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Abstract

RIPK1 is a master regulator of inflammatory signaling and cell death and in-
creased RIPK1 activity is observed in human diseases, including Alzheimer’s dis-
ease (AD) and amyotrophic lateral sclerosis (ALS). RIPK1 inhibition has been
shown to protect against cell death in a range of preclinical cellular and animal
models of diseases. SAR443060 (previously DNL747) is a selective, orally bioavail-
able, central nervous system (CNS)-penetrant, small-molecule, reversible inhibi-
tor of RIPK1. In three early-stage clinical trials in healthy subjects and patients
with AD or ALS (NCT03757325 and NCT03757351), SAR443060 distributed into
the cerebrospinal fluid (CSF) after oral administration and demonstrated robust
peripheral target engagement as measured by a reduction in phosphorylation
of RIPK1 at serine 166 (pRIPK1) in human peripheral blood mononuclear cells
compared to baseline. RIPK1 inhibition was generally safe and well-tolerated in
healthy volunteers and patients with AD or ALS. Taken together, the distribution
into the CSF after oral administration, the peripheral proof-of-mechanism, and
the safety profile of RIPK1 inhibition to date, suggest that therapeutic modulation
of RIPK1 in the CNS is possible, conferring potential therapeutic promise for AD
and ALS, as well as other neurodegenerative conditions. However, SAR443060
development was discontinued due to long-term nonclinical toxicology findings,
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although these nonclinical toxicology signals were not observed in the short
duration dosing in any of the three early-stage clinical trials. The dose-limiting
toxicities observed for SAR443060 preclinically have not been reported for other
RIPK1-inhibitors, suggesting that these toxicities are compound-specific (related
to SAR443060) rather than RIPK1 pathway-specific.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

RIPK1 inhibition has been shown to protect against cell death in a range of pre-
clinical cellular and animal models of diseases, including for Alzheimer’s disease
(AD) and amyotrophic lateral sclerosis (ALS).

WHAT QUESTION DID THIS STUDY ADDRESS?

Three early-stage clinical trials evaluating a central nervous system (CNS) pene-
trant small molecule RIPK1 inhibitor in healthy subjects and patients with AD or
ALS suggest central RIPK1 inhibition is safe and pharmacokinetic and peripheral
target engagement can be reliably measured.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

RIPK1 inhibition by SAR443060 was safe and well-tolerated for up to 28 days in pa-
tients with AD and ALS. SAR443060 distributed into the cerebrospinal fluid CSF
after oral administration and demonstrated median peripheral target engagement
(pRIPK1-inhibition in peripheral blood mononuclear cells) at steady-state trough
of 81.83% and 65.92% at a 50mg b.i.d. dose level in patients with AD and ALS.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The combination of CSF-distribution and robust peripheral target engagement
offers an encouraging proof-of-mechanism that therapeutic modulation of RIPK1

INTRODUCTION

Receptor-interacting serine/threonine protein kinase
1 (RIPK1) is an intracellular protein that regulates be-
tween pro-survival NF-kB signaling and cell-death in
response to inflammatory and pro-death stimuli,! and
RIPK1 activation has been implicated in autoimmune,
inflammatory, and neurodegenerative diseases. RIPK1
activation most notably occurs via tumor necrosis fac-
tor alpha (TNF-a) signaling through TNF receptor 1
(TNFR1).? Upon activation, RIPK1 initiates a complex
signaling cascade that triggers cytokine release, micro-
glial activation, and RIPK1-dependant apoptosis or,
under apoptosis-deficient conditions, a regulated form
of necrotic cell death known as “necroptosis.”** RIPK1
activation and necroptosis have been demonstrated in
post-mortem tissue samples from patients with neuro-
degenerative conditions,”” and RIPK1 inhibition has
been shown to protect against necroptotic cell death in
vitro across a range of cell death models.*** In animal
models of diseases ranging from ulcerative colitis to
multiple sclerosis (MS), RIPK1 pathway inhibition pro-
tects against necroptotic cell death and also prevents the

in the CNS may be possible and further studies should be pursued.

occurrence of pathologic findings.*!**' These preclini-
cal findings suggest that inhibition of RIPK1 could be
beneficial in many different chronic diseases.””'*4%2*

RIPK1 inhibitors that do not penetrate the central
nervous system (CNS), GSK2982772 and SAR443122
(DNL758) are currently in early-stage clinical develop-
ment for inflammatory diseases.”**® A CNS-penetrant
inhibitor of RIPK1 may have the potential to mod-
ify the course of neurodegenerative diseases like MS,
Alzheimer’s disease (AD), and amyotrophic lateral scle-
rosis (ALS).>?’

The results of three early-phase, placebo-controlled,
clinical studies with SAR443060 (previously DNL747)
are presented here. SAR443060 is a selective, orally bio-
available, CNS-penetrant, small-molecule reversible in-
hibitor of RIPK1. Presented results include assessment of
safety, pharmacokinetics (PK), and target engagement of
SAR443060 following (1) a first-in-human (FIH) single as-
cending dose (SAD) and multiple ascending dose (MAD)
study in healthy subjects, (2) a crossover study in patients
with AD, and (3) a crossover study in patients with ALS,
which was followed by an open-label long-term extension
(OLE).
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PRECLINICAL PHARMACOLOGY
AND TOXICOLOGY

In vitro target engagement and
dose-response

Reduction of phosphorylation of RIPK1 at serine 166
(pRIPK1) in human peripheral blood mononuclear cells
(PBMCs) is considered a reliable biomarker for target en-
gagement assessment and for the translation of human
dose projection.®®*® In vitro, SAR443060 blocks TNF-
a-induced phosphorylation of RIPK1 in PBMCs from
healthy human donors (n = 4) with a geometric mean
50% maximum inhibitory concentration (ICs;) of 3.9 nM
(Figure 1). When corrected for human plasma protein
binding (87%), this ICs, corresponds to a total SAR443060
plasma concentration of ~0.03 pM. Based on preclinical
models demonstrating that RIPK1 inhibition in astrocytes
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FIGURE 1 SAR443060 inhibition of RIPK1 serine 166
autophosphorylation in human PBMCs. Human peripheral

blood mononuclear cell (PBMCs) from four healthy donors were
thawed and resuspended in Roswell Park Memorial Institute
(RPMI) complete medium. Cells were incubated with a range

of concentrations of SAR443060 and then stimulated with a
combination of TNF-a, SM-164, and zZVAD-FMK (TSZ). Two hours
later, cells were lysed, and phosphorylated receptor-interacting
serine/threonine-protein kinase (pRIPK1) was detected by a plate-
based immunoassay on the Meso Scale Discovery (MSD) platform.
Increasing concentrations of SAR443060 (3.8 pM-4 pM) reduced
the phosphorylation of RIPK1 at Ser166 in stimulated human
PBMCs in a concentration-dependent manner with a geometric
mean 50% maximum inhibitory concentration (ICs,) value of

3.9 nM. Sample dose-response curve is from one donor. At each
concentration tested, the mean and SD of the pS166 RIPK1 signal
were calculated from the technical duplicate. Error bars are SDs.

and microglia can attenuate neurodegeneration and dis-
ease progression, it was hypothesized that maintaining
high levels of RIPK1 inhibition for the duration of each
dosing interval could translate to slowing the clinical pro-
gression of AD and ALS."

Preclinical safety

Based on 28-day Good Laboratory Practice (GLP) toxic-
ity studies in the most sensitive species with pharmaco-
logical relevance (cynomolgus monkey), the original no
observed adverse effect level (NOAEL) for SAR443060
was established at 200 mg/kg/day (mean area under the
concentration-time curve from zero to 24 h [AUC(_,4;,]
of 254pMh and mean maximum plasma concentration
[Cax] 0f 29.2 uM). Protein binding of SAR443060 is simi-
lar across species (data on file). The key toxicity findings
in the 28-day monkey study at 1000 mg/kg/day (AUC_,4p
of 548 pM h) included adverse effects to the immune sys-
tem (lymph nodes, bone marrow, and spleen) and skin.
A subsequent 3-month toxicity study in monkeys, run-
ning in parallel to the FIH study (see section “Methods”),
identified additional serious toxicities that were consid-
ered to be immune-mediated, including thrombocyto-
penia, anemia, and bleeding at doses of =40 mg/kg/day
(20mg/kg b.i.d.). As a result, the NOAEL was reduced
from 200 to 20 mg/kg/day (mean AUC, ,4, of 24.8 pM h
and mean C,,, of 2.57 pM), which led to a dose reduction
in the subsequent phase Ib patient studies to keep a three
to four times margin to the new NOAEL (see section
“Studies in patients with AD or ALS”). During an ex-
tended 9-month GLP toxicity study in monkeys, anemia
was also observed at 20 mg/kg/day (10 mg/kg b.i.d.) and
the NOAEL was further adjusted down approximately
threefold to 6 mg/kg/day. Three-month GLP toxicity
studies in Sprague-Dawley rats showed good tolerability
of SAR443060 to the highest doses tested at 1000 mg/kg/
day (mean AUC,,_,,, of 251 and 1040 pM h in males and
females, respectively).

METHODS

All clinical studies were conducted in accordance with
the International Conference for Harmonization (ICH)
of Technical Requirements for Pharmaceuticals for
Human Use, Good Clinical Practice (GCP), and the
principles of the Declaration of Helsinki. The protocols
and all study materials were approved by independent
ethics committees/institutional review boards, and all
subjects provided their written informed consent before
participation.
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Study designs and randomization
First-in-human study

The randomized, double-blind, placebo-controlled FIH
study was conducted at a single site in the Netherlands
(PRA Health Sciences, Groningen) in healthy male and
female subjects, aged 18-55years, between March and
October 2018. Women had to be of nonchildbearing poten-
tial (sterilized or postmenopausal). The study consisted of
two parts: a SAD part A and a MAD part B (Figure 2a). Part
A used a sequential ascending dose cohorts design with
four cohorts of eight subjects randomized 3:1 SAR443060
to placebo, to evaluate the safety, tolerability, PK, and phar-
macodynamics (PDs) of SADs of SAR443060. The effect of
food on the PK of SAR443060 was evaluated with a fixed
sequence crossover food assessment in cohorts A2 and A4.
In period 1 the investigational medicinal product (IMP)
was administered under fasted conditions, and in period
2 after a high-fat, high-caloric breakfast in the same eight
subjects, with at least 1-week washout between the two pe-
riods (Figure 2a).

Part B evaluated the safety, tolerability, PK, and PDs of
MADs of SAR443060 administered twice daily (b.i.d.) for
14 days in three cohorts (Figure 2a) of 10 subjects random-
ized 4:1 SAR443060 to placebo. Cerebrospinal fluid (CSF)
was sampled via lumbar punctures predose and after
12 days of dosing.

Studies in patients with AD or ALS

Two multicenter, randomized, double-blind, placebo-
controlled phase Ib studies were conducted between
December 2018 and June 2020 in the Netherlands and the
United States: one in patients with AD and one in patients
with ALS (ClinicalTrials.gov Identifiers: NCT03757325
and NCT03757351). Both studies used a similar crossover
design consisting of two 28-day treatment periods, sepa-
rated by 14 days of washout, to evaluate the safety, toler-
ability, PK, and PDs of SAR443060 in at least 16 and up to
26 patients in each study (Figure 2b). Subjects were rand-
omized 1:1 to receive either active or placebo treatment in
the first treatment period and then switched to the oppo-
site treatment assignment in the second treatment period.

For the AD study, inclusion criteria included AD di-
agnosis per National Institute of Aging/Alzheimer’s
Association NIA-AA guidelines,29 a Mini-Mental State
Examination score of 16-26 points inclusive, an age
of 55-85years with a body mass index (BMI) between
18 and 35kg/m? a Clinical Dementia Rating (CDR)
score of 0.5-1.0, and a historical confirmatory amyloid

ASCPT

positron emission tomography scan or positive CSF am-
yloid B (Ap)42 test (documented history or CSF sampling
at screening).

Participants in the ALS study were male or female
patients of non-childbearing potential aged between 21
and 80years, with laboratory-supported probable, prob-
able, or definite ALS according to the revised El Escorial
criteria,30 <3years since symptom onset, a BMI between
18 and 35kg/m’ and a forced vital capacity >50% of
predicted.

For both patient studies, use of prescription medi-
cations had to be stable for >1 month prior to screening
and throughout the study. Moderate to strong cytochrome
P450 3A (CYP3A) inducers or inhibitors, as well as anti-
platelet and anticoagulation medications, apart from daily
aspirin <100 mg, were not allowed. Patients were confined
to the clinical research unit for 3days at the start and end
of each treatment period and returned to the clinical unit
for weekly outpatient safety visits and to obtain study med-
ication that was administered at home. CSF was sampled
predose in treatment period one and at the end of each
treatment period. Safety follow-ups were conducted 1 and
2weeks after completion of the second treatment period.

The crossover design was selected to facilitate within-
subject analysis of SAR443060-dependent biomarker
changes. The sample size in both studies was based on
sample size calculations for selected exploratory bio-
marker end points.

Treatments administered
First-in-human study

Ascending doses of 100-400 mg of SAR443060 in capsules
as a spray-dried nanosuspension (SDN) formulation or a
micronized drug substance (MDS) formulation or placebo
were administered as a single dose in part A and b.i.d.
for 14days in part B (Figure 2a). Based on the predicted
human exposure, a starting dose of 100mg was selected
for the FIH study (expected to result in >90% peak RIPK1
inhibition) to enable characterization of the PD response
over a dose range that encompassed the anticipated thera-
peutic range. This starting dose was 45-fold below the
original 200 mg/kg/day NOAEL (see section “Preclinical
pharmacology and toxicology”) when scaled to a human
equivalent dose based on body surface area, and >90%
RIPK1 inhibition was previously found to be well-
tolerated with another CNS-penetrant RIPK1 inhibitor.?®
Emerging safety data and available PK data from preced-
ing cohorts were reviewed prior to dose escalation, and all
cohorts used a sentinel design.
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Studies in patients with AD or ALS

A dose of 200mg b.i.d. was initially selected for both pa-
tient studies based on adequate safety, tolerability, PK,
and target engagement of SAR443060 in the previous
FIH study. However, as the nonclinical NOAEL was sig-
nificantly reduced following the 3-month toxicity study
in monkeys (see section “Preclinical pharmacology and
toxicology”), lower clinical doses were implemented via
protocol amendments to maintain plasma concentrations
three to four times below the new NOAEL of 20mg/kg/

day (mean C,,,, of 2.57 pM). Patients in both studies were
hence administered SAR443060 SDN 50mg or matching
placebo approximately every 12h (b.i.d.) in each treatment
period for 28 days, followed by a final morning dose on the
29th day.

Preliminary PK-PD modeling based on the FIH study
data suggested that doses at or above 50 mg b.i.d. could
provide >80% inhibition of pRIPK1 throughout a b.i.d.
dosing interval. This dose was expected to allow explora-
tion of potential biomarker effects in patients with neu-
rodegenerative diseases and provided adequate safety

(a) DNLI-D-0001: FIH SAD and MAD in healthy subjects
Randomized, double-blind, placebo-controlled single and multiple ascending oral doses with a food effect evaluation in cohorts A2 and A4
Randomized (n=56)
Single ascending dose with food effect (Part A) Multiple ascending dose for 14 days (Part B)
(n=29) (n=27)
Cohort A1 Cohort A2 Cohort A3 Cohort A4 [ CohortB1 |[[ conotB2 || CohortB3
SAR443060 SAR443060 SAR443060 SAR443060
ShRatase0 Placebo SDN 200mg Placebo SR e0 Placebo 3@2?33:.3 Placebo SDN BID Placebo SDN BID Placebo SDN BID Placebo
=8) 9 (n=2) fasted () (v=5) mg (n=2) fasted (‘ns:;‘)’ 100mg (n=2) 200mg (n=2) 400mg (n=2)
(n=5) (n=5) (n=8) (n=8) (n=5)
i7 days washouti i 7 days washoutl
SAR443060
e i
oy 0=2) ) (n=2)
| Safety and PD population (n=56) |
v ¥ v ¥ ¥ ¥ v
| PK population (n=42) |
(b) DNLI-D-0002: phase 1b study in AD patients DNLI-D-0003: phase 1b study in ALS patients with OLE

Multicenter, randomized, placebo-controlled, double-blind, crossover study

Randomized (n=16)

v v

Multicenter, randomized, placebo-controlled, double-blind, crossover study with open-label extension

Randomized (n=15)

v v

SAR443060 50mg BID (n=8)
28 days plus morning dose on Day 29

Placebo 50mg BID (n=8)
28 days plus morning dose on Day 29

SAR443060 50mg BID (n=7)?
28 days plus morning dose on Day 29

Placebo 50mg BID (n=8)
28 days plus morning dose on Day 29

14 days washout

k.

14 days washout

Placebo 50mg BID (n=8)'
28 days plus morning dose on Day 71

SAR443060 50mg BID (n=8)
28 days plus morning dose on Day 71

Placebo 50mg BID (n=7)3
28 days plus morning dose on Day 71

SAR443060 50mg BID (n=8)

28 days plus morning dose on Day 71

| Safety and PK population (n=16) |

Safety population (n=15) |

.

| PD population (n=15)" |

PK and PD population (n=14)} |

v

SAR443060 50mg BID (n=8)°
Exposure ranged from 66 to 268 days (mean 165.5 (+ 82.3) days).

!

OLE safety population (n=8)8
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FIGURE 2 Study designs, randomization, and analysis populations for the completed SAR443060 phase I and phase 1b clinical program.
(a) Phase I FIH study in healthy volunteers. (b) Phase Ib studies in patients with AD or ALS. Footnotes: a. (1) One subject was withdrawn
during the study (cohort A2 after completion of period 1), due to a medical history of eczema which made the subject ineligible for the
study. b. (1) One patient discontinued during administration of placebo in period 2 of the AD study due to disease progression and was not
included in the PD analysis. (2) The first patient in the ALS study was enrolled at the original dose of 200mg b.i.d. and completed 21 days in
the first treatment period. This patient decided to forgo the rest of treatment period 1 without withdrawing from the study, and subsequently
completed the treatment period 2 and the follow-up visits. (3) One patient in the ALS study discontinued during administration of placebo in
period 2 due to disease progression. (4) One patient in the ALS study was excluded from the PD and PK analysis as this patient had stopped
taking edaravone 9 days prior to administration of SAR443060 in period 1 (protocol deviation). (5) Two subjects withdrew from the ALS OLE
study prematurely due to disease progression. (6) For the ALS OLE study, the coronavirus disease 2019 (COVID-19) pandemic prevented the
pre-planned collection of several CSF and blood samples from patients. Furthermore, the OLE study was terminated early by the sponsor’s
decision. As a result, there was not enough PK and PD data from the OLE available for analysis. AD, Alzheimer’s disease; ALS, amyotrophic
lateral sclerosis; ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised; CSF, cerebrospinal fluid; DB, double-blind;
FIH, first-in-human; MAD, multiple ascending dose; MDS, micronized drug substance; OLE, open-label extension; PBMC, peripheral blood

mononuclear cell; PD, pharmacodynamic; PK, pharmacokinetic; pSer166-RIPK1, phosphorylation at serine 166 on receptor-interacting

serine/threonine-protein kinase 1; SAD, single ascending dose; SDN, spray-dried nanosuspension.

margins from toxicities seen in the 3-month monkey
study.

Safety, pharmacokinetic, and
pharmacodynamic assessments

Safety and tolerability outcome measures for all three
studies consisted of incidence and severity of adverse
events (AEs), incidence of clinical laboratory abnor-
malities (hematology, chemistry, coagulation, and
urinalysis), vital signs, electrocardiograms (ECGs),
physical examinations (including lymph nodes, skin,
and mucosa), and suicidal risk monitoring via the
Columbia-Suicide Severity Rating Scale (C-SSRS;
except for FIH part A). Based on the preclinical tox-
icology studies (see section “Preclinical safety”), cuta-
neous or mucosal changes, lymphadenopathy, anemia,
thrombocytopenia, and bleeding, petechiae, purpura,
or ecchymoses were defined as AEs of special interest
(AESI). PK outcomes comprised the measurement of
the concentration of SAR443060 in plasma, urine (FIH
part A only) and CSF (except for FIH part A) using a
validated liquid chromatography-tandem mass spec-
trometry method (PRA Bioanalytical Laboratory, The
Netherlands) with a lower limit of quantification of
0.00247 uM. A standard set of plasma PK parameters
were estimated using noncompartmental analysis, in-
cluding C,,,, observed, time to reach C,,, (Tpay), ter-
minal half-life (t,), AUC, and accumulation ratios
(R,.), as well as the CSF-to-unbound plasma ratio as an
indication for CNS-penetration. Reduction of pRIPK1
levels in PBMCs was used to measure inhibition of
RIPK1 kinase as a PD marker of peripheral drug target
engagement, similar as described previously but with-
out ex vivo stimulation.?®

A digital clock-drawing test (DCTclock) was included
in the AD study as an exploratory end point to gain ex-
perience with this measure in the AD population. The
Amyotrophic Lateral Sclerosis Functional Rating Scale
Revised (ALSFRS-R) was used an exploratory clinical end
point in the ALS study. Both studies were not adequately
powered for these exploratory end points.

Statistical analyses

No formal hypothesis testing was performed for these ex-
ploratory studies. All PK, PD, and safety data were listed,
all data were summarized in tabular and/or graphical
form, and descriptive statistics were given, as appropri-
ate, using Statistical Analysis Software (SAS) version 9.4
or higher. AEs were coded using the Medical Dictionary
for Regulatory Activities (MedDRA). Noncompartmental
PK analysis was performed on individual plasma and
urine concentration data using Phoenix WinNonlin (ver-
sion 8.1). The PK parameters were analyzed for dose pro-
portionality using a power model approach or analysis of
variance (ANOVA) model as appropriate.

ALS open-label extension

An open label extension with SAR443060 50 mg b.i.d. up
to 12months was available for patients completing the
ALS study in the Netherlands (Figure 2b). Routine safety
assessments continued on a biweekly (up to month 6) and
monthly (up to month 9) basis with a final planned visit
after 12months. The ALS OLE study part was prematurely
terminated in June 2020 (9 months after the first subject
was dosed), due to the sponsor’s decision to stop the devel-
opment of SAR443060.
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RESULTS
Demographics and baseline characteristics
First-in-human study

Fifty-six healthy male and female subjects, between 18 and
55yearsofage and with a BMI between 19.6 and 31.8 kg/m?,
were included in the study. In part A, due to recruit-
ment challenges, only seven subjects of the planned eight
subjects were included in cohorts A2, A3, and A4, lead-
ing to a total of 21 subjects that received a single dose of
100-400 mg SAR443060 and eight subjects that received
placebo. In part B, only seven subjects were included in
cohort B3 as the goals of the study had been reached. This
resulted in 21 subjects receiving 100-400 mg SAR443060
b.i.d. for 14 days and six subjects receiving placebo in part B
(Figure 2a). One subject was withdrawn during the study
(cohort A2 after completion of period 1), due to a medi-
cal history of eczema, which made the subject ineligi-
ble for the study and 55 (98.2%) subjects completed the
study as per protocol (Figure 2a). Baseline characteristics
(Table S1) were similar across cohorts and treatments.

Studies in patients with AD or ALS

In the AD study a total of 16 (100.0%) patients completed
treatment period 1 and a total of 15 (93.8%) patients com-
pleted treatment period 2 (Figure 2b). One patient dis-
continued from the study due to AD progression during
administration of placebo in period 2. Patient demographic
and baseline characteristics (Table S1), were comparable
between both treatment sequences, except that the patients
who were randomized to the placebo/SAR443060 treatment
sequence were, on average, older (73.4 vs. 68.4years), had
a higher proportion of male patients (75% vs. 50%), and a
higher BMI (29.4 vs. 24.1kg/m?) compared to subjects in the
SAR443060/placebo treatment sequence, although none of
these comparisons were evaluated statistically.

Treatment compliance was high (=90%) in all but one
(6.3%) patient, who received <80% of the placebo doses
and discontinued the study due to the reason explained
above. All 16 patients are included in the safety and PK
analysis and all 15 subjects that completed both treatment
periods are included in the PD analysis (Figure 2b).

In the ALS study, only 15 of the planned 16 patients
were included due to recruitment challenges. Eight pa-
tients were allocated to the treatment sequence placebo/
SAR443060 and seven patients were allocated to the treat-
ment sequence SAR443060/placebo. The demographic
and baseline characteristics (Table S1) were balanced
between the two crossover sequences. All 15 randomized

patients had high treatment compliance (=90%). The first
patient in the ALS study (sequence SAR443060/placebo)
was enrolled at the original planned dose of 200 mg b.i.d.
and completed 21days in the first treatment period. This
patient decided to forgo the rest of the treatment in period
1 without withdrawing from the study, and subsequently
completed treatment in period 2 (50mg b.i.d.). No other
patients were given the dose of 200 mg b.i.d. in this study.
One patient in sequence SAR443060/placebo discontin-
ued the study at the end of treatment period 2 due to ALS
disease progression. All 15 patients were included in the
safety analysis. One patient was excluded from the PK and
PD analysis due to a protocol violation: this patient had
stopped taking Edaravone during the study (Figure 2b).

ALS open-label extension

After completion of the double-blind ALS study, eight pa-
tients enrolled in the ALS OLE study (Figure 2b, Table S1).
Two patients withdrew from the study prematurely due
to disease progression and the other six patients were
treated until the OLE study was terminated by the spon-
sor. One subject had an IMP interruption during the OLE
study due to unrelated ECG abnormalities diagnosed as
coronary heart disease by cardiologist consult. Duration
of exposure to SAR443060 in the OLE ranged from 66 to
268days (mean 165.5+82.3days). All eight patients were
included in the OLE safety analysis (Figure 2b).

Safety and tolerability

In all three clinical studies, there were no SAR443060-
related deaths reported or serious AEs (SAEs) and no sub-
ject withdrawals due to AEs (Table S2). The safety profile
and the nature of the adverse events were comparable be-
tween the SAR443060 and placebo.

First-in-human study

All treatment emergent AEs (TEAEs) in the FIH study
were rated as mild or moderate in severity (Table S2),
and there were no AESIs. The most frequently reported
TEAEs in part A were medical device (ECG-electrodes)
site irritation (12.1%), catheter site-related reaction (6.1%),
headache (6.1%), diarrhea (6.1%), and nasopharyngitis
(6.1%). In part B, the most frequently reported TEAEs
were procedural pain Lumbar puncture (LP procedures)
(25.0%), post-LP syndrome (15.6%), skin irritation (7.8%),
catheter site-related reaction (6.3%), and nausea (4.7%).
No clinically significant changes from baseline or trends
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were observed in the clinical laboratory results, vital signs,
12-lead ECGs, physical examinations, or the C-SSRS.

Studies in patients with AD or ALS

In the AD study, there was one SAE of vomiting follow-
ing placebo administration in the second treatment pe-
riod, which required hospitalization, and was considered
not related to the IMP by the investigator. There were no
SAEs in the double-blind part of the ALS study (Table S2).
In the AD study, a total of seven AESIs were reported in
five subjects: two AESIs during SAR443060 administra-
tion (mild, asymptomatic, and self-limiting anemia in 2
subjects) and five in subjects on placebo (mild anemia = 2
subjects, thrombocytopenia = 1 subject, epistaxis = 1 sub-
ject, and moderate urticaria = 1 subject). All AESIs in the
placebo period occurred prior to SAR443060 exposure.
Two patients in the ALS study reported AESIs: seborrheic
dermatitis (placebo treatment) and erythema (SAR443060
treatment). Both AESIs were of mild intensity, and only
the event of erythema was considered related to the IMP
by the investigator.

In the AD trial, the most common TEAEs observed in
subjects during treatment with SAR443060 and in greater
frequency than with placebo were confusion, headache,
and procedural pain, each reported in two (12.5%) sub-
jects. For the ALS trial, these were headache and rhinitis,
each reported in three (20.0%) patients. Both TEAEs of
confusion following SAR443060 administration in the AD
study occurred during inpatient stays and were assessed
by the investigator as not related to the study drug, but
likely a result from chronic AD.

In both the AD and ALS studies, other than the above
reported anemias and low platelet count, there were no
other clinically significant laboratory abnormalities,
changes in vital signs, 12-lead ECGs, physical and neuro-
logical examinations, or changes in the C-SSRS.

ALS open-label extension

During the ALS OLE part, one patient (12.5%) reported
a treatment emergent SAE (hospitalization due to pneu-
monia aspiration) and one patient reported a severe
TEAE (worsening of ALS), both not considered related to
SAR443060 by the investigator (Table S2). Four patients
(50.0%) reported five AESIs related to skin and subcuta-
neous tissue disorders (seborrheic dermatitis [2x], atopic
dermatitis, contact dermatitis and post-inflammatory pig-
mentation change) and one patient (12.5%) experienced
two AESIs: increased alanine and aspartate aminotrans-
ferase (ALT and AST). The increases in ALT and AST

ASCPT

were assessed to be related to riluzole based on a de- and
rechallenge with riluzole, and the skin and subcutaneous
tissue findings were not considered related to SAR443060
by the investigator after consultation with a dermatologist.

Pharmacokinetics
First-in-human study

Following administration of single doses of 100-400mg
SAR443060 SDN in the fasted state, SAR443060 concentra-
tions had a median T, after 2-4 h. Total exposure increased
dose-proportionally, whereas the increase of C,,,, was found
to be less than dose proportional (Figure 3a, Table 1). There
was a 7% decrease in geometric mean C,, and an increase
of 10% in geometric mean AUC, s after administration of
100mg SAR443060 SDN in fed versus fasted conditions.

A 200mg single dose of SAR443060 MDS had a median
T ax after 4 h, and there was a 125% increase in geometric
mean C,. and an increase in geometric mean AUC,;, of
13% in fed versus fasted conditions (Figure 3a). Geometric
mean values for ¢, , ranged from 9.7 to 11.4 h with no clear
dependence on dose, formulation or fed state (Table 1).

A comparison of the oral exposure of 200mg
SAR443060 MDS and SDN formulations indicated that
the C.,« of SAR443060 MDS was 61% (confidence in-
terval [CI] 47-78%) of the C,, for SDN. The geometric
mean AUC,;,; after 200mg SAR443060 MDS was 27%
higher than after 200 mg SDN with a range CIs outside the
80-125% bioequivalence interval (Figure 3a).

During the multiple-dose period, there was an accumu-
lation in AUC).,, of SAR443060 SDN, with an R,  ranging
from 2.19 after 100 mg to 1.45 after 400 mg SAR443060, with
steady-state being reached at or before day 4 (Figure 3c,
Figure S1C). On day 14 of the MAD dosing period, no evi-
dence of deviation from dose proportionality was found for
both C,,,, and AUC,_,,- Geometric mean CSF concentra-
tions of SAR443060 increased dose proportional (Table 1).

Excretion of SAR443060 in urine was very limited and
not dependent on dose, with mean fe ;. <0.1% for all doses.

Studies in patients with AD or ALS

After multiple dose administrations of 50 mg b.i.d. (end of
treatment day 29 of period 1 or 2), the mean SAR443060
plasma concentrations increased over time and peaked
at 1-1.5 h (T,,,,) and declined gradually over 24h post-
dose in a biphasic manner. For the total PK population,
the mean C,,, and AUC,, were 0.670 uM and 3.62pM h,
respectively, in the AD study and 0.638 pM and 3.12pMh
in the ALS study (Table 2). Mean t,,, was 19.0 h in the AD
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FIGURE 3 SAR443060 geometric
mean plasma concentration-time
profiles in healthy subjects. (a) After
administration of a single dose of the
SDN and MDS formulations in fasted
conditions and after a high-fat breakfast
on a semi-logarithmic scale. (b) Day 1
and day 14 overlay for administration of
twice-daily dosing (b.i.d.) on a semi-
logarithmic scale. (¢) Day 1 and day 14 full
PK plasma concentration-time profiles

and days 4, 7, and 11 predose (trough)
concentrations during administration of
twice-daily dosing (b.i.d.) on a semi-
logarithmic scale. Mean (+SD) PK plasma
concentration-time profiles on a linear

scale per cohort are available in Figure S1.
MDS, micronized drug substance; PK,
pharmacokinetic; SDN, spray-dried
nanosuspension.
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study and 14.2 h in the ALS study. The mean R, at steady-
state for C,,,, was 1.77 in the AD study and 1.11 in the ALS
study, whereas the mean R, for AUC was 2.25 and 1.48,
respectively (Table 2). SAR443060 displayed a mean CSF-

to-unbound plasma concentration ratio of 1.35 in the AD
study and 1.00 in the ALS study.

336 384

~e— 400 mg bid (N=5)

Pharmacodynamics - target engagement
First-in-human study

SAR443060 demonstrated >90% median peripheral
pRIPK1 inhibition in PBMCs at all dose levels tested. The
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increasing doses: >4 h following 100mg, >8 h following
200mg, and for ~24 h following a 400 mg single fasted dose

of SAR443060 SDN (Figure 4a). In the multiple dose co-
horts, median pRIPK1 inhibition was 79.9%, 93.7%, and

duration that inhibition remained >90% increased with

95.4% at 12h after the first dose on day 1 (trough concen-

tration) for doses of 100, 200, and 400mg, respectively.
Twelve hours after the last dose of SAR443060 on day 14,

median pRIPK1 inhibition was 90.4%, 96.3%, and 96.1%
following b.i.d. doses of 100, 200, and 400 mg, respectively

(Figure 4b).
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Studies in patients with AD or ALS

In the AD study, median (CI) percentage inhibition of
pRIPK1 in PBMCs compared to baseline at steady-state
dosing (day 29) was 93.98% (CI 95.4, 92.55, n = 15) at
2 h postdose (around T,,,,) and diminished over time to
81.83% (CI 85.62, 78.03, n = 15) at 12h postdose (trough;
Figure 5a). In the ALS study, this was 92.34% (CI 95.75,
68.11, n = 14) at 2 h postdose and diminished overtime to
65.92% (CI79.3,45.39,n = 14) at 12 h postdose (Figure 5b).

No statistically significant differences were seen with
the DCTclock for the AD study, or the ALSFRS-R clinical
rating scale for the ALS study.

DISCUSSION

The results from these randomized, placebo-controlled,
phase I and Ib clinical studies indicate that treatment
with the RIPK1-inhibitor SAR443060 for up to 28days

(a)

ASCPT

is well-tolerated with similar PK and target engagement
response across healthy subjects and patients with AD or
ALS. Although AESIs of dermatological findings, mild
anemia, and thrombocytopenia were observed during the
study, none were severe or considered related to the IMP.
All the hematological findings resolved spontaneously
without intervention. Although the OLE study in patients
with ALS did not identify any clear relevant safety con-
cerns, no robust conclusion regarding the long-term safety
of SAR443060 administration can be derived due to the
limited sample size and early termination of the OLE trial.

SAR443060 administration demonstrated a dose-
dependent effect on peripheral pRIPK1 inhibition in
PBMCs from healthy subjects and patients with AD and
patients with ALS. Administration of doses of 100-400 mg
b.i.d. in healthy subjects led to robust target engagement
>90% at steady-state trough for all dose levels tested.
However, due to dose-limiting toxicity findings in a paral-
lel GLP 3-month preclinical study, the dose level for the
AD and ALS patient studies was adjusted from 200 to

100+

50

-50 -
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50mg b.i.d. This 50 mg b.i.d. dose level resulted in periph-
eral inhibition of pRIPK1 in PBMCs compared to baseline
of 81.83% in the AD study and 65.92% in the ALS study,
at steady-state trough. We could not find any significant
changes in DCTclock for the AD study, or the ALSFRS-R
clinical rating scale for the ALS study, and the study was
not powered for the number and duration to allow detec-
tion of clinical change.

While it is not possible to measure pRIPK1-inhibition
directly at the target site (astrocytes and microglia) in
human subjects with neurodegenerative conditions, the
combination of CSF-distribution and robust peripheral
target engagement demonstrated in these studies with
SAR443060 offers an encouraging proof-of-mechanism
that therapeutic modulation of RIPK1 in the CNS may be
possible.*!

Although the long-term preclinical toxicities were not
observed in the short-duration SAR443060 clinical stud-
ies, SAR443060 development was discontinued due to
the potential risk of these findings from the nonclinical
studies. The dose-limiting toxicities observed preclin-
ically for SAR443060 have not been reported for other
RIPK1-inhibitors with dosing periods of up to 84 days,***
suggesting that these are compound specific and not
common to RIPK1-pathway inhibition. Recently, it was
announced that SAR443820 (DNL788), a CNS-penetrant
back-up compound for SAR443060, successfully com-
pleted FIH studies and a phase II study (HIMALAYA) in
patients with ALS is expected to commence in the first
quarter of 2022.%
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