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Safety, Tolerability, Pharmacokinetics, Target Occupancy,
and Concentration-QT Analysis of the Novel BTK Inhibitor
Evobrutinib in Healthy Volunteers

Andreas Becker'*, Emily C. Martin?, David Y. Mitchell®, Roland Grenningloh?, Andrew T.Bender?, Julien Laurent', Harald Mackenzie?
and Andreas Johne'

Bruton’s tyrosine kinase (BTK) is a key regulator of B cell receptor and Fc receptor signaling, and a rational therapeutic target
for autoimmune diseases. This first-in-human phase |, double-blind, placebo-controlled trial investigated the safety, tolerability,
pharmacokinetics (PK), target occupancy, and effects on QT interval of evobrutinib, a highly selective, oral inhibitor of BTK, in
healthy subjects. This dose escalation trial consisted of two parts. Part 1 included 48 subjects in 6 ascending dose cohorts (25,
50, 100, 200, 350, and 500 mg) randomized to a single dose of evobrutinib or placebo. Part 2 included 36 subjects in 3 ascending
dose cohorts (25, 75, and 200 mg/day) randomized to evobrutinib or placebo once daily for 14 days. Safety and tolerability, as
well as PK and target occupancy (total and free BTK in peripheral blood mononuclear cells), were assessed following single and
multiple dosing. PK parameters were determined by noncompartmental methods. QT interval was obtained from 12-lead electro-
cardiogram recordings and corrected for heart rate by Fridericia’s method (QTcF). Treatment-emergent adverse events (TEAES)
were mostly mild, occurring in 25% of subjects after single dosing, and 48.1% after multiple dosing. There was no apparent dose
relationship regarding frequency or type of TEAE among evobrutinib-treated subjects. Absorption was rapid (time to reach maxi-
mum plasma concentration (T, ,,) ~ 0.5 hour), half-life short (~ 2 hours), and PK dose-proportional, with no accumulation or time
dependency on repeat dosing. BTK occupancy was dose-dependent, reaching maximum occupancy of > 90% within ~ 4 hours
after single doses > 200 mg; the effect was long-lasting (> 50% occupancy at 96 hours with > 100 mg). After multiple dosing, full
BTK occupancy was achieved with 25 mg, indicating slow turnover of BTK protein in vivo. Concentration-QTcF analyses did not
show any impact of evobrutinib concentration on corrected QT (QTc). In summary, evobrutinib was well-tolerated, showed linear
and time-independent PK, induced long-lasting BTK inhibition, and was associated with no prolongation of QT/QTc interval in
healthy subjects. Evobrutinib is, therefore, suitable for investigation in autoimmune diseases.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Bruton’s tyrosine kinase (BTK) inhibition represents
a rational therapeutic approach to autoimmune disease
through its potential to block B cell receptor-dependent
and Fc receptor-dependent pathways. Evobrutinib is an
oral BTK inhibitor that has demonstrated efficacy in pre-
clinical autoimmune disease models.

WHAT QUESTION DID THIS STUDY ADDRESS?

This first-in-human phase | study examined the safety
and tolerability of evobrutinib administered as either single
or multiple ascending oral doses, compared with placebo,
in healthy subjects. The pharmacokinetic (PK) profile, tar-
get occupancy, and effect of evobrutinib on QT interval
were also investigated.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Single doses of evobrutinib up to 500 mg and mul-
tiple doses up to 200 mg for 14 days were safe and
well-tolerated in healthy subjects. PKs were linear and
predictable with no accumulation or time dependency
on repeat dosing. BTK occupancy was high and sus-
tained after both single and multiple dosing. Single
doses of evobrutinib up to 500 mg did not prolong QT/
corrected QT interval.

HOW THIS MIGHT CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?

Our findings in healthy subjects indicate that evobru-
tinib is a promising new BTK inhibitor suitable for further
investigation in patients with autoimmune disease.

Data were presented in part at the 2018 ECTRIMS Congress, October 10-12, Berlin, Germany, as a poster presentation.
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Bruton’s tyrosine kinase (BTK) is a cytoplasmic tyrosine ki-
nase expressed in cells of hematopoietic origin, including
B cells and macrophages, but not T cells. As a member
of the Tec kinase family, BTK is a key regulator of B cell re-
ceptor (BCR)-mediated signaling, and plays pivotal roles in B
cell development, differentiation, activation, class-switching,
proliferation, survival, and cytokine release.””® BTK also
mediates Fc receptor (FcR) signaling® and may have a role
in toll-like receptor signaling1 in myeloid cells. Small mol-
ecule inhibitors of BTK have emerged as a promising new
class of therapeutics for B cell driven pathologies and have
the potential to treat a broad spectrum of autoimmune, in-
flammatory, and oncologic disorders.’

Evobrutinib is a highly selective, oral inhibitor of BTK. In
human cellular assays, evobrutinib potently inhibits B cell and
basophil activation and a range of functions mediated by BCR
and FcR induction.? Moreover, evobrutinib has shown prom-
ising activity in preclinical models in a number of autoimmune
diseases.> ' In a mouse model of interferon-accelerated
systemic lupus erythematosus, evobrutinib was associated
with robust reduction in disease activity which correlated with
inhibition of B cell function.® Similarly, in a collagen-induced
arthritis  mouse model, rheumatoid arthritis-like symp-
toms were inhibited by evobrutinib.® Furthermore, in both
B cell-dependent® and T cell-dependent'® experimental auto-
immune encephalomyelitis mouse models, evobrutinib limited
central nervous system inflammation and disease severity
suggesting a potentially broader therapeutic benefit in multiple
sclerosis (MS) compared with therapeutic agents with modes
of action involving B cell depletion alone.

This first-in-human phase | study was designed to exam-
ine the safety and tolerability, pharmacokinetics (PK), and
target occupancy of evobrutinib when administered as ei-
ther single or multiple ascending oral doses, compared
with placebo, in healthy subjects. With atrial fibrillation and
ventricular tachyarrhythmia reported in up to 6% and 1%
of patients receiving the BTK inhibitor ibrutinib,’" and atrial
fibrillation/flutter reported in 3% of those receiving acalabru-
tinib, "2 our investigation took advantage of the wide range
of doses administered in a placebo-controlled, double-blind
fashion to perform an early corrected QT (QTc)-exposure
evaluation for evobrutinib, as recently recommended in the
revised 2017 International Conference on Harmonization
(ICH) E14 clinical guidance.

METHODS
Study design
This was a phase |, randomized, double-blind, place-
bo-controlled trial conducted in healthy volunteers between
September 2014 and April 2015 at a single site in the United
States (Quintiles Phase | Services, Overland Park, KS). The
study was carried out in accordance with the principles of
the ICH requirements for Good Clinical Practice and the
Declaration of Helsinki, and was reviewed and approved
by Midlands Independent Review Board, Overland Park,
KS. Written informed consent was obtained from all partici-
pants. The primary end point was the safety and tolerability
of evobrutinib.

The study comprised two distinct parts; part 1 examined
single ascending doses (SADs) of evobrutinib and part 2
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examined multiple ascending doses (MADs) of evobruti-
nib (Figure S1). Part 1 involved SAD cohorts of evobrutinib
(25, 50, 100, 200, 350, and 500 mg) administered as an oral
solution (2.5 mg/mL; see Supplementary Material S1 for
justification of the starting dose.) In each dose cohort, eight
subjects were randomized to receive a single administration
of evobrutinib or placebo (6:2) using consecutive random-
ization codes. A sentinel dosing strategy was used in all SAD
cohorts whereby the first 2 subjects were initially dosed with
evobrutinib or placebo (1:1) on day 1 with the remainder
(5:1) dosed after 24 hours if safety was deemed satisfactory.
Subjects remained resident at the trial site until discharge
on day 8 and returned for a follow-up visit between days 11
and 13. Part 2 examined MAD cohorts of evobrutinib (25,
75, and 200 mg) administered once daily over 14 days. A
sentinel dosing strategy was not used in part 2 as the re-
sults from at least two higher sentinel dosing groups were
available from part 1 prior to starting treatment in the MAD
cohorts. In each dose cohort, 12 subjects were randomized
to receive evobrutinib or placebo (9:3). For both the SAD and
MAD portions of the study, subjects were fasted and had no
food intake until 4 hours after drug administration. Subjects
remained resident at the trial site until discharge on day 18
and returned for a single follow-up visit on day 28 + 2 days.

Dose escalation criteria. Following completion of each
dose cohort in both parts of the study, a safety monitoring
committee, which consisted of the principal investigator
and the sponsor’s clinical pharmacologist and global drug
safety product lead, decided whether protocol-defined dose
escalation to the next level was appropriate (to a maximum
of 500 mg in part 1, or to the highest safe and tolerated dose
or highest dose from part 1 in part 2), based on all safety
data and other available safety, PK, and target occupancy
data. If two or more subjects per cohort experienced a per-
protocol dose-limiting event (DLE) related to evobrutinib
(i.e., identification of a nontolerated dose), dose escalation
was to be terminated. DLEs were defined as follows:
lymphocyte count decreased to < 500/mm?® or increased
to > 20,000/mm?; severe infection requiring antibiotic and/
or antimycotic treatment; alanine aminotransferase or
aspartate aminotransferase > 3 times the upper limit of
normal; adverse events considered related to evobrutinib or
placebo with grade 3/4 toxicity, as specified by the Toxicity
Grading Scale for Healthy Adult and Adolescent Volunteers
Enrolled in Preventative Vaccine Clinical Trials.'* Other
safety data (e.g., hematology parameters) were also taken
into consideration for dose escalation decisions as a matter
of course.

The decision whether to initiate part 2 of the study, as
well as the MAD starting dose, was determined by the safety
monitoring committee based on review of safety data from
part 1, with PK and pharmacodynamic (PD) data also used
to inform the decision. Dose-limiting criteria and termina-
tion/stopping rules were as per part 1 of the study. Multiple
doses were not to be escalated if three or more subjects
per cohort experienced a DLE related to evobrutinib and the
maximum daily dose was not to exceed the highest dose
given in part 1. Ultimately, dose levels of 25, 75, and 200 mg
were selected.



Subjects

Study participants were healthy male and female subjects
aged 18-55 years with a body mass index between 19.0
and 30.0 kg/m2 who had been stable nonsmokers for at
least 6 months, had no significant clinical abnormalities,
and were in good general health. Subjects were required to
abstain from consumption of xanthine-containing food or
beverages and to stop consuming caffeine from 48 hours
prior to first administration of study drug until collection of
the last PK sample in each period. See Supplementary
Material S2 for the inclusion and exclusion criteria.

Safety and tolerability assessments

In both SAD and MAD cohorts, safety assessments included
physical examination, vital signs, 12-lead electrocardiogram
(ECQG), 24-hour ECG telemetry and Holter monitoring for QT
assessment, clinical laboratory assessments (hematology,
biochemistry, coagulation, and urinalysis), and assessment
of the humoral immune response (immunoglobulin G sub-
classes). Treatment-emergent adverse events (TEAEs) and
serious adverse events (SAEs) were recorded from time of
informed consent until study completion (the last visit of the
last volunteer).

Safety and tolerability were assessed in all subjects who
had received at least one dose of evobrutinib or placebo with
TEAEs summarized by treatment group, evobrutinib dose
level, and preferred term (Medical Dictionary for Regulatory
Activities (MedDRA) version 17.0, MedDRA MSSO, McLean,
VA). Assessment of severity utilized the Toxicity Grading
Scale for Healthy Adult and Adolescent Volunteers Enrolled
in Preventative Vaccine Clinical Trials. Data were summarized
using descriptive statistics.

PK assessments and methods

PK analysis was performed in all subjects who received at
least one dose of evobrutinib and had at least one primary PK
parameter evaluable by noncompartmental methods using
Phoenix WinNonlin version 6.3 (Certara LP, Princeton, NJ).

Serial blood samples were obtained on day 1 predose
and 0.25,0.5,1.0,1.5,2,25,3,4,5,6, 8,12, 16, 24 (day 2),
36 (day 2), and 48 hours (day 3) postdose during part 1 and
used to prepare plasma samples for evobrutinib PK analy-
sis. A similar sampling schedule was undertaken in part 2 on
days 1 and 14, with additional trough samples obtained on
days 5, 8, and 11, as well as days 17 and 18.

PK samples were analyzed by Quintiles Bioanalytical
and ADME Laboratory (Ithaca, NY) using a validated bio-
analytical liquid chromatographic assay with tandem mass
spectrometric detection to determine evobrutinib concen-
tration; the lower limit of quantification (LLOQ) of the assay
was 0.1 ng/mL. Plasma evobrutinib concentrations and PK
parameters were summarized descriptively.

To test dose proportionality, PK parameters were analyzed
graphically as area under the concentration curve (AUC)/
dose and maximum observed concentration (C . )/dose
vs. dose and via a power model (PK parameter = a*dosef)
approach with log-transformed PK parameters as the depen-
dent variable and log-transformed dose as the independent
variable. Accumulation of evobrutinib and time dependency
of PK parameters were evaluated for each dose level during
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part 2 using a linear mixed-effect analysis of variance for
log-transformed PK parameters with a fixed-repeated effect
for day and random effect for each subject.

Target occupancy

Target occupancy was assessed in all subjects who re-
ceived at least one dose of evobrutinib or placebo and had
at least one evaluable measurement at one time point. BTK
occupancy in peripheral blood mononuclear cells (PBMCs)
was used as a surrogate marker of inhibition of BTK activity.
To determine the degree of BTK occupancy by evobrutinib,
both total BTK (BTK;) and free BTK (BTK) were measured
in PBMC protein lysates.

During part 1, blood samples were obtained on day 1 pre-
dose and postdose at 1, 2, 4, and 6 hours. Further blood
samples were then obtained every 24 hours after the first
day 1 dose, up until day 5. During part 2, blood samples were
obtained on day 1 predose and postdose at 2 and 4 hours,
then predose on days 2 and 8. Further blood samples were
obtained on day 14 predose and postdose at 2 and 4 hours,
and every 24 hours thereafter until day 18. Samples were
analyzed at Cambridge Biomedical (Boston, MA).

BTK; was measured using a sandwich enzyme-linked im-
munosorbent assay with mouse monoclonal anti-BTK (BD
Biosciences, San Jose, CA; catalog number 611117) as cap-
ture antibody and rabbit anti-BTK (Cell Signaling Technologies,
Danvers, MA; catalog number 8547BF) with goat anti-rabbit
horseradish peroxidase (Millipore, Danvers, MA; catalog
number AP132P) as detection antibody. BTK. was measured
using a biotinylated probe (Merck Patent GmbH, Darmstadt,
Germany; June 2016) that irreversibly binds to the active site of
BTK. Labeled BTK was captured from the lysate using strepta-
vidin-coated enzyme-linked immunosorbent assay plates and
detected using a different anti-BTK antibody (Pierce; cata-
log number PA5-20085) than in the BTK, assay. Total protein
was measured and lysates were adjusted to 0.5 ng/nL total
protein before measuring BTK; and BTK.. PD parameters
of target occupancy were determined by noncompartmental
methods using elapsed time from dosing (when available) and
were summarized using arithmetic mean (SD) of percentage
BTK occupancy. A standard curve was constructed for both
assays using recombinant human BTK protein (Invitrogen;
catalog number PR5442A). The LLOQ of the assays for BTK;
and BTK; were 1.9 and 0.6 ng/mL, respectively, with the upper
limit of quantification of 450 and 200 ng/mL, respectively, in
PBMC lysate. The fraction of occupied BTK was calculated
using the following formula: relative % occupancy = (1-(BTK/
BTK,)/(BTK. predose/BTK; predose))*100. Maximum effect
(Enay) @nd time to maximum effect (E,, ) were determined for
BTK occupancy after each dose administration.

ECG assessments

Holter ECG recordings of 24 hours duration were performed
on day 1 in parts 1 and 2 of the study using digital 12-lead
Holter devices (GI M12R, Manlius, NY) and analyzed in the
Quintiles central ECG laboratory. Subjects rested in beds
for at least 10 minutes in a quiet environment to control for
factors impacting heart rate when ECG assessments were
conducted. Ten-second 12-lead ECGs were extracted in trip-
licate using Antares ECG extraction software version 2.15.1.0
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Table 1 Treatment-emergent adverse events
SAD study
Evobrutinib
Preferred term, n (%), Placebo 25 mg 50 mg 100 mg 200 mg 350 mg 500 mg Pooled active
(number of events) (n=12) (n=6) (n=6) (n=6) (n=6) (n=6) (n =6) (n =36)
Overall total 4 (33.3) (6) 0(0.0) 3(50.0) (6) 1(16.7) (1) 2(33.3) (4) 1(16.7) (1) 2(33.3) (3) 9 (25.0) (15)
Headache 1(8.3)(1) 0(0.0) 1(16.7) (2) 0(0.0) 0(0.0) 1(16.7) (1) 2(5.6) (3)
Contact dermatitis 0 (0.0) 0 (0.0) 2(33.3) (2 0(0.0) . 0(0.0) 0 (0.0) 2 (5.6) (2)
Amylase increased 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) (1) 0(0.0) 0(0.0) 1(2.8)(1)
Back pain 0(0.0) 0(0.0) 1(16.7) (1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 12.8)(1)
Dizziness 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) (1) 0(0.0) 0(0.0) 1(2.8) (1)
Dry eye 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) (1) 1(2.8) (1)
Dyspepsia 0(0.0) 0(0.0) 1(16.7) (1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(2.8) (1)
Excoriation 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) (1) 0(0.0) 0(0.0) 1(2.8) (1)
Lipase increased 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 1(16.7) (1) 0 (0.0) 0 (0.0) 1(2.8) (1)
Multiple injuries 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) (1) 0 (0.0) 1(2.8) (1)
Nasal congestion 0 (0.0) 0 (0.0) 0(0.0) 1(16.7) (1) 0(0.0) 0 (0.0) 0 (0.0) 1(2.8) (1)
Odynophagia 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 1(16.7) (1) 1(2.8) (1)
Abdominal pain 1(8.3) (1) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0) 0(0.0)
Application site pruritus (due 1(8.3) (1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
to ECG stickers)
Dry mouth 1(8.3)(1) (0.0) 0(0.0) (0.0) .0) (0.0) (0.0) (0.0)
Noncardiac chest pain 1(8.3) (1) 0(0.0) 0) (0] .0)
URTI 1(8.3) (1) 0(0.0) .0)
MAD study
Evobrutinib
Preferred term, n (%), Placebo 25 mg 75 mg 200 mg Pooled active
(number of events) (n=9) (n=9) (n=9) (n=9) (n=27)
Overall total 2(22.2) (2 3(33.3) (6) 7 (77.8) (14) 3(33.3) (3) 13 (48.1) (23)
Headache 1(11.1) (1) 1(11.1) (1) 2(22.2)(2) 0 (0.0) 3 (11.1) (3)
Application site irritation 0 (0.0) 0(0.0) 1(11.1) (1) 1(11.1) (1) 2(7.4) (2
Fatigue 0(0.0) 0(0.0) 2(22.2) (2 0 (0.0) 2(7.4) (2
URTI 0 (0.0) 0(0.0) 1(11.1) (1) 1(11.1) (1) 2(7.4) (2
Abdominal pain 0 (0.0) 0(0.0) 1(11.1) ) 0(0.0) 13.7) (2
Nausea 0 (0.0) 0(0.0) 1(11.1) ) 0(0.0) 13.7) (2
Abdominal discomfort 0(0.0) 1(011.1)() 0(0.0) 0(0.0) 13.7)(1)
Complex regional pain 0(0.0) 1(11.1) (1) 0(0.0) 0(0.0) 13.7)(1)
Constipation 0(0.0) 0(0.0) 1(11.1) (1) 0(0.0) 1@8.7)(1)
Dry throat 0(0.0) 0(0.0) 1(11.1) (1) 0(0.0) 13.7)(1)
Excoriation 0(0.0) 1(11.1) (1) 0(0.0) 0(0.0) 1@3.7)(1)
Muscle spasms 0(0.0) 0(0.0) 1(11.1) (1) 0(0.0) 1@3.7)(1)
Muscle strain 0(0.0) 1(11.1) (1) 0(0.0) 0(0.0) 1@3.7)(1)
Rhinorrhea 1(11.1) (1) 1(11.1) (1) 0(0.0) 0 (0.0) 18.7)(1)
Sneezing 0 (0.0) 0(0.0) 1(11.1) (1) 0 (0.0) 138.7)(1)
Toothache 0 (0.0) 0(0.0) 0(0.0) 1(11.1) (1) 138.7)(1)

ECG, electrocardiogram; MAD, multiple ascending dose; SAD, single ascending dose; URTI, upper respiratory tract infection.

(AMPS-LLC, New York, NY) for each PK time point (pre-
dose and 0.25, 0.5, 1.0, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, 16, and
24 hours postdose) within a =5 to 0-minute window prior to
and a 5-minute window after each sampling time point. The
quality of extracted ECG snapshots was checked by a Holter
associate/specialist using the Antares quality control review
interface. The mean QT and RR values from the triplicate
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ECGs were used to calculate QT interval corrected for heart
rate by Fridericia’s method (QTcF) for each time point.

ECG methods

Statistical analyses of ECG data were performed using SAS
software version 9.3 (SAS Institute, Cary, NC) in all subjects
who received at least one dose of evobrutinib or placebo on



day 1, and had Holter ECG recordings on day 1 and at least
one scheduled postdose time point. The data set consisted
of day 1 ECG and PK data from all subjects in parts 1 and
2 of the study. Baseline was at a single predose time point
(not time-matched). For the subjects who had received pla-
cebo, the evobrutinib concentration value was assumed to
be equal to 0 at each PK time point.

The main end point for statistical analysis of ECG data
was the relationship between mean change from baseline in
the QT interval corrected by Fridericia’s formula (AQTcF) and
evobrutinib plasma concentration after a single dose, with
adjustment for the effect of time-matched placebo on AQTcF
(i.e., AAQTCF). In model-based analyses, mean AAQTcF was
estimated on the basis of a contrast in model parameters.
In non-model-based analyses, AAQTcF for an evobruti-
nib-treated individual at a particular time point was defined as
the difference between the individual’'s AQTcF value and the
mean AQTcF in the placebo group at that time point.

Hysteresis between the plasma concentration of evobru-
tinib and AQTcF was assessed visually by graphical means
and tested statistically on the basis of the difference between
AAQTcF at T (time to C, ) and AAQTCF at the time point
corresponding to the largest mean AAQTCF."® Nonlinearity was
assessed via visual inspection of the scatterplot of AQTCF vs.
evobrutinib concentration for all time points, and a significance
test based on a model for AQTcF quadratic in concentration.
In the absence of hysteresis or nonlinearity, AQTcF was to be
modeled via a linear mixed effects model, with concentra-
tion as a continuous covariate, treatment (active or placebo)

Table 2 Geometric mean (CV% GM) PK parameters of evobrutinib
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and time point as categorical factors, and random intercept
and slope per subject, based on previous publications.'®'®
Additional covariates and interactions were considered, and
the final model selected on the basis of Akaike information cri-
terion. Model-based predicted mean AAQTcF was calculated
for the geometric mean C_ of each dose cohort. Two-sided
90% confidence intervals (Cls) of the estimate were deter-
mined using bootstrapping (1,000 resamples).

Absolute and change from baseline values of QTcF and
other parameters were summarized descriptively by time
point and dose cohort. In a by-time point analysis, mean
and 90% CI for non-model-based AAQTcF were provided
for each evobrutinib dose cohort.

RESULTS

Subject disposition

In total, 48 subjects (46 men and two women) were ran-
domized into part 1: six subjects to each evobrutinib dose
(25, 50, 100, 200, 350, and 500 mg), and 12 subjects to
placebo. All 48 randomized subjects were treated and
completed the trial. Thirty-six subjects were randomized
into part 2: nine subjects to each once daily evobrutinib
dose cohort (25, 75, and 200 mg g.d.), and nine subjects
to placebo. All 36 randomized subjects were treated ac-
cording to protocol. However, two subjects discontinued
prematurely from part 2. One subject on placebo withdrew
consent postdose on day 14 and one subject on evobruti-
nib (75 mg) was withdrawn due to noncompliance postdose
on day 13. Demographic data are summarized in Table S1.

Following single-dose administration

Dose (mg) N AUC_,, (ng*hour/mL) C,hax (Ng/mL) Tmaxa (hour) t,,, (hour) CL/F (mL/minute) V,/F (L)
25 6 104 (53.6) 69.9 (58.1) 0.8 (0.5-1) 1.80 (12.8) 4,000 (53.6) 621 (60.2)
50 6 326 (35.7) 234 (42.1) 0.5 (0.3-1) 2.06 (36.8) 2,550 (35.7) 455 (24.5)
100 6 434 (30.3) 309 (47.5) 0.5 (0.3-0.5) 2.56 (39.0) 3,840 (30.3) 850 (48.5)
200 6 856 (27.0) 555 (37.2) 0.5 (0.5-1) 2.09 (5.30) 3,900 (27.0) 703 (24.7)
350 6 1,910 (41.7) 846 (44.7) 1.0 (0.3-2) 6.81(95.0) 3,050 (41.7) 1,800 (136)
500 6 3,220 (25.0) 1,510 (34.7) 0.5 (0.5-2) 6.63 (69.9) 2,590 (25.0) 1,490 (64.6)
On day 1 and day 14 of the multiple-dose study

Day 1

25 9 123 (38.7) 99.7 (44.5) 0.5 (0.3-0.5) 1.70 (19.9) 3,390 (38.7) 498 (32.9)

75 9 325 (37.5) 254 (46.0) 0.5 (0.3-1) 1.86 (15.1) 3,850 (37.5) 620 (48.6)

200 9 1,110 (24.6) 797 (43.9) 0.5 (0.5-1) 2.49 (34.7) 3,000 (24.6) 647 (42.3)
Dose (mg) N AUC,_,, , (ng*hour/mL) Cnax (NQ/ML) T,a (hour) t,,, (hour) R,..(C..)° R,..(AUC, ,,,)°
Day 14
25 9 126 (46.4) 80.4 (64.9) 0.5 (0.3-1) 1.59 (18.2) 0.807 (0.59-1.11) 1.08 (0.89-1.17)
75 8 345 (44.6) 252 (60.3) 0.5 (0.3-1) 2.29 (18.9) 1.000 (0.65-1.54) 1.03 (0.81-1.31)
200 9 1,210 (34.0) 782 (60.1) 0.5 (0.5-1) 3.62 (70.5) 0.982 (0.71-1.35) 1.09 (0.94-1.25)

Geometric mean (CV% GM) values are rounded to 3 significant digits.

AUC,__,area under the plasma concentration-time curve from time zero extrapolated to infinity; AUC,_,, ,, area under the plasma concentration-time curve

from time zero to 24 hours; CL/F, apparent clearance; C
pharmacokinetic; R

max’

AUC,_,,), accumulation ratio for AUC; R, _(C

acc( acc( max)

#Median and range; rounded to 1 significant digit.
PGeometric mean and 95% confidence interval.

maximum observed plasma concentration; CV% GM, geometric coefficient of variation; PK,
, accumulation ratiofor C__ ;T __ ., time to reach maximum plasma concentration; t, ,,
terminal half-life; V,/F, apparent volume of distribution during terminal phase.
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Safety and tolerability

All randomized subjects were included in the safety analy-
sis. Analysis of TEAEs following single and multiple dosing
are shown in Table 1. There were no deaths or SAEs re-
lated to treatment. A single SAE of multitrauma due to an
automobile accident was experienced by a subject in the
evobrutinib 350 mg SAD cohort 7 days after study adminis-
tration but was unrelated to the study drug.

Overall, the nature and incidence of TEAEs were sim-
ilar in evobrutinib-treated and placebo-treated subjects
after single dosing in part 1. In total, 15 TEAEs devel-
oped in nine subjects (25.0%) receiving evobrutinib and
six TEAEs in four subjects (33.3%) on placebo. The most
common TEAEs in subjects on evobrutinib were headache
(three events in two subjects (5.6%)) and contact derma-
titis at locations of ECG pads (two events in two subjects
(5.6%)). Headache also occurred in one subject (8.3%) on
placebo. All TEAEs were mild (grade 1) except in one sub-
ject in the 200 mg treatment group, who experienced a
dose-limiting TEAE of grade 4 increased lipase in combi-
nation with grade 3 increased amylase on day 11. However,
there were no accompanying clinical signs and symptoms,
ultrasound examination of the abdomen revealed no ab-
normality of the pancreas, and values returned rapidly to
baseline by day 12. Lipase and amylase levels were as-
sessed in all other subjects. Any post-baseline shifts in
toxicity grade were transient, and not associated with any
clinical signs and symptoms.

In part 2, 23 TEAEs were reported in 13 subjects (48.1%)
on evobrutinib and two TEAEs were reported in two sub-
jects (22.2%) on placebo. The most frequently reported
TEAEs on evobrutinib included headache (three events in
three subjects (11.1%) vs. one event (11.1%) on placebo),
and skin irritation due to ECG pads, fatigue, and upper
respiratory tract infection (each two events in two subjects
(7.4%)). Seven gastrointestinal TEAEs occurred in five
subjects (18.5%) on evobrutinib treatment. No relation to
dose was observed for gastrointestinal or other TEAEs. All
TEAEs reported were mild and no dose-limiting adverse
events were reported.

There were no TEAEs leading to discontinuation and no
clinically significant trends in vital signs, ECGs, laboratory
values, or immunoglobulin G subclasses in either part of the
study. Overall, evobrutinib seemed to be safe and well-toler-
ated and no nontolerated dose could be defined after SAD
or MAD administrations, supporting further clinical investi-
gation of evobrutinib in forthcoming trials.

PK analyses

Following single dosing in part 1, evobrutinib was rapidly
absorbed with a median T__. of 0.5 to 1.0 hours across all
dose cohorts (25-500 mg; Table 2). After reaching C_ .,
the plasma concentration of evobrutinib declined rapidly
and dose-independently in a mono-exponential fashion
(Figure 1) to < 1% of C__, within 8 hours. Apparent clear-
ance was high (2,553-3,995 mL/minute) and independent
of dose. At the two higher single doses (350 and 500 mg),
evobrutinib concentrations above the LLOQ were still mea-
surable up to 48 hours after dosing in some (n = 3) subjects,
revealing an additional terminal phase in the elimination of
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evobrutinib. For this reason, the estimated geometric mean
terminal half-life (t,,) was smaller with lower doses of evo-
brutinib (25-200 mg) compared with the two higher doses
(1.8-2.6 vs. 6.6—6.8 hours, respectively). As a consequence
of the longer terminal t,, at 350 mg and 500 mg, geomet-
ric mean apparent volume of distribution during the terminal
phase was 1,796 and 1,485 L, respectively. Nevertheless,
because mean evobrutinib terminal phase concentrations at
higher doses were small (< 1% of C, ., 24 hours postdose), all
concentration-time profiles declined at the same rate within
the first 8 hours, with a relevant t, , of ~ 2 hours for all doses.

In part 2, concentration-time profiles were similar between
day 1 and day 14 (Figure 1), indicating no accumulation with
multiple dosing. This was confirmed by accumulation ratios
for AUC (R, (from time 0 to 24 hours (AUC_,, ) 1.03-1.09)
and C__, (R,..(C,,) 0.81-1.00) and was in agreement with
the observed short t,, (1.6-3.6 hours) after multiple dosing.
In general, PK parameters determined on day 1 and day 14 of
the multiple dose study agreed with those obtained after sin-
gle dosing in part 1 (Table 2). Dose proportionality of AUC ,,,,
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Figure 1 Pharmacokinetics of evobrutinib. (a) Arithmetic mean
(SD) evobrutinib serum exposure vs. time after single dosing
on day 1 of part 1 (single ascending dose study), and (b) mean
evobrutinib serum exposure vs. time on day 1 and day 14 of part
2 (multiple ascending dose study).
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(a) Single dosing (25-500 mg). Day 1 of Part 1 (single ascending dose study)
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) and regression line after (a) single dosing on Day 1 of Part

1 (single ascending dose study); (b) single dosing on Day 1 of Part 2 (multiple ascending dose study), and (c) multiple dosing on Day
14 of Part 2 (multiple ascending dose study). Dotted line is linear regression through dose-normalized parameters vs. dose. AUC_,, ,,,
area under the concentration curve from time 0 to 24 hours; AUC,__, area under the concentration curve from time zero extrapolated
to infinity; C_ ., peak plasma concentration.
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25-200 mg (Figure 2) and confirmed by the power model.
Furthermore, no time dependency of the evobrutinib PK was
noted based on the comparison of concentration-time profiles.
This was confirmed by comparisons between AUC_,,,, on day
14 and AUC from time zero extrapolated to infinity (AUC,__) on
day 1, with 90% Cls including 100% across all comparisons.

Target occupancy
BTK occupancy in PBMC was used as a surrogate marker
of inhibition of BTK activity by evobrutinib.

In part 1, a dose-dependent increase in BTK occu-
pancy was observed after single dose administration of
25-500 mg of evobrutinib (Figure 3a). Median E__ was
58.00% at 25 mg, 72.85% at 50 mg, 91.90% at 100 mg,
and 98.90% at 200 mg, with complete saturation (100%) at
350 mg and 500 mg single dose (Table $2). Maximum effect
was achieved rapidly (median E, ., 1.0-4.0 hours across all
dose groups), before declining slowly. At 24 hours postdose,
median BTK occupancy ranged from 51.1-91.7% across all
dose groups. BTK occupancy was still detectable 96 hours
postdose, in contrast to serum evobrutinib concentrations
(no relevant concentrations observed 8 hours postdose;
Figure 1), in line with the irreversible binding mode of evo-
brutinib to BTK and slow turnover of BTK in vivo.

In part 2, following multiple dosing, median (range) E,,, for
the 25 mg dose increased from 70.4% (51.6-88.9%) on day
1t0 94.7% (91.8-98.3%) on day 14. In the 75 and 200 mg
cohorts, E . on day 14 reached 98.2% (94.0-98.8%) and
100% (100-100%), respectively (Table $2). Median BTK oc-
cupancy of > 86% was maintained for 24 hours after the
day 14 dose across all dose groups (Figure 3b).

In general, there was clear discrimination between placebo
and evobrutinib treatment groups in terms of BTK occupancy
at all time points in both part 1 and part 2. However, low median
levels of BTK occupancy were also observed in the placebo
group. These probably represent artificial values due to assay
variability in the measurement of BTK; and BTK_, which was
observed to vary by up to 30% during assay validation, rather
than actual BTK occupancy in nondosed subjects.

ECG analyses

ECG analyses were based on a data set of 83 evaluable
subjects who had received a single dose of evobrutinib
from 25-500 mg (analysis was performed for the first dose
of subjects in part 2), which included two subjects with
missing baseline data (1 of the 84 randomized subjects was
excluded from the analysis due to the presence of flat T
waves in all leads).

Concentration-QT analysis. Categorical analysis of
ECG parameters revealed no clinically significant change
from baseline in heart rate, pulse rate, and QRS values
postdose. Thus, QTcF was applied for the concentration-
QT analysis, which is also supported by the demonstration
of independence of QTcF from heart rate (slope 0.0183;
95% CI -0.0519 to 0.0886; Figure S2).

Although the visual inspection of hysteresis indicated dif-
ferent profiles for evobrutinib concentration and mean AQTcF
over time (Figure S3a), examination of mean evobrutinib
concentration vs. mean AAQTcF over time plot did not point
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to meaningful changes in AAQTCF with change in evobrutinib
concentration (Figure S3b). Accordingly, no statistically sig-
nificant difference in time of maximum plasma concentration
of evobrutinib (T, ) compared with time of the maximum
AAQTcF (U,) was observed. Thus, a hysteresis effect
could not be concluded, and an effect compartment was
not included in the model. Nonlinearity was not observed on
visual inspection of the AQTcF vs. evobrutinib plasma con-
centration data or using a significance test. Consequently,
modeling of the exposure-effect analysis was conducted
based on a linear mixed-effects model for AQTcF. The final
model included no additional covariates or interactions.

The slope of the relationship between placebo-adjusted
AQTcF and concentration was negative and very close to
zero (-0.00027 ms/ng per mL; P = 0.86). Figure 4 shows
model predictions for concentration-QTc model, with mean
AAQTCF (90% ClI) for each decile of PK concentration val-
ues. The predicted population mean AAQTcF at geometric
mean C__ for the 25 mg group (86.5 ng/mL) was -0.78 ms

max

with an upper limit of 2.71 ms for the 90% two-sided
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Figure 3 Arithmetic mean (SD) of % Bruton's tyrosine kinase
(BTK) receptor occupancy* vs. time after administration of
evobrutinib for (a) single dosing and (b) multiple dosing. *%
BTK occupancy = (1-(BTK/BTK)/(BTK. pre-dose/BTK; pre-
dose))*100. BTK, total Bruton's tyrosine kinase; BTK, free
Bruton's tyrosine kinase.



bootstrapped Cl (Table 3). For the 500 mg dose group, the
predicted population mean AAQTcF at geometricmean C
(1,512 ng/mL) was —1.16 ms with an upper limit of 3.26 ms
for the 90% CI, which is well below the 10 ms threshold of
regulatory concern (ICH-E14 guidance).'®

By-time point analysis. By-time point analysis showed
that the maximum mean AAQTCcF for each of the evobrutinib
dose groups ranged from —-0.93 ms to 3.79 ms at all time
points in the 25, 50, 75, 200, 350, and 500 mg dose groups.
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However, in the 100 mg dose group (n = 6), the mean
AAQTcF was 71 ms at the 6-hour postdose time point
(90% CI 3.8 to 10.4 ms), 5.6 ms at the 8-hour postdose time
point (90% CI -0.2 to 11.4 ms) and 7.2 ms at the 12-hour
postdose time point (90% CI 2.6 to 11.7 ms).

Categorical outlier analysis. The absolute QTcF value did
not exceed 450 ms in any of the dose groups at any of the
time points. There were no ECGs where the change from
baseline in QTcF exceeded 60 ms. Change from baseline
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Figure 4 Model prediction of placebo-adjusted change from baseline in QT interval corrected for heart rate by Fridericia's method
(AAQTCF; 90% confidence interval (Cl)) from concentration-QTc model, with mean AAQTCcF (90% CI) for each decile of pharmacokinetic
(PK) concentration values. (a) entire concentration range and (b) the first five deciles of PK concentration values. Mean AAQTcF values
(ms) (denoted by circles) with two-sided 90% Cls have been calculated for each decile of PK concentration values, and plotted at the
corresponding median concentration value in each decile. The model-derived predicted population mean AAQTCcF is shown as the
continuous black line shaded with two-sided 90% bootstrapped confidence limits of predicted mean AAQTcF. The horizontal dotted

line represents the regulatory threshold of concern of 10 ms.
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Table 3 Predicted values of mean AAQTcF and associated two-sided
90% Cls

By evobrutinib plasma concentration

90% Cl of AAQTcF (ms)

Predicted (bootstrapped)
Geometric mean
Dose meanC,__. AAQTcF? Lower Upper
(mg) (ng/mL) (ms) bound bound
25 86.48 -0.78 -4.22 2.7
50 233.9 -0.82 -4.23 2.66
75 253.9 -0.82 -4.23 2.66
100 308.6 -0.84 -4.27 2.70
200 689.2 -0.94 -4.44 2.83
350 845.9 -0.98 -4.46 2.94
500 1,512.3 -1.16 -5.10 3.26

Based on the linear mixed model fitted to the data, the predicted values of
population mean AAQTcF and the associated two-sided 90% bootstrapped
Cls are reported at plasma evobrutinib concentration values corresponding
to the observed geometric mean C_ . for different evobrutinib dose groups.
Cl, confidence interval; C_ ., maximum observed plasma concentration;
AAQTcF, placebo-adjusted change from baseline in QT interval corrected
for heart rate by Fridericia’s method.

®Predicted population mean AAQTcF was obtained from the original
data set and not from bootstrapped data.

in QTcF between 30 ms and 60 ms was observed in 2 of 81
subjects (2.5%; both were in the 200 mg dose group), but
the absolute QTcF value was < 450 ms for both subjects.
The number of ECGs with outlier values was extremely
small and not clinically significant.

Treatment-emergent T wave morphological abnormalities
were reported in two evobrutinib-treated subjects, one subject
in the 50 mg dose group, and one subject in the 100 mg dose
group, with abnormalities (flat T waves) observed at the day
1, 6-hour and 8-hour postdose time points. These abnormal-
ities were not observed in either subject in ECGs acquired at
previous and subsequent time points and did not seem to be
dose-dependent or concentration-dependent.

DISCUSSION

This first-in-human phase | study investigated the safety,
tolerability, PK, and target occupancy of evobrutinib. Single
doses up to 500 mg and multiple doses up to 200 mg for
14 days were safe and well-tolerated. The PK profile of evo-
brutinib showed dose-proportional and time-independent
exposure without accumulation after multiple dosing when
administered once daily. A maximum BTK receptor oc-
cupancy of > 90% (median) was achieved by single dose
groups of > 200 mg and by all multiple dose groups (25, 75,
and 200 mg). No clinically relevant exposure-effect relation-
ship was detected between evobrutinib concentration and
QTcF effect; single evobrutinib doses up to 500 mg with a
peak concentration up to 1,512 ng/mL did not prolong QTcF.

TEAEs occurred in 25% of subjects after single dosing
and in 48.1% after multiple dosing. The most common
TEAEs after single dosing were headache and contact der-
matitis, with headache, skin irritation (at locations of ECG
stickers), fatigue, and upper respiratory tract infection most
common after multiple dosing; the majority of events were
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of mild severity. With higher doses of evobrutinib, there was
no apparent increase in frequency or type of adverse events.
During part 1, one subject in the 200 mg treatment group
experienced a DLE of grade 4 increased lipase in combina-
tion with grade 3 increased amylase. Although both events
were considered related to treatment, they seemed to be
isolated laboratory changes that resolved quickly with no
accompanying clinical signs and symptoms or evidence
of abnormality of the pancreas on ultrasound examination.
Furthermore, the interval between the emergence of the first
abnormal values on day 8 and the single dose itself casts
doubt on any causal relationship, given the observed PK
of evobrutinib. There were no other clinically relevant ECG
changes or relevant cardiac or cardiovascular adverse
events.

The PK profile of evobrutinib demonstrated rapid absorp-
tion with peak concentrations reached within ~ 0.5 hours,
moderate-to-high plasma clearance, medium geometric
mean apparent volume of distribution during the terminal
phase, and short t,,. PK were dose-proportional over a
25-500 mg single-dose range and a 25-200 mg once daily
multiple-dose range at steady-state, with no accumulation
and no time dependency observed after 14 days repeated
daily dosing.

Target occupancy was dose-dependent, approaching
complete maximal BTK occupancy after single doses of
evobrutinib > 200 mg and multiple doses > 75 mg, typically
within 4 hours of administration. Median BTK occupancy
was long-lasting, remaining detectable 24 hours postdose
on day 14 across the dose-range of 25-200 mg, before
declining slowly, consistent with irreversible binding, and
a slow turnover of BTK protein (shown previously to be
> 12 hours in human primary B ceIIs19). These results are
consistent with target occupancy data reported for other
BTK inhibitors. Although no published target occupancy
data are available for ibrutinib in healthy volunteers, median
BTK occupancy of > 95% was noted in patients with B cell
lymphoma or chronic lymphocytic leukemia within 4 hours
of administration of ibrutinib 2.5-12.5 mg/kg/day; BTK oc-
cupancy was maintained for at least 24 hours, consistent
with the irreversible mechanism.?° Furthermore, following
a single dose of CC-292, five of six healthy subjects had
> 98% BTK occupancy < 4 hours after administration, with
complete or near-complete BTK occupancy sustained for
8-24 hours.?" These data supported the selection of rec-
ommended doses in the phase Il program of evobrutinib
and 2v2vere successfully applied in a recent clinical study in
MS.

We found no evidence of a significant exposure-effect
relationship between evobrutinib concentration and QTcF.
Over the range of doses evaluated, mean AAQTcF was
< 5 ms and the upper limit of the 90% two-sided Cl was
well below the 10 ms threshold of regulatory concern
specified in the ICH-E14 guidance'® at all time points, with
the exception of the 100 mg dose group, in which mean
AAQTCcF ranged from 5.6 to 7.2 ms and the upper limit of
the Cl ranged from 10.4 ms to 11.7 ms at three time points.
These findings are likely to be a chance occurrence given
the results observed in higher-dose groups. Indeed, our
results are in line with those seen with other BTK inhibitors.



Neither ibrutinib nor acalabrutinib have been associated
with clinically relevant prolongation of the QTc interval at
therapeutic or supratherapeutic doses during randomized,
double-blind, placebo-controlled and positive-controlled
thorough QT studies.'"2:23

Evaluation of the relationship between concentration and
QT/QTc using data collected in early phase clinical studies
is a validated and US Food and Drug Administration-
accepted alternative strategy to a thorough QT study 1524
and has been widely used to reliably exclude relevant QTc
effects during drug development,'®2%26 supporting waiver
of the regulatory requirement for a thorough QT study in
some cases.?’ Although our concentration-QT analysis
is limited by the small number of subjects in each dose
group and the small number of female subjects, pooling
of data from parts 1 and 2 and the broad range of plasma
concentrations obtained across dosage groups increase
the reliability of our results. High-resolution monitor-
ing of ECGs over 24 hours permitted extraction of ECG
snapshots at stable heart rates and recording of ECGs in
triplicate and their central analysis further reduced any
potential measurement error, helping to minimize with-
in-subject variability, and ultimately providing more robust
statistical analyses.?®

In summary, the central role of BTK in both FcR and BCR
signaling makes BTK inhibition a promising approach for
treatment of autoimmune diseases. The findings in healthy
subjects reported herein indicate that evobrutinib is a prom-
ising new BTK inhibitor. Evobrutinib was well-tolerated when
administered as single (25-500 mg) or multiple (25-200 mg)
ascending doses. PK were dose-proportional after single
and multiple dosing, with no time dependency or accumula-
tion noted after 14 days’ repeated once-daily administration.
High and sustained BTK occupancy was observed after
both single and multiple dosing. Concentration-response
modeling of QT/QTc data revealed no prolongation of QT/
QTc interval resulting from single doses of evobrutinib up to
500 mg. Further clinical studies designed to investigate the
efficacy, safety, PD, and PK of evobrutinib in patients with
systemic lupus erythematosus, rheumatoid arthritis, and re-
lapsing MS are ongoing.

Supporting Information. Supplementary information accompa-
nies this paper on the Clinical and Translational Science website (wWww.
cts-journal.com).

Figure S1. Study design.

Figure S2. Relationship between QT or QTcF and heart rate.

Figure S3. Assessment of hysteresis.

Table S1. Baseline demographics.

Table S2. Median (range) BTK receptor occupancy after single and mul-
tiple administration of evobrutinib.
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