'.) Check for updates

Received: 9 May 2023 Revised: 7 November 2023 Accepted: 11 November 2023

DOI: 10.1111/cts.13690

ARTICLE

Safety, pharmacokinetics, and target engagement of a brain
penetrant RIPK1 inhibitor, SAR443820 (DNL788), in healthy
adult participants

Agnes Hincelin-Mery' © | Xavier Nicolas’® | Cathy Cantalloube'® |

Robert Pomponio®
Dimitry Ofengeim’
Amy Eastenson®

1Sanofi, Chilly-Mazarin, France
2Sanofi, Montpellier, France

3Sanofi, Cambridge, Massachusetts,
USA

“Tvidata Life Sciences, Levallois-Perret,
France

*Denali Therapeutics Inc., South San
Francisco, California, USA

®Nucleus Network Pty Ltd., St. Paul,
Minnesota, USA

Correspondence

Agnes Hincelin-Mery, Sanofi, 1 Avenue
Pierre Brossolette, Chilly-Mazarin
91385, France.

Email: agnes.hincelin-mery@sanofi.
com

| Pascale Lewanczyk®
| Emmanuel Krupka?

| Myriam Benamor' © |
| Jennifer Hsiao-Nakamoto® ® |

| Nazem Atassi’

Abstract

SAR443820 (DNL788) is a selective, orally bioavailable, brain penetrant inhibitor
of receptor-interacting serine/threonine protein kinase 1 (RIPK1). This phase I
first-in-human healthy participant study (NCT05795907) was comprised of three
parts: randomized, double-blind, placebo-controlled single ascending dose (SAD;
part 1a); 14-day multiple ascending dose (MAD; part 2) parts that evaluated safety,
tolerability, pharmacokinetics (PK), and pharmacodynamics of SAR443820; and
a separate open-label, single-dose part 1b (PK-cerebrospinal fluid [CSF]) to assess
SAR443820 levels in CSF. SAR443820 was well-tolerated in healthy participants,
and no treatment discontinuation related to an adverse event (AE) occurred. Most
common AEs were dizziness and headache. No clinically meaningful changes
were noted in laboratory values, vital signs, or electrocardiogram parameters.
SAR443820 had a favorable PX profile, with plasma half-lives (geometric mean)
ranged between 5.7-8.0h and 7.2-8.9h after single and repeated doses, respec-
tively. There were no major deviations from dose proportionality for maximum
concentration and area under the curve across SAR443820 doses. Mean CSF-to-
unbound plasma concentration ratio ranged from 0.8 to 1.3 over time (assessed
up to 10h postdose), indicating high brain penetrance. High levels of inhibition
of activated RIPK1, as measured by decrease in pS166-RIPK1, were achieved in
both SAD and MAD parts, with a maximum median inhibition from baseline
close to 90% at predose (Cyyoyqp) after multiple dosing in MAD, reflecting a marked
RIPK1 target engagement at the peripheral level. These results support further
development of SAR443820 in phase II trials in amyotrophic lateral sclerosis
(NCT05237284) and multiple sclerosis (NCT05630547).
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Study Highlights

tiple sclerosis.

adult participants.

multiple sclerosis.

INTRODUCTION

Receptor-interacting serine/threonine protein kinase 1
(RIPK1) is an intracellular protein critically involved in
multiple inflammatory pathways and cell death pathways,
including apoptosis and necroptosis. RIPK1 is widely ex-
pressed in a variety of tissues in the human body, par-
ticularly in all major cell types, including astrocytes,
microglia, oligodendrocytes, and neurons of the central
nervous system (CNS) and peripheral immune cells, such
as T- and B-cells, dendritic cells, and macrophages, mak-
ing it an attractive therapeutic target in neurodegenerative
and neuroinflammatory diseases.' The kinase activity of
RIPK1 plays a central role in mediating several deleteri-
ous inflammatory cell death mechanisms upon activation
via tumor necrosis factor (TNF) alpha signaling through
TNF receptor 1.>* Upon activation, RIPK1 regulates both
caspase-independent necroptosis via RIPK3, and mixed
lineage kinase-like protein (MLKL) and RIPK1-dependent
apoptosis via caspase-8.>>® Emerging evidence suggests
that RIPK1 can also regulate pro-inflammatory cytokine
and chemokine production."®’ These multiple conse-
quences of RIPK1 signaling have raised the possibility that
a brain penetrant inhibitor of RIPK1 could be beneficial in
preventing inflammation and necroptosis in chronic CNS
diseases in humans."*%°

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Receptor-interacting serine/threonine protein kinase 1 (RIPK1) is an intracellu-
lar protein critically involved in inflammatory signaling and multiple cell death
pathways, including apoptosis and necroptosis. Increased RIPK1 activity is im-
plicated in several neurodegenerative and neuroinflammatory diseases. Thus, a
brain penetrant inhibitor of RIPK1 could be beneficial in treatment of chronic
central nervous system diseases, such as amyotrophic lateral sclerosis and mul-

WHAT QUESTION DID THIS STUDY ADDRESS?

SAR443820 (DNL788) is a selective, orally bioavailable, brain penetrant, revers-
ible inhibitor of RIPK1. This first-in-human phase I study evaluated safety, toler-
ability, pharmacokinetics (PK), and target engagement of SAR443820 in healthy

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

SAR443820 was generally safe and well-tolerated following single (up to 40 mg)
and repeated oral doses (up to 20mg b.i.d.), with favorable PK, high brain pen-
etrance, and robust peripheral RIPK1 target engagement.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The results of the phase I study support further clinical development of
SAR443820 in phase II trials in patients with amyotrophic lateral sclerosis and

Increased RIPK1 activity is implicated in amyotrophic
lateral sclerosis (ALS), as evidenced by increased expres-
sion and phosphorylation of RIPK1 and increased levels
of its downstream signaling partners RIPK3 and MLKL
in postmortem spinal cord tissue samples from patients
with ALS.' Similar increases were observed in the spi-
nal cord of SOD1°%** transgenic ALS mouse models, and
treatment with an RIPK1 inhibitor resulted in improved
survival and reduced axonal pathology in these models.™
Furthermore, inhibition of RIPK1 activity has been found
to protect against necroptotic cell death in animal models
of human neurodegenerative diseases, such as multiple
sclerosis, Alzheimer's disease, and ALS. 1012716

Few peripherally restricted (non-brain penetrant)
RIPK1 inhibitors are being developed for several chronic
inflammatory diseases. GSK2982772 is in clinical devel-
opment for rheumatoid arthritis, ulcerative colitis, and
psoriasis, and it has been shown to be safe and well-
tolerated.'”"** SAR443122 (DNL758) is being developed
for ulcerative colitis (NCT05588843) and cutaneous lupus
erythematosus (NCT04781816). Furthermore, previously
developed brain penetrant RIPK1 inhibitors, such as
DNL104 and SAR443060 (DNL747), have been tested in
clinical settings.'® In healthy volunteers, DNL104 demon-
strated inhibition of RIPK1 activation as measured by a
decrease in RIPK1 phosphorylation (pS166-RIPK1) in
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peripheral blood mononuclear cells (PBMCs), used as a
pharmacodynamic (PD) marker of peripheral drug target
engagement; however, its development was discontinued
due to liver function abnormalities observed during the
first-in-human study.® SAR443060 was well-tolerated in
healthy participants as well as in Alzheimer's disease
(NCT03757325) and ALS (NCT03757351) populations.
Pharmacokinetics (PK) were similar in all three popula-
tions, and target engagement was demonstrated by dose-
dependent inhibition of pS166-RIPK1 in PBMCs.’
Overall, targeting RIPK1 represents an attractive op-
portunity for chronic inflammatory CNS diseases, and
thus, it is critical to investigate the safety, tolerability,
PK, and PD profiles of an inhibitor that can penetrate the
brain at effective concentrations. Reported here are the re-
sults from the phase I first-in-human study of SAR443820
(DNL788), a selective, small-molecule, orally bioavail-
able, brain penetrant, reversible inhibitor of RIPK1 with
potent in vitro inhibition of RIPK1 activity, with a 50% in-
hibitory concentration of 3.16 nM in human PBMCs and
1.6nM in induced pluripotent stem cell (iPSC)-derived
microglia (data not published). The results of this phase
I study (NCT05795907) include assessment of safety, tol-
erability, PK, and target engagement after single ascend-
ing doses (SAD) and multiple ascending doses (MAD) of
SAR443820 in healthy participants, and a separate single-
dose part for assessing concentration of SAR443820 in ce-
rebrospinal fluid (CSF) to evaluate its brain penetrance.

METHODS
Study design

This single-center, first-in-human, healthy participant
study conducted in the United States was comprised of
three parts: part 1a (SAD), part 2 (MAD), and part 1b (PK-
CSF; Figure S1). Eligible participants were healthy men
or women aged 18-55years, with body weight between 50
and 100kg for men and between 40 and 90 kg for women,
and a body mass index between 18 and 30kg/m”. Both
SAD and MAD were randomized, double-blind, placebo-
controlled parts that evaluated SAR443820 administered
under fasting conditions. Participants were fasted over-
night for at least 8 h before the morning dose and for 2h
after dosing. SAR443820 was administered by oral route
using 10mg and 5mg strength capsules or matching pla-
cebo. In SAD, four sequential ascending single doses were
evaluated: 10mg, 20mg, 30mg, and 40mg, each dose
per cohort. In MAD, repeated ascending doses adminis-
tered as once daily (q.d.) or twice daily (b.i.d.) regimen
for 14days were evaluated: 10mg q.d., 20mg q.d., 15mg
b.i.d., and 20mg b.i.d., each dose per cohort. To ensure

ASCPT

the best conditions of safety, all SAD and MAD cohorts
included a sentinel cohort with two participants dosed (1
with SAR443820 and 1 with placebo) on the first day. The
remaining participants from each cohort were dosed on
the following days keeping a safety observational time be-
tween each consecutive administration. In the open-label
PK-CSF part, two single doses of SAR443820 (10mg and
40mg, each dose per cohort), previously tested for safety
and tolerability in SAD cohorts, were sequentially admin-
istered ~30min after breakfast.

The study was conducted in accordance with Good
Clinical Practice as required by the International Council
for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) guidelines and the
ethical principles of the Declaration of Helsinki. The study
protocol complied with the recommendations of the 18th
World Health Congress (Helsinki, 1964) and all applica-
ble amendments, and was approved by the Institutional
Review Board. All participants provided written informed
consent prior to study enrollment.

Safety assessments

Safety of SAR443820 was assessed by physical examina-
tion, neurological examination, monitoring adverse events
(AEs), serious AEs (SAEs), AEs of special interest (AESIs),
and potentially clinically significant abnormalities (PCSAs)
in clinical laboratory tests (hematology, clinical chemistry,
and urinalysis), vital signs (body temperature, blood pres-
sure, and heart rate [HR]), and electrocardiogram (ECG)
parameters (HR, respiratory rate, pulse rate [PR], QRS
duration, QT, QTcF, and QTcB intervals) measured in the
standard 12-lead ECG or ECGs extracted from 24-h Holter
ECG data. The AESIs were based on the standard practice
in phase I protocol and/or preclinical toxicology findings
of SAR443820 and AEs reported in other RIPK1 inhibi-
tors. These AESIs included seizure, alanine aminotrans-
ferase (ALT) increase greater than or equal to two-fold the
upper limit of normal (ULN), QTc greater than or equal to
500ms, pregnancy in women exposed to SAR443820, and
symptomatic overdose with SAR443820.

SAR443820 concentration-ECG analysis

A thorough time-matched ECG parameter analysis in re-
lation with corresponding SAR443820 concentrations on
day 1 (SAD) and day 14 (MAD) over 24 h compared to the
baseline prior to the first dosing was performed on ECG
extracted from 24-h Holter ECG data as per the ICH guid-
ance.”’ ™ The concentration-ECG analysis data were col-
lected only for data building.
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Pharmacokinetic analysis

A bioanalytical method was developed and validated for
the quantification of SAR443820 in human plasma and
CSF using the high-performance liquid chromatography
mass spectrometry method with a lower limit of quantifi-
cation of 1ng/mL.

In SAD, plasma samples were collected before dosing
and at 10 postdose timepoints on day 1, and one sample
each on days 2 and 3. In MAD, plasma samples were col-
lected at predose and at 10-11 postdose timepoints on
days 1 and 14; in addition, predose samples were collected
on days 2, 3, 5, 7, and 11, and one sample each on days 15,
16, and 17.

The following plasma PK parameters were calculated
from plasma SAR443820 concentrations obtained after
single (SAD) or repeated (MAD) oral doses: maximum
plasma concentration observed (C,,,,); time to reach Cp,,
(Tay); area under the plasma concentration versus time
curve from time zero to the real time T},,(AUC,,,); AUC
extrapolated to infinity (AUC); AUC calculated using the
trapezoidal method during a dosage interval (tau), with
tau=12h for b.i.d. regimen and tau=24h for q.d. regi-
men (AUC,,,); half-life associated with the terminal slope
(Ty5,); apparent total body plasma clearance after single
dose (CL/F); apparent total body plasma clearance doses
at steady-state (CL/F); the apparent volume of distribu-
tion (V,/F); and concentration observed just before treat-
ment administration during repeated dosing (Ciyougn)-

In the PK-CSF part, plasma sampling was conducted
at predose and at 10 postdose timepoints, including one
plasma sampling at the same time of CSF sampling.
SAR443820 concentrations in CSF were determined fol-
lowing lumbar puncture after single oral dosing of 10mg
and 40 mg in two dedicated cohorts. Only one CSF sample
was collected per participant on day 1 within the following
time intervals: 1-3h or 4-6 h or 8-10h postdose, matching
with plasma sampling timepoints. SAR443820 concentra-
tions in CSF were reported and concentration ratio be-
tween CSF and unbound plasma was calculated using the
in vitro unbound fraction in human plasma.

The plasma 4p-hydroxycholesterol on day 14 ver-
sus day 1 predose concentration ratios were calculated
to evaluate the potential for CYP3A4 enzyme induction
by SAR443820 after repeated doses in MAD. The plasma
4p-hydroxycholesterol data were collected only for data
building.

Pharmacodynamic analysis

Activity of RIPK1 when stimulated can be detected by
an increase in autophosphorylation at serine 166 in the

RIPK1 protein.” Human PBMCs are a primary cell type
that expresses endogenous RIPK1. Therefore, the ability
of SAR443820 to inhibit RIPK1 activity, as measured by
pS166-RIPK1 inhibition in PBMC lysates isolated from
blood samples, was investigated to assess the peripheral
target engagement. The pS166-RIPK1 levels in human
PBMC lysates and percentage change from baseline were
calculated. In SAD, six blood samples (at predose; at 1, 3,
5, 8h postdose on day 1; and at 24h postdose on day 2)
were collected. In MAD, blood samples were collected on
day -1 or day 1 (at predose), on day 7 (one sample), on day
14 (at predose; at 1, 3, 5, 8 h postdose), and on days 15 and
16 (one sample each).

Statistical analysis

Statistical analyses were performed separately per study
part (part 1a, part 1b, and part 2), with participants under
placebo were pooled from different cohorts for part 1a and
part 2. Safety population included all participants exposed
to investigational medicinal product (IMP), regardless of
the duration of the treatment administered. All safety as-
sessments (AEs, laboratory parameters, and vital signs)
were summarized using descriptive statistics. Safety anal-
ysis was focused on treatment-emergent period - the time
from the first IMP administration up to the end-of-study
visit (included). AEs were coded according to the Medical
Dictionary for Regulatory Activities versions 23.1 (part 1)
and 24.0 (part 2). Severity was graded (grades 1-4) accord-
ing to the US Food and Drug Administration Guidance
for Industry.** Number (%) of participants experiencing
treatment-emergent AEs (TEAEs) and PCSAs in clinical
chemistry, vital signs, and ECGs were summarized by
dose level group.

Concentration-ECG population included all random-
ized participants treated by SAR443820 with at least one
ECG assessment time-matched with a PK concentration
(ECGs centrally read coming from 24-h Holter ECG).
Participants randomized in the placebo group were also
included if they had at least one missing change from base-
line in ECG parameter; their SAR443820 concentrations
were set to 0 by convention. Exposure-response analyses
between ECG parameters (change from time-matched
baseline in 24-h Holter ECG data) and corresponding
SAR443820 concentrations were performed using graphi-
cal tools and regression methods over 24 h on day 1 (SAD)
or day 14 (MAD) postdose. Predictions (point estimates
with 90% confidence interval [CI]) at selected SAR443820
concentrations (geometric mean, C,,,, for each dose) were
computed using a linear mixed effect model.

PK population included all participants exposed to
SAR443820 with no major or critical deviations related
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to SAR443820 intake and for whom PK data were con-
sidered sufficient and interpretable. PK parameters were
summarized by descriptive statistics for each dose level
group. In SAD, dose proportionality was assessed using a

ASCPT

multiple timepoints up to 24h in SAD and up to 48h in
MAD.

linear model on C,,,, AUC, and AUC. In MAD, all PK RESULTS
analyses were performed separately for q.d. and b.i.d. reg-
imens. Steady-state was assessed on Cy,gh Using a non-  Study participants

linear model. Accumulation was assessed using a linear
model on log-transformed accumulation ratio. Dose pro-
portionality was assessed using a power model on Cp .
and AUC,,, on day 1 and day 14, separately. In the PK-
CSF part of the study, CSF concentration was described by
dose level group and by timepoint and CSF-to-unbound
plasma concentration ratios were calculated by dose and
by timepoint. Given there was no evidence of an effect of
dose on the CSF-to-unbound plasma concentration ratios,
the latter were described by pooling the data from the two
dose level groups and were presented by time intervals
1-3h or 4-6h or 8-10h. In MAD, 4f-hydroxycholesterol
on day 14 versus day 1 predose concentration ratios were
summarized using descriptive statistics by dose level
group and point estimates with 90% CI for the geometric
mean of the log-transformed day 14/day 1 ratio were pro-
vided by dose level group and overall, using an analysis of
covariance.

PD population included all participants in the safety
population with no major or critical deviations related
to IMP and/or PD measurements, for whom the PD data
were considered sufficient and interpretable. Levels of
pS166-RIPK1 and percentage of change from baseline
were summarized descriptively by dose level group and
timepoints. Line plots of median (Q1-Q3) were provided
for percent change from baseline in pS166-RIPK1 at

The SAD part of the study was conducted between
November 30, 2020, and April 28, 2021. The MAD part
of the study was conducted between February 26, 2021,
and July 20, 2021. A total of 84 participants were en-
rolled in the study. In the SAD part, 32 participants were
randomized: six participants in each cohort received
SAR443820 (single dose of 10 mg, 20 mg, 30 mg, or 40 mg)
and two participants in each cohort received placebo. In
part 1b, 12 participants were enrolled: six into each of the
two cohorts of SAR443820 (10 mg or 40 mg). In the MAD
part, 40 participants were randomized: eight participants
in each cohort received SAR443820 10 mg q.d., 20mg q.d.,
15mg b.i.d., or 20mg b.i.d., and two participants in each
cohort received placebo (Figure 1). The demographics and
baseline characteristics are summarized in Table 1.

Safety and tolerability

Overall, SAR443820 was well-tolerated in all study parts
with no AE-related treatment discontinuation reported
(Table 2). During SAD, no SAEs or severe TEAEs were
observed in the SAR443820 groups; one participant in the
placebo group experienced a grade 3 event of blood cre-
atinine phosphokinase increase, which was attributed to

SAD (Part 1a) PK-CSF (Part 1b) MAD (Part 2)
‘ Enrolled and randomized (N = 32) ‘ Enrolled and randomized (N = 40)
Enrolled (N = 12)
+ SAR443820 10 mg (n = 6) |
i l * SAR443820 40 mg (n = 6) l
Allocated to SAR443820 Allocated to SAR443820
+ 10mg (n=6) * 10mg QD (n=8)
A\Iocate(: t=08p)\aoebo . 20mg (n=6) Allocate(: l=08p)lacebo . 20mgQD (n=8)
+ 30mg (n=6) + 15mg BID (n = 8)
* 40mg (n=6) * 20 mg BID (n = 8)
Discontinued (n = 1) Discgntmued (n=2)°
+ Lost to follow-up * Withdrawal by
participant
Completed (n = 11)
Completed (n = 23) + SAR443820 10 mg (n = 5) Completed (n = 30)
+ 10mg (n=6) + SAR443820 40 mg (n = 6) * 10mgQD(n=7)
Compesd + 20mg (n=6) Compies - 20mg QD (n=8)
« 30mg (n=6) + 15mgBID (n=8)
* 40mg (n=5) *+ 20mgBID (n=7)
Analyzed Analyzed Analyzed Analyzed
+ Safety (n = 8) + Safety (n = 24) Analyzed + Safety (n = 8) + Safety (n =32)
« PK(n=n/a) + PK(n=24) « Safety (n=12) + PK (n=n/a) « PK(n=32)
« PD(n=8) + PD (n=22) « PK(n=12) « PD(n=8) « PD(n=32)
« Concentration-ECG (n=8)| |+ Concentration-ECG (n = 24) « Concentration-ECG (n =8)| « Concentration-ECG (n = 30)°

FIGURE 1 Disposition of trial participants. *Two participants excluded due to error in sample processing. "Two participants withdrew
for personal reasons without any related safety/tolerability concerns. ¢ Two participants prematurely withdrew before day 14. BID,
twice daily; CSF, cerebrospinal fluid; ECG, electrocardiogram; n/a, not applicable; MAD, multiple ascending dose; QD, once daily; PD,

pharmacodynamic; PK, pharmacokinetic; SAD, single ascending dose.
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a pre-existing condition, and not related to IMP or study
procedure. During MAD, no SAEs or severe TEAEs oc-
curred. In the PK-CSF part of the study, one participant
in the SAR443820 40 mg group experienced a grade 3 SAE
of CSF leakage on day 3 that required hospitalization. The
participant also had radiculopathy (grade 3), coccydynia,
back pain, and vomiting. All AEs, including the SAE, were
due to the procedural complication of lumbar puncture
and were considered unrelated to SAR443820. Corrective
treatment for CSF leakage consisted of blood patch lead-
ing to relief.

During SAD, no AESIs were reported. In MAD, one
participant in the SAR443820 15mg b.i.d. group re-
ported an AESI of ALT increase (2.29 ULN) on day 9
and then increased up to 2.71 ULN on day 15 (24 h post
last dosing). This ALT increase was associated with a
slight concomitant increase in aspartate aminotrans-
ferase (AST; 1.43 ULN) whereas the other liver func-
tion tests (alkaline phosphatase, bilirubin, and gamma
glutamyl transferase) were within the normal range.
Liver transaminases returned within normal ranges on
day 27. This event was considered as IMP-related but
did not lead to permanent treatment discontinuation.
In the PK-CSF part of the study, one participant in the
SAR443820 10mg group experienced an AESI of ALT
increase on day 2 (1.5 ULN) and then increased up to
2.4 ULN, meeting the criterion of AESI (>2-fold ULN)
on day 7 (end-of-study visit). This AESI was considered
related to SAR443820 and was not resolved due to par-
ticipant declining follow-up assessments. It is import-
ant to note that none of these AESIs were reported in
the cohorts receiving the highest dose of SAR443820.
Moreover, these instances of ALT increase in both cases
were asymptomatic and isolated (or slightly associated
with AST increase <2-fold ULN).

The most frequently reported TEAEs were the nervous
system disorders, with dizziness (SAD) and headache (PK-
CSF and MAD) being the most common AEs (Tables S1
and S2). Summary of TEAEs for each participant in parts
1a, 1b, and 2 are listed in Table S3.

During this first-in-human study, a few PCSAs
were observed for hematology, clinical chemistry, vital
signs, and ECG parameters. None of the PCSAs in
the SAR443820 groups were considered as clinically
relevant.

SAR443820 concentration-ECG analysis

In both SAD and MAD, a time-matched concentration-
ECG parameters relationship analysis was conducted on
QTCcF, HR, PR, and QRS. The results did not indicate any
signal for SAR443820 administered up to a single dose of

ASCPT

40mg and 14-day dose of 20 mgb.i.d. to cause any clinically
relevant modifications of ECG parameters (Table S4).

Pharmacokinetics

Plasma PK parameters of SAR443820 in all study parts are
summarized in Table 3 and mean concentration-time pro-
files are illustrated in Figure 2.

In SAD, the median T,,,, was reached between 1.00
and 1.50h postdose with no apparent dose effect. The
geometric mean T,,,, was similar across single doses
and ranged from 5.7 to 8.0h. The between-subject
variability (percent coefficient of variation [%CV]) of
SAR443820 Cy,,., and AUCs ranged between 19.0% and
40.9%. SAR443820 exposures increased with dose with
no major deviation from dose proportionality between
10mg and 40 mg. Four-fold increase in dose from 10 mg
to 40mg led to 4.79-fold increase (90% CI: 3.61-6.36) for
Cax 4.43-fold increase (90% CI: 3.16-6.23) for AUC,
and 4.56-fold increase (90% CI: 3.24-6.42) for AUC,q
(Table S5).

In MAD, the median time to steady-state was reached
within 1.5-2 days after the first administration irrespective
of the dose or the dosing regimen. After single or repeated
SAR443820 administration in fasting conditions, median
Tmax ranged between 1.00 and 2.00h postdose. At steady-
state, Cp,x and AUC,,, increased with the dose for q.d. and
b.i.d. regimen, T),, remained similar across doses and dos-
ing regimen and geometric mean values ranged between
7.2 and 8.9h. With two-fold increase in dose from 10 mg
g.d. to 20mg q.d., Cp,,x and AUC,,, increased by 1.58-fold
(90% CI: 1.26-1.99) and 1.51-fold (90% CI: 1.21-1.88) at
day 14, respectively. With 1.33-fold increase in dose from
15mg b.i.d. to 20mg b.i.d., C,,, and AUC,,, increased
by 1.31-fold (90% CI: 1.00-1.73) and 1.32-fold (90% CI:
1.01-1.72) at day 14, respectively (Table S5). Almost no
or limited accumulation was observed after repeated oral
dosing of SAR443820 in q.d. cohorts; accumulation ratios
between day 14 and day 1 were around 1.03 for C,,, and
1.22 for AUC,,,.. In b.i.d. cohorts, an overall accumulation
around 1.5-fold was observed for both C,,, and AUC,,,
(Table S6).

In the PK-CSF part of the study, a delay was observed
in plasma T,,,, with median values of 4.24 and 4.50h post-
dose at 10mg and 40 mg dose levels, respectively, as com-
pared to the plasma T,,,, of 1.02 and 1.50h postdose at
10mg and 40 mg dose levels, respectively, in a fasting state,
as observed in SAD. The geometric mean T',, was similar
across doses and was about 8 h. A similar between-subject
variability (%CV) ranging between 22.0% and 42.6% for
SAR443820 C,,,x and AUCs was observed in fed condi-
tions, irrespective of the dose.
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TABLE 3 Plasma PK parameters of SAR443820 (PK population).

SAD (part 1a)

PK-CSF (part 1b)

SAR443820 SAR443820
Parameter 10mg (n=6) 20mg (n=6) 30mg (n=06) 40mg (n=6) 10mg (n=6) 40mg (n=6)
Cpox (ng/mL), geometric 116 (27.2) 241 (20.5) 417 (34.2) 555 (28.7) 111 (31.0) 374 (22.0)

mean (%CV)

Tax (h), median (range)  1.02 (1.00, 3.08)  1.50 (1.00, 3.00)

1.00 (0.50, 2.00)

1.50 (1.00, 2.00)  4.24(3.00, 6.00)  4.50 (2.00, 6.00)

AUC,, (h*ng/mL), 1120 (40.1) 2360 (19.1) 2420 (30.2) 5120 (34.5) 1170 (36.6) 3960 (30.7)
geometric mean
(%CV)
AUC (h*ng/mL), 1170 (40.9) 2410 (19.0) 2440 (30.2) 5180 (34.6) 1370 (42.6) 4740 (42.5)
geometric mean
(%CV)
T, (h), geometric 7.97 (29.0) 7.48 (21.4) 5.70 (31.8) 6.29 (20.6) 7.97 (19.4) 8.03(29.5)
mean (%CV)
V,/F (L), geometric 98.4 (20.2) 89.4 (14.2) 101 (12.1) 70.1 (23.7) 83.6 (25.6) 97.7 (14.3)
mean (%CV)
CL/F (L/h), geometric 8.56 (37.8) 8.28 (21.4) 12.3 (44.7) 7.72 (36.1) 7.27 (29.7) 8.43(34.2)
mean (%CV)
MAD (Part 2)
SAR443820*
10mg q.d. 20mg q.d. 15mg b.i.d. 20mg b.i.d.
Day 1 n==8 n==8 n=8 n==8
Cpax (ng/mL), geometric mean (%CV) 157 (20.7) 240 (20.2) 211 (44.2) 205 (20.3)
T e (1), median (range) 1.00 (0.50, 2.00) 1.5 (1.00, 2.00) 1.00 (0.50, 2.00) 2.00 (1.00, 4.00)
AUC,,, (h*ng/mL), geometric mean (%CV) 1080 (24.2) 1860 (22.5) 1100 (33.1) 1350 (18.4)
Day 14 n=7 n=38 n=8 n=7
Cpax (ng/mL), geometric mean (%CV) 158 (31.9) 250 (22.7) 268 (36.3) 353 (19.9)
Tmax (h), median (range) 1.00 (1.00, 2.00) 2.00 (0.60, 2.00) 1.00 (1.00, 2.00) 1.00 (0.50, 2.00)
AUC,,, (h*ng/mL), geometric mean (%CV) 1410 (27.4) 2130 (21.4) 1640 (32.5) 2160 (25.9)
T, s, (h), geometric mean (%CV) 8.87(23.2) 8.53 (19.0) 7.21 (15.6) 7.37 (23.0)
CL,/F (L/h), geometric mean (%CV) 7.08 (25.9) 9.40 (22.2) 9.16 (30.0) 9.27 (24.9)

Abbreviations: AUC,,;, area under the plasma concentration versus time curve from time zero to the real time #,; b.i.d., twice daily; CL/F, apparent total
body clearance of a drug from the plasma after single dose; CL/F, apparent total body clearance of a drug from the plasma at steady-state; Cy,,,, maximum
plasma concentration; CSF, cerebrospinal fluid; CV, coefficient of variation; MAD, multiple ascending dose; PK, pharmacokinetic; q.d., once daily; SAD, single
ascending dose; T}, time corresponding to the last concentration above the limit of quantification, Cj,g; T}, time to reach Cy,y; Ty, terminal half-life; Vz/F,

apparent volume of distribution during the terminal phase.

*The dosing interval tau is 12h for the b.i.d. cohorts and 24 h for the q.d. cohorts.

Overall, by pooling the data from two dose level groups
of SAR443820 (10mg and 40mg) in the PK-CSF part, the
CSF-to-unbound plasma concentration ratio was about
0.8 for samples collected during the time intervals 1-3h
and 4-6h postdose, and the ratio was around 1.3 during
the time interval 8-10h postdose.

Point estimates (90% CI) of the day 14/day 1 4f-
hydroxycholesterol ratio were 0.88 (0.82-0.95) and 1.02
(0.91-1.14) for pooled g.d. and b.i.d. regimen, respectively.
The 4f-hydroxycholesterol plasma level measured after
14 days of multiple q.d. or b.i.d. doses did not increase as

compared to baseline value, suggesting that there is no
potential for CYP3A4 induction by SAR443820 after re-
peated doses (up to 20mg b.i.d. dose; Table S7).

Pharmacodynamics - target engagement

The reduction of pS166-RIPK1 measured in PBMC lysates
is considered as an indication of target engagement by
SAR443820. During SAD, the percent change from base-
line was evaluated at multiple timepoints up to 24h
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FIGURE 2 Mean plasma
concentration-time profiles of SAR443820
in healthy participants - Pharmacokinetic
population (a) SAD - part 1a, (b) PK-CSF
- part 1b, and (c) MAD - part 2 (day 1
and day 14). The error bars depict the
standard deviations. Left panel represents
linear scale and right panel represents
semilogarithmic scale. BID, twice daily;
CSF, cerebrospinal fluid; MAD, multiple
ascending dose; QD, once daily; PK,
pharmacokinetic; SAD, single ascending
dose.
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postdose (Figure 3). No inhibition was detected in the
placebo group. Median pS166-RIPK1 inhibition of greater
than 80% was observed in all SAR443820 dose groups at
as early as 1h postdose and was maintained over at least
5h postdose. At 5h postdose, maximum median periph-
eral pS166-RIPK1 inhibition ranged between 82% and 97%
among the SAR443820 single dose groups.

Similarly, in the MAD part of the study, the percent
change was evaluated at multiple timepoints from base-
line up to 48 h after administration of the final dose on day
14 (Figure 3). Administration of SAR443820 doses from
10mg q.d. to 20mg b.i.d. in healthy participants led to a
marked target engagement with median pS166-RIPK1 in-
hibition from baseline close to 90% at steady-state before
morning dosing (Cyyougn) o0 day 7 (first post-baseline time-
point) and similarly at day 14 (predose). On day 14, the
inhibition of greater than 80% was maintained up to 24h
post last morning dosing in all dose level groups. At 48h
post last dosing, less inhibition of RIPK1 phosphorylation
was observed in all dose level groups.

DISCUSSION

RIPK1 has emerged as a promising therapeutic target for
a spectrum of neuroinflammatory diseases in humans.
However, there is still a limited understanding of the
specific modalities of RIPK1 involvement in different dis-
eases.! Given that RIPK1 activation and necroptosis have
now been genetically and mechanistically linked with
several human neurodegenerative diseases, a highly selec-
tive, safe, brain penetrant inhibitor of RIPK1 may provide
a unique opportunity by targeting neuroinflammation
and cell death, which drive various neurologic conditions,
such as multiple sclerosis, Alzheimer's disease, and ALS
and altering the disease progression.'®*+16-2>

Overall, SAR443820 was well-tolerated in this study,
without raising any safety concerns in the dose escala-
tion and safety profile was consistent with that of other
brain penetrant RIPK1 inhibitors.”*® Mild abnormalities
in laboratory values were observed related to SAR443820,
however, the safety data do not suggest a dose-dependent
trend. Two cases of asymptomatic ALT increase (>2-fold
ULN but limited <3-fold ULN) were reported in this study,
but none were considered as clinically relevant. Similar to
SAR443820, other RIPK1 inhibitors, such as SAR443060,”
GSK2982772,%° and GFH312,%° were found to be well-
tolerated with no reports of ALT abnormalities in healthy
participants. Taken together, it may be assumed that the
liver function abnormalities may not be a mechanism-
based consideration.

Overall, few PCSAs for the laboratory values, vital
signs, and ECG parameters were observed, however,

ASCPT

none of them were considered clinically relevant.
Furthermore, a thorough time-matched concentration-
ECG analysis revealed no clinically relevant trends in
ECG parameters.

SAR443820 showed a favorable PK profile in healthy
volunteers. The rapid absorption in the fasted condition
suggests that there are no barriers to SAR443820 absorp-
tion as median T,,,, reached between 1.00h and 1.50h
postdose following single doses up to 40 mg and between
1.00h and 2.00h after repeated doses across the dose
level groups. There were no major deviations from dose
proportionality over the range of doses tested. A slight
delay in absorption rate was observed when SAR443820
was administered as a capsule in fed conditions; however,
there was no evidence that the extent of absorption was
impacted by food. The elimination half-lives (geometric
mean) ranged between 5.7-8.0h and 7.2-8.9h following
single and repeated oral doses of SAR443820, respectively,
with no apparent dose effect. Consistently, the accumula-
tion ratio for AUC,,,, observed after q.d. or b.i.d. dosing
was limited with a value of 1.2 and 1.5, respectively, and
a median time to steady-state reached within 1.5-2days.

The CSF-to-unbound plasma concentration ratio
(0.8-1.3) indicates that SAR443820 has high brain pene-
trance following its oral administration because CSF can
be considered as a surrogate of brain penetration based on
nonclinical data obtained in rats and monkeys showing
similar values of CSF/unbound plasma ratio and brain/
unbound plasma ratio.

Based on preclinical in vivo mouse models,'® brain con-
centration above the 90% inhibitory concentration (ICy;
in vitro pS166-RIPK1 inhibition in mouse microglia) cor-
relates with better disease efficacy in rodents. In the pres-
ent study, CSF concentrations reached values above the
ICy, after 10 or 40 mg single administration, thus suggest-
ing an appropriate exposure at central level in humans for
achieving high level of target engagement that is required
for treatment effectiveness. Furthermore, previous evi-
dence suggests that high levels (>90%) of RIPK1 inhibi-
tion are needed to exhibit clinical efficacy.”'’*° Thus, one
of the objectives of the SAD and MAD parts of this study
was to determine the magnitude of pS166-RIPK1 inhibi-
tion that could be achieved by each dose as measured in
the collected PBMC lysates. In this study, the maximum
median peripheral pS166-RIPK1 inhibition of greater
than 80% was observed at as early as 1 h postdose and was
maintained up to 5h postdose following single SAR443820
doses, whereas with repeated doses, it was close to 90% be-
fore morning dosing at Cy,o,e, day 7 and at predose day 14,
reflecting a marked target engagement. These effects were
consistent with PD results from previous clinical studies
of brain penetrant RIPK1 inhibitors.*® Overall, these data
met the targeted pS166-RIPK1 inhibition.
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This first-in-human healthy volunteer study compris-
ing of randomized, double-blind, placebo-controlled SAD
and MAD cohorts, and two separate open-label cohorts
to assess CSF exposure, was designed to determine safety
and tolerability of SAR443820, with well-characterized PK
and PD analyses. SAR443820 was generally safe and well-
tolerated in healthy adults receiving single oral doses up
to 40 mg and repeated doses up to 20 mg b.i.d. for 14 days.
Although a short treatment period of 14days in healthy
participants and PD assessments only at the peripheral
level in human PBMCs were among the few limitations
of this study, the combination of favorable PK, high
brain penetrance, and marked peripheral RIPK1 target
engagement, as measured by reduction in pS166-RIPK1
levels, indicate that SAR443820 could be a promising
therapeutic option in several human neurodegenerative
diseases. These results support further clinical develop-
ment of SAR443820 in phase II trials in patients with ALS
(NCT05237284) and multiple sclerosis (NCT05630547).
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