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Abstract

Background: Lebrikizumab is a monoclonal antibody that modulates activity of

interleukin‐13. The Phase 3 ACOUSTICS study assessed lebrikizumab efficacy and

safety in adolescents with uncontrolled asthma despite standard‐of‐care treatment.

Methods: Adolescents (aged 12–17 years) with uncontrolled asthma, pre-

bronchodilator forced expiratory volume in 1 s 40%–90% predicted, and stable

background therapy were randomised 1:1:1 to receive lebrikizumab 125 or 37.5 mg

or placebo subcutaneously once every 4 weeks. Primary efficacy endpoint was

asthma exacerbation rate over 52 weeks.

Results: Between August 2013 and July 2016, 579 patients were screened and 346

were randomised; 224 (65%) completed the study with 52 weeks of treatment.

Lebrikizumab 125 mg (n = 116) reduced the exacerbation rate at 52 weeks versus

placebo (n = 117; adjusted rate ratio [RR] 0.49 [95% CI 0.28–0.83]; 51% rate

reduction). Lebrikizumab 37.5 mg (n = 113) was less effective at reducing exacer-

bations (RR 0.60 [95% CI 0.35–1.03]; 40% rate reduction). In patients with blood

eosinophil counts ≥300 cells/μl, both lebrikizumab doses reduced exacerbations
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(125 mg: RR 0.44 [95% CI 0.21–0.89]; 37.5 mg: 0.42 [95% CI 0.19–0.93]).

Treatment‐emergent adverse events, serious adverse events, and adverse events

leading to study discontinuation occurred in 155 (68%), 7 (3%), and 5 (2%) of 229

patients who received lebrikizumab (both 125 and 37.5 mg doses) and in 72 (62%), 4

(3%), and 1 (1%) of 117 who received placebo, respectively. No deaths occurred.

Conclusion: Lebrikizumab 125 mg reduced asthma exacerbation rates in adoles-

cents with uncontrolled asthma. However, the study was prematurely terminated

(sponsor's decision) potentially limiting interpretation of results.

Clinical trial registration: NCT01875003 (www.ClinicalTrials.gov).
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1 | INTRODUCTION

Asthma is a heterogeneous disease characterised by chronic inflam-

mation of the airways and is associated with airway hyper-

responsiveness that leads to recurrent episodes of wheezing,

breathlessness, chest tightness, and coughing, particularly at night or

in the early morning.1 Asthma is a global health problem that affects

approximately 339 million individuals worldwide.2 Other published

studies reporting on the burden of asthma morbidity in adolescent

patients (aged 12–17 years) have indicated that approximately 55%–

65% of adolescent patients with severe or difficult‐to‐treat asthma

receive at least three long‐term asthma control medications

concomitantly.3–5 One study that included 364 adolescent patients

with asthma found that, despite treatment, 44% of these patients

required a corticosteroid burst and 19% received treatment in an

emergency department ≤3 months prior to study baseline.4 There-

fore, patients who have uncontrolled disease despite treatment with

high‐dose inhaled corticosteroids (ICS) and a second controller

represent a population with high unmet medical need. Even with

guideline‐based asthma therapy,1 ≤50% of patients have treatment‐
refractory or well‐controlled asthma.6 The variable response to

standardised therapy may be due to the heterogeneity of asthma.7–10

Interleukin (IL)‐13 is a pleiotropic type 2 cell cytokine thought to

be a key contributor to the pathogenesis of asthma, affecting mucus

production, bronchial fibrosis, immunoglobulin E (IgE) production,

and smooth‐muscle hyperplasia as well as inflammatory‐cell

recruitment and activation.11–14 Lebrikizumab is a monoclonal anti-

body that binds specifically to IL‐13 with very high affinity, prevents

the formation of the IL‐4Rα/IL‐13Rα1 heterodimerisation and

downstream signalling, and does not interfere with endogenous

regulation of IL‐13 activity via IL‐13Rα2 binding.15–17 Results from

Phase 2 studies showed that treatment with lebrikizumab was

associated with improvements in lung function and the rate of

asthma exacerbations in patients with uncontrolled asthma, partic-

ularly in patients with high periostin levels.15,18 Replicate Phase 3,

randomised, controlled trials (LAVOLTA I/II) were conducted to

further assess the efficacy and safety of lebrikizumab in adult

patients with uncontrolled asthma despite treatment with standard‐
of‐care medications. To help identify those patients hypothesised to

most likely benefit from lebrikizumab treatment, they were classified

by type 2 biomarker status. However, lebrikizumab did not consis-

tently show statistically significant reductions in asthma exacerba-

tions in biomarker‐high adult patients (periostin ≥50 ng/ml, blood

eosinophil count ≥300 cells/μl, or both); the primary endpoint was

met in LAVOLTA I but not in LAVOLTA II. Although a non‐significant

numerical trend favouring lebrikizumab was observed, the study

sponsor (Roche/Genentech) decided to terminate the lebrikizumab

program.19

ACOUSTICS was a Phase 3 study to investigate the efficacy and

safety of lebrikizumab in adolescent patients with uncontrolled

asthma despite treatment with standard‐of‐care medications. The

study was prematurely closed by the study sponsor as of July 2016;

dosing and further enrolment in ACOUSTICS were closed and all

patients were transitioned to safety follow‐up. Here, we report the

findings from 346 patients (of 375 planned) enrolled in the study.

2 | METHODS

2.1 | Study design and participants

ACOUSTICS was a randomised, multicentre, double‐blind, placebo‐
controlled, parallel‐group study that evaluated the efficacy, safety,

and tolerability of lebrikizumab in adolescents with asthma whose

disease remained uncontrolled despite daily treatment with ICS and

at least one additional controller medication (e.g., long‐acting β‐ag-

onists [LABAs], leukotriene receptor antagonists [LTRAs], long‐acting

muscarinic antagonists [LAMAs], or theophylline). The protocol was

amended once to mitigate recruitment challenges associated with the

patient population and study design (see Appendix in Supporting

Information S1 for complete study protocol).

The study consisted of a 2‐week screening period (Visits 1–3), a

52‐week placebo‐controlled period, an active‐treatment extension,

and a safety follow‐up period (Figure 1). All patients participated in
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the placebo‐controlled period until Week 52, after which they could

opt to participate in the active‐treatment extension. Patients who

decided not to participate in the active‐treatment extension transi-

tioned to the safety follow‐up period. At the termination of the study

by the sponsor, all patients who were in the active‐treatment

extension were transitioned to the safety follow‐up period or dis-

continued per patient's choice. Efficacy analyses of the 52‐week

placebo‐controlled period are reported here.

Eligible patients were aged 12–17 years with uncontrolled

asthma diagnosed ≥12 months previously, with pre‐bronchodilator

forced expiratory volume in 1 s (FEV1) 40%–90% predicted and

bronchodilator response of ≥12% and had been receiving back-

ground therapy with ICS (500–2000 μg/day fluticasone propionate

dry‐powder inhaler or equivalent) for ≥6 months. Patients were also

required to be receiving at least one additional controller medication

(LABAs, LTRAs, LAMAs, or theophylline) for ≥6 months prior to Visit

1 (screening), with no changes within 4 weeks prior to Visit 1 and no

anticipated changes throughout the study (except for theophylline

dose, which could be adjusted on the basis of theophylline levels).

During the screening period, patients were also assessed for adher-

ence to their current asthma‐controller therapy, for their ability to

use the equipment necessary for all visits throughout the study, and

for complete data in a daily electronic diary (e‐Diary) reporting the

degree of asthma control provided by their standard‐of‐care asthma

medications. Adherence was defined as affirmative responses from

patients that they had taken their asthma‐controller therapy on

≥70% of days during the screening period as recorded in their e‐
Diary. Uncontrolled asthma was defined as a Five‐Item Asthma

Control Questionnaire (ACQ‐5) score of ≥1.5 and at least one of the

following asthma symptoms that were not controlled during the

screening period: symptoms for >2 days/week, night time awaken-

ings at least once per week, use of a short‐acting β‐agonist as rescue

medication for >2 days/week, or interference with normal daily ac-

tivities. Exclusion criteria included a history of a severe allergic or

anaphylactic reaction to a biologic agent or known hypersensitivity to

any component of the lebrikizumab injection, maintenance oral

corticosteroid therapy in the last 3 months, systemic corticosteroid

therapy in the last 4 months, clinically significant lung disease other

than asthma, infection requiring hospital admission or treatment with

intravenous or intramuscular antibiotics in the last 4 weeks, any

active infection that required treatment with oral antibiotics in the

last 2 weeks, upper or lower respiratory tract infection in the last

4 weeks, active parasitic infection or Listeria monocytogenes infection

in the last 6 months, and history of active tuberculosis requiring

treatment.

This study was conducted in accordance with the Declaration of

Helsinki and the International Council for Harmonisation Guideline

for Good Clinical Practice. Independent ethics committee approval

was obtained at all participating centres, and all patients provided

written informed assent, where appropriate, with consent from legal

guardians. An independent data monitoring committee reviewed

safety data at regular intervals throughout the trial.

2.2 | Dose selection, randomisation, and masking

Two dose levels were investigated in the study: the 125‐mg dose was

expected to demonstrate clinical efficacy while the 37.5‐mg dose was

selected to ensure minimal overlap in the range of serum exposures

between the two doses. Following completion of the screening period

F I GUR E 1 Study design schematic. Lebri, lebrikizumab; R, masked randomisation. *After the last dose of study drug during the optional

active‐treatment extension (or during the placebo‐controlled period for patients who opt not to participate in the active‐treatment extension),
all patients were to be followed‐up for safety for 24 weeks. This includes the 4 weeks after the final dose during the placebo‐controlled period
or the active‐treatment extension and a 20‐week safety follow‐up period
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and after all patient eligibility requirements were confirmed, patients

were randomised (at Visit 3) 1:1:1 to receive lebrikizumab 125 mg,

lebrikizumab 37.5 mg, or placebo every 4 weeks during the placebo‐
controlled period. Treatment was initiated on the same day as ran-

domisation (Visit 3, Day 1).

Randomisation was stratified by history of asthma exacerbations

within the last 12 months (0, 1–2, or ≥3 events), baseline asthma

medications (ICS total daily dose ≥1000 μg of fluticasone propionate

dry‐powder inhaler or equivalent plus LABA [yes or no]), age group

(12–14 or 15–17 years), and country. A dynamic randomisation

method was used to obtain an approximate 1:1:1 ratio among the

three treatment groups and within each stratum. Patients who opted

to transition to the active‐treatment extension and who had been

assigned to placebo during the placebo‐controlled period were re‐
randomised 1:1 to lebrikizumab 125 mg or 37.5 mg every 4 weeks.

For these patients, randomisation into the active‐treatment exten-

sion was performed using a block design stratified by age group (12–

14 or 15–17 years).

2.3 | Procedures

Lebrikizumab 125 mg and 37.5 mg were given subcutaneously every

4 weeks during the placebo‐controlled period and the optional

active‐treatment extension period. Assessments during the study

included recording of exacerbation events, healthcare use, spirom-

etry, patient‐reported outcome questionnaires, and adverse events.

Pharmacokinetics, pharmacodynamics biomarkers, and antidrug an-

tibodies were measured at Weeks 4, 12, 24, 36, and 52 (see Ap-

pendix in Supporting Information S1 for further details). Patients

were provided with a handheld peak flow metre and an e‐Diary,

which were used for once‐daily peak expiratory flow measurements

and to record use of asthma rescue and controller medication during

the study.

2.4 | Outcomes

The primary study endpoint was the asthma exacerbation rate over

52 weeks. An asthma exacerbation was defined as new or worsened

asthma symptoms that led to treatment with systemic corticosteroids

or to hospital admission. Treatment with systemic corticosteroids

was defined as oral, intravenous, or intramuscular corticosteroid

therapy for ≥3 days or at least one dose of intravenous or intra-

muscular corticosteroids administered during an emergency depart-

ment visit.

Secondary endpoints included relative change in pre-

bronchodilator FEV1 from baseline to Week 52; time to first asthma

exacerbation during the 52‐week placebo‐controlled period; change

in fractional exhaled nitric oxide (FENO) from baseline to Week 52;

change in asthma‐specific health‐related quality of life from baseline

to Week 52, as assessed by the overall score of the Asthma Quality

of Life Questionnaire for 12 years and older (AQLQ +12); change in

asthma rescue medication use from baseline to Week 52; and rate of

urgent asthma‐related healthcare use (i.e., hospitalisations, emer-

gency department visits, and acute care visits) during the 52‐week

placebo‐controlled period.

Safety outcomes included the frequency and severity of adverse

events during the 52‐week placebo‐controlled period and the safety

follow‐up period and incidence of antidrug antibodies against

lebrikizumab.

An exploratory endpoint included changes in ACQ‐5 score during

the placebo‐controlled period; because the study was closed pre-

maturely, the remaining exploratory endpoints were not analysed

(see Appendix in Supporting Information S1 for study protocol).

The pharmacokinetic objective of the study was to evaluate

serum lebrikizumab concentrations over the 52‐week placebo‐
controlled period.

Absolute change from baseline in blood eosinophil count, serum

C‐C motif chemokine 13 (CCL13), and serum total IgE were

measured throughout the 52‐week placebo‐controlled period as

biomarkers of IL‐13 activity.

2.5 | Statistical analysis

The primary and secondary efficacy analyses were assessed in the

intention‐to‐treat population, in which all randomised patients were

grouped by the treatment assigned at randomisation. Per the planned

study protocol, hypothesis‐testing for the efficacy endpoints was to

be performed between each lebrikizumab dose level and the placebo

group. To manage the overall type I error, comparison of efficacy in

the lebrikizumab 37.5‐mg group with that in the placebo group was

to be gated on the success of the primary endpoint test in the leb-

rikizumab 125‐mg group compared with the placebo group. Because

the study was closed early with no intention of using the results for

decision‐making purposes, all findings are presented descriptively as

point estimates with 95% CIs.

It was estimated that a total of 375 adolescents would be needed

to achieve approximately 80% power to detect a 50% reduction in

the asthma exacerbation rates with a given lebrikizumab dose level

compared with placebo.

The primary efficacy endpoint was the asthma exacerbation rate

during the 52‐week placebo‐controlled period. For each treatment

group, the unadjusted asthma exacerbation rate was estimated by

the total number of exacerbations observed during the placebo‐
controlled period divided by the total patient‐weeks at risk in the

group. For each patient, the period at risk was extended from the day

of randomisation to the day of early discontinuation from the

placebo‐controlled period.

The asthma exacerbation rates were compared between each

active‐treatment group and the placebo group by use of a Poisson

regression model with overdispersion. Analyses were based on

observed exacerbations over the period at risk. A patient's time at

risk, as defined above, was used as an offset term in the model. The

Poisson regression model was stratified by age group, history of
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asthma exacerbation in the last 12 months, and baseline asthma

medication. Adjusted asthma exacerbation rates were estimated us-

ing the Poisson regression model for each treatment group. The

relative reduction in the exacerbation rate in each lebrikizumab

group compared with the placebo group was estimated by the

exponentiated treatment coefficient, and the treatment coefficient

from the Poisson regression model.

For analyses of secondary endpoints, a Cox proportional hazards

regression model was used to estimate the hazard ratio (HR),

comparing each lebrikizumab treatment group with the placebo group.

Patients who did not experience a protocol‐defined asthma exacer-

bation were censored at the date of the Week 52 visit or at the date of

early discontinuation from the study. The mean changes from baseline

in prebronchodilator FEV1, FENO, AQLQ +12 scores, and asthma

rescue medication use were analysed using a mixed‐effects repeated‐
measures model. Analysis of the rates of urgent asthma‐related

healthcare use was performed using Poisson regression with over-

dispersion similar to that used for protocol‐defined asthma exacer-

bations. Efficacy analyses in this study were also stratified by baseline

blood eosinophil levels (≥300 and <300 cells/μl).

Safety analyses were based on all patients who received at least

one dose of study drug, with patients grouped by the actual treat-

ment received. Safety was assessed through summary of adverse

events, laboratory test results, and incidence of antibodies against

lebrikizumab.

ACOUSTICS was registered with ClinicalTrials.gov, number

NCT01875003.

2.6 | Role of the funding source

The sponsor of the study contributed to study design, data collection,

data analysis, data interpretation, and writing of the report. All au-

thors had full access to all the data in the study, and the corre-

sponding author had final responsibility for the decision to submit for

publication.

3 | RESULTS

Beginning August 2013, 579 patients were screened at 78 sites in 20

countries (Appendix in Supporting Information S1). Of these 579

patients, 346 were randomised prior to the premature closure of

enrolment on July 4, 2016. All patients who were randomised

received at least one dose of study drug (intention‐to‐treat popula-

tion). When study dosing was closed, 224 of 346 patients (65%)

completed the 52‐week placebo‐controlled period, and 133 of 229

patients treated with lebrikizumab (58%) received the full 13 doses

of study drug (Figure 2). A total of 146 patients discontinued dosing

prematurely within the placebo‐controlled period and directly

entered the safety follow‐up period, without entering the optional

active‐treatment extension phase (Figures 1 and 2). The last safety

follow‐up patient visit occurred on December 28, 2016.

Baseline characteristics were similar across treatment groups,

with a few exceptions (Table 1). The proportion of patients with

eosinophil counts ≥300 cells/μl was different across treatment

groups, with the highest proportion in the placebo group (56%) and

the lowest in the lebrikizumab 37.5‐mg group (44%).

A total of 113 exacerbations were reported during the 52‐week

placebo‐controlled period, including 51 in patients receiving placebo

(98.4 patient‐years of follow‐up) and 31 each in patients treated with

lebrikizumab 125 and 37.5 mg (105.1 and 100.8 patient‐years at risk,

respectively). Overall, treatment with lebrikizumab reduced the

asthma exacerbation rate compared with placebo over 52 weeks

(Figure 3). Compared with placebo, the adjusted rate ratio [RR] in the

lebrikizumab 125‐mg group was 0.49 (95% CI 0.28 to 0.83), corre-

sponding to a 51% reduction in asthma exacerbation rates. In the

lebrikizumab 37.5‐mg group, the RR was 0.60 (95% CI 0.35–1.03),

corresponding to a 40% reduction in asthma exacerbation rates.

When patients were stratified by blood eosinophil counts

(≥300 vs. <300 cells/μl) both lebrikizumab doses demonstrated a

greater exacerbation rate reduction in higher versus lower eosinophil

counts (Figure 3). Among patients with high blood eosinophil counts,

the adjusted RRs were 0.44 (95% CI 0.21–0.89) in the lebrikizumab

125‐mg group and 0.42 (95% CI 0.19–0.93) in the lebrikizumab 37.5‐
mg group compared with placebo (corresponding to asthma exacer-

bation rate reductions of 56% and 58%, respectively). Among pa-

tients with low blood eosinophil counts, the adjusted RRs were 0.54

(95% CI 0.22–1.30) in the lebrikizumab 125‐mg group and 0.95 (95%

CI 0.43–2.11) in the lebrikizumab 37.5‐mg group compared with the

placebo group.

An overview of the secondary and exploratory efficacy endpoints

is presented in Table 2. A trend towards increased prebronchodilator

FEV1 was observed in patients treated with lebrikizumab 37.5 mg;

the placebo‐corrected mean change from baseline to Week 52 was

198 ml (95% CI 53–342 ml) in the lebrikizumab 37.5‐mg group and

53 ml (95% CI −92 to 198 ml) in the lebrikizumab 125‐mg group (see

Appendix in Supporting Information S1 for mean change in FEV1 over

time). Patients treated with lebrikizumab had an increased time to

first asthma exacerbation compared with those receiving placebo

(HR 0.37 [95% CI 0.21–0.66] in the lebrikizumab 125‐mg group and

HR 0.40 [95% CI 0.22–0.73] in the lebrikizumab 37.5‐mg group)

(Table 2 and Figure 4). Patients receiving lebrikizumab also had a

reduction from baseline in FENO; the placebo‐corrected mean

change from baseline to Week 52 was −30.3 parts per billion (ppb;

95% CI −37.9 to −22.8 ppb) in the lebrikizumab 125‐mg group and

−22.0 ppb (95% CI −29.4 to −14.6 ppb) in the lebrikizumab 37.5‐mg

group. Although the overall number of events of urgent asthma‐
related healthcare use was low over 52 weeks (Table 2), a

decreased rate of events was observed among patients treated with

either lebrikizumab dose compared with patients treated with pla-

cebo (RR 0.27 [95% CI 0.10 to 0.72] with lebrikizumab 125 mg and

RR 0.40 [95% CI 0.16 to 1.00] with lebrikizumab 37.5 mg). No evi-

dence of a change in rescue medication use or quality of life was

observed as assessed by the AQLQ +12 with either lebrikizumab

dose. (See Appendix in Supporting Information S1 for ACQ‐5,
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pharmacodynamics, pharmacokinetics, and antidrug antibody

assessment results.)

The proportions of patients who experienced treatment‐
emergent adverse events (combined lebrikizumab doses, 155 [68%]

of 229 patients vs. placebo, 72 [62%] of 117 patients), serious adverse

events (seven [3%] patients vs. four [3%] patients), and adverse events

leading to study drug discontinuation (five [2%] patients vs. one [1%]

patient) were similar between lebrikizumab and placebo (Table 3 and

appendix). No deaths occurred. Treatment groups were balanced on

the key safety events of injection‐site reactions and serious infections,

with no malignancies reported in any treatment group. Two cases

evaluated as potential anaphylaxis, one case of tuberculosis, and one

case of serious eosinophilia were reported (appendix). A 13‐year‐old

male patient treated with lebrikizumab 37.5 mg developed itchy

throat, facial swelling, and wheezing 3 days following the fourth dose

of study drug; the patient was diagnosed with urticaria and severe

angioedema, and the blinded investigator did not consider the event

related to study drug. A 16‐year‐old female patient treated with

lebrikizumab 125 mg experienced chest tightness and dyspnoea

4 days following the second dose of study drug; she went to the

F I GUR E 2 Trial profile

6 of 12 - SZEFLER ET AL.



emergency department and was treated with epinephrine, methyl-

prednisolone, and promethazine; the event resolved by the following

day and was not considered related to study drug by the investigator.

A 16‐year‐old female patient treated with lebrikizumab 125 mg

presented with dyspnoea, cough, fever, and night sweats on study Day

101; cultures were positive for Mycobacterium tuberculosis sensitive to

rifampicin; the patient was treated with oral ethambutol/isoniazid/

pyrazinamide/rifampicin, and the event was recorded as “resolved”

and not considered by the investigator to be related to study treat-

ment. A 12‐year‐old female patient treated with lebrikizumab

37.5 mg developed serious eosinophilia (increase from 810 cells/μl at

screening to 4770 cells/μl on study Day 85); no clinical signs or

symptoms suggested an underlying pathology, and the blood eosino-

phil count decreased to 1110 cells/μl following discontinuation of

study drug (study Day 107); the investigator considered the event

related to study drug.

TAB L E 1 Patient baseline characteristics in the intention‐to‐treat population

Placebo (n = 117)

Lebrikizumab

37.5 mg (n = 113)

Lebrikizumab

125 mg (n = 116)

All patients

(N = 346)

Age, years 14.1 (1.7) 14.2 (1.5) 14.2 (1.6) 14.2 (1.6)

Sex

Male 68 (58%) 70 (62%) 57 (49%) 195 (56%)

Female 49 (42%) 43 (38%) 59 (51%) 151 (44%)

Age group, years

12–14 71 (61%) 64 (57%) 67 (58%) 202 (58%)

15–17 46 (39%) 49 (43%) 49 (42%) 144 (42%)

White race 84 (72%) 75 (66%) 74 (64%) 223 (67%)

Body mass index, kg/m2 22.1 (4.0) 22.4 (4.6) 22.8 (5.0) 22.4 (4.6)

Median duration of asthma (range), years 9 (1–17) 11 (1–17) 11 (1–17) 11 (1–17)

Mean ICS (fluticasone propionate DPI or equivalent), μg/day 699.8 (397.8) 751.8 (621.3) 672.0 (416.9) 707.4 (487.4)

Baseline LABA 107 (91) 101 (89) 106 (91) 314 (91)

Prebronchodilator FEV1

Absolute, L 2.220 (0.542) 2.393 (0.494) 2.266 (0.482) 2.292 (0.510)

% Predicted 69.8 (12.5) 73.3 (9.9) 70.9 (10.7) 71.3 (11.2)

ACQ‐5 score (0–6) 2.76 (0.83) 2.57 (0.84) 2.69 (0.90) 2.67 (0.86)

AQLQ +12 score (1–7) 4.42 (1.09) 4.65 (1.15) 4.22 (1.26) 4.42 (1.18)

Median IL‐13, pg/ml 1.4 (0.8–2.3)a 1.2 (0.8–1.8)† 1.3 (0.8–2.2)c 1.3 (0.8–2.1)

Median CCL13, pg/ml 149 (119–204) 169 (123–231)§ 154 (110–187) 156 (118–204)

Median IgE, IU/ml 358 (156–984) 361 (126–1027)§ 368 (170–921)e 361 (154–984)

Median FENO, ppbf 30 (14–59)g 37 (18–62)c 33 (16–58)e 33 (16–59)

Median blood eosinophil count, cells/μlf 330 (190–530) 280 (140–420) 295 (180–515) 295 (160–490)

Elevated eosinophil count (≥300 cells/μl)f 65 (56%) 50 (44%) 58 (50%) 173 (50%)

Patients with ≥1 exacerbation in previous 12 months 76 (65%) 70 (63%)e 83 (72%) 229 (66%)e

Note: Data are n (%), mean (SD), or median (IQR), unless otherwise stated.

Abbreviations: ACQ‐5, Five‐Item Asthma Control Questionnaire; AQLQ +12, Asthma Quality of Life Questionnaire for 12 years and older; CCL13, C‐C
motif chemokine 13; DPI, dry‐powder inhaler; FENO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroid;

IgE, immunoglobulin E; IL, interleukin; LABA, long‐acting β‐agonist; ppb, parts per billion.
aThree patients missing.
bEleven patients missing.
cTwo patients missing.
dFour patients missing.
eOne patient missing.
fMeasured at screening.
gSix patients missing.
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4 | DISCUSSION

The results of this Phase 3 trial in adolescent patients with uncon-

trolled asthma indicate that treatment with lebrikizumab 125 mg

every 4 weeks reduced asthma exacerbation rates. Exacerbation

rates were reduced to a greater extent with both lebrikizumab dose

levels (125 and 37.5 mg) in patients with higher (≥300 cells/μl)

versus lower (<300 cells/μl) eosinophil counts. Analysis of secondary

and exploratory endpoints demonstrated an increase in FEV1 with

lebrikizumab 37.5 mg and an increase in time to first asthma exac-

erbation with both doses.

In patients with asthma, addressing uncontrolled disease despite

adherence to standard‐of‐care treatments is a critical unmet need.

Previous clinical trials in adult asthma have demonstrated that type 2

biomarkers, including blood and sputum eosinophils were correlated

to severe airway inflammation, persistent symptoms, frequent exac-

erbations, and the clinical efficacy of these biomarkers in predicting

treatment outcomes of type 2‐targeting biologics has been estab-

lished.20 Furthermore, there are limited data on treatment of

adolescent patients with uncontrolled asthma, although the high

burden of disease in this patient population has been well docu-

mented.3,4 Studies of other anti–IL‐5, anti–IL‐13, anti–IL‐4Rα/IL‐13,

and anti‐thymic stromal lymphopoietin biologics (benralizumab,

mepolizumab, reslizumab, tralokinumab, dupilumab, and tezepelu-

mab) have included only a small number of adolescent patients,

limiting interpretation of data in this population.21–29 Unlike these

other studies of uncontrolled asthma which enrolled adolescents and

adults together or enrolled younger children, ACOUSTICS was a

dedicated all‐comers study of adolescent patients.

The overall reduction in asthma exacerbation rates in this study

was better than those observed in the Phase 3 trials in adults with

asthma treated with lebrikizumab: in the LAVOLTA studies,

biomarker‐high patients (periostin ≥50 ng/ml, blood eosinophil count

≥300 cells/μl, or both) treated with lebrikizumab 125 and 37.5 mg

achieved 30% and 51% reductions, respectively (LAVOLTA I), or a 26%

reduction (LAVOLTA II; both doses).19 In ACOUSTICS, adolescent

patients in the overall population treated with lebrikizumab 125 and

37.5 mg experienced 51% and 40% reductions in asthma exacerbation

rates, respectively, compared with placebo. However, in the high

eosinophil group, the ACOUSTICS adolescent patients experienced a

56%–58% reduction in asthma exacerbation rates in contrast to the

39% and 60% in the high eosinophil group in LAVOLTA I and the 32%

and 43% reduction in LAVOLTA II.

Limitations to this study are associated with premature closing of

enrolment and study drug dosing. The results could be influenced by

multiple factors that may have reduced the power to detect any

differences between treatment groups, including the pattern of early

discontinuations (favoured patients in the placebo group) and the

decision by the sponsor to close the study prematurely. As such, no

statistical analyses beyond point estimates and 95% CIs were per-

formed, limiting the ability to make meaningful comparisons between

treatment groups. At the time of study design, which was prior to

2015, the understanding of biomarkers for asthma were unclear.

Therefore, patients with exacerbations in the previous year were not

included. Periostin was not measured because these were adolescent

patients, and periostin is a bone growth marker which would be

elevated and highly variable in adolescents and thus not a good

biomarker in this age group. We speculate that 37.5 and 125 mg

doses may not be high enough, as a dose response was seen in the

atopic dermatitis trials which used much higher doses and increased

frequency of dosing.30

In summary, this study found that treatment with lebrikizumab

reduced the exacerbation rates in adolescent patients (greater effect

observed with the 125‐mg dose than with the 37.5‐mg dose) and

exacerbation rates were further reduced in patients who have

baseline peripheral blood eosinophilia. A unique feature of this trial is

that this is the largest free‐standing asthma study in adolescent pa-

tients. Current asthma trials include adolescents and adults into a

single trial, with adolescent patients comprising a small subset of the

overall adult population. Lebrikizumab showed a favourable safety

profile in adolescents that was consistent with observations from

adult studies.

F I GUR E 3 Adjusted rate of asthma exacerbations over 52 weeks in all patients and by eosinophil group
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TAB L E 2 Secondary and exploratory efficacy estimates at 52 weeks (ITT population)

Placebo (n = 117) Lebrikizumab 37.5 mg (n = 113) Lebrikizumab 125 mg (n = 116)

Change from baseline in prebronchodilator FEV1, mla

Adjusted mean (SE) 370 (54) 568 (53) 423 (54)

Difference in means versus placebo (95% CI) .. 198 (53–342) 53 (−92–198)

Time to first exacerbation

Patients with event, n (%) 33 (28%) 18 (16%) 20 (17%)

Hazard ratio versus placebo (95% CI) .. 0.40 (0.22 to 0.73) 0.37 (0.21 to 0.66)

Change from baseline in prebronchodilator FENO, ppba

Adjusted mean (SE) 3.9 (2.8) −18.0 (2.7) −26.4 (2.8)

Difference in means versus placebo (95% CI) .. −22.0 (−29.4 to −14.6) −30.3 (−37.9 to −22.8)

Change from baseline in ACQ‐5 score

Adjusted mean (SE) −1.04 (0.11) −1.38 (0.11) −1.34 (0.11)

Difference in means versus placebo (95% CI) .. −0.34 (−0.63 to −0.05) −0.30 (−0.59 to 0.00)

Change from baseline in AQLQ +12 scoreb

Adjusted mean (SE) 1.05 (0.11) 1.17 (0.11) 1.21 (0.11)

Difference in means versus placebo (95% CI) .. 0.12 (−0.18 to 0.41) 0.15 (−0.14 to 0.44)

Change from baseline in rescue medication use, puffs per day, na

Adjusted mean (SE) −0.64 (0.24) −0.68 (0.24) −0.50 (0.23)

Difference in means versus placebo (95% CI) .. −0.04 (−0.67 to 0.58) 0.14 (−0.48 to 0.77)

Asthma‐related healthcare use

Number of events 18 7 6

Follow‐up time, years 98.4 100.8 105.1

Adjusted healthcare use rate, per year 0.21 0.08 0.06

Rate difference versus placebo, events/year .. −0.13 −0.15

Rate ratio versus placebo (95% CI) .. 0.40 (0.16 to 1.00) 0.27 (0.10 to 0.72)

Abbreviations: ACQ‐5, Five‐Item Asthma Control Questionnaire; AQLQ +12, Asthma Quality of Life Questionnaire for 12 years and older; FENO,

fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; ITT, intention‐to‐treat; ppb, parts per billion.
aImputation of missing values was performed using the last observation carried forward
bFor missing responses, the domain score was calculated using the mean of those questions with an answer present, provided that ≥50% of the

questions had an answer present; if <50% of the answers were present, the domain score was set to missing.
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F I GUR E 4 Time to first asthma exacerbation

TAB L E 3 Adverse eventsa

Placebo (n = 117)
Lebrikizumab 37.5 mg
(n = 113)

Lebrikizumab 125 mg
(n = 116)

All lebrikizumab
(n = 229)

Drug exposureb

Number of doses, mean (SD) 9.7 (4.5) 10.1 (4.2) 10.4 (3.9) 10.2 (4.1)

Duration of treatment, mean (SD), weeks 39.1 (18.0) 40.5 (16.7) 41.9 (15.8) 41.2 (16.2)

Adverse events, n 300 247 279 526

Serious adverse events, n 4 4 5 9

Deaths, n 0 0 0 0

Patients with ≥1, n (%)

Adverse event 72 (61.5%) 76 (67.3%) 79 (68.1%) 155 (67.7%)

Severe adverse event (at greatest intensity) 4 (3.4%) 6 (5.3%) 3 (2.6%) 9 (3.9%)

Adverse event assessed as related to study drug

by investigator

9 (7.7%) 15 (13.3%) 16 (13.8%) 31 (13.5%)

Serious adverse event 4 (3.4%) 3 (2.7%) 4 (3.4%) 7 (3.1%)

Adverse event leading to discontinuation from

study treatment

1 (0.9%) 3 (2.7%) 2 (1.7%) 5 (2.2%)

Adverse event of special interest

Injection‐site reaction 6 (5.1%) 6 (5.3%) 11 (9.5%) 17 (7.4%)

Anaphylaxis per Sampson's criteria 0 1 (0.9%) 1 (0.9%) 2 (0.9%)

Assessed as related to study drug 0 1 (0.9%) 0 1 (0.4%)

Infection (broad definition) 53 (45.3%) 54 (47.8%) 54 (46.6%) 108 (47.2%)

Infection (narrow definition)c 0 0 1 (0.9%) 1 (0.4%)

Malignancy 0 0 0 0

MedDRA HLGT, Medical Dictionary for Regulatory Activities High‐Level Group Term.
aReflects total time in the study (up to 6 weeks following the last dose of drug).
bDrug exposure during the 52‐week placebo‐controlled period.
cMedDRA HLGT for helminthic disorders, mycobacterial infectious disorders, and protozoal infectious disorders or MedDRA HLGT of Listeria infections.
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