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ABSTRACT

We evaluated the relationship between benralizumab (30 mg every 4 and 8 weeks [Q4W, Q8W])
pharmacokinetic (PK) exposure and endpoints of asthma exacerbation rates (AER) and change from
baseline in prebronchodilator forced expiratory volume in 1 second (FEV,) for patients with severe,
uncontrolled eosinophilic asthma in the SIROCCO/CALIMA Phase lll trials. In empirical assessment,

AER ratios in SIROCCO were similar across PK quartiles. However, the lowest PK quartile in CALIMA
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had reduced efficacy; low CALIMA placebo AER possibly confounded this result. In population
modeling, estimated benralizumab 90% effective concentration for AER reduction was 927 ng/mL,
below the Q8W dosage steady-state average PK concentration (1,066 ng/mL). Benralizumab
treatment resulted in more rapid FEV; improvement vs. placebo (estimated half-maximum time: 7.6
vs. 18 days); this response was greater for patients with greater baseline eosinophil counts. These
results confirmed 30 mg Q8W is the optimal benralizumab dosage for patients with severe

eosinophilic asthma.

INTRODUCTION

Benralizumab is an interleukin-5 receptor alpha (IL-5Ra)—directed cytolytic monoclonal antibody®
indicated for the add-on maintenance treatment of patients with severe asthma aged 12 years and
older and with an eosinophilic phenotype.” Benralizumab elicits rapid and near-complete depletion
of eosinophils in the lung tissue, sputum, blood, and bone marrow via enhanced antibody-

dependent, cell-mediated cytotoxicity.**

In a 52-week, Phase Ilb dosage-ranging trial, based on the exposure—response analysis of three
clinical endpoints (asthma exacerbation rate [AER], Asthma Control Questionnaire [ACQ], and forced
expiratory volume in 1 second [FEV;]),” investigators projected benralizumab 30 mg every 8 weeks
(first three doses every 4 weeks [Q4W]; Q8W) as the 90% effective dosage (EDg) and a candidate
regimen to be studied in Phase IIl trials.® In the Phase Il SIROCCO and CALIMA trials, the sponsor
selected regimens of benralizumab 30 mg Q4W and Q8W to evaluate benralizumab efficacy and

safety for patients with severe, uncontrolled, eosinophilic asthma.”® Both regimens significantly
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reduced AER by up to 51%, decreased asthma symptoms, and increased lung function for patients
receiving high-dosage inhaled corticosteroids plus long-acting B,-agonists (ICS/LABA) with baseline
blood eosinophil counts >300 cells/pL.”® A subsequent population modeling analysis of nine Phase II-
Il clinical trials found that the pharmacokinetic (PK) profile of benralizumab was dose-proportional

across a wide dosage range.’

The objective of this analysis was to evaluate the relationship between benralizumab PK exposure
and the endpoints of AER (primary endpoint) and FEV, (secondary endpoint) for patients who
participated in the SIROCCO and CALIMA trials and, thereby, to verify the optimal dosing regimen of

benralizumab for patients with severe, uncontrolled eosinophilic asthma.

RESULTS

Patients

In total, 1,204 and 1,306 patients with severe, uncontrolled asthma were randomized and received
treatment in the SIROCCO and CALIMA trials, respectively. All patients in SIROCCO and 1,091
patients in CALIMA were receiving high-dosage ICS/LABA. For this analysis, we excluded 215 patients
from CALIMA who received medium-dosage ICS/LABA. Five patients with extreme PK concentration
outliers were excluded from the analysis, leaving 1,461 patients from the SIROCCO (n=747) and
CALIMA (n=714) trials who had adequate benralizumab PK data for inclusion in the empirical
assessment. For the AER modeling analysis, 2,268 patients (placebo, n=777; Q4W, n=756; Q8W,

n=735) in both trials had adequate benralizumab PK data to include in this analysis. For the FEV,
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modeling analysis, 24 patients had missing baseline prebronchodilator FEV, values, resulting in the

inclusion of 2,244 patients (placebo, n=764; Q4W, n=747; Q8W, n=733).

Empirical Assessment of Asthma Exacerbation Rate

Median steady-state trough benralizumab concentrations within each dosage were consistent across
studies. Steady-state trough concentrations for the Q4W dosage were approximately 5-times that
for the Q8W dosage because of the shorter dosing interval. Estimates of AER ratios in the SIROCCO
trial were relatively flat across the trough concentration quartiles, confirming that the benralizumab
30 mg Q8W dosage reached the efficacy plateau for AER. In CALIMA, the lowest trough PK quartile
had a smaller AER response compared with other quartiles. However, low efficacy in the lowest
trough concentration quartiles were observed in both Q4W and Q8W dosages (Figure 1 and Table

s1).

Population Exposure—Response Modeling for Asthma Exacerbation Rate

Asthma exacerbation rate modeling

There was negligible difference in the parameter estimates of the population Poisson-normal and
negative binomial-normal count models, and hence the Poisson-normal model was selected to
move forward. AER modeling identified the number of prior exacerbations in the previous year as
the most significant covariate, for which the greater the number of prior exacerbations, the greater
the exacerbation risk was. Patients without OCS usage and from Central/Eastern Europe were found

to have a lesser exacerbation risk.
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Baseline blood eosinophil count did not have a significant effect on exacerbation risk.

The estimated benralizumab half-maximal effective concentration (ECsp) for AER was 103 ng/mlL,
corresponding to an ECy of 927 ng/mL for patients with severe asthma. The typical average steady-
state concentrations of benralizumab within a dosing interval were 1,066 and 2,132 ng/mL for the 30
mg Q8W and 30 mg Q4W dosage, respectively. There was a positive trend toward improved
benralizumab efficacy for patients with greater baseline blood eosinophil counts; however, the
effect was not significant. The difference in treatment effects for adolescents and adults also was
evaluated, but was not statistically significant because of the limited sample size of adolescent

patients.

Trial simulation for effect on asthma exacerbation rate

A trial simulation of 5,000 virtual patients with asthma across all spectrums of baseline eosinophil
counts with a typical weight of 72 kg and anti-drug antibody (ADA) incidence, as observed in the
SIROCCO and CALIMA trials, showed that the projected median AER ratios were comparable for the
benralizumab Q4W and Q8W regimens (0.61 vs. 0.63, respectively; Figure 2a), which were
consistent with the observations. Although the presence of ADAs in some patients in SIROCCO and
CALIMA was associated with an increase in benralizumab clearance’, the presence of ADAs had no
significant effect on benralizumab efficacy in this model. In the rate ratios computed under the
extreme scenarios, no ADA incidence and 100% ADA incidence were close to that of the base
scenario under the observed ADA incidence in SIROCCO and CALIMA (Figure 2b). We did not identify
adolescence as a significant covariate for AER; the large uncertainty in the prediction interval in the

trial simulations indicated that the limited sample size precluded conclusive results (Figure 2c).
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Exposure—Response Assessment for Forced Expiratory Volume

The correlation plot of steady-state C,,, s data versus observed prebronchodilator FEV; change from
baseline at EOT data was greatly scattered (Figure S1) and did not reveal any trend of FEV; response
with increasing benralizumab steady-state concentrations. The presence of ADAs had no effect on
FEV, response. Subsequent population exposure—response modeling confirmed a similar finding: the
estimated ECsq (1.36 ng/mL) was smaller than the assay’s lower limit of quantitation (i.e.,

3.86 ng/mL). This suggested a potentially flat exposure—response curve for FEV; at 30-mg efficacy

plateau dosage (Q8W and Q4W); therefore, accurate estimation of ECsg is not possible.

Longitudinal Modeling for Forced Expiratory Volume Response

Given the flat exposure—response relationship, the prebronchodilator FEV, data were modeled
longitudinally. Placebo effect modeling identified standing height and age to have significant effects
on individual model-predicted P, (Figure S2). Taller patients tended to have a greater placebo
effect than shorter patients, and adolescents had the strongest placebo effect compared with other
age groups (with the same standing height). No placebo effect was observed for patients aged >65

years.

For the treatment effect, only baseline blood eosinophil count was identified as a relevant covariate
(Figure 3). Patients with greater baseline eosinophil counts were associated with superior FEV,
response. In addition to the height and age effects on P,,., and the influence of baseline blood
eosinophil count on E,,,,, standing height, age, sex, and concomitant use of theophylline or
aminophylline at baseline were found to have significant effects on baseline prebronchodilator FEV;
(Figure S3). A typical female patient had a lower baseline FEV, than a male patient of the same age

and height. FEV, at baseline decreased with age, and taller patients tended to have greater baseline
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FEV, values than shorter patients. Concomitant use of theophylline at baseline was associated with
an approximately 10% decrease in baseline FEV;. However, only approximately 12% of patients in
SIROCCO and CALIMA were receiving theophylline or aminophylline, and this concomitant

medication had no impact on placebo or drug effect. Race had no effect on FEV, values.

The estimated typical placebo and drug effects were 184.0 mL and 95.8 mL, respectively (i.e., the
observed apparent effect in benralizumab-treated patients was 279.8 mL). Benralizumab treatment
was associated with a rapid improvement of FEV, over placebo; Ts, was 7.64 days for benralizumab

compared with an estimated half-life of 18 days associated with the emergence of placebo effect.

In a post-hoc analysis of the relationship between number of exacerbations in the previous year with
Eax there was an apparent trend of improving FEV, for patients with >3 exacerbations in the
previous year. There was no impact of body weight on prebronchodilator FEV, change from baseline

for patients receiving high-dosage ICS/LABA with baseline blood eosinophils 2300 cells/uL (Figure 4).

DISCUSSION

High serum concentrations of benralizumab are required for rapid airway eosinophil depletion,
possibly because of the low partitioning of serum IgG to lung epithelial fluid lining and sputum. An
additional dose at Week 4 for the Q8W regimen may have facilitated benralizumab distribution and
depletion of eosinophils in tissues early in the course of treatment. The greater PK exposure and

sustained blood eosinophil depletion for a greater percentage of patients associated with the
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additional Week-4 dose were expected to have expedited the onset of benralizumab treatment

benefit.

Both empirical and population analyses of AER and FEV, confirmed benralizumab 30 mg Q8W, with
an additional dose at Week 4, as the optimal dosing regimen for patients with severe asthma
receiving high-dosage ICS/LABA. This is the recommended dosage of benralizumab for the add-on
maintenance treatment of patients with severe asthma aged 12 years and older and with an
eosinophilic phenotype.” In the current analysis, no additional efficacy was observed with increased
benralizumab dosing frequency or exposure, which is in agreement with the results reported in the

SIROCCO and CALIMA trials.”®

In the empirical assessment of AER, similar rate ratios were observed across all PK trough
concentrations regardless of baseline blood eosinophil counts in SIROCCO and agreed with a priori
projection, confirming 30 mg Q8W at the efficacy plateau for AER reduction (Figures 2 and 5). In
CALIMA, on the other hand, efficacy was less pronounced in the lowest PK quartile groups for
patients receiving both 30 mg Q4W and 30 mg Q8W. This result emerged despite a greater PK
exposure for patients who received the Q4W regimen than for patients in the greater trough
concentration quartiles who received the Q8W regimen. The marginal exacerbation rate for patients
receiving placebo was much lower in the CALIMA trial compared with the SIROCCO trial (1.01 vs.
1.52), and this may have confounded the interpretation of the empirical trough PK—AER assessment
of this study. However, overall efficacy was comparable between the two treatment groups,
confirming benralizumab 30 mg Q8W as the optimal dosing regimen for patients with severe,
eosinophilic asthma. Therefore, a greater benralizumab dose or more frequent dosing would not

provide additional benefit, and a dosage lower than 30 mg Q8W could potentially risk reducing
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efficacy. Furthermore, the subsequent AER modeling found the estimated benralizumab ECq, for AER
to be 927 ng/mL, which is lower than the typical steady-state average PK concentration

(1,066 ng/mL) for the Q8W dosage. The optimal dosage of 30 mg Q8W was also confirmed by the
analysis of prebronchodilator FEV4, as no exposure-relationship was identified, indicating the

efficacy plateau was attained.

At the benralizumab EDg, (30 mg Q8W), the potential impact of PK variability on efficacy was
reduced. Although body weight and the presence of ADAs were identified as significant PK
covariates, based on observed data and population PK/pharmacodynamic modeling,™ the presence

of ADAs and large body weight (>115 kg) had no impact on blood eosinophil depletion.

Patients with 23 prior exacerbations in the past 12 months tended to have greater efficacy for FEV,

than those with two prior exacerbations. The population modeling was unable to confirm the impact
of the number of prior exacerbations on benralizumab efficacy for AER, as this covariate was already
included in the baseline exacerbation rate and the absence of observed individual profiles precluded

more thorough covariate effect assessment.

Being female and using theophylline concomitantly with benralizumab each corresponded to an
approximately 10% reduction in typical FEV, value at baseline. The effects were slightly greater than
the typical day-to-day variation (<9.5% in amplitude) of FEV, in asthma patients''; however, neither
was found relevant for placebo effect or benralizumab treatment effect in the population modeling.
Race effect was not confirmed using this model. However, previous studies have identified African-

Americans as having reduced FEV, "
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In the analysis of exacerbation events, there was a trend for greater efficacy for AER for patients
with greater baseline eosinophil counts, but this was not statistically significant. Patients with
baseline eosinophils <300/uL still benefited from benralizumab treatment, but to a lesser extent.
The strongest effect of baseline eosinophil count was on benralizumab efficacy for FEV,. The greater
the baseline eosinophil count was, the greater the FEV, improvement over placebo was. However,
the differences for maximum FEV, improvement (E...,) for patients with baseline blood eosinophil
counts <150/pL and 150—299/uL (a substantial number of the primary population) and those with
counts of 300—449/uL were negligible (Figure 3) when compared with the estimated maximum

placebo effect, 196 mL.

Benralizumab treatment was associated with rapid improvement of FEV,, with a half-maximum time
of 7.6 days. For the SIROCCO and CALIMA trials, Week 4 was the first FEV, measurement after first
dose. The speed of onset of treatment effect (Tso) will be further evaluated in a Phase Illb study,
SOLANA, with earlier and more frequent FEV,; measurement (Days 3, 7, and 14) after first dose
(NCT02869438). The development of a placebo effect was considerably slower, with a half-life

estimate of approximately 18 days.

Limitations

Certain limitations are associated with this analysis. There was a strong placebo effect for reduced
exacerbations and improved FEV, observed in the SIROCCO and CALIMA trials,”® which is a common

observation in clinical trials for patients with asthma.”***

The placebo effect on FEV; is usually a
result of better patient adherence to maintenance therapy because of the active monitoring that

accompanies controlled clinical trial enroliment. However, we did not observe a placebo effect for

patients aged >65 years, and we saw the strongest placebo effect in the adolescent group.
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Adolescents may have benefitted more from compliance to maintenance therapy relative to other
age groups during the treatment phase. The effect of growth and corresponding increase in lung
volume over the 1-year study period also may have contributed to the placebo effect in adolescents
in SIROCCO and CALIMA, as standing height had a significant impact on the placebo effect and
baseline FEV;. However, our modeling analysis found age was not a significant covariate of drug
effect, and there was no difference in drug effect between adolescents and adults, supporting the
treatment of this subpopulation with benralizumab. Despite a strong placebo effect, the large
sample size allowed full covariate assessments for baseline FEV, as well as the placebo effect. The
estimation of the onset of placebo effect and treatment effect on FEV; improvement is limited by
lack of measurements prior to Week 4 of the study, but the impending SOLANA study should provide
a more accurate characterization of these effects. We did not identify age as a relevant covariate
(modeled using a nonlinear power function) for benralizumab efficacy for AER or FEV,, and the
model-projected exacerbation ratio for adolescents was similar to that for adults, but with a much
wider 95% confidence interval. It is possible that the small sample size for the adolescent population

in these trials contributed to age not being identified as a relevant covariate.

Conclusions

The results we report, on both empirical and population analyses of AER and prebronchodilator
FEV,, confirm that 30 mg Q8W with an additional dose at Week 4 is the optimal dosage of
benralizumab for the treatment of patients with severe asthma. Although patients with greater
baseline blood eosinophils may have slightly better response, benralizumab still provides benefit for
patients with baseline blood eosinophils <300 cells/uL. No dosage adjustment by ADA status or

weight is necessary.
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METHODS

This analysis was a population efficacy modeling study with exposure—response assessment and

longitudinal modeling followed by covariate analysis.

Patients and Trial Designs

The pooled data from the SIROCCO (NCT01928771) and CALIMA (NCT01914757) Phase I
randomized controlled trials were used for this analysis (Figure 6).”% These trials included male and
female patients aged 12—75 years who had physician-diagnosed asthma that required medium-
(CALIMA only) to high-dosage ICS/LABA for 212 months and had experienced >2 asthma
exacerbations in the previous 12 months. Patients with baseline blood eosinophil counts >300
cells/uL and <300 cells/uL were recruited to the trials in a 2:1 ratio. Patients were randomized 1:1:1
to receive 48 weeks (SIROCCO) or 56 weeks (CALIMA) of treatment with subcutaneous injections of
benralizumab 30 mg Q4W; benralizumab 30 mg Q8W (placebo was administered at the 4-week
interim visits to maintain blinding); or placebo Q4W. Patients continued their prescribed

maintenance ICS/LABA during the trials. Full details and results of these trials have been published.”?

For both SIROCCO and CALIMA, an independent ethics committee or institutional review board at
each study centre approved the clinical study protocol, and the national regulatory authority either
approved the clinical study protocol or received a notification according to local regulations. All
patients provided written informed consent at enrolment. The study was conducted in accordance

with the principles of the Declaration of Helsinki and was consistent with the International Council
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for Harmonisation/Good Clinical Practice and applicable regulatory requirements and AstraZeneca

company policy on bioethics.

The primary efficacy endpoint of the SIROCCO and CALIMA trials was the AER for patients receiving
high-dosage ICS/LABA with baseline blood eosinophils >300 cells/uL.”® Serum samples were
collected prior to dosing and throughout the treatment period for determination of benralizumab
concentrations and PK analyses. A key secondary endpoint of the SIROCCO and CALIMA trials was

lung function, as assessed by the change of prebronchodilator FEV;.

Data Analyses and Prior Knowledge

The analysis population consisted of patients from the placebo arms of both trials who received
high-dosage ICS and was limited to 2,268 patients from the treatment arms that were included in
the PK analysis population. In the prebronchodilator FEV; analysis, the patients were further
excluded if the baseline FEV, values were missing. Prior population efficacy endpoint modeling of
benralizumab in a 52-week Phase llb study (MI-CP220) was conducted in 606 adults with
uncontrolled eosinophilic asthma. Patients received subcutaneous injections of placebo or
benralizumab (2, 20, or 100 mg) on Weeks 1, 4, 8, 16, 24, 32, and 40.° The dose-response analysis of
asthma exacerbation events projected that 30 mg, the EDqg, was the optimal dose to be further
evaluated in the primary registration studies, as illustrated by Figure 5.° The ECyo dose (90% of the
maximal effective concentration) was expected to maximize therapeutic efficacy while reducing the
impact of steady-state PK variability on efficacy outcome. The selection of the 30 mg Q8W regimen
was further supported by the exposure—response analyses of FEV; and ACQ responses, two key
secondary efficacy endpoints in the SIROCCO and CALIMA trials. In addition, the baseline eosinophil

count was identified as a significant covariate for benralizumab efficacy evaluated by FEV; response.
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Exposure—Response Analysis of Asthma Exacerbation Rate

The exposure—-response analysis of AER was conducted using an empirical PK trough concentration

quartile—AER correlation method and a population-modeling approach.

Empirical assessment of asthma exacerbation rate

For the empirical assessment, observed AERs were correlated with benralizumab steady-state
trough concentration quartiles to assess the effect of benralizumab exposure on exacerbation risk.
Asthma exacerbation relative risk values for trough concentration quartiles versus placebo for the
Q8W and Q4W regimens were estimated using negative binomial regression. Trough concentration

quartiles were computed based on pooled data for each regimen.

Asthma exacerbation event modeling

A longitudinal dynamic Poisson-normal count model was previously developed to characterize the
AER in MI-CP220. Both longitudinal dynamic Poisson-normal and negative binomial-normal count
models were explored to characterize the relationship between the benralizumab dosing regimen
and the reduction of asthma exacerbation risk. For each patient, the numbers of exacerbation
events were computed in an 8-week interval until the end of follow up, except for the last interval,
where the number of events were added up from the end of the previous 8-week interval until the
end of the follow up. In addition to a dose—-response analysis, a maximum response to benralizumab
treatment (efficacy; En.) model was explored to describe the impact of benralizumab concentration
on exacerbation events. In this model, the expected number of exacerbation events in an interval (a,

b) could be described by the following equation:

b Emax(BEmax:BPEmax,zZ)C(t)
Aa,b) = [} exp (Bo + BX + Emax o +n)adt,
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where 3, was an intercept parameter corresponding to the log of asthma exacerbation rate over the
interval; B was the parameter associated with effect of covariates X; E.x Was the maximal reduction
of risk of having exacerbations and was a function of typical Sgpmqx @and parameter estimates;
PEmax,z» associated with treatment covariates, Z, C(t) was the model-predicted benralizumab serum
concentration at time t; ECso was 50% of the maximal effective concentration; and 7 was the
normally distributed inter-individual variability. We assumed the AER was influenced by both
intrinsic asthma exacerbation risk factors (base exacerbation rate) and via treatment effect. The
analysis of the base asthma exacerbation rate covariates began with covariates such as region,
number of prior exacerbations in the previous year, the use of maintenance oral corticosteroids
(OCS), and baseline eosinophil count. This was followed by the evaluation of covariates on treatment
effects, such as baseline blood eosinophils. The effect of covariates on efficacy was assessed with

the likelihood ratio test (LRT), using an acceptance criterion of p<0.001.

Population Modeling of Prebronchodilator Forced Expiratory Volume Response

The analysis of a key secondary endpoint in the SIROCCO and CALIMA trials, change from baseline in
prebronchodilator FEV,, was composed of three components: the empirical assessment that
correlated the steady-state average concentration of benralizumab within a dosing interval, C,g s,
with prebronchodilator FEV, changes from baseline at the end of treatment (EOT; Week 48 and
Week 56 for SIROCCO and CALIMA, respectively); the exposure—response analysis; and a population

longitudinal modeling of FEV, response.
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Empirical exposure—response assessment for forced expiratory volume

The individual steady-state C,, s at the given dosing intervals (28 days for the Q4W dosage and 56
days for the Q8W dosage), derived based on final population PK model-predicted individual
clearance’, was correlated with the observed prebronchodilator FEV, changes from baseline at EOT

for benralizumab-treated patients.

Exposure—response analysis for forced expiratory volume

Prebronchodilator FEV, data from SIROCCO and CALIMA were pooled and simultaneously modeled
using a direct E,,, model, and placebo effect was characterized using an exponential function:

Emax - [drug]

— " - -k o't
FEV, = FEVlbaseline + Bnax (1 e )+ Tso + [drug]

where P, is the maximum placebo effect of FEV,; improvement over baseline as time approaches
infinity, and rate-constant k,,, corresponds to the onset speed of the placebo effect. E is the
maximum response to benralizumab as time approaches infinity, and T, is the time associated with

half-maximum response to benralizumab treatment.

Population longitudinal modeling of forced expiratory volume response

The observed FEV; response (change from baseline) consists of placebo effect and drug
(benralizumab) effect (Figure 7). Population analysis was first limited to placebo patients to

characterize the placebo effect:

FEV, = FEVy, .+ Ppgy - (1— e ¥pbot)
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Covariates evaluated on placebo effect were age, baseline FEV, (observed), standing height,
creatinine clearance, geographic region, body mass index (BMI), race, baseline eosinophil count,

concomitant medication use, and sex.

When modeling the drug effect (En.x), only FEV, data from benralizumab-treated patients were

analyzed:

Emax "t

_ (1 _ o—kppo't
FEV, = FEVy, ...+ Pnayx- (1 —e pbot) 4 T

where Tsg is the time associated with half-maximum response to benralizumab treatment.

Covariates evaluated on E,,,, were baseline FEV,, baseline eosinophil count, age, body weight,
standing height, BMI, geographic region, race, OCS use, concomitant medication use,
>3 exacerbations in the previous 12 months, sex, anti-drug antibodies (ADAs), adolescence, and

systemic clearance (a surrogate for steady-state PK exposure).

In addition to the covariates evaluated for placebo and treatment effects, age, body weight, standing
height, BMI, creatinine clearance, systemic clearance, baseline eosinophil count, sex, oral
corticosteroid use, geographic region, race, and concomitant medication use were evaluated for
their impact on baseline FEV; using pooled data from both the placebo group and the benralizumab-

treated patients.
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We assessed statistical tests of covariate—parameter relationships using the LRT, by forward
inclusion (p<0.05 with 1 degree of freedom) followed by backward elimination (p<0.001 with 1
degree of freedom). Only those covariate effects with strong correlation with the model parameters

were retained in the final model.

STUDY HIGHLIGHTS

What is the current knowledge on the topic?

In the Phase Il SIROCCO and CALIMA trials, benralizumab 30 mg every 4 weeks (Q4W) and every 8
weeks (Q8W; first three doses Q4W) significantly improved asthma exacerbation rates (AER); forced
expiratory volume in 1 second (FEV,); and symptoms for patients with severe, uncontrolled

eosinophilic asthma.

What question did this study address?

We aimed to evaluate the relationship between benralizumab pharmacokinetic exposure and
efficacy endpoints of AER and change from baseline in prebronchodilator FEV, for patients in

SIROCCO/CALIMA.

What does this study add to our knowledge?

We report that empirical and population analyses of AER and prebronchodilator FEV; confirm that
benralizumab 30 mg every 8 weeks, with an additional dose at Week 4, is the optimal dosage for the

treatment of patients with severe asthma.
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How might this change clinical pharmacology or translational science?

Although we found that patients with greater baseline blood eosinophils may have slightly better
response, benralizumab still provides benefit for patients with baseline blood eosinophils <300

cells/uL, and no dosage adjustment by anti-drug antibody status or weight is necessary.
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FIGURE LEGENDS

Figure 1. Relative Risk of Asthma Exacerbation by Treatment Regimens and Steady-State Trough
Concentration Quartiles for Patients with Severe Asthma Requiring High-Dosage ICS/LABA in the

SIROCCO and CALIMA Trials

Cl, confidence interval; ICS, inhaled corticosteroids; LABA, long-acting B2-agonist; Q, quartile; Q4W,

every 4 weeks; Q8W, every 8 weeks (first three doses Q4W).

®Q1: <140 ng/mL; Q2: 140-256 ng/mL; Q3: 256—442 ng/mL; Q4: 2442 ng/mL; bQl: <797 ng/mL; Q2:

797-1,220 ng/mL; Q3: 1,220-1,690 ng/mL; Q4: 21,690 ng/mL.

Figure 2. Projected Asthma Exacerbation Risk by Treatment Regimen, ADA Status, and Age Group

from Clinical Trial Simulations®

ADA, anti-drug antibody; Q4W, every 4 weeks; Q8W, every 8 weeks.

2100 trial simulations with 500 patients for each scenario. °The prediction interval for adolescents
was wider than that for adults because of the smaller numbers enrolled in the SIROCCO and CALIMA

trials compared with adult patients.

Figure 3. Effect of Baseline Blood Eosinophil Count on Individual Model-Predicted Benralizumab

Efficacy

Eaxy maximum forced expiratory volume in 1 second (FEV,) response to benralizumab treatment

(efficacy).
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Boxplot: horizontal gray line: median; box: spans the interquartile range (25th percentile—75th

percentile); whiskers: span up to 1.5-times the interquartile range.

Figure 4. Impact of Body Weight on Prebronchodilator FEV,; Change from Baseline for Patients with

Baseline Blood Eosinophils 2300 cells/uL Receiving High-Dosage ICS/LABA

FEV,, forced expiratory volume in 1 second; ICS, inhaled corticosteroids; LABA, long-acting B,-

agonists; Pbo, placebo; Q, quartile; Q8W, every 8 weeks.
®Symbols represent the mean, and error bars are standard error of the mean.
Q1-Q3: 40-89 kg; Q4: >89 kg.

‘Body weight cutoff=115 kg (top 5%).

Figure 5. Simulated Exposure—Response for Benralizumab Effect on Asthma

Exacerbation Rate®

Symbol: median exposure; shaded area: interquartile range; Stochastic simulation: n=3,000
virtual patients/dosage.
AER, asthma exacerbation rate; Cyough, Observed trough concentration; EDgg/g0, €Stimated

effective dosage that gave 80%/90% inhibition; Q8W, every 8 weeks.

Figure 6. SIROCCO and CALIMA Trial Designs

Q4W, every 4 weeks; Q8W, every 8 weeks (first three doses Q4W); SC, subcutaneous injection.
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Figure 7. Schematic of the Longitudinal Model for FEV, Response

Emaxw Maximum FEV; response to benralizumab treatment (efficacy); FEV4, forced expiratory volume

in 1 second; P., maximum placebo effect.
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Table S1. Relative Risk (Risk Ratio) of Exacerbation by Treatment Groups and PK

Quartiles for the SIROCCO and CALIMA Trials

SIROCCO
All
Data Group N Risk 95% ClI P- P-
Ratio Value  Trend
Full Placebo 407 Lower Limit Upper Limit
Data Q4W 403  0.60 0.49 0.74 0.000
Q8w 394 059 0.47 0.72 0.000
Q4w Q1 95 0.50 0.35 0.72 0.000 0.223
Q2 96 0.71 0.52 0.98 0.037
Q3 96 0.58 0.41 0.82 0.002
Q4 100  0.62 0.45 0.87 0.005
Q8W Q1 91 0.57 0.40 0.81 0.002 0.931
Q2 99 0.54 0.39 0.76 0.000
Q3 95 0.64 0.45 0.90 0.011
Q4 92 0.51 0.35 0.73 0.000
CALIMA
All
Data Group N Risk 95% ClI P- P-
Ratio Value  Trend
Full Placebo 370 Lower Limit Upper Limit
Data Q4w 367 0.64 0.52 0.80 0.000
Q8w 354  0.68 0.54 0.85 0.001
Q4w Q1 95 0.75 0.54 1.05 0.094 0.198
Q2 89 0.70 0.49 0.99 0.047
Q3 91 0.57 0.40 0.83 0.003
Q4 85 0.52 0.36 0.75 0.001
Q8W Q1 87 0.81 0.58 1.15 0.243  0.145
Q2 82 0.66 0.45 0.96 0.028
Q3 80 0.62 0.43 0.90 0.011
Q4 88 0.58 0.40 0.84 0.004

ClI, confidence interval; PK, pharmacokinetic; Q, quartile; Q4W, every 4 weeks; Q8W, every 8

weeks (first three doses Q4W).



Figure S1. Empirical Correlation of Prebronchodilator FEV1 Change from Baseline at End
of Treatment with Steady-State Benralizumab Concentration for the Benralizumab Q8W

Regimen Using Data from the SIROCCO and CALIMA Trials
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ADA, anti-drug antibody; BD, bronchodilator; Cavg,ss, average steady-state benralizumab
concentration in a dosing interval; FEV1, forced expiratory volume in 1 second; Q8W, every 8

weeks (first three doses every 4 weeks).



Figure S2. Effects of Standing Height and Age on Individual Model-Predicted Pmax®

1,400 — Loess, 21210 <18 yr3 o
— Loesa, =18 to <50 yrs
— Loesa, =50 to <&5 yrs -] o
L1004 | pess, #6510 75 ys ° “a

P imL)

Basslina haight (cm)

Pmax, maximum placebo effect.
aDifferent colors represent patients in different age groups: green: >12 to <18 years; blue: >18 to

<50 years; red: 50 to <65 years; gray: >65 to 75 years.



Figure S3. Effects of Standing Height, Age, and Sex on Individual Model-Predicted

Baseline FEV;2
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FEV1, forced expiratory volume in 1 second.
Different colors represent patients in different age groups: green: >12 to <18 years; blue: >18 to

<50 years; red: 50 to <65 years; gray: >65 to 75 years.
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