) and drug expo-
sures did not reach steady state in all patients. The sample size of
463 patients may not be sufficient to completely understand the
dose–response—especially considering exacerbations are relatively
infrequent events. In spite of these limitations, these studies
confirm the role of periostin as a predictor of response to
IL-13-targeted therapy in moderate-to-severe, uncontrolled asth-
matics. Neutralising IL-13 activity in periostin-high patients
reduced the rate of acute exacerbations and improved FEV1.

In addition, these studies further confirm the safety profile of
lebrikizumab. Injection site reactions were more common in
patients with the higher doses of lebrikizumab than with the
lower dose or placebo. The assay for antibodies against the host
cell impurity PLBL2 detected a response in the majority of
lebrikizumab-treated patients; however, the clinical significance
of anti-PLBL2 antibodies is not known. No clinically important
safety signals were identified in this study.

The results of these studies, while providing further evidence
of the safety and efficacy of lebrikizumab in patients with
moderate-to-severe uncontrolled asthma, need to be confirmed
in larger randomised, double-blind, placebo-controlled phase III
clinical studies, which are currently underway.

Acknowledgements LUTE and VERSE were funded by Genentech, a member of the
Roche Group. Support for third-party writing assistance for this article, furnished by
Jonathan Brennan, PhD, of MediTech Media, was provided by F. Hoffmann-La Roche Ltd.

Contributors All authors made substantial contributions to the conception
or design of the work; or the acquisition, analysis or interpretation of data
for the work. All authors were involved with drafting the work or revising
it critically for important intellectual content and all have approved the version
to be published.

Competing interests YZ, SKF, MC, WSP, EM, HS, CTJH, RM, SG, RD, DM, JO,
JGM and KY are all employees of Genentech, a member of the Roche Group. NAH
has received honoraria for serving on advisory board or consultant for Genentech,
Roche, Sunovion, Pfizer and Novartis. His institution has received research grants on
his behalf from Genentech, GSK, BI, Mylan, Sunovion, Pearl, Pfizer. MN has received
honoraria as a speaker for Astrazeneca. PK’s institution received a research grant
provided by Genentech to Clinical Research Center LLC on his behalf. JC has
received honoraria as a speaker for Genentech and has received research grants
from Genentech.

Patient consent Obtained.

Ethics approval Approved by applicable institutional review board or independent
ethics committee at each participating centre.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

REFERENCES
1 National Heart Lung and Blood Institute. Expert Panel Report 3: Guidelines for the

Diagnosis and Management of Asthma. 2007. http://www.nhlbi.nih.gov/guidelines/
asthma/asthsumm.pdf

2 Wenzel SE. Asthma: defining of the persistent adult phenotypes. Lancet
2006;368:804–13.

3 Holgate ST, Polosa R. The mechanisms, diagnosis, and management of severe
asthma in adults. Lancet 2006;368:780–93.

4 Taylor DR, Bateman ED, Boulet LP, et al. A new perspective on concepts of asthma
severity and control. Eur Respir J 2008;32:545–54.

Table 5 Adverse events (AEs) reported during the entire study

Patients experiencing ≥1 event Placebo (n=116)
Lebrikizumab
37.5 mg (n=117)

Lebrikizumab
125 mg (n=112)

Lebrikizumab
250 mg (n=118)

Any AE 81 (69.8) 87 (74.4) 90 (80.4) 87 (73.7)
Any serious AE 7 (6.0) 1 (0.9) 6 (5.4) 7 (5.9)
Severe AE 14 (12.1) 14 (12.0) 9 (8.0) 11 (9.3)
Most common AEs (>5% in any treatment group)

Asthma 33 (28.4) 26 (22.2) 29 (25.9) 33 (28.0)
Upper respiratory tract infection 13 (11.2) 17 (14.5) 26 (23.2) 18 (15.3)
Nasopharyngitis 15 (12.9) 7 (6.0) 13 (11.6) 13 (11.0)
Sinusitis 12 (10.3) 10 (8.5) 12 (10.7) 7 (5.9)
Bronchitis 8 (6.9) 6 (5.1) 9 (8.0) 9 (7.6)
Injection site erythema 2 (1.7) 3 (2.6) 9 (8.0) 12 (10.2)
Acute sinusitis 7 (6.0) 1 (0.9) 7 (6.3) 9 (7.6)
Influenza 5 (4.3) 3 (2.6) 7 (6.3) 6 (5.1)
Injection site pain 4 (3.4) 4 (3.4) 8 (7.1) 4 (3.4)
Back pain 8 (6.9) 4 (3.4) 3 (2.7) 4 (3.4)
Cough 6 (5.2) 4 (3.4) 2 (1.8) 4 (3.4)
Arthralgia 3 (2.6) 2 (1.7) 6 (5.4) 3 (2.5)
Vomiting 2 (1.7) 2 (1.7) 1 (0.9) 6 (5.1)
Erythema 1 (0.9) 2 (1.7) 7 (6.3) 0

AEs of interest
Any ISR 7 (6.0) 13 (11.1) 23 (20.5) 24 (20.3)
Hypersensitivity reactions (broad*) 2 (1.7) 0 1 (0.9) 1 (0.8)
All infections 62 (53.4) 54 (46.2) 68 (60.7) 60 (50.8)
Neoplasms 1 (0.9) 2 (1.7) 1 (0.9) 2 (1.7)

*Broad search using Anaphylaxis Standardised MedDRA Query (SMQ) as algorithm (based on applying Sampson’s criteria as a bucket of search terms) plus the term hypersensitivity.
These cases were all cases of hypersensitivity that did not meet criteria for anaphylaxis and none were serious hypersensitivity.
ISR, injection site reaction.

Hanania NA, et al. Thorax 2015;70:748–756. doi:10.1136/thoraxjnl-2014-206719 755

Respiratory research

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf
http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf
http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.pdf
http://dx.doi.org/10.1016/S0140-6736(06)69290-8
http://dx.doi.org/10.1016/S0140-6736(06)69288-X
http://dx.doi.org/10.1183/09031936.00155307


5 Jarjour NN, Erzurum SC, Bleecker ER, et al. Severe asthma: lessons learned from
the NHLBI severe asthma research program. Am J Respir Crit Care Med
2011;185:356–62.

6 Anderson GP. Endotyping asthma: new insights into key pathogenic mechanisms in
a complex, heterogeneous disease. Lancet 2008;372:1107–19.

7 Moore WC, Meyers DA, Wenzel SE, et al. Identification of asthma phenotypes using
cluster analysis in the Severe Asthma Research Program. Am J Respir Crit Care Med
2010;181:315–23.

8 Corren J, Lemanske RF, Hanania NA, et al. Lebrikizumab treatment in adults with
asthma. N Engl J Med 2011;365:1088–98.

9 Woodruff PG, Modrek B, Choy DF, et al. T-helper type 2-driven inflammation defines
major subphenotypes of asthma. Am J Respir Crit Care Med 2009;180:388–95.

10 Humbert M, Durham SR, Kimmitt P, et al. Elevated expression of messenger ribonucleic
acid encoding IL-13 in the bronchial mucosa of atopic and nonatopic subjects with
asthma. J Allergy Clin Immunol 1997;99:657–65.

11 Woodruff PG, Boushey HA, Dolganov GM, et al. Genome-wide profiling identifies
epithelial cell genes associated with asthma and with treatment response to
corticosteroids. Proc Natl Acad Sci USA 2007;104:15858–63.

12 Jia G, Erickson RW, Choy DF, et al. Periostin is a systemic biomarker of eosinophilic
airway inflammation in asthma. J Allergy Clin Immunol 2012;130:647–54.

13 Sidhu SS, Yuan S, Innes AL, et al. Roles of epithelial cell-derived periostin in
TGF-beta activation, collagen production, and collagen gel elasticity in asthma.
Proc Natl Acad Sci USA 2010;107:14170–5.

14 Ultsch M, Bevers J, Nakamura G, et al. Structural Basis of Signaling Blockade by
Anti-IL-13 Antibody Lebrikizumab. J Mol Biol 2013;425:1330–9.

15 Scheerens H, Arron JR, Zheng Y, et al. The effects of lebrikizumab in patients with
mild asthma following whole lung allergen challenge. Clin Exp Allergy 2014;44:
38–46.

16 Global Initiative for Asthma (GINA). Global strategy for asthma management and
prevention—updated December 2011. 2011. http://www.ginasthma.org/

17 Yuk IH, Nishihara J, Walker D Jr, et al. More similar than different: Host cell protein
production using three null CHO cell lines. Biotechnol Bioeng. 2015 Apr 20. doi:
10.1002/bit.25615. [Epub ahead of print]

18 Ortega HG, Liu MC, Pavord ID, et al. Mepolizumab treatment in patients with
severe eosinophilic asthma. N Engl J Med 2014;371:1198–207.

19 Wenzel S, Ford L, Pearlman D, et al. Dupilumab in Persistent Asthma with Elevated
Eosinophil Levels. N Engl J Med 2013;368:2455–66.

20 Scheerens H, Arron J, Choy D, et al. Lebrikizumab treatment reduces serum
periostin levels in asthma patients with elevated baseline levels of periostin
[abstract]. Am J Respir Crit Care Med 2012;185:PA3960.

21 Blanchard C, Mingler MK, McBride M, et al. Periostin facilitates eosinophil tissue
infiltration in allergic lung and esophageal responses. Mucosal Immunol
2008;1:289–96.

22 Johansson MW, Annis DS & Mosher DF. alpha(M)beta(2) integrin-mediated
adhesion and motility of IL-5-stimulated eosinophils on periostin. Am J Respir Cell
Mol Biol 2013;48:503–10.

756 Hanania NA, et al. Thorax 2015;70:748–756. doi:10.1136/thoraxjnl-2014-206719

Respiratory research

http://dx.doi.org/10.1164/rccm.201107-1317PP
http://dx.doi.org/10.1016/S0140-6736(08)61452-X
http://dx.doi.org/10.1164/rccm.200906-0896OC
http://dx.doi.org/10.1056/NEJMoa1106469
http://dx.doi.org/10.1164/rccm.200903-0392OC
http://dx.doi.org/10.1016/S0091-6749(97)70028-9
http://dx.doi.org/10.1073/pnas.0707413104
http://dx.doi.org/10.1016/j.jaci.2012.06.025
http://dx.doi.org/10.1073/pnas.1009426107
http://dx.doi.org/10.1016/j.jmb.2013.01.024
http://dx.doi.org/10.1111/cea.12220
http://www.ginasthma.org/
http://www.ginasthma.org/
http://dx.doi.org/10.1056/NEJMoa1403290
http://dx.doi.org/10.1056/NEJMoa1304048
http://dx.doi.org/10.1038/mi.2008.15
http://dx.doi.org/10.1165/rcmb.2012-0150OC
http://dx.doi.org/10.1165/rcmb.2012-0150OC

	Lebrikizumab in moderate-to-severe asthma: pooled data from two randomised  placebo-controlled studies
	Abstract
	Introduction
	Methods
	Study design
	Study population
	Efficacy and safety assessments
	Study modification
	Statistical analyses

	Results
	Patients
	Efficacy
	Asthma exacerbations
	Lung function
	Secondary outcomes
	Biomarkers

	Pharmacokinetics
	Safety

	Discussion
	References


