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Rationale: 1L-17 signaling has been implicated in development and
persistence of asthma. Cytokine-targeted strategies blocking IL-17
receptor signaling may be beneficial in asthma treatment.
Objectives: To determine efficacy and safety of brodalumab, ahuman
anti-IL-17 receptor A monoclonal antibody, in subjects with inade-
quately controlled moderate to severe asthma taking regular in-
haled corticosteroids.

Methods: Three hundred two subjects were randomized to brodalumab
(140, 210, or 280 mg) or placebo. Primary endpoint was change in
Asthma Control Questionnaire (ACQ) score from baseline to Week
12. Secondary endpoints included FEV;, symptom scores, and
symptom-free days. Prespecified subgroup analyses were con-
ducted to identify potential responsive subpopulations. Analyses
included randomized subjects receiving one or more doses
of investigational product using last-observation-carried-forward
imputation.

Measurements and Main Results: Demographics and baseline charac-
teristics were generally balanced among groups (n = 302; n = 226
brodalumab). For the overall study population, no treatment differ-
ences were observed. Nine prespecified subgroups were examined
without corrections for multiple testing. In only the high-reversibility
subgroup (post-bronchodilator FEV; improvement = 20%; n = 112)
was an ACQ change with nominal significance noted; ACQresponses
were nominally significant in the 210-mg group (estimated treat-
ment difference, 0.53) but not significant in the higher 280-mg
group (estimated treatment difference, 0.38). Adverse events, gen-
erally balanced among groups, were most commonly asthma, upper
respiratory tract infection, and injection site reaction.

Conclusions: Inhibition of IL-17 receptor A did not produce a treatment
effect in subjects with asthma. The results of the high-reversibility sub-
group analysis are of uncertain significance, requiring further study of
brodalumab in this asthma subpopulation.
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

IL-17 signaling has been implicated in development and
persistence of asthma. Thus, cytokine-targeted strategies
blocking IL-17 receptor signaling may be beneficial in
asthma treatment.

What This Study Adds to the Field

There was no evidence of an effect of brodalumab in the
overall study population of subjects with inadequately
controlled moderate to severe asthma; however, a high
bronchodilator reversibility subgroup was identified as a
potential subpopulation that may respond to brodalumab
treatment with clinically meaningful responses. These results
support further study of brodalumab in this subpopulation
with severe asthma.

Despite guideline-directed care of asthma, including treatment
with inhaled corticosteroids (ICS), short-acting B,-agonist (SABA),
leukotriene receptor antagonists (LTRAs), and long-acting B,-
agonist (LABA), there remains significant uncontrolled disease
(1-3). This residual uncontrolled disease may be due to nonre-
sponsive patient subpopulations whose disease activity is driven
by inflammatory processes that are not targeted by currently
available therapeutics. Although asthma has been thought of as
an inflammatory disease largely driven by a Th2-mediated re-
sponse, Th17 cells can contribute to airway hyperresponsiveness
by recruiting both eosinophils and neutrophils (4, 5). Th17 cells
predominantly act through the production of the IL-17 family of
cytokines (IL-17A-17F) (6), of which IL-17A and IL-25 (IL-17E)
are believed to play roles in the lung inflammatory process
through distinct IL-17 receptor A (IL-17RA)-containing hetero-
meric receptor complexes expressed in airway smooth muscle
cells (7). Studies in animal models of asthma have shown that
antigen challenge increases IL-17 expression and neutrophil re-
cruitment via IL-17RA (8-10). Moreover, increased IL-17A and
IL-17F levels in the lungs of patients with active asthma (4, 11,
12) are positively correlated to neutrophilic inflammation (13)
and disease severity (12, 14). This increased disease severity
may be due to IL-17RA-mediated airway hyperresponsiveness
via enhanced smooth muscle cell contraction (5) and migration
(15). Although IL-17A may play a large role in the disease pa-
thology of asthma, IL-25 signaling is also involved, mediating
downstream Th2 events such as secretion of IL-4, IL-5, and
IL-13 from Th2 cells (16). Thus, cytokine-targeted strategies
aimed at blocking IL-17RA signaling may be beneficial in the
treatment of asthma.
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Brodalumab (AMG 827) is a human, anti-IL-17RA immu-
noglobulin G2 (IgG2) monoclonal antibody that binds with high
affinity to human IL-17RA, blocking the biologic activity of IL-
17A, -17F, -17A/F heterodimer, and -17E (IL-25). Blocking
IL-25 activity, in addition to that of IL-17A and IL-17F, is a dis-
tinguishing feature of brodalumab, in contrast to blocking the
IL-17 family ligands individually. Brodalumab has been studied
in more than 800 subjects in phase 1 and phase 2 clinical trials
and has been shown to have a safety profile supportive of con-
tinued clinical development (17-19). In early-phase studies, bro-
dalumab has shown partially nonlinear kinetics, with a larger
increase in exposure than the proportionate increase in dose,
such that the blood levels and exposure are broader than what
may appear to be nominal dose differences. Doses ranging from
140 to 280 mg every 2 weeks result in serum levels sufficient to
inhibit more than 90% of IL-17 and IL-25 receptor activity (17).
Brodalumab has been studied in other diseases involving in-
creased IL-17 activation (rheumatoid arthritis, psoriasis, psoriatic
arthritis, and Crohn disease). In contrast to the lack of observed
effect in rheumatoid arthritis (19) and the negative response in
active Crohn disease (20), brodalumab has demonstrated signif-
icant improvements in plaque psoriasis in a 12-week, phase 2
study (18) and is currently being tested in phase 3 studies of
psoriasis.

Here we report the first study of an anti—IL-17 in humans with
asthma. The primary objective of this study was to evaluate
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efficacy and safety of brodalumab in subjects with inadequately
controlled moderate to severe asthma despite receiving regular
ICS. Some of the results of this study have been previously
reported in the form of an abstract (21).

METHODS

Subjects

Subjects aged 18 to 65 years with inadequately controlled physician-
diagnosed moderate to severe asthma on stable ICS (=200 and
=<1,000 pg/d of fluticasone powder or equivalent for =3 mo before
screening, and had to be on a stable dose for =30 d) with or without
additional LABAs were eligible (see Table E1 in the online supple-
ment). Patients were recruited from each clinical site’s existing patients
or from referral based on inadequately controlled asthma determined
by Asthma Control Questionnaire (ACQ) scores greater than or equal
to 1.5, greater than or equal to 50% to less than or equal to 80%
predicted FEV,, and greater than or equal to 12% reversibility over
baseline FEV; with SABA inhalation. Key exclusion criteria included
evidence of active infection or hematologic or immune suppression
(Table E1). Subjects could have previously received LABA, theophyl-
line, inhaled anticholinergics, oral 3,-agonists, leukotriene antagonists,
or cromolyn therapeutics. Use of asthma medications, other than ICS
and as-needed albuterol/salbutamol, was not permitted during the study
after a 2-week washout for LTRAs and 1 week for LABA or theophyl-
line. LABAs were not allowed during the study period to ensure the
study population had the potential for lung function improvement and
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Figure 1. Flow chart of the study.
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TABLE 1. DEMOGRAPHICS AND BASELINE CHARACTERISTICS
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Placebo (N = 76)

Brodalumab (N = 226)

Total (N = 302)

Sex, female, n (%) 53 (70)
Race, n (%)
White 69 (91)
Black 5(7)
Asian 2(3)
American Indian or Alaskan Native 0 (0)
Hispanic or Latino 3(4)
Multiple 0 (0)
Other 0 (0)
Age, yr 46.8 (11.2)
Weight, kg 84.1 (19.0)
Height, cm 167.6 (8.6)
ACQ score 2.48 (0.65)
AQLQ score 4.44 (0.99)
Atopic,* n (%) 60 (79)
FEV,, prebronchodilator, L 2.06 (0.50)
% Predicted FEV,, prebronchodilator 64.7 (8.7)
FEV;, post-bronchodilator, L 2.49 (0.62)
% Predicted FEV,, post-bronchodilator 78.2 (12.9)
% Reversibility 21.1 (12.7)
Duration of asthma, yr 24.8 (16.1)
Baseline ICS dose, ng/d fluticasone equivalent 541 (270)
Daily rescue B-agonist use, puffs/d 4.34 (7.34)
Previous LABA use, yes, n (%) 58 (76)
AM PEF, L/min 318.7 (97.2)
Daily asthma symptom scores 5.52 (3.86)
Nighttime asthma symptom scores 1.00 (1.07)

2013

eNO, median (IQR), parts/billion
Peripheral eosinophils, median (IQR), %
Total serum IgE, median (IQR), IU/ml

22.0 (13.0, 29.5)
2.9 (1.7, 4.5)
141 (44, 311)

126 (56) 179 (59)
185 (82) 254 (84)
26 (12) 31 (10)
8 (4) 10 (3)
2(1) 2(1)
17 (8) 20 (7)
4(2) 4(1)
1(0) 1(0)
45.4 (11.5) 45.7 (11.4)
86.9 (22.0) 86.2 (21.3)
169.2 (9.9) 168.8 (9.6)
2.52 (0.66) 2.51 (0.66)
4.56 (1.04) 4.53 (1.03)
190 (84) 250 (83)
2.20 (0.60) 2.16 (0.58)
65.4 (8.5) 65.2 (8.5)
2.60 (0.72) 2.57 (0.69)
77.3 (10.9) 77.6 (11.4)
18.9 (13.5) 19.4 (13.3)
24.3 (13.5) 24.4 (14.2)
497 (251) 508 (256)
3.86 (5.06) 3.98 (5.71)
153 (68) 211 (70)
358.7 (114.8) 348.6 (111.9)
5.82 (3.41) 5.74 (3.52)
1.10 (1.10) 1.07 (1.08)
24.0 (16.0, 38.3) 23.5 (14.8, 35.8)
2.9 (1.9, 4.3) 2.9 (1.8, 4.3)

122 (60, 320) 132 (52, 320)

Definition of abbreviations: ACQ = Asthma Control Questionnaire; AM PEF = morning peak expiratory flow; AQLQ = Asthma
Quality of Life Questionnaire; eNO = exhaled nitric oxide; IQR = interquartile range; LABA = long-acting B,-agonist.

Data represent mean (SD) unless otherwise indicated.

* Atopy status was defined as a positive skin prick test response (>3-mm wheal) or a positive RAST result.

thereby to increase the chance of identifying any signal of a brodalumab
effect. After a 4-week run-in period, in which controller medications doses
were stabilized, no changes to the types or dosages of asthma medications
or allergen immunotherapy were allowed during the study except for the
use of systemic corticosteroids during an asthma exacerbation.

Study Design

This was a phase 2a, randomized, double-blind, placebo-controlled,
dose-ranging study evaluating the efficacy and safety of brodalumab
in subjects with asthma. Randomization (1:1:1:1) to receive brodalumab
(140,210,280 mg) or placebo subcutaneously at Day 1 and Weeks 1, 2, 4,
6, 8, and 10 was assigned by an interactive voice response system based
on a permuted block design within each strata (baseline atopy status and
ICS dose [<500 pg and =500 pg fluticasone powder or equivalent]).
Institutional review board or ethics committee at each site approved
the protocol. This study was conducted in accordance with principles of
the Food and Drug Administration and International Conference on
Harmonization Good Clinical Practice regulations/guidelines. All sub-
jects provided written informed consent, and the study was approved
by the institutional review board of each participating site. The first
subject enrolled October 4, 2010, and the last subject completed the
study December 21, 2011. Representatives of Amgen designed the
study in collaboration with the authors, collected data, and conducted
the data analyses. All the authors interpreted the data and participated
in the preparation of the manuscript with support from a professional
medical writer employed by Amgen. All the authors made the decision
to submit the manuscript for publication and vouch for the complete-
ness and accuracy of the data and analyses and for the fidelity of the
study to the protocol.

Efficacy and Safety Evaluations

The primary endpoint was ACQ total score (long-form ACQ-7) change
from baseline to Week 12; reductions greater than or equal to 0.5 were
considered clinically meaningful changes (22). Secondary endpoints

included changes from baseline in pre- and post-bronchodilator
FEV,, morning peak expiratory flow (AM PEF), rescue SABA use,
daily asthma symptom score, and symptom-free days. Safety was
assessed by adverse events (AEs) and routine hematologic and lab-
oratory values. An independent data review team reviewed unblinded
safety data throughout the study. A low rate of neutropenia (~1%)
has been reported across different candidate therapies targeting IL-17
signaling. Thus, in addition to risk of infection, injection site reactions,
and immunogenicity (antibrodalumab antibodies), safety events of spe-
cial interest included any potential for decreased neutrophil counts.

The ACQ was administered at every scheduled study visit at Day 1
and Weeks 1, 2, 4, 6, 8, 10, 12, and 16 for the 7-day recall in prior week.
For FEV, evaluations, prebronchodilator spirometric evaluations were
performed in the morning before any use of bronchodilators. Post-
bronchodilator measurements were recorded 15 to 45 minutes after
bronchodilator use. Exhaled nitric oxide values were assessed on site
by using the Niox Mino (Niox, Morrisville, NC). Subjects received an
electronic diary (e-diary, AM3 device; ERT, Philadelphia, PA) to re-
cord their rescue SABA use and asthma symptoms twice a day. A peak
flow meter was dispensed, and patients were instructed to measure PEF
twice daily at least 6 hours after the last use of an SABA; reminders
were included in the daily electronic diary. Symptoms were assessed on
a 21-point scale (each of seven items on a 0- to 3-point Likert scale) and
included nighttime awakenings/symptoms, wheezing, shortness of breath,
cough, chest tightness, and activity limitation. Atopy status was assessed
for all patients by using either skin prick tests or RAST. All screening
and on-study laboratory samples (with the exception of urine pregnancy)
were processed and sent to central laboratories (Covance, Indianapolis,
IN; Covance, Geneva Switzerland; Covance, Republic of Singapore).
Analysis of samples for antibrodalumab antibody testing was done by
PPD Development (Richmond, VA).

Prespecified Subgroup Analyses

Prespecified subgroup analyses were designed to identify the pheno-
type of patients who may preferentially respond to brodalumab treatment.
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Prespecified subgroup analyses were based on a high bronchodila-
tor reversibility subpopulation (FEV; improvement = 20% after
bronchodilator treatment), baseline FEV;% predicted (tertiles),
ACQ (tertiles), ICS dose (=500 pg or <500 pg), fractional exhaled
nitric oxide (=23.5 or <23.5), peripheral eosinophils (=6% or <6%),
sex, race (white or nonwhite), and weight (=100 kg or <100 kg). The 20%
cutoff for reversibility was based on the historical recommendation that
significant reversibility be defined as greater than or equal to 20%
improvement in post-bronchodilator FEV; (e.g., Global Initiative for
Asthma Guidelines 2006) and the mean improvement in FEV| at screening.

Statistical Methods

The sample size of 300 subjects was calculated to provide greater than
or equal to 80% power to detect a linear trend of ACQ composite score
change from baseline (contrast coefficients: —3, —1, 1, 3; a = 0.05)
assuming changes of 0.3 (140 mg), 0.4 (210 mg), and 0.5 (280 mg) as
compared with placebo, a variance of ACQ composite score change of
1 (22), and a 15% dropout rate.
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Analyses used data from all randomized subjects receiving one or more
doses of study drug (intent to treat). The primary endpoint was tested for
linear trend of treatment effect using linear contrast (contrast coefficients:
=3, —1, 1, 3) in an analysis of covariance adjusting for baseline ACQ,
atopy status, and ICS dose category. For the subgroup analyses, a linear
trend test in an analysis of covariance model was used for the comparison
of the overall treatment group versus placebo, and estimated treatment
differences for individual treatment groups were compared versus pla-
cebo. All P values are nominal and not adjusted for multiplicity. Last
observation carried forward was used to impute missing data.

RESULTS

Subject Characteristics

Of 607 patients who were screened, 315 subjects enrolled in the
study at 47 sites in 10 countries (Austria, Belgium, Canada, Finland,
Hungary, Netherlands, Poland, Russia, South Korea, and the
United States); 297 patients did not meet inclusion/exclusion
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TABLE 2. CLINICAL RESPONSES AT WEEK 12 BY TREATMENT GROUP IN FULL STUDY POPULATION

Brodalumab Q2W

Response (Change from Baseline) Placebo (N = 76) 140 mg (N = 74) 210 mg (N = 76) 280 mg (N = 76) P Value*
ACQ n=76 n=73 n=75 n=74

LS mean —0.431 —0.498 —0.506 —0.544 0.3731
FEV;4, prebronchodilator n=176 n=173 n=175 n=74

LS mean 0.056 0.009 0.034 0.037 0.8521
AM PEF n=76 n=74 n=76 n=75

LS mean 1.490 -15.357 —5.234 —3.999 0.7834
SABA use n=76 n=74 n=76 n=75

LS mean —0.561 —0.230 —0.795 —0.759 0.469
Daily symptom score, % change n=76 n=74 n=76 n=75

LS mean -10.59 —29.37 —24.47 —23.33 0.5603
Nighttime symptom score, % change n=76 n=74 n=76 n=75

LS mean —39.01 -16.83 —26.67 —24.52 0.4528
Symptom-free days n=76 n=74 n=76 n=76

LS mean 0.243 0.181 0.226 0.201 0.5147

Definition of abbreviations: ACQ = asthma control questionnaire; AM PEF = morning peak expiratory flow; LS mean = least-squares mean; Q2W = every 2 weeks;

SABA = short-acting B-agonist.

* P value from a linear trends test using linear contrast in analysis of covariance model adjusted for stratification factors and baseline ACQ.

criteria (Figure 1, Table E1). Due to major issues of Good Clin-
ical Practice compliance, 10 subjects from one site (site 12002)
were excluded from all analyses. Of the 305 subjects randomized
(228 to brodalumab and 77 to placebo), 302 subjects received at
least one dose of investigational product (IP) (226 brodalumab
and 76 placebo); 3 subjects were randomized in error and did not
receive investigational product IP (Figure 1); 272 (89.2%) sub-
jects completed the study.

There were higher percentages of women in the placebo
group than in the brodalumab groups. There was a higher

percentage of Black subjects in the 140-mg brodalumab group
than in the other groups. Prebronchodilator FEV; and AM
PEF were lower at baseline in the placebo than in the brodalu-
mab groups (Tables 1 and E2). For the total study population,
mean (SD) duration of asthma was 24.4 (14.2) years and mean
(SD) baseline ACQ score was 2.51 (0.66); the majority of subjects
were atopic (83%) and had previously used LABAs (70%). The
mean (SD) baseline ICS dose was 508.2 (255.9) pg/d of fluticasone
equivalent. Mean (SD) prebronchodilator FEV; was 2.16 (0.58)
L, and mean (SD) AM PEF was 348.6 (111.9) L/min.

TABLE 3. DEMOGRAPHICS AND BASELINE CHARACTERISTICS OF HIGH- AND LOW-REVERSIBILITY

SUBGROUPS

High Reversibility (N = 7172) Low Reversibility (N = 7190) Overall (N = 302)

Sex, female, n (%)
Race, n (%)
White
Black
Asian
American Indian or Alaskan Native
Hispanic or Latino
Multiple
Other
Age, yr
Weight, kg
Height, cm
ACQ
AQLQ
Atopic,* n (%)
FEV,, prebronchodilator, L
% Predicted FEV,, prebronchodilator
FEV,, post-bronchodilator, L
% Predicted FEV,, post-bronchodilator
% Reversibility
Duration of asthma, yr
Baseline ICS dose, ng/d fluticasone equivalent
Daily rescue B-agonist use, puffs/d
Previous LABA use, yes, n (%)
AM PEF, L/min
Daily asthma symptom scores
Nighttime asthma symptom scores
eNO, median (IQR), parts/billion
Peripheral eosinophils, median (IQR), %
Total serum IgE , median (IQR), IU/ml

74 (66)

96 (86)
14 (13)
1(1)
1(1)
6 (5)
0 (0)
0 (0)
45.4 (11.1)
83.0 (19.7)
168.5 (9.4)
2.58 (0.61)
4.42 (1.00)
97 (87)
2.06 (0.53)
62.9 (8.0)
2.72 (0.71)
83.3 (11.6)
32.8 (11.8)
22.0 (12.7)
499 (227)
417 (6.17)
76 (68)
341.0 (102.2)
6.02 (3.56)
1.15 (1.04)
25.5 (16.5, 39.0)
3.0 (2.0, 4.7)
144 (59, 303)

105 (55)

158 (83)
17 (9)
9 (5)
1)
14 (7)
4(2)
1)
45.9 (11.6)
88.1 (22.0)
169.0 (9.7)
2.47 (0.68)
4.60 (1.04)
153 (80)
2.23 (0.59)
66.6 (8.6)
2.48 (0.67)
74.2 (9.9)
11.6 (5.6)
25.8 (14.8)
514 (272)
3.87 (5.43)
135 (71)
353.1 (117.2)
5.58 (3.50)
1.02 (1.10)
21.8 (14.0, 31.0)
2.9 (1.8, 4.1)
126 (50, 367)

179 (59)

254 (84)
31 (10)
10 3)
2(1)
20 (7)
4(1)
1(0)
45.7 (11.4)
86.2 (21.3)
168.8 (9.6)
2.51 (0.66)
4.53(1.03)
250 (83)
2.16 (0.58)
65.2 (8.5)
2.57 (0.69)
77.6 (11.4)
19.4 (13.3)
24.4 (14.2)
508 (256)
3.98 (5.71)
211 (70)
348.6 (111.9)
5.74 (3.52)
1.07 (1.08)
23.5 (14.8, 35.8)
2.9 (1.8, 4.3)
132 (52, 320)

Definition of abbreviations: ACQ = Asthma Control Questionnaire; AM PEF = morning peak expiratory flow; AQLQ = Asthma
Quality of Life Questionnaire; eNO = exhaled nitric oxide; IQR = interquartile range; LABA = long-acting ,-agonist.
Data represent mean (SD) unless otherwise indicated.

* Atopy status was defined as a positive skin prick test response (>3-mm wheal) or a positive RAST result.
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Overall treatment effect on change from baseline in ACQ scores
at Week 12 for the full study population was not statistically sig-
nificant (P = 0.37, linear trend test), and none of the pairwise
comparisons of each brodalumab treatment group with placebo
were statistically significant (Figure 2A, Table 2). There was
no evidence of clinically meaningful efficacy on ACQ scores
at any time point (Figure 2A). Overall treatment effects for
all of the secondary endpoints for the full study population were
not statistically significant (P > 0.05, linear trend test and pair-
wise comparisons). There was no evidence of clinically mean-
ingful differences in lung function (Figure 3, Table 2) or asthma
symptoms (Figure 4, Table 2). Least-squares mean changes
from baseline in FEV,; (P = 0.85), AM PEF (P = 0.78), and
SABA use (P = 0.47; Table 2) were all nonsignificant. There
were no significant differences in percent changes from baseline

or changes in proportion of symptom-free days (P = 0.51)
among any of the treatment groups (Figure 4, Table 2).

Prespecified Subgroup Analyses

Among the nine prespecified subgroup analyses, the high-
reversibility subgroup was the only one demonstrating clinically
meaningful treatment effects. The baseline demographics for the
high-bronchodilator reversibility (n = 112; placebo, n = 35; 140 mg,
n = 26; 210 mg, n = 21; 280 mg, n = 30) and the low-reversibility
(n = 190; placebo, n = 41; 140 mg, n = 48; 210 mg, n = 55; 280 mg,
n = 46) subgroups were generally similar to the overall study
population (Table 3). The subgroup with a high degree of FEV,
reversibility was composed of more women (66 vs. 55%) and
more atopic subjects (87 vs. 80%) than the lower-reversibility
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Figure 4. Change in asthma symptoms from baseline to Week 12 by
treatment group for (A) absolute change in nighttime symptoms, (B)
absolute change in daily symptoms, and (C) proportion of symptom-
free days. Data represent least-squares mean.

subgroup. Consistent with their clinical phenotypes, ACQ scores,
rescue SABA use, and fractional exhaled nitric oxide were
higher, and prebronchodilator FEV; and AM PEF were lower
in the high-reversibility group than in the lower-reversibility
population (Table 3).

In the high-reversibility subgroup at Week 12, the least-
squares mean changes in ACQ from baseline were —0.287
(placebo), —0.448 (140 mg), —0.820 (210 mg), and —0.670
(280 mg) (P = 0.02, linear trend test) (Figure 2C, Table E3).
An assessment of an interaction between treatment and revers-
ibility for ACQ change from baseline at Week 12 (observed) was
performed, and the linear contrast test for the high-reversibility
group, 210 mg versus placebo, had a nominal P value of 0.04
after adjusting the difference between high and low reversibility.
The nominal P value for the overall interaction between revers-
ibility and treatment was 0.11, suggestive of a trend for the
different treatment effect in each stratum. The minimal impor-
tant difference for change in ACQ (0.5) was surpassed in the

210-mg group, with a treatment difference of —0.53 at Week 12
(nominal P = 0.02) (Figure 2C). For mean change in ACQ,
differences were observed in the 210-mg group by Week 2 and
increased to a plateau at Week 10 (change from baseline
of —0.802, nominal P = 0.03) (Figure 2C). In contrast, there
were no significant differences among groups for change in
ACQ in the low-reversibility subgroup at Week 12; however,
at Week 6 and Week 8 the change from baseline in ACQ in the
280-mg group was significantly lower than placebo (nominal P <
0.05) (Figure 2B, Table E4). The results of the subgroup anal-
ysis should be interpreted with caution, because the P values
were not adjusted for multiplicity.

In the high-reversibility subgroup at Week 12, there were no
significant treatment effects in FEV; (prebronchodilator), AM
PEF, and SABA use (overall treatment effect, P > 0.05 for all
treatment groups vs. placebo; Figure 3C, Table E3). There was
a numerical trend for reduced daily symptom scores (overall
P = 0.08 for brodalumab vs. placebo for percent change from
baseline) and an increase in symptom-free days (overall P = 0.03
for brodalumab vs. placebo) (Figure 4C, Table E3).

Treatment effects on the primary and secondary endpoints at
Week 12 for the low-reversibility subgroup population were not
statistically significant (P > 0.05, linear trend test; Table E4),
except for a small reduction in improvement in nighttime symp-
toms and symptom-free days. No differences were observed in
any of the other eight prespecified subgroup analyses (data not
shown).

Safety

Incidences of all AEs, including serious AEs (SAEs), were sim-
ilar across treatment groups, and there appeared to be no rela-
tionship to brodalumab dose (Table 4). The most frequent AEs
(occurring in =5% of subjects in any treatment group) reported
in the study were: asthma, injection site erythema, upper respi-
ratory tract infection, erythema, nasopharyngitis, oral candidiasis,
and sinusitis. There was a numerically greater incidence of AEs
for brodalumab groups versus placebo for oral candidiasis (3.5%
vs. 0%), worsening asthma (20.8% vs. 14.5%), injection site er-
ythema (8.4% vs. 2.6%), and erythema (3.1% vs. 1.3%). AEs
that led to discontinuation of the study or investigational product
were more frequent with brodalumab than placebo (4% vs.
1.3%). The most common AE leading to withdrawal of investi-
gational product was asthma (worsening) (six [2.7%] brodalumab
subjects, zero [0%] placebo subjects). During the study, a total of
seven subjects reported eight SAEs (Table 4).Two subjects (one
brodalumab and one placebo) experienced asymptomatic and
transient decreased neutrophil counts detected on routine com-
plete blood count monitoring. An absolute neutrophil count of
1.75 X 10%/ul was noted on Day 15 in the subject on brodalumab,
and there was no interruption in dosing. An absolute neutrophil
count of 1.00 X 10*pl was noted on Day 8 in the subject on
placebo. Both cases were resolved with no additional treatment.
Overall rates of infectious AEs and hypersensitivity reactions
were balanced among treatment groups.

DISCUSSION

The efficacy and safety of brodalumab, a human anti-IL-17
receptor A monoclonal antibody, was evaluated in subjects with
inadequately controlled moderate to severe asthma. Baseline
mean ACQ scores, percent predicted FEV, and rescue medi-
cation use were consistent with a population of patients with
moderate to severe asthma whose symptoms were not well con-
trolled despite receiving standard of care, including ICS with
and without LABA. There was no evidence of a treatment
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TABLE 4. ADVERSE EVENTS

Brodalumab Q2w

Placebo (N = 76) 140 mg (N = 74) 210 mg (N = 76) 280 mg (N = 76)
Adverse events
Any 43 (56.6) 47 (63.5) 45 (59.2) 48 (63.2)
Serious* 1(.3) 3(4.1) 1(.3) 2 (2.6)
Fatal 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Leading to study discontinuation 0 (0.0) 3 (4.1) 1(.3) 4 (5.3)
Leading to IP discontinuation 1(1.3) 3(4.1) 1(.3) 5 (6.6)
CTCAE Grade 3, 4, or 57 30 (39.5) 32 (43.2) 30 (39.5) 33 (43.4)
Common adverse events?
Upper respiratory tract infection 6 (7.9) 8 (10.8) 4 (5.3) 8 (10.5)
Nasopharyngitis 5 (6.6) 5(6.9) 3.9 3 (3.9
Oral candidiasis 0 (0.0) 1(1.4) 4 (5.3) 339
Sinusitis 4 (5.3) 2(2.7) 4 (5.3) 0 (0.0)
Asthma® 11 (14.5) 18 (24.3) 15 (19.7) 14 (18.4)
Injection site erythema 2 (2.6) 5 (6.8) 7 (9.2) 7 (9.2
Erythema 1(.3) 2(2.7) 1(.3) 4 (5.3)

Definition of abbreviations: CTCAE = National Cancer Institute Common Terminology Criteria for Adverse Events; IP = inves-

tigational product.

* A serious adverse event was defined as an event that was fatal or life threatening, required or prolonged hospitalization, or
caused persistent or substantial disability or incapacity or congenital anomaly or birth defect or an event that was considered by

the investigator to be a medically important event.

T The severity of adverse events was graded according to the National Cancer Institute Common Terminology Criteria for

Adverse Events, version 4.0.

1301

* Common adverse events were those that were reported in at least 5% of subjects in any treatment group.
§$No asthma exacerbations required emergency department visits or hospitalizations.

effect of brodalumab in the full study population of subjects
with asthma. Because asthma is a heterogeneous disease with
clinical subphenotypes that respond to specific biologic therapy
within a larger population, these findings are not necessarily
unexpected (23). Due to their selective mechanism of action,
monoclonal antibody therapies can require some level of strat-
ification or patient selection to target only those patients likely
to respond to a specific biologic to demonstrate efficacy (23).

The application of nonhierarchical and cluster statistical
approaches to subphenotyping asthma has identified at least five
clusters (24). Thus, in the current study, we performed prespe-
cified subgroup analyses to identify patient phenotypes that may
respond to IL-17 antagonism. Among the nine subgroups assessed,
a clinical response to brodalumab was observed in only the high-
reversibility population, with an estimated treatment difference
for the 210-mg brodalumab dose group, the second highest dose
(—0.53, nominal P = 0.02) that exceeded the minimal important
difference for ACQ (0.5) (22). This subgroup was present in 37%
of the full study population and best fits, but does not completely
overlap, as a cross between Clusters 2 and 4 identified by Moore
and colleagues (24). Thus, this subpopulation of high reversibility
may represent a distinct clinical phenotype and serve as a poten-
tial marker of both disease severity and inadequacy of control,
wherein exacerbations may be a more appropriate endpoint to
assess efficacy. However, results of the subgroup analyses need to
be interpreted with caution due to the lack of correction for
multiplicity. A prospective study would be needed to determine
if there is a clinical response in this patient population and to
clarify any questions raised by the lack of a clear dose-response
in the current study’s subgroup analysis.

Doses of brodalumab used in this study were based on the
whole blood stimulation concentration required for 90% of max-
imum inhibition level (17). Based on pharmacokinetic modeling
showing correlations with clinical activity in subjects with psoriasis
(17), the 140-mg dose was expected to be submaximally effica-
cious, and the 210- and 280-mg doses were expected to be near
or at maximal efficacy. In the current study, no treatment re-
sponse was observed with the 140-mg dose and, in the high-

reversibility subgroup, maximal response was observed with the
210-mg dose but not the 280-mg dose.

Eighty-nine percent of subjects received all scheduled doses.
Brodalumab demonstrated an acceptable safety profile. The in-
cidence of AEs, including SAEs, were similar across treatment
groups, including one case of asymptomatic and transient de-
creased neutrophil counts in both the placebo group and the bro-
dalumab group. However, there were more local injection site
erythema reactions noted in the brodalumab group. There was
also an imbalance in oral candidiasis; however, all study sub-
jects were on a background of ICS, which have reported sim-
ilar incidence rates (between 2 and 6%) in all patients with
asthma taking ICS (25-28). Herpes zoster and viral meningi-
tis were reported as an SAE as one case from one subject in
the 140-mg brodalumab group. The clinical course of these
events was complicated by concurrent use of prednisone for
sinusitis prescribed by a nonstudy physician and a medical
history of chronic sinusitis; the case resolved after treatment
with ceftriaxone and valacyclovir. Other subjects treated with
brodalumab used concurrent prednisone on study for asthma
exacerbations (n = 24), but no additional cases of viral men-
ingitis or zoster associated with asthma exacerbations were
reported. Although exacerbations can be trigged by upper re-
spiratory infections, the number of exacerbations observed in
this study was too low to draw any conclusions about the inter-
actions among exacerbations, oral glucocorticoids, brodalumab,
and rates of infections.

Conclusions

In the overall study population, there were no clinically or sta-
tistically significant improvements in primary and secondary
endpoints. The response noted only in the high bronchodilator
group is of unclear significance, because the statistical tests were
applied without correction for the nine subgroups evaluated, and
estimated treatment differences for ACQ changes were nomi-
nally significant in the middle dose tested and not in the higher
dose. If further studies with this approach were to be undertaken
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in asthma, the high bronchodilator subgroup may merit partic-
ular investigation.

Author disclosures are available with the text of this article at www.atsjournals.org.
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