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Abstract

Bruton's tyrosine kinase (BTK) is a potential therapeutic target for allergic and
autoimmune diseases. This first-in-human phase I study evaluated safety,
pharmacokinetic, and pharmacodynamic profiles of sofnobrutinib (formerly AS-
0871), a highly selective, orally available, non-covalent BTK inhibitor, in healthy
adult subjects. Single ascending doses (SAD; 5-900mg) and multiple ascending
doses (MAD; 50-300 mg twice daily [b.i.d.] for 14 days [morning dose only on Day
14]) of sofnobrutinib were tested. In the entire study, all adverse events (AEs)
were mild or moderate, and no apparent dose-proportional trend in severity or
frequency was observed. No serious treatment-emergent AEs, cardiac arrythmias,
or bleeding-related AEs were reported. In the SAD part, sofnobrutinib exhibited
approximately dose-dependent systemic exposures up to 900mg with rapid
absorption (median time to maximum concentration of 2.50-4.00h) and gradual
decline (mean half-lives of 3.7-9.0h). In the MAD part, sofnobrutinib showed
low accumulation after multiple dosing (mean accumulation ratios of <1.54) and
reached a steady state on <Day 7. Single dosing of sofnobrutinib rapidly and dose-
dependently suppressed basophil and B-cell activations in ex vivo whole blood
assays. Multiple dosing of sofnobrutinib achieved 50.8%-79.4%, 67.6%-93.6%, and
90.1%-98.0% inhibition of basophil activation during the dosing interval of 50,
150, and 300 mg b.i.d., respectively. Based on pharmacokinetic-pharmacodynamic
analysis, half-maximal inhibitory concentration (ICs,) of sofnobrutinib for basophil
activation was 54.06 and 57.01ng/mL in the SAD and MAD parts, respectively.
Similarly, ICs, for B-cell activation was 187.21 ng/mL. These data support further
investigation of sofnobrutinib in allergic and autoimmune diseases.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Bruton's tyrosine kinase (BTK) inhibitors are potential therapeutics for allergic
and inflammatory autoimmune diseases. However, treatment-emergent adverse
events limit their development in non-malignant diseases. Sofnobrutinib is a
highly selective, orally available, non-covalent BTK inhibitor that exhibited
significant inhibitory efficacies on inflammatory and autoimmune diseases in
animal models.

WHAT QUESTION DID THIS STUDY ADDRESS?

This first-in-human phase I study investigated the safety, pharmacokinetic, and
pharmacodynamic profiles of single and multiple ascending doses of sofnobrutinib
in healthy male and female subjects.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Sofnobrutinib was safe and well-tolerated after single or multiple exposures to
healthy subjects. Sofnobrutinib demonstrated a strong inhibition of B-cell and
basophil activations in ex vivo whole blood assays.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The findings support the further investigation of sofnobrutinib in patients with

INTRODUCTION

Bruton's tyrosine kinase (BTK) is a cytoplasmic, non-
receptor tyrosine kinase and expressed in hematopoietic
cell lineage including B cells, basophils, mast cells, and
macrophages.® BTK acts downstream of the high-affinity
immunoglobulin (Ig)-E receptor, FceRI, on activation
of basophils and mast cells, resulting in the release of
histamineand the production ofinflammatorycytokines.’™
Moreover, BTK is involved in B-cell receptor and IgG Fc
receptor (FcyR)-mediated signaling, which contributes
to the activation, differentiation, and proliferation of B
cells and the production of inflammatory cytokines in
macrophages/monocytes.>® Small molecule inhibitors of
BTK are, therefore, expected to be new therapeutics for
allergic diseases such as chronic spontaneous urticaria
(CSU)”® and autoimmune diseases such as rheumatoid
arthritis (RA), multiple sclerosis (MS), and systemic lupus
erythematosus (SLE).5*10

First- to second-generation covalent BTK inhibitors,
ibrutinib, acalabrutinib, and zanubrutinib, have been
approved for the treatment of B-cell malignancies, but
life-threatening adverse reactions such as bleeding and
atrial fibrillation have limited their applications for non-
malignant indications.''™*3 Recently, a selective, non-
covalent BTK inhibitor, fenebrutinib, has been reported to
alleviate the clinical signs and symptoms in patients with
CSU and RA in phase IT studies.'*" In addition, selective,
covalent BTK inhibitors such as remibrutinib, tolebrutinib,

allergic and autoimmune diseases.

and evobrutinib have also been shown to be effective in
CSU, MS, and SLE.16-Y However, a reversible elevation in
liver transaminases was reported in the clinical studies of
some of these selective inhibitors,'*™"® limiting their devel-
opment in allergy and autoimmune diseases.

Sofnobrutinib (AS-0871) is a highly selective, orally
available, non-covalent BTK inhibitor. Sofnobrutinib ex-
hibited significant suppression of IgE-mediated type I
allergy in a mouse passive cutaneous anaphylaxis model
and RA-like symptoms in a mouse collagen-induced ar-
thritis model.?° From these results, sofnobrutinib is antic-
ipated to be a new therapeutic option for the treatment of
allergic and autoimmune diseases.

This first-in-human phase I study was conducted
to characterize the safety, pharmacokinetic (PK), and
pharmacodynamic (PD) profiles of single and multiple
oral doses of sofnobrutinib in healthy male and female
subjects.

METHODS
Study design

This phase I study in healthy subjects consisted of
three parts: a single ascending dose (SAD) part with
sofnobrutinib formulated as a suspension (hereafter,
sofnobrutinib suspension), a relative bioavailability
(rBA)/ food effect (FE) part with sofnobrutinib formulated
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as a tablet (hereafter, sofnobrutinib tablet), and a multiple
ascending dose (MAD) part with sofnobrutinib tablet. The
SAD part was a first-in-human study conducted at QPS
Netherlands BV (Groningen, The Netherlands) between
June 22, 2020 and November 25, 2020. The rBA/FE and
MAD parts were part of phase I study conducted at ICON
plc (Groningen, The Netherlands) between December 16,
2021 and April 17, 2023.

SAD part

The SAD part was a double-blind (i.e., blind to subjects
and researchers), placebo-controlled, randomized, inter-
leaved study with seven treatment periods. Eight subjects
each in two cohorts (Cohorts A and B) were alternately
dosed with six ascending dose levels (5, 25, 100, 300,
600, and 900 mg under fasted conditions) of sofnobruti-
nib suspension or placebo (projected treatment ratio of
6:2), with at least 7days of washout period between dos-
ing (Figure 1a). Subjects were randomized in such a way
that for each dose level, different subjects received pla-
cebo, except for 1 subject who received placebo twice in

(a) SAD part
Cohort A (n=8)
5 mg Fasted

Period | (6 active: 2 placebo) Cohort B (n=8)
Period 2 6 azci:;g zF Zﬁiﬂbo)
Period 3 (6 ;t?t?vr;glF;Is:f:bo)

Period 4 6 j?t?vzgzl:;lsatce:bo)
Period 5 2 :g?vr::g;;s:ce:bo) > Dropout (n=])"
Period 6 | (2 active: 1 placebo) © a:np\zﬂgplzl:ibo)c

v

900 mg Fasted
(6 active: 1 placebo)

Period 7

Completed (n=7) Completed (n=8)

Period 1

Period 2

Period 3

ASCPT

Treatment Periods 1 and 6. Food effect on the PK was in-
vestigated at the 300-mg dose level; the subjects who had
received sofnobrutinib or placebo under fasted condi-
tions in Treatment Period 4 received the same treatment
in Treatment Period 6 following the intake of high-fat
breakfast. In all treatment periods, sofnobrutinib and the
matching placebo in suspension with commercial vehicle
(Flavor Blend™, Humco, Texas, USA) were orally admin-
istered, followed by drinking of an amount of the vehi-
cle to rinse the cup and the mouth. The total volume of
sofnobrutinib or placebo suspension and the vehicle for
rinsing was 200 mL in Treatment Periods 1-3 and 160 mL
in Treatment Periods 4-7 (Table S1). One more rinsing
step in which subjects rinsed their mouth with 50mL
water and spat it out was added in Treatment Periods 4-7
to remove the taste of Flavor Blend™. Full PK profiles
were determined up to 72h after study drug administra-
tion. Blood samples for PD assessments were obtained
at predefined time points up to 24 h after study drug ad-
ministration. Holter electrocardiogram (ECG) recording
was performed at 4 dose levels (100, 300 [fasted], 600, and
900mg) for continuous 25h (—1 to 24h after study drug
administration).

(b) Relative BA/FE part

Cohmlrl C (n=8)
f 1
Group 1 (n=4) Group 2 (n=4)

. 300 mg Fasted 300 mg Fed?
Period 1 (n=4) (n=4)
¢ #V Dropout (n=1)
. 300 mg Fed? 300 mg Fasted
Period 2 | (n=4) | | (n=3)

Completed (n=4) Completed (n=3)

(c) MAD part

Cohort D (n=8)
50 mg BID Fed® » Completed (n=6)
(6 active: 2 placebo) (4 active: 2 placebo)

L» Dropout (n=2)

Cohort E (n=8)
150 mgBID Fed® [—p Completed (n=7)
(6 active: 2 placebo) (5 active: 2 placebo)

[ Dropout (n=1)

Cohort F (n=8)
300 mgBIDFed® | . Completed (n=7)
(6 active: 2 placebo) (5 active: 2 placebo)

L Dropout (n=1)

FIGURE 1 Study design. (a) Single ascending doses of sofnobrutinib or placebo suspension were received by healthy subjects in two
alternate cohorts (Cohorts A and B) with a washout period of at least 7days. For 600-mg dose level, 4 subjects in Cohort A were treated

in Period 5 and the other 3 in Period 6. Food effect was investigated in the same set of subjects (Cohort B). (b) Relative BA and FE of
sofnobrutinib tablet were investigated in healthy subjects (Cohort C) with a washout period of at least 7days between the conditions.
Relative BA was determined using the different sets of subjects (Cohorts B vs. C), while FE was determined using the same set of subjects
(Cohort C). (c) Multiple ascending doses of sofnobrutinib or placebo tablets were received by healthy subjects in three cohorts (Cohorts
D-F). The treatment was given under fed conditions twice daily (b.i.d.) for 13days and a morning dose only on Day 14. *High-fat breakfast;
°Standardized diet; “One subject was excluded from the treatment due to logistic reasons. BA, bioavailability; b.i.d., bis in die (twice daily);
FE, food effect; MAD, multiple ascending dose; n, number of subjects; SAD, single ascending dose.
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Relative BA/FE part

This part was an open-label, randomized, 2-period
crossover design. Eight subjects (Cohort C) were
randomized to two groups and received sofnobrutinib
oral tablet at the dose of 300mg under fasted and fed
conditions (high-fat breakfast) in two treatment periods
with a washout period of at least 7days between dosing
(Figure 1b). Full PK profiles were determined up to
72h after study drug administration. Pharmacodynamic
assessments were not performed for this part.

MAD part

The MAD part was a double-blind (i.e., blind to subjects
and researchers), placebo-controlled, randomized
design, consisting of 3 cohorts (Cohorts D-F) of 8
subjects each, randomized 6:2 to active or placebo
treatment. Three ascending doses (50, 150, and 300 mg
twice daily [b.i.d.]) of sofnobrutinib tablet were tested
(Figure 1c). Sofnobrutinib was orally administered b.i.d.
for 14days (morning dose only on Day 14) under fed
conditions (standardized diet). Plasma PK profiles were
determined up to 11 h after the first dose on Day 1 and up
to 72h after the last dose on Day 14. Additional plasma
PK samples were taken before the morning doses on
Days 7, 9, 11, and at the end-of-trial visit (6 + 1 days after
the last dose). Blood samples for PD assessment were
collected at predefined time points up to 11h after the
first dose on Day 1 and up to 72 h after the last dose on
Day 14. Holter ECG recording was performed at each
dose level for 12h on Day 1 (-1 to 11h after the first
dose), 25h on Day 14 (—1 to 24 h after the last dose), and
1h each on Days 16 and 17 (47 to 48h and 71 to 72h,
respectively, after the last dose on Day 14). Telemetry
was performed at each dose level for at least 16.5h on
Day —1 (baseline recording), 24 h each on Days 4 and 10
(—1 to 23h after the morning dosing), and 24h on Day
13 (—1.5 to 22.5h after the morning dosing).

Study end points

The primary end point was safety and tolerability
of sofnobrutinib following single-dose and 14-day
multiple-dose oral administration in healthy subjects.
The secondary end point was PK, PD, and FE of
sofnobrutinib in suspension formulation and the PK,
PD, FE, and rBA of sofnobrutinib in tablet formulation.
Exploratory end points (SAD and MAD parts only) were
data collection for (future) investigation of potential QT
effects of sofnobrutinib.

Subjects

Eligible subjects were healthy males and females of non-
childbearing potential, aged 18-64years, with body mass
index between 18.0 and 30.0kg/m?, and in good physical and
mental health as established by medical history, physical ex-
amination, ECG and vital sign recording, and results of bio-
chemistry, hematology, and urinalysis tests in the screening.

Safety and tolerability assessments

The safety assessments included the regular monitoring of
vital signs, physical examinations, 12-lead ECG, continuous
12-lead Holter ECG (SAD and MAD parts only), telemetry
(MAD part only), and clinical laboratory tests (hematology,
biochemistry, and urinalysis in all parts, and coagulation
in the MAD part only). Adverse events (AEs) and serious
AEs (SAEs) were recorded from signing of the informed
consent form until the subject’s last trial-related activity.
Hemorrhage and bruising were predefined as AEs of special
interest (AESIs) in the rBA/FE and MAD parts. All events
were coded using the Medical Dictionary for Regulatory
Activities version 23.0 (SAD part) or version 24.1 (rBA/
FE and MAD parts), graded using Common Terminology
Criteria for Adverse Events version 5.0, and evaluated for its
relationship to the study drug administration.

Pharmacokinetic assessments

For the SAD and rBA/FE parts, plasma samples were
collected in each treatment period from all subjects
at predose and at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 12, 16 (SAD
part only), 24, 48, and 72 h postdose. For the MAD part,
plasma samples were collected in each treatment period
from all subjects at predose and at 0.25, 0.5, 1, 2, 2.5, 3,
3.5, 4,6, 8, and 11 h after the first dose on Day 1, at pre-
morning dose on Days 7, 9, and 11, and at predose and
at0.25,0.5,1,2,2.5,3,3.5,4,6,8,12, 16, 24,48, and 72h
after the last dose on Day 14.

Plasma concentrations of sofnobrutinib were deter-
mined by Ardena Bioanalysis BV (Assen, The Netherlands)
using a validated liquid chromatography-tandem mass
spectrometry method. The lower limit of quantitation of
the assays was 1.00ng/mL in plasma. Plasma samples from
subjects assigned to placebo treatment were not analyzed.

Pharmacodynamic assessments

BTK inhibition by sofnobrutinib was evaluated ex vivo
by basophil activation assay (SAD and MAD parts) and
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B-cell activation assay (SAD part only) using whole
blood samples collected before and after dosing. Anti-
IgE-induced CD63 upregulation in basophils and
anti-IgD-induced CD69 upregulation in B cells were
measured as the activation markers for basophils and B
cells, respectively.

For the SAD part, whole blood samples were collected
in each treatment period (except for the FE period) from
all subjects at predose and 1, 2, 4, 6, 8, 12, and 24h post-
dose. For the MAD part, whole blood samples were col-
lected in each treatment period from all subjects at predose
and at 1, 2, 4, 6, 8, and 11 h after the first dose on Day 1 and
at predose and at 1, 2, 4, 6, 8, 12, 24, 48, and 72h after the
last dose on Day 14.

Anti-IgE-induced CD63 upregulation on basophils
(CD123*/HLA-DR™) and anti-IgD-induced CD69 up-
regulation on naive B cells (CD19"/CD277) were de-
termined by Sanquin Diagnostic Services (Amsterdam,
The Netherlands) using the qualified ex vivo methods?
with modifications as described in Supplementary
Information.

Statistical analysis

The safety analysis set consisted of all randomized
subjects who received at least one dose of study drug. The
numbers of subjects experiencing treatment-emergent
AEs (TEAEs) were summarized by treatment.

The PK analysis set consisted of all randomized sub-
jects who received at least one dose of study drug and
of whom at least 1 plasma concentration was available.
Plasma PK parameters were estimated from the individual
plasma concentration-time data for all evaluable subjects
using standard noncompartmental methods (Phoenix™
WinNonlin® version 8.1) and summarized by treatment
using descriptive statistics. Subjects who vomited after
dosing were excluded from the PK analysis. The dose pro-
portionality of sofnobrutinib for C,,,,/AUC, (SAD) and
Cmax/AUC,,, (MAD) was explored based on the power
model (relating the log of the PK parameter linearly to the
log of the dose).

The PD analysis set consisted of all randomized sub-
jects who received at least one dose of study drug and of
whom at least one PD parameter was calculated. The per-
cent changes from baseline in basophil CD63 and naive
B-cell CD69 upregulation were summarized by treatment.
Subjects whose predose sample was not taken or who
vomited after dosing were excluded from the PD analy-
sis. Subjects whose predose sample showed <0.5% CD63
or CD69 upregulation for at least one treatment period in
the SAD part or <1% CD63 upregulation on Day 1 in the
MAD part were considered as non-responders and were

ASCPT

excluded from the PD analysis. The subject whose Day 1
predose sample showed <250 basophil count in measure-
ments was excluded from the analysis in the MAD part
only. The change in the exclusion rules made from the
MAD part was to increase data reliability.

Individual PK and PD data were subjected to a PK/PD
analysis to determine PD characteristics. The relationship
between %inhibition of CD63 or CD69 upregulation and
plasma concentration of sofnobrutinib was graphically
described, and the half-maximal inhibitory concentration
(ICs,) with 90% confidence interval (CI) was determined
using R (R Foundation). The following equation was used
to fit and describe the PK/PD relationship based on top
and bottom values of the curve fit, plasma concentration
level (C), and derived Hill Slope.

Inhibition = Bottom + (Top — Bottom )/
[1 + 10((10g10(ICSO)—logIO(C))-Hillslope)]

The exploratory statistical analyses were performed by
Venn Life Sciences ED BV (Breda, The Netherlands). All
summaries and statistical analyses were generated using
Phoenix™ WinNonlin® version 8.1 (PK results) and SAS
version 9.4 or higher (safety, PK and PD results).

Ethics

The study protocols were reviewed by an independent
ethics committee, and the studies were conducted in
accordance with the ethical principles of the Declaration
of Helsinki, International Conference of Harmonization
Guideline for Good Clinical Practice (GCP), European
Union GCP directives, and the applicable national
regulatory requirements. All subjects provided written
informed consent before beginning any study procedures.

RESULTS
Subject disposition and demographics

In total 48 healthy subjects were enrolled. Of these, 16
subjects were randomized to two cohorts of the SAD
part, 8 subjects to one cohort with two groups in the
rBA/FE part, and 24 subjects to three cohorts of the
MAD part (Figure 1). In Treatment Period 5 of the SAD
part, 1 subject was tested positive for COVID-19 on Day
—1 and dropped out of the study, and 3 close-contact
subjects went into quarantine in accordance with the
governmental instructions. Thus, only 4 subjects were
dosed in Treatment Period 5, and 3 straggler subjects,
after quarantine, were dosed in the next treatment
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period. Overall, 42 subjects completed the study. Of the
6 subjects who prematurely discontinued the study, 5
discontinuations were due to AEs (3 at least possibly re-
lated and 2 not related) and 1 due to a personal reason.
Subject demographics and baseline characteristics were
comparable between the cohorts and the treatments
(Table S2).

Safety and tolerability

All AEs reported during the study are listed in Table S3,
and TEAEs are summarized in Tables 1-3. Treatment-
emergent AEs were reported in 25 (47.2%) occasions (21
[52.5%] on active; 4 [30.8%] on placebo) in the SAD part,
4 (26.7%) occasions (2 [28.6%] under fasted; 2 [25.0%]
under fed conditions) in the rBA/FE part, and 19 (79.2%)
subjects (14 [77.8%] on active; 5 [83.3%] on placebo) in
the MAD part. Of them, 20 (37.7%) occasions (19 [47.5%]
on active; 1 [7.7%] on placebo) in the SAD part and 4
(16.7%) subjects (4 [22.2%] on active; none on placebo)
in the MAD part were considered at least possibly
related to study drug. All TEAEs were of mild (Grade 1)
or moderate (Grade 2) intensity and were confirmed as
recovered/resolved during the trial or by the follow-up
contact, except for 2 unknown outcomes (Grade 1, not
related) in the SAD part and 1 recovering/resolving
(Grade 1, not related) in the rBA/FE part. No SAEs nor
AESIs (i.e., hemorrhage and bruising) were reported.
There were 5 TEAEs leading to study discontinuations:
2 COVID-19 infections (Grade 1, not related) in the
SAD and MAD parts, 2 medical device site reactions
(Grade 2, at least possibly related) both in the MAD
part, and 1 ear inflammation (Grade 1, at least possibly
related and possibly caused by ear wax) in the MAD
part. Nausea and vomiting were frequently reported in
the SAD part, and some of them were considered to be
caused by the intense sweetness for drug taste masking
and the large volume (200mL in Treatment Periods
1-3; 160mL in Treatment Periods 4-7) of the vehicle
solution administered (Tables S1 and S4). The medical
device site reaction was a skin irritation at the site of the
ECG or telemetry electrodes, which was reported in the
MAD part only and was considered to be caused by the
long and repeated application of the electrode stickers.
It was frequently reported during Treatment Period
1 (2 Grade 2 and 1 Grade 1 on active [50mg b.i.d.]; 1
Grade 1 on placebo) and led to the study discontinuation
of 2 subjects who had Grade 2 reactions. Therefore, for
the following treatment periods, the electrodes were
changed to the less irritating type, and the total time that
the electrodes were applied to the skin was shortened.
After these changes, medical device site reactions were

still reported but of mild intensity (2 Grade 1 each on
active [150mg b.i.d.] and placebo) in Treatment Period
2, and not reported in Treatment Period 3 (Table S5).
Overall, there were no apparent trends toward increased
reporting or increased severity of TEAEs with increasing
doses of sofnobrutinib.

No clinically relevant abnormalities nor apparent
trends after dosing compared to baseline were observed
in any of the clinical laboratory parameters for any of the
treatments. One subject in the SAD part experienced tran-
sient elevations in liver enzymes after 600 and 900 mg dos-
ing, which were of Grade 1 and were considered clinically
irrelevant. No liver enzyme elevations were observed in
the MAD part.

No clinically relevant abnormalities were observed in
any of the safety ECGs (all parts), Holter ECG (SAD and
MAD parts), or telemetry results (MAD part only) for any
of the treatments. In particular, none of the subjects expe-
rienced a confirmed QT interval corrected for heart rate
according to Fridericia (QTcF) prolongation, which was
defined as QTcF value >500ms or an increase from base-
line >60ms, during the trial.

Overall, sofnobrutinib was safe and well-tolerated
at all evaluated doses. No clinically significant changes
were observed in hematology, biochemistry, or urinal-
ysis parameters or in cardiovascular function assess-
ments, supporting the further clinical investigation of
sofnobrutinib.

Pharmacokinetics

After single oral dosing in the fasted conditions, sofno-
brutinib was rapidly absorbed across all dose levels
(5-900 mg) with a median time to reach the maximum
plasma concentration (t,,) ranged from 2.50 to 4.00h
(Figure 2a and Table 4). After achieving the maximum
plasma concentration (C,,.), the plasma concentra-
tions declined gradually with mean elimination half-life
(t,/,) values between 7.3 and 9.0h in the dose range of
100-900 mg. The lower mean t,,, values were obtained at
5mg (3.7h) and 25 mg (5.6 h), which are likely related to
the concentrations falling below limit of quantification
early in the time course. Based on the power model as-
sessment of PK parameters versus sofnobrutinib dose,
Chax Was found to increase dose proportionally while
area under the concentration-time curve (AUC) from
time zero to infinity (AUC,,) appeared to increase more
than dose-proportional (Figure S1). After intake of high-
fat breakfast, sofnobrutinib showed a decreased absorp-
tion, as evidenced by lower C,,,, and AUC,, values than
those under fasted conditions in most subjects, with a
geometric mean ratio of fed to fasted of 0.553 (90% CI:
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;§' 0.411-0.744) for C,,,, and 0.634 (90% CI: 0.461-0.873) for
_Fg N & & o AUC,, (Figure 2a and Table 4).
§ g I g g g Single oral dosing of the sofnobrutinib tablet showed
F <« & 7o ao 2 comparable PK profiles to those of sofnobrutinib suspen-
% sion at the same dose level (300mg) (Figure 2b,c, and
:} Table 4). In contrast to the suspension, however, sofno-
3 _§ fg 5:5 ® f{ brutinib tablet showed a positive FE in most subjects, as
S g =T E g evidenced by higher C,,, and AUC,, values in fed con-
ga <« & oo 5o z ditions than those in fasted conditions, with a geometric
g mean ratio of fed to fasted of 1.27 (90% CI: 0.918-1.77)
o e _ § for C,,,x and 1.36 (90% CI: 1.11-1.66) for AUC,,. Relative
E g g ES g § %" BA of sofnobrutinib tablet, as determined by the ratio of
é ‘g : \I:I’ 2 - S/ S g geometric mean AUC,, values of tablet to suspension,
Z was 0.535 (90% CI: 0.396-0.725) in fasted conditions and
E 1.11 (90% CI: 0.834-1.48) in fed conditions. From these
o o _ ~§“ results, sofnobrutinib tablet in the fed conditions, which
f‘, 2 5 g is expected to result in higher exposure along with better
SE <« & c s o o ks drug compliance, was selected as the dosing condition for
723 the MAD part.
-y Multiple oral b.i.d. dosing of sofnobrutinib tablet
En 9 s é’ showed similar PK profiles to those of single oral dos-
sz 0 z ing (the first dose on Day 1). Low accumulation was ob-
BIERS © © o of ¢ . served at all three dose levels on Day 14, with the mean
:g % of individual accumulation ratios ranging from 1.15 to
m _ e < 1.40 for Cy,, and from 1.18 to 1.54 for AUC from 1 to 12h
5 9 T g E (AUC,,;,) (Figure 2d and Table 4). Sofnobrutinib achieved
R m & S o o ‘g g steady-state exposure on Day 7 or before, as indicated by
i £ the stable trough concentration (Ciyygn) between Days
~ —q'é 2 7 and 14 (Figure 2d-middle). Based on the power model
Eﬂ g e E i ; assessment of PK parameters versus sofnobrutinib dose,
S & g ) & g Cmax and AUC,,;, appeared to increase more than dose
A A = é E proportional on Day 1 while dose proportional on Day 14
% £ ‘g (Figure S2).
R s g =
3 e ¢ 2 £
S8 « &2 S ..o o8 é & Pharmacodynamics
g c B
g E § Single oral dosing of sofnobrutinib suspension suppressed
w'g e z % g the basophil CD63 and B-cell CD69 upregulations at the
E 2 4 e =z E lowest dose of 5mg sofnobrutinib upwards in a dose-
AR % o dependent manner (Figure 3a,b). Maximum inhibition of
g i “% basophil and B-cell activation was reached immediately
S % o E :é': after dosing of 100mg or higher sofnobrutinib, with the
w 8 ’\ﬁ‘ < < 3 g ¢ g ? g duration extended dose-dependently.
IE é < & S - g 5 g 2 29 In the MAD part where the tablet formulation was used,
S § 5 E E E E = basophil activation was suppressed at all three dose levels
é g é gﬂ é é é i é in a dose-dependent manner (Figure 3c). Maximum inhi-
g 2 ; g . § § § 3 “;5 bition was achieved at 150 mg or higher dose after a sin-
) E 3} % g & é g g g £ f? gle and repeated dosing. During the b.i.d. dosing interval
- § ° ) g £ g § 15 S = E E ; (i.e., Day 14 predose to 12 h postdose), basophil activation
= % = é 3 S 3 }é 2 g E g B ig’ g was persistently inhibited in the range of 50.8%-79.4% at
: é g E = & 244 g £ g = é 50mg, 67.6%-93.6% at 150 mg, and 90.1%-98.0% at 300 mg
> REFFREE = b.i.d. (Table S6).
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TABLE 2 Summary of TEAEs in the
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TBA/FE part. Dose level ;:(;::g :(;(;?g Total
Cohort C C C
Number of subjects (n=7) (n=38) (n=15%
Any TEAE

Subjects (%)° 2 (28.6%) 2(25.0%) 4(26.7%)
Events 4 4 8
Grade 1 4 4 8
Grade 2 0 0 0
Grade 3 or higher 0 0 0
TEAE at least possibly related to study drug 0 0 0
TEAE leading to study discontinuation 0 0 0
Any SAE 0 0 0
Any death 0 0 0
Any AESI 0 0 0
TEAE reported by >2 subjects or occasions in total
Headache 2 (28.6%) 0 2(13.3%)
Related 0 0 0
Abdominal discomfort 1(14.3%) 1(12.5%) 2(13.3%)
Related 0 0 0

Abbreviations: AESI, adverse event of special interest; FE, food effect; n, number of subjects; rBA,
relative bioavailability; related, at least possibly related to study drug; SAE, serious adverse event; TEAE,
treatment-emergent adverse event.

*High-fat breakfast.

b15 treatment occasions in 8 subjects.

‘For total data, the subject who experienced any TEAE in multiple treatment periods was counted

multiple times.

Pharmacokinetics/pharmacodynamics
relationship

Based on the PK/PD analysis, the ICs, values of sofnobru-
tinib for basophil CD63 upregulation were 54.06 ng/mL
(90% CI: 43.54-64.58 ng/mL) with Hill Slope of —0.82 in
the SAD part and 57.01ng/mL (90% CI: 43.64-70.38ng/
mL) with Hill Slope of —1.92 in the MAD part. Similarly,
the ICs, value of sofnobrutinib for B-cell CD69 upregula-
tion in the SAD part was 187.21 ng/mL (90% CI: 171.60-
202.82ng/mL) with Hill Slope of —1.70.

DISCUSSION

This first-in-human phase I study investigated the safety,
tolerability, PK, and PD of a highly selective, non-covalent
BTK inhibitor, sofnobrutinib, in healthy subjects. Single
ascending doses of sofnobrutinib in oral suspension up
to 900mg and multiple ascending doses as a tablet for-
mulation up to 300mg b.i.d. for 14days (morning dose
only on Day 14) were evaluated and found to be safe and

well-tolerated with a favorable PK profile and promising
PD results. No clinically relevant, treatment-related ab-
normalities were observed throughout this study.

During the trial, 6 subjects prematurely discontinued
the study, but the study was continued in a blind man-
ner (for SAD and MAD parts) and completed without any
replacement. Among the 5 TEAEs leading to the study
discontinuation, 2 events of Grade 2 medical device site
reaction (i.e., skin irritation at the site of Holter ECG or
telemetry electrodes) and 1 event of Grade 1 ear inflam-
mation possibly caused by ear wax were considered at
least possibly related to the study drug. Skin irritation was
reported only in the MAD part and was probably a contact
hypersensitivity to materials of the electrode stickers by
the repeated and prolonged exposure.”>** There was no
trend toward increased reporting of skin irritation with
increasing dose of sofnobrutinib. Follow-up contact was
made after the study discontinuation, and both the skin
irritation and ear inflammation cases were confirmed as
recovered/resolved.

BTK inhibitors such as fenebrutinib, remibrutinib,
evobrutinib, and tolebrutinib have been reported to
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TABLE 3 Summary of TEAEs in the MAD part.

Pooled active Pooled placebo
Dose level 50mg b.i.d. 150mgb.i.d. 300mgb.i.d. b.i.d. b.i.d. Total
Cohort D E F D-F D-F D-F
Number of subjects (n=6) (n=6) (n=6) (n=18) (n=6) (n=24)
Any TEAE
Subjects (%) 4(66.7%) 4(66.7%) 6 (100.0%) 14 (77.8%) 5(83.3%) 19 (79.2%)
Events 13 5 14 32 10 42
Grade 1 11 5 14 30 10 40
Grade 2 2 0 0 2 0 2
Grade 3 or higher 0 0
TEAE at least possibly related to study drug
Subjects (%) 2(33.3%) 2(33.3%) 0 4(22.2%) 0 4(16.7%)
Events 2 2 0 4 0 4
TEAE leading to study discontinuation
Subjects (%) 2(33.3%) 1(16.7%) 1(16.7%) 4(22.2%) 0 4(16.7%)
COVID-19 0 0 1(16.7%) 1(5.6%) 0 1(4.2%)
Related 0 0 0 0 0 0
Medical device site 2(33.3%) 0 0 2(11.1%) 0 2(8.3%)
reaction
Related 2(33.3%) 0 0 2(11.1%) 0 2(8.3%)
Ear inflammation 0 1(16.7%) 0 1(5.6%) 0 1(4.2%)
Related 0 1(16.7%) 0 1(5.6%) 0 1(4.2%)
Any SAE 0 0 0 0 0 0
Death 0 0 0 0 0 0
Any AESI 0 0 0 0 0 0
TEAE reported by>2 subjects in total
Medical device site 3 (50.0%) 2(33.3%) 0 5(27.8%) 3 (50.0%) 8 (33.3%)
reaction
Related 2(33.3%) 1(16.7%) 0 3(16.7%) 0 3(12.5%)
Headache 2(33.3%) 0 1(16.7%) 3(16.7%) 0 3(12.5%)
Related 0 0 0 0 0 0
Nasopharyngitis 2(33.3%) 0 1(16.7%) 3(16.7%) 0 3(12.5%)
Related 0 0 0 0 0 0
Dry skin 0 1(16.7%) 0 1(5.6%) 2(33.3%) 3(12.5%)
Related 0 0 0 0 0 0
Abdominal 1(16.7%) 0 1(16.7%) 2 (11.1%) 0 2(8.3%)
discomfort
Related 0 0 0 0 0 0
Constipation 1(16.7%) 0 1(16.7%) 2(11.1%) 0 2(8.3%)
Related 0 0 0 0 0 0
Flatulence 1(16.7%) 1(16.7%) 0 2(11.1%) 0 2(8.3%)
Related 0 0 0 0 0 0
Dizziness 0 0 2(33.3%) 2(11.1%) 0 2(8.3%)
Related 0 0 0 0 0 0

Abbreviations: AESI, adverse event of special interest; b.i.d., bis in die (twice daily); COVID-19, coronavirus disease 2019; MAD, multiple ascending dose; n,
number of subjects; related, at least possibly related to study drug; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
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FIGURE 2 Pharmacokinetic profiles of sofnobrutinib. (a) Single ascending doses of sofnobrutinib oral suspension administered in

the fasted conditions and FE at 300-mg dose level. Mean concentration-time profiles are shown in semilogarithmic scale. (b) Food effect

of sofnobrutinib oral tablet at 300-mg dose level. Mean concentration-time profiles are shown in semilogarithmic scale. (c) Relative BA of
sofnobrutinib oral tablet compared to sofnobrutinib oral suspension in the fasted and fed conditions. Individual C,,,, and AUC,, values were
plotted. The bar indicates the mean value. (d) Multiple ascending doses of sofnobrutinib oral tablet administered in the fed conditions, Day

1 after the first dose (left), Days 7, 9, 11, and 14 before the morning dose (middle), and Day 14 after the last dose (right). Mean concentration-
time profiles are shown in semilogarithmic scale. When more than half of the values at a single time point were below quantification limit
(<1.0ng/mL), the mean value was reported as below quantification limit, which was treated as zero and is missing in the semilogarithmic
plots. Subjects who vomited after dosing (1 subject each at 25 and 900 mg in the SAD part and 1 subject in the fed condition in the rBA/

FE part) were excluded from the analyses. AUC,, area under the plasma concentration-time curve from time zero to time infinity; BA,
bioavailability; b.i.d., bis in die (twice daily); Cy,,, maximum plasma concentration; C,o.gp, cOncentration just prior to the beginning of a
dosing interval; FE, food effect; n, number of subjects; rBA, relative bioavailability; SAD, single ascending dose; Susp., suspension; Tab., tablet.
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FIGURE 3 Pharmacodynamics of sofnobrutinib. (a) Anti-IgE-induced basophil CD63 upregulation normalized to baseline in SAD
part. Individual data were normalized to baseline values, and the mean (+standard deviation) of normalized values is presented. (b) Anti-
IgD-induced B-cell CD69 upregulation normalized to baseline in SAD part. Individual data were normalized to baseline values, and the
mean (+standard deviation) of normalized values is presented. (c) Anti-IgE-induced basophil CD63 upregulation normalized to baseline
in MAD part after the morning dose on Day 1 (left) and after the morning dose on Day 14 (right). Individual data were normalized to each
baseline (Day 1 predose) values, and the mean (+standard deviation) of normalized values is presented. The data at 48 and 72h after the
morning dose on Day 14 were taken but not shown. Subjects whose predose sample was not taken (1 subject at 25mg in the SAD part),
who vomited after the dosing (1 subject each at 25 and 900 mg in the SAD part), whose Day 1 predose sample showed <250 basophil count
in measurements (1 subject at Placebo in the MAD part), or who was considered as a non-responder as defined in the method (1 basophil
non-responder at 300 mg in the SAD part and 3 basophil non-responders [1 each at 50, 300 mg, and placebo b.i.d.] in the MAD part) were
excluded from the analyses. b.i.d., bis in die (twice daily); IgD, immunoglobulin D; IgE, immunoglobulin E; MAD, multiple ascending dose;
n, number of subjects; SAD, single ascending dose.

be effective for the treatment of allergic diseases and transaminases was reported in these inhibitors.'*™°

autoimmune inflammatory disorders including CSU, Therefore, liver transaminases were specified in the ex-
RA, SLE, and MS, but a reversible elevation in liver clusion, dose escalation, and withdrawal criteria of this
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study, and carefully monitored during the trial. One sub-
jectin the SAD part showed a transient increase in liver
enzymes after 600 and 900 mg dosing, but the abnormal-
ities were of Grade 1 (mild) and were not considered
clinically relevant. In addition, as bleeding and cardiac
arrhythmias were frequently reported AEs with BTK in-
hibitor treatment,!' 13?42 they were monitored specifi-
cally in this study. Bleeding-related events (i.e., bruising
and hemorrhage) were set as AESIs for the rBA/FE and
MAD parts of this study, and additional monitoring with
telemetry and coagulation assessments were performed
(MAD part). Holter monitoring, in addition to 12-lead
safety ECGs, was performed in the SAD and MAD
parts, and QTcF was specifically monitored. However,
there were no bleeding-related events or clinically rel-
evant abnormalities in telemetry, coagulation, Holter
monitoring, or safety ECGs observed during the trial.
Bleeding-related AEs of ibrutinib are considered to be
caused by suppression of platelet aggregation through
on-target inhibition of BTK and off-target inhibition of
Tec and Src-kinases,”** and ibrutinib-mediated atrial
fibrillation has been reported to be caused by off-target
inhibition of C-terminal Src kinase (CSK).?® In contrast
to ibrutinib, sofnobrutinib has little or no inhibitory ef-
fect against Src-kinases and CSK,*® which may contrib-
ute to the low risk of bleeding and cardiac arrhythmias.
Overall, sofnobrutinib was safe and well-tolerated up to
900mg in single oral doses and up to 300mg b.i.d. in
multiple doses.

Sofnobrutinib tablets exhibited a favorable PK pro-
file with a positive FE (geometric mean ratio of 1.27 for
Cnax and 1.36 for AUC,) and a higher exposure than a
suspension formulation (geometric mean ratio of 1.11 for
AUC,) in the fed condition. After multiple dosing, low
accumulation was observed with the accumulation ratios
of 1.15-1.40 for C,,,, and 1.18-1.54 for AUC,,;,. These re-
sults support the rationale that sofnobrutinib as a tablet
formulation and administered under fed conditions will
be suitable for the further clinical development and the
future clinical usage.

Previous studies showed that the inhibitory potency
of BTK inhibitors against basophil activation was as-
sociated with their clinical efficacy for IgE-dependent
allergic responses, such as allergic rhinitis, nut allergy,
and CSU.'*'6212729 Interestingly, phase II study of re-
mibrutinib, a covalent BTK inhibitor, was reported to
alleviate the clinical signs and symptoms of CSU at all
dose levels tested (10-100mg once daily [q.d.] and 10-
100mg b.i.d.) with no clear dose-response relationship;
the intermediate dose of 25mg b.i.d. was more effective
than the higher doses of 100mg q.d. and 100 mg b.i.d.'
Taken together with the result of phase I remibrutinib

study in which full inhibition of basophil CD63 upreg-
ulation was achieved at 50mg q.d. or higher doses,”
sub-maximum inhibition of basophil activation may be
sufficient or even optimal to obtain the clinical efficacy
in CSU. In the MAD part of this study, sofnobrutinib at
steady state maintained suppression of the basophil ac-
tivation during the b.i.d. dosing interval in the range of
51%-79%, 68%—-94%, and 90%-98% inhibition at 50, 150,
and 300mg, respectively, suggesting that b.i.d. dosing
of sofnobrutinib at or around the tested dose levels are
anticipated to be clinically effective for the treatment
of CSU, and potentially other allergic and autoimmune
diseases. Moreover, unlike covalent BTK inhibitors, BTK
inhibition by sofnobrutinib was completely reversed
within 24 h after the last dose. This shorter reversal time
may be preferable from the safety perspective since it
may contribute to a faster recovery from any unexpected
side effects caused by BTK inhibition should the treat-
ment need to be interrupted.

In conclusion, this first-in-human phase I study of sof-
nobrutinib in healthy subjects demonstrated a favorable
safety profile and strong inhibition of basophil activation
in ex vivo whole blood assay. These results support the fur-
ther investigation of sofnobrutinib in patients with aller-
gic and autoimmune diseases.
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