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Abstract

Background and Objective Mirikizumab is a humanized anti-interleukin-23-p19 monoclonal antibody being developed for
ulcerative colitis and Crohn’s disease. This analysis characterized mirikizumab pharmacokinetics using phase II and III trial
data from patients with moderately to severely active ulcerative colitis.

Methods Serum pharmacokinetic data in patients receiving mirikizamab 50-1000 mg intravenously every 4 weeks as induc-
tion treatment and mirikizumab 200 mg subcutaneously every 4 or 12 weeks as maintenance treatment across three trials (N
= 1362) were analyzed using non-linear mixed-effects modeling. Covariate effects on mirikizumab exposure were evaluated
using simulation-based estimations.

Results Mirikizumab pharmacokinetics was best described by a linear two-compartment model with first-order absorption.
Clearance, volume of distribution for central and peripheral compartments, and half-life were estimated at approximately
0.022 L/h (linear), 3.11 L and 1.69 L, and 9.5 days, respectively. Statistically significant effects of body weight and serum
albumin levels on clearance, body weight on central and peripheral volumes of distribution, and body mass index on bio-
availability were observed but effects were small relative to random inter-individual variability (% coefficient of variation:
18-64%). The subcutaneous bioavailability of mirikizumab was 48%.

Conclusions Mirikizumab displayed pharmacokinetic characteristics typical of a monoclonal antibody where clearance
increased with body weight and decreased with the albumin level, and bioavailability decreased with body mass index.
These effects were small relative to random variability, indicating that a dose adjustment for patient factors is not required.
Clinical Trial Registration ClinicalTrials.gov: NCT02589665 (28 October, 2015), NCT03518086 (8 May, 2018),
NCT03524092 (14 May, 2018).

1 Introduction to current small-molecule and biologic therapies, and there
is an associated increased risk of infections [4].
Interleukin-23 (IL-23) is a heterodimeric cytokine that
is crucial for maintenance and amplification of T helper 17
cells and stimulation of many innate immune cells [5, 6],
which are both important processes in UC and other chronic
inflammatory diseases [7]. Several monoclonal antibodies
that selectively target the p19 subunit of IL-23 are effec-
tive in patients with Crohn’s disease [8—10] and psoriasis
[11-16]. Selective targeting of IL-23 is more effective than
non-selective IL-23 targeting in patients with psoriasis and
is a promising strategy for improved treatment of patients
with moderately to severely active UC [17]. The pharma-
>4 Xin Cindy Zhang cokinetics of selective anti-IL-23 drugs for the treatment of
zhang_xin_xz@lilly.com patients with UC has not been extensively published [18].
' Global PK/PD and Pharmacometrics, Eli Lilly Miri.kizumat.) is a hum%nized IgG4_VarianF monoclo-
and Company, 893 Delaware Street, fndianapolis, IN 46225, nal antlbO.dY directed against the p19 subunit _Of IL-23
USA whose efficacy and safety have been assessed in adults

Ulcerative colitis (UC) is a chronic disease of unknown etiol-
ogy that is characterized by inflammation of the rectum and
colon resulting in symptoms such as diarrhea, rectal bleed-
ing, urgency, and tenesmus [1, 2]. Treatment goals in UC
include induction of remission (typically within a 6-week to
12-week time frame) and maintenance of remission in the
longer term (assessed over 52 weeks of continuous treatment
in clinical trials) [3]. Only a proportion of patients respond
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Mirikizumab is a monoclonal antibody directed against
the p19 subunit of interleukin-23 that has been shown to
be effective and well tolerated in patients with moder-
ately to severely active ulcerative colitis.

Using data from one phase II (AMAC) and two phase III
(LUCENT 1+2) randomized clinical trials, the popula-
tion pharmacokinetics of mirikizumab is best described
by a two-compartment model with first-order absorption
and linear clearance.

The mirikizumab pharmacokinetic profile was consistent
with previous studies in patients with different chronic
inflammatory diseases and in healthy volunteers, with a
small influence of patient body weight/body mass index
and a serum albumin level that is not clinically meaning-
ful.

with moderately to severely active UC in three multicenter,
randomized, double-blind, placebo-controlled clinical tri-
als: the induction and maintenance phase II AMAC trial
(NCT02589665), the induction phase III LUCENT 1 trial
(NCT03518086, AMAN), and the maintenance phase III
LUCENT 2 trial (NCT03524092, AMBG) [19-22]. In these
trials, mirikizumab was well tolerated, and clinical remis-
sion rates were higher in patients treated with mirikizumab
compared with placebo during induction and maintenance
therapy. Pharmacokinetic (PK) data were available from a
total of 1362 patients from the three clinical studies. Data
from the phase II trial were analyzed separately from the
data from the two phase III trials using a non-linear mixed-
effects modeling approach. The objectives of the current
analyses were to characterize mirikizumab pharmacokinet-
ics in patients with moderately to severely active UC and to
evaluate the impact of the relevant patient-specific covari-
ates on mirikizumab systemic exposures to inform dosing
recommendations.

2 Methods

2.1 Patients and Study Designs

The three clinical trials were designed to evaluate the effi-
cacy, safety, and pharmacokinetics of mirikizumab in induc-

ing (AMAC and LUCENT 1) and maintaining (AMAC
and LUCENT 2) remission in patients aged 18-75 years
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(AMAC) or 18-80 years (LUCENT 1+2) with moderately
to severely active UC. Details of the three trials have been
reported elsewhere [19-22].

The AMAC (NCT02589665) trial was conducted at 85
study sites in 14 countries between January 2016 and Sep-
tember 2017. LUCENT 1 (NCT03518086, AMAN) was con-
ducted at 383 study sites in 34 countries from 18 June, 2018
to 21 January, 2021. LUCENT 2 (NCT03524092, AMBG)
was conducted at 367 study sites in 34 countries from 19
October, 2018 to 3 November, 2021. These three studies
were approved by the applicable ethics review boards and
performed in accordance with the Declaration of Helsinki,
Council for International Organizations of Medical Sciences
International Ethical Guidelines, and the International Coun-
cil for Harmonisation Guideline for Good Clinical Practice.
All patients provided written informed consent [23].

Participating patients had a Mayo endoscopic subscore
of >2 and a total Mayo score of 612 (AMAC) or a modi-
fied Mayo score 4-9 (LUCENT 1), and had not responded
or were intolerant to conventional UC therapy (AMAC
and LUCENT 1), biologic therapy with a target other than
IL-23 (LUCENT 1), and/or Janus kinase inhibitors for UC
treatment (LUCENT 1). Patients were excluded if they had
previous exposure to any other biologic therapy targeting
IL-23, with the LUCENT 1 trial also excluding patients
who had not responded to three or more different biologic
therapies. The LUCENT 2 trial accepted patients who had
completed the LUCENT 1 trial.

In the AMAC trial (Fig. 1a of the Electronic Supple-
mentary Material [ESM]), patients were randomized to
placebo or mirikizumab 600-mg, 200-mg, or 50-mg induc-
tion dose regimens administered intravenously every 4
weeks (Q4W) for 12 weeks. In the mirikizumab 200-mg
and 50-mg groups, doses after the first one were adjusted
based on exposure. Serum concentrations of mirikizumab
were assessed at weeks 2 and 6, and the dose was increased
at weeks 4 and 8 according to a prespecified algorithm
[21]. The dose increase ranged from 2-fold to 12-fold for
patients in the 50-mg arm and from 1.5-fold to 3-fold for
patients in the 200-mg arm. The 600-mg arm remained at a
fixed dose during the first 12 weeks. No patient was given
a dose of > 600 mg in the induction period. The dose
adjustments in the 200-mg and 50-mg groups resulted in
an average group dose of 250 mg and 100 mg, respectively.

Responders to induction regimens were randomized
to receive 200 mg subcutaneously either Q4W or every
12 weeks as a maintenance regimen through 92 weeks,
terminating with a final 16-week follow-up period. Non-
responders to induction regimens had the option to dis-
continue from the study or enter the open-label extension
period, which consisted of a 12-week induction phase with
a fixed intravenous (IV) dose of mirikizumab 600 mg or
1000 mg Q4W (three doses in total), and if they responded
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to the induction phase, a subsequent 92-week maintenance
phase with subcutaneous (SC) mirikizumab 200 mg Q4W.
Patients who did not achieve a clinical response at week
12 were discontinued from the study.In the LUCENT 1
trial (Fig. 1b of the ESM), patients were randomized (3:1)
to mirikizumab 300 mg or IV placebo Q4W. Once they
completed the 12-week induction phase, patients could
enter the LUCENT 2 trial and receive treatment based on
their response in LUCENT 1.

In the LUCENT 2 trial (Fig. 1b of the ESM), miriki-
zumab-treated responders from LUCENT 1 (a decrease in
the modified Mayo score of > 2 points and a > 30% decrease
from baseline, and a decrease of > 1 point in the rectal
bleeding subscore from baseline or a rectal bleeding sub-
score of 0 or 1) were randomized (2:1) to mirikizumab 200
mg or SC placebo Q4W, whereas placebo-treated responders
continued to receive placebo Q4 W, but with SC administra-
tion. Patients who maintained clinical response continued
the same regimen until week 40, whereas patients who had
a loss of response were given IV mirikizumab 300 mg Q4W
for three doses followed by a final assessment. LUCENT 1
trial non-responders received IV mirikizumab 300 mg Q4W
in the LUCENT 2 trial. After 12 weeks, if they responded,
their dose was changed to SC mirikizumab 200 mg Q4W
until week 40; if they did not respond, they discontinued
the trial.

Intravenous infusion of mirikizumab or placebo occurred
over at least 30 minutes. Subcutaneous administration of
mirikizumab or placebo was given in up to four injections
(AMAC) or in two injections (LUCENT 2), with a maximum
volume of 1.5 mL per injection.

2.2 Sample Collection and Analyses

For the AMAC primary and extension studies, blood sam-
ples for the PK analysis were collected every second week
during the induction phase, every 4 weeks in the first part
of the maintenance phase, then every 8 weeks until the
end of the study, including the follow-up period. A single
sample was collected prior to study drug administration (if
occurring on a dosing day), and samples were taken before
each IV infusion (trough) and at the end of each IV infusion
(maximum plasma drug concentration [C,,,.]) at weeks 0,
4, and 8 (Table 1 of the ESM).

For the LUCENT trials, a PK sample collection was per-
formed with a total of six samples per patient in LUCENT
1 and four to six samples per patient in LUCENT 2. Blood
samples were collected prior to mirikizumab dosing at weeks
0, 4, and 8 and after mirikizumab dosing at weeks 0O and 4.
Post-dosing samples were collected up to 2 h after dosing,
with the actual time of all dose administrations recorded in
the patient’s electronic case report form. Additional samples
were collected at week 12, at any unscheduled visits, at early
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termination visits, and 16 weeks after the last visit (Table 1
of the ESM).

Serum mirikizumab concentrations were measured in
blood samples using a validated drug-tolerant quantitative
enzyme immunoassay method at [CON Laboratory Services,
Inc. (Whitesboro, NY, USA). The lower limit of quantifica-
tion was 100 ng/mL and the upper limit of quantification
was 10,000 ng/mL. Samples above the limit of quantifica-
tion were diluted to yield results within the calibrated range.
The inter-assay accuracy (% relative error) during validation
ranged from — 9.09% to 2.30%. The inter-assay precision
(% coefficient of variation [CV %]) during validation ranged
from 2.18% to 6.57%. Samples were stored at — 70 °C.

2.3 Model Development

A population PK model was initially developed using the
data from the phase II AMAC trial. A two-compartment
model with first-order absorption for the SC maintenance
doses was found to best describe the pharmacokinetics of
mirikizumab. The final population PK model was developed
using the combined data from LUCENT 142 using the same
model structure as the phase II study.

Model development consisted of structural model
selection, a covariate search, and a final model evaluation
(Fig. 2 of the ESM). Key selection criteria were conver-
gence of the estimation and covariance routines, reason-
able parameter and variance estimates based on the known
pharmacokinetics of mirikizumab, good precision of the
parameter and variance estimates (relative standard error
< 50%), and graphical methods to ensure the presence
of reasonable characterization of data with no obvious
model misspecification. For the final model development,
an assessment of covariate effects was conducted. Sev-
eral covariates were investigated (Table 2 of the ESM),
including body weight at study entry, age, sex, race, dis-
ease severity, prior biologic therapy, concomitant use of
corticosteroids or immunomodulators (tested as single and
combined covariates), and an antidrug antibody (ADA)
titer over time. In particular, age was evaluated as a con-
tinuous covariate, and sex, race (White, Asian, and Other
[American Indian or Alaska Native, Native Hawaiian or
Other Pacific Islander, multiple, and missing]), ethnicity,
and prior and concomitant therapies were evaluated as
categorical covariates. Baseline disease state was evalu-
ated using serum albumin (continuous), modified Mayo
score (continuous/categorical), fecal calprotectin (continu-
ous), and C-reactive protein (continuous). Key covariate
selection criteria were as per structural model selection.
In addition, the criterion for a statistically significant dif-
ference in objective function value (OFV) was a > 6.635-
point drop in OFV (p < 0.01) for forward inclusion and
a > 10.828-point drop in OFV (p < 0.001) for backward
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elimination. A bootstrap analysis was performed to assess
the precision of the final parameter estimates of the final
model using the bootstrap routine in Perl-speaks-NON-
MEM software (Version 4.8.1, ©2018-2019 by Mats
Karlsson, Rikard Nordgren, Svetlana Freiberga, Sebastian
Ueckert, and Gunnar Yngman), and a visual predictive
check was performed to ensure that the model maintained
fidelity with the observed data using the visual predictive
check algorithm in Perl-speaks-NONMEM.

Missing values of independent variables (patient charac-
teristic data) were imputed within patients using last obser-
vation carried forward. Approximately 4% and 2% of the PK
samples collected for the AMAC and LUCENT 1+2 studies,
respectively, were below the quantifiable limit. Models with
and without these samples were compared using a first-order
conditional estimation with interaction method and a Lapla-
cian conditional estimation with interaction method when
values below the quantifiable limit were included. There
were no significant changes on the estimated PK parameters,
and no increased uncertainty was noted with the additional
samples, so the final analysis excluded these samples.

All analyses were conducted using non-linear mixed-
effects modeling [NONMEM] (Version 7.4.2; ICON
Development Systems, Gaithersburg, MD, USA), R (Ver-
sion 4.0.3; R Foundation for Statistical Computing, Vienna,
Austria), and Perl-speaks-NONMEM.

3 Results
3.1 Patient Disposition and Characteristics

A total of 4103 and 7578 serum mirikizumab concentra-
tion samples in 233 and 1129 patients were included in
the PK analysis for the AMAC and LUCENT 142 trials,
respectively. In the AMAC PK analysis, 59% of patients
were male and 35% were naive to biologic therapy. The
mean age was 42 years (range 17-72 years) with a mean
body weight of 75 kg (range 40-122 kg), a mean body
mass index (BMI) of 25 kg/m? (range 15-43 kg/m?), and
a mean albumin level of 41 g/L (range 24-51 g/L). In the
LUCENT 1+2 PK analysis, most patients were male (61%)
and 44% were naive to biologic therapy. The mean age was
43 years (range 18-79 years) with a mean body weight of
73 kg (range 34—152 kg), a mean BMI of 25 kg/m? (range
14-54 kg/m?), and a mean albumin level of 43 g/L (range
21-54 g/L) (Table 1).

3.2 PKModel

For the AMAC trial, the model-estimated apparent total
body clearance (CL) of mirikizumab from plasma and
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the bioavailability of mirikizumab were 0.023 L/h and
42%, respectively (Table 2). For LUCENT 1+2, inter-
compartmental CL was fixed to 0.00756 L/h during the
model development stage based on the AMAC PK analysis
results, and was estimated to be 0.0087 L/h as part of the
final PK model. The final model-estimated population-typ-
ical values of CL and bioavailability were 0.022 L/h and
47.6% (geometric mean of individual post hoc estimates:
44%; geometric CV% [geoCV%]: 34%), respectively
(Table 2). The typical half-life value was estimated to be
9.5 days (geometric mean: 9.33 days; geoCV%: 40%). The
parameters estimated for the AMAC and LUCENT 142
trials were consistent with each other. A bootstrap analysis
(Table 2) and visual predictive check (Fig. 1) demonstrated
that the model predictions agreed with the observed data
reasonably well and all parameters were estimated with
adequate precision.

Comparison of the simulated concentration—time
profile following IV mirikizumab 300 mg Q4W and SC
200 mg Q4W (Fig. 2) showed that the overall exposure
with the IV regimen was approximately three-fold higher
than with the SC regimen, which was consistent with the
model-predicted availability of 47.6% (300 mg/(200 mg X
0.476) = 3.2). Specifically, the geometric mean (geoCV %)
area under the plasma concentration—time curve during
one dosing interval at steady state (AUC,,, ;) was 538
(34.4%) pg*day/mL for the IV regimen and 160 (57.6%)
pg*day/mL for the SC regimen. The largest difference
in the concentration profiles was at C_,,, with geomet-
ric mean steady-state (geoCV%) C,,,, concentrations of
99.7 (22.7%) pg/mL for the IV regimen and 10.1 (52.1%)
pg/mL for the SC regimen. The difference in trough con-
centrations was smaller with geometric mean steady-state
(geoCV %) trough concentrations of 2.75 (101%) pg/mL
for the IV regimen and 1.70 (83.3%) pg/mL for the SC
regimen.

3.3 Covariate Effects

The covariate evaluation discussed here focuses on the final
modeling with phase III data. In the final model based on
data from the LUCENT 142 trial, body weight and serum
albumin level were identified as statistically significant
patient factors affecting mirikizumab CL. Higher CL was
associated with higher body weights (Fig. 3a) and lower
albumin levels (Fig. 3b). Volume of distribution increased
with increasing body weight (Fig. 3c, d), whereas bioavail-
ability decreased with increasing BMI (Fig. 3e), both in a
statistically significant manner.

To evaluate the potential impact of body weight and
albumin on mirikizumab exposure following IV and SC
dose regimens, AUC,,,  and C,,, were compared across
the patient covariate quartiles. A significant overlap in the



Mirikizumab Pharmacokinetics in Ulcerative Colitis

1483

Table 1 Summary of patient
characteristics in PK analyses

Baseline covariate

AMAC LUCENT 1+2

for the AMAC and LUCENT
142 studies

Patients, n
Mean age, years (SD) [range]
Age groups, n (%)
< 65 years
65—-< 75 years
> 70 years
> 75 years
> 75 years
Male, n (%)
Race, n (%)
White
Asian
Black or African American

American Indian or Alaska Native

Multiple

Missing
Japanese, n (%)
Ethnicity, n (%)

Hispanic or Latino

Not Hispanic or Latino

Missing/unknown
Mean weight, kg (SD) [range]
Mean BMI, kg/m2 (SD) [range]
Mean albumin, g/L (SD) [range]
Biologic naive, n (%)
Corticosteroid use, n (%)

Immunomodulator use, n (%)

Corticosteroid and immunomodulator use,

n (%)

233 1129
42.2 (13.8) [17-72] 42.6 (13.8) [18-79]

218 (93.6) 1045 (92.6)
15 (6.4) 73 (6.5)
4(1.7%) 25 (2.2%)
0 (0.0) 11 (1.0)

0 7 (0.6%)
138 (59.2) 687 (60.9)
194 (83.3) 843 (74.7)
32 (13.7) 251 (22.2)
7 (3.0) 12(1.1)
0 11 (1.0)

0 1(0.1)

0 10 (0.9)

0 121 (10.7)
7(3.0) 43 (3.8)
215 (92.3) 834 (73.9)
11 4.7) 252 (22.3)

74.5 (16.6) [39.6-122.0]
25.2 (5.1) [15.0-42.7]
41.1 (3.84) [24-51]

72.6 (17.1) [34.0-152.0]
24.9 (5.3) [13.8-53.5]
42.8 (4.20) [21-54]

82 (35.2) 493 (43.7)
115 (49) 476 (42)
62 (27) 283 (25)
29 (12%) 110 (10)

BMI body mass index, n number of patients, PK pharmacokinetic, SD standard deviation

AUC,,, s and C,, was observed across quartile groups for
weight, BMI, and albumin (Fig. 4). More specifically, with
the IV dose regimen, the median AUC,,  in patients in the
highest body weight quartile (83—152 kg) was 451 pg*day/
mL versus an overall population median AUC,,, ( of 539
pg*day/mL (Fig. 4a). Similarly, the median C_,, in the high-
est body weight quartile was 84.4 pg/mL versus an overall
population median of 99.4 pg/mL (Fig. 4b). The differences
in AUC,,, i, and steady-state C,,, between the lowest body
weight quartile and population median were also similar in
magnitude (Fig. 4a, b). The median AUC,, , in patients in
the lowest quartile of albumin levels (21-41 g/L) was 515
pg*day/mL versus an overall population median AUC,,,
of 539 pg*day/mL (Fig. 4c). Similarly, the median C,,, in
the lowest albumin level quartile was 102 pg/mL versus a
population median of 99.4 pg/mL (Fig. 4d). With the SC
dose regimen, patients with a higher baseline BMI were
found to have a lower bioavailability, which would decrease
both AUC,,, ( and C, . (Fig. 4e, ). Because body weight

also affected CL, and because body weight and BMI are cor-
related, AUC and C,,,, were compared across the quartiles
of body weight for the SC regimen. The median AUC,,,,  in
patients in the highest body weight quartile was 124 pg*day/
mL versus an overall population median AUC,,, i of 165
pg*day/mL. Similarly, the median C,,, in the highest body
weight quartile was 7.65 pg/mL versus an overall population
median of 10.6 pg/mL, respectively. Overall, the differences
in AUC,,, ( and C, ., for patients in the highest patient fac-
tor quartiles were small relative to the overall range in AUC
and C,,, values across patients as a result of variability. The
effects of body weight, BMI, and albumin levels on miriki-
zumab exposure were not considered clinically relevant.

In the phase III LUCENT 142 studies, 1127, 678, and
195 PK samples were associated with SC injections in the
abdomen, arm, and thigh, respectively. A post hoc analysis
found that the injection site was not a statistically significant
factor affecting bioavailability, with similar bioavailability
among the three injection sites (Fig. 5a). Immunogenicity
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Table 2 Summary of population PK model-estimated parameters for mirikizumab in the AMAC and LUCENT 1+2 studies

Parameter description

AMAC

LUCENT 142

Population estimate [95%
CI, %SEE]*

Interindividual variability
(%)
[95% CI (%), %SEEJ*

Population estimate (95%
CI, %SEE)*

Interindividual variability
(%)
[95% CI (%), %SEE]*

Rate of absorption
Parameter for Ka (h™")

Clearance
Parameter for CL® (L/h)

Albumin effect on CL
Parameter for Q¢ (L/h)

Baseline weight effect on
CL and Q

Volume of distribution
Parameter for Vlﬁl L)
Weight effect on V9

Baseline weight effect on
V,and V,

Parameter for V2d L)

Covariance between CL
and V,

Bioavailability
Parameter for F1 (%)
Baseline BMI effect on F1

Residual error
Proportional (%)
Additive (ng/mL)

0.00757 [0.00682-0.00923,
5.63]

0.0230 [0.0218-0.0263,
2.94]

—0.951 [-1.13, -0.768,
9.32]

0.00756 [0.00564-0.0204,
17.6]

3.40 [3.28-3.53, 1.81]
0.247 [0.105-0.389, 30.2]

1.58 [1.36-2.51, 8.61]

0.0426 [0.0287-0.0582,
17.7]

42.2 [38.6-49.1, 4.5]

25.4 [23.8-27.1, 3.30]
98.7 [46.2-127.0, 17.3]

31.5[28.4-34.7,9.6]

25.0 [20.1-29.5, 19.4]

44.4 [32.4-61.9, 27.5]

34.4[29.2-39.1, 13.9]

0.00706 [0.00537-0.00998,
17.3]

0.022 [0.0192-0.0250,
6.96]

—0.981 [-1.09, —0.832,
6.70]

0.00870 [0.00352-0.0188,
42.2]

0.534[0.438-0.623, 12.6]

3.11 [3.07-3.15, 0.695]

0.525 [0.459-0.585, 7.56]

1.69 [1.03-2.57, 25.9]

0.0241 [0.0176-0.0316,
14.4]

47.6 [34.5-59.5, 15.9]°

—0.0474 [- 0.0628,
—0.0344, 16.1]

19.6 [17.6-21.4, 4.55]
171.0 [127.0-210.0, 11.3]

30.1 [28.2-32.1, 6.2]

18.1 [14.0-21.8, 21.8]

59.3 [35.1-84.6, 19.6]

64.3 [53.8-77.6,21.21°

BMI body mass index, CI confidence interval, CL clearance, CV% % coefficient of variation, F bioavailability, IV interindividual variability,
Ka absorption rate constant, PK pharmacokinetic, Q inter-compartmental clearance, SEE standard error of the estimate, V; volume of distribu-
tion of the central compartment, V, volume of distribution of the peripheral compartment

#The CI was estimated using a bootstrap analysis

IV was calculated using the following equation for log-normal distributions of the random effects for CV% = 100 x \/ (eOMECAM) _ 1), where
OMEGA(N) is the variance of the parameter

“The table provides the population estimate. To obtain individual CL estimates for the AMAC study, use the following equation: CL,; ividual =

CL x (albumin/43.2)%!, For the LUCENT 142 study, use the following equations: CL
0 X (baseline weight/70.7)%53*

min/45.0)7%%!: 0

>individual —

sindividual —

CL X (baseline weight/70.7)°'534 X (albu-

9The table provides the population estimate. To obtain individual volume estimates for the AMAC study, use the following equation: V/,;,gividual
= V, x (baseline weight/75.4)°?*’. For the LUCENT 1+2 study, use the following equations: V/,pgiviqu = Vi X (baseline weight/70.7)%°%;
Vasindividual = V2 X (baseline weight/70.7)%%

“Estimate is on the logit parameter for bioavailability. IIV for bioavailability (F1) was incorporated in an additive manner in the logit domain,
hence the following equation was used to calculate the II'V for F1: %IV, = 100 X \/ OMEGAg,

was not found to be a statistically significant factor that
affected mirikizumab CL. The post hoc CL values for dif-
ferent ADA titer levels are presented in Fig. 5b. No sig-
nificant change in CL with ADA titer levels was appar-
ent. The majority of patients who were ADA positive had
mirikizumab exposure that was consistent with exposure

in patients who were ADA negative (Fig. 5c). For titers of
1:160 or higher, mirikizumab concentrations trended lower
in a small number of patients, which limits definitive con-
clusions. None of the other covariates evaluated showed a
meaningful impact on mirikizumab exposure.
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Fig.1 Visual predictive check (VPC) for the final mirikizumab phar-
macokinetic model for the LUCENT 142 study stratified by route
of administration. Blue triangles: individual observed concentra-
tion data; solid red line: median of observed concentrations; dashed

4 Discussion

The population PK models developed in this analysis were
used to characterize the PK properties of mirikizumab in
patients with UC and to evaluate the impact of demographic
and disease characteristic covariates on mirikizumab phar-
macokinetics during induction and maintenance therapy.
Data from AMAC were not pooled with data from LUCENT
142 as the latter were sufficient to inform the model, and
the approach adopted in this analysis allowed a comparison
of model parameters between the phase II and III studies.
Overall, the mirikizumab pharmacokinetics in patients with
UC was typical of a monoclonal antibody drug [24-26] and
consistent with previous studies of mirikizumab in healthy
volunteers (unpublished data). Clearance increased with a
higher body weight and a lower serum albumin level, and
bioavailability decreased with a higher BMI. However,
changes in mirikizumab exposure related to changes in
patient covariates were small relative to the overall vari-
ability in exposure and therefore are not considered clini-
cally relevant.

The concentration—time data from the phase III studies
were sufficient to inform the population PK model devel-
opment; therefore, data from phase II and phase III stud-
ies were not combined. The population-typical CL and
volume of distribution estimated by the PK model were

Time after last dose (weeks)

red lines: 5th and 95th percentiles of observed concentrations; pink
shaded area: confidence interval for the median of simulated data;
blue shaded areas: confidence intervals for the 5th and 95th percen-
tiles of simulated data. IV intravenous, SC subcutaneous

similar between the AMAC and LUCENT 142 studies and
to those of phase I studies of mirikizumab in patients with
psoriasis and healthy volunteers (estimated CL: 0.022 L/h,
NCT01947933; estimated volume of distribution: 5.74-6.91
L, NCT01947933; 4.35-5.22 L, NCT02568423; 3.98-4.43
L, NCT04137380). This indicates that the pharmacokinet-
ics behaved consistently among different clinical trials, and
there was no difference in the pharmacokinetics of miriki-
zumab between patient populations. In addition, the other
PK parameters and inter-patient variability terms were
similar between the AMAC and LUCENT 1+2 studies. Of
note, the estimated bioavailability of mirikizumab result-
ing from the SC regimens in the LUCENT 1+2 study was
slightly higher (median and geometric mean of 48% and
44%, respectively) than the bioavailability estimated in the
AMAC study (median and geometric mean of 43% and 42%,
respectively). This difference in bioavailability may be due
to variability between the studies and to differences in the
mirikizumab formulations and administration. In fact, a lyo-
philized formulation of mirikizumab was manually with-
drawn from a vial into a syringe for administration in the
AMALC trial, whereas a syringe prefilled with a mirikizumab
solution formulation (planned for commercialization) was
used in the LUCENT trials.

Overall, the changes in mirikizumab pharmacokinetics
and exposures relative to patient factors were consistent with
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Fig.2 LUCENT 142 popula-
tion pharmacokinetic model-
predicted concentration—time
profile. Mirikizumab model-
predicted concentration—time
profile following a 300-mg
intravenous (IV) dose once
every 4 weeks (Q4W) from
weeks 0 to 12 (induction dosing
period) or at steady state fol-
lowing a 200-mg subcutaneous
(SC) dose Q4W (maintenance
dosing period) from the phase
III population pharmacoki-
netic analyses. Simulation of
1000 patients was conducted
using baseline covariates in
the LUCENT 1+2 dataset. The
solid black and orange lines
depict the median predicted
concentration profile for the 14
300-mg IV dose Q4W from

weeks 0 to 12 and the 200-mg

SC dose Q4W from weeks 24 to

100

10

Model-estimated mirikizumab
concentration (ug/mL)

36, respectively, and the shaded
area defines the 90% prediction
interval of the simulated data

o
-
N

expectations for monoclonal antibodies. Body weight was a
statistically significant covariate on CL and volume of distri-
bution in the population PK analyses. As a result, there was
an overall trend for serum concentrations to decrease as body
weight increased. The effect of body weight on the phar-
macokinetics of monoclonal antibodies is well established
[27, 28], and simulation studies have shown that dosing by
body weight is not necessarily beneficial compared with flat
dosing [27, 29]. A large degree of overlap in exposures was
noted when patients were stratified by body weight quartiles
in the population PK analysis for mirikizumab. The result
indicates that body weight does not have a clinically relevant
impact on the exposure of mirikizumab, and no dose adjust-
ment on the basis of body weight is needed.

Serum albumin level and CL of monoclonal antibodies
have frequently been reported to be inversely correlated in
PK studies of monoclonal antibodies [30-33]. This rela-
tionship can be explained by metabolic pathways shared by
albumin and monoclonal antibodies, such as the neonatal Fc
receptor rescue pathway, which plays an important role in
albumin and monoclonal antibody homeostasis [34]. Lower
CL with higher baseline albumin levels was observed for
mirikizumab; however, the magnitude of effect was within
the PK variability of mirikizumab, and therefore the effect
was not considered clinically relevant.

A\ Adis

28 42 56 70 84
Time (days)
—— 200 mg SC Q4W — 300 mg IV Q4W

Body mass index was identified as a statistically signifi-
cant covariate affecting SC bioavailability of mirikizumab,
with bioavailability decreasing as BMI increased. The bio-
availability of monoclonal antibodies is thought to be influ-
enced by several factors such as skin thickness, subcutane-
ous adipose tissue, and lymphatic circulation [35]. As such,
the relationship between mirikizumab bioavailability and
BMI is likely the result of the relationship between BMI
and these physiologic factors. Body weight and BMI are
highly correlated. Accounting for this correlation and the
effect of both covariates on mirikizumab pharmacokinetics,
i.e., the effect of weight on CL and BMI on bioavailability, a
large degree of overlap in exposures was noted when patients
were stratified by body weight/BMI quartiles (Fig. 4e, f).
The result indicates that BMI does not have a clinically rel-
evant impact on the exposure of mirikizumab, and no dose
adjustment on the basis of BMI is needed.

Immunogenicity was not identified as a significant fac-
tor affecting mirikizumab pharmacokinetics in either the
AMAC or LUCENT 1+2 studies. However, the lack of sta-
tistical significance in the models may be the result of the
low number of patients who developed a high ADA titer
response. Figure 5 shows boxplots of the post hoc CL values
for different ADA titer levels and does not show any signifi-
cant change in CL with an ADA titer. As immunogenicity
and the ADA titer were not covariates in the final model, the
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Fig.4 LUCENT 142 population pharmacokinetic model-estimated
effects of statistically significant covariates on the pharmacokinetics
of mirikizumab. Boxplots of covariate effects on the pharmacokinet-
ics of mirikizumab post IV (a—d) and post-SC (e, f) administration
from the population pharmacokinetic analysis. The horizontal line in
each box represents the median; the top and bottom sides of the box
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Fig.5 LUCENT 142 post hoc analyses. Boxplots of LUCENT 1+2 »

model-estimated post hoc a bioavailability versus injection site and
b clearance versus treatment-emergent antidrug antibody (TE-ADA)
titers (patients were categorized by the maximum observed TE-ADA
in the population pharmacokinetic analysis dataset). The horizontal
line in each box represents the median; the top and bottom sides of
the box represent the 75th and 25th percentiles; the whiskers extend
to the 5th and 95th percentiles; and circles represent data points out-
side of the 5th or 95th percentile. ¢ Observed mirikizumab concen-
trations in LUCENT 1 and LUCENT 2 studies following intravenous
(IV) mirikizumab 300 mg every 4 weeks (Q4W) and subcutaneous
(SC) 200 mg Q4W by TE-ADA titer category. Individual dots rep-
resent individual pharmacokinetic samples. The week 4 visit in
LUCENT 1 included samples taken both before and after the miriki-
zumab infusion. The horizontal dashed line represents the lower limit
of quantitation (LLOQ) of mirikizumab bioanalytical assay value (0.1
pg/mL) reported from bioanalytical results

post hoc CL value for a given patient would only increase
with higher ADA titers if the patient’s ADA titer was con-
sistently high and serum mirikizumab concentrations were
consistently low throughout the study. This way, the effect
of high ADA/low serum mirikizumab concentration is sig-
nificant enough to influence the random-effect eta estimate
for CL in those particular patients. Overall, the changes in
mirikizumab pharmacokinetics and exposures relative to
patient factors are consistent with expectations for a mono-
clonal antibody. The magnitude of the changes in exposure
related to patient factors also was small relative to the overall
range of exposures caused by random unexplained variabil-
ity. Furthermore, there was no apparent impact on miriki-
zumab pharmacokinetics of other demographic factors of
interest, such as age, sex, and race in the population tested.

For the modeling, the allometric exponents were not fixed
to values typically reported in the literature (i.e., 0.8 and
1 for CL and volume of distribution, respectively) as this
resulted in a poorer model fit (increased OFV). This may be
due to the typically reported values for allometric exponents
only applying to changes in body weight with a consistent
body composition, without accounting for changing in body
composition (i.e., fat).

The LUCENT studies had sparse PK sample collection
schemes, and most PK samples were collected prior to dos-
ing when mirikizumab concentrations are expected to be at
trough. Although this is typical of phase III trials, it may not
be sufficient to fully characterize the pharmacokinetics of the
compound. Nevertheless, the PK parameters found in this
analysis were similar to those in studies with denser sample
collection schemes, such as the phase Il AMAC study.
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5 Conclusions

The population PK model developed with phase II and phase
III data characterized the pharmacokinetics of mirikizumab
well in patients with moderate-to-severe UC. The phar-
macokinetics of mirikizumab is typical of a monoclonal
antibody drug. None of the covariates identified as being
statistically significantly correlated with mirikizumab PK
parameters were predicted to be clinically relevant based on
a lack of meaningful impact on mirikizumab exposures for
the proposed clinical regimen for the treatment of moderate
to severely active UC.
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