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BRIEF REPORT

Pharmacokinetics and Pharmacodynamics of Cenerimod,
A Selective S1P,R Modulator, Are Not Affected by
Ethnicity in Healthy Asian and White Subjects

Pierre-Eric Juif'* ) | Jasper Dingemanse', Peter Winkle? and Mike Ufer'

Cenerimod is a sphingosine-1-phosphate 1 receptor (S1P,R) modulator in phase Il development for treatment of systemic
lupus erythematosus. Its pharmacokinetics (PKs), pharmacodynamics (PDs), as well as safety and tolerability were investi-
gated in white and Asian subjects to allow for recruitment of Asian patients in future studies. A randomized, double-blind,
placebo-controlled parallel-group study was performed in 20 healthy male subjects (n = 10 per ethnicity). A single, oral dose
of 4 mg cenerimod or placebo (ratio 8:2) was administered under fasted conditions. The PKs of cenerimod were similar in
white and Asian subjects indicated by geometric mean ratios (90% confidence interval) of 0.99 (0.80-1.21) for maximum
plasma concentration, 0.96 (0.75-1.24) for area under the plasma concentration-time curve from 0 to infinity, and 1.04
(0.86-1.25) for terminal half-life. Accordingly, the extent and time course of reduction in lymphocyte count (as PD biomarker)
were also similar in white and Asian subjects as compared with placebo. As observed for other SIPR modulators, a transient
mean (SD) heart rate reduction in white (15.1 (14.8) bpm) and Asian (11.8 (6.16) bpm) subjects was observed following admin-
istration of cenerimod. The drug was safe and well-tolerated indicated by occurrence of a single adverse event of chemical
conjunctivitis in a white subject that was not suspected as study drug related. In conclusion, the determined absence of any
relevant PK or PD differences supports using the same doses of cenerimod in white and Asian patients in upcoming late-

phase studies.
Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Cenerimod, a potent selective sphingosine-1-phos-
phate 1 receptor modulator, displaying unique signaling
properties, causes a dose-dependent reduction in lym-
phocyte count in peripheral blood in humans. It is charac-
terized by a slow elimination leading to built-in up-titration
and a CYP-independent metabolism.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study compared the pharmacokinetic (PK), phar-
macodynamic (PD), and safety of cenerimod between
white and Asian subjects.

Administration of sphingosine-1-phosphate 1 receptor
(51P,R) modulators triggers a sustained internalization of
this receptor and induces a long-lasting inhibition of the
egress of lymphocytes from lymphoid organs suggesting
efficacy in autoimmune disorders.’

Cenerimod is an orally available, potent, and selec-
tive modulator of the S1P,R under clinical development
as potential treatment for systemic lupus erythematosus
(SLE).2® The pharmacokinetics (PKs) of cenerimod have
been extensively characterized in healthy white subjects

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Similar PK and PD profiles were observed in white
and Asian subjects following single-dose adminis-
tration of cenerimod at the highest phase Il dose of
4 mg. Cenerimod was equally well-tolerated in both
ethnicities.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?

The same doses may be used in white and Asian pa-
tients with systemic lupus erythematosus in future effi-
cacy trials.

and revealed a time (T ,.) to maximum plasma concentra-
tion (C,,,,) of 5-6 hours, terminal half-life (t,) of 7-8 days
after single-dose administration, and dose-proportional
exposure.®* Absorption and elimination of cenerimod
are slower compared with other S1PR modulators.®
Cenerimod displays a cytochrome P450 (CYP) enzyme-in-
dependent metabolism and no major metabolites were
found in plasma. It is primarily excreted in feces with a
single major metabolite formed CYP-independently by re-
ductive cleavage.® In vitro data suggest that cenerimod
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is a substrate of a single transporter (BCRP) and is not a
perpetrator of any CYP or transporter.

Total lymphocyte count measurement is the generally
accepted pharmacodynamic (PD) biomarker for S1P,R
modulators, including cenerimod based on their mode of
action (i.e., inhibition of the egress of T-lymphocytes and
B-lymphocytes out of lymphoid organs and bone marrow,
respectively). In line with its mechanism of action, the PDs
of cenerimod revealed a dose-dependent lymphocyte count
reduction in healthy subjects.3’4'7 In addition, a proof-of-
concept study in patients with active SLE? was conducted.
Here, a similar exposure to cenerimod compared with
healthy subjects was measured, a dose-dependent reduc-
tion in total lymphocyte count, and clinical and biological
improvement was observed at once-daily doses of 2 and
4 mg. A second phase Il efficacy study is currently ongoing
(NCT03742037).

The so-called “built-in up-titration” of cenerimod related
to its long t,,, is expected to mitigate the well-known class
effect of transient decreases in heart rate (HR).® In addition,
it has been demonstrated that HR returns to baseline upon
repeated dosing of an S1P,R modulator®* due to desen-
sitization and tolerance development.8 In contrast to other
S1PR modulators (e.g., fingolimod, amiselimod, and sipon-
imod), cenerimod is more selective to S1P,R rendering the
cardiovascular system less prone to S1P,-mediated adverse
effects (e.g., bradycardia and atrioventricular block) and it
displays unique Ca?*-mediated S1P, signaling reducing
bronchoconstriction preclinically.9 Change in HR can serve
as a reliable safety biomarker because S1P,Rs are ex-
pressed on cardiomyocytes leading to decrease in HR after
treatment initiation. This decrease is transient and with re-
peated dosing, HR returns to baseline values.

In order to allow recruitment of Asian subjects in pivotal
registration trials, in the present study, the PK, PD, and
safety of cenerimod have been compared head-to-head be-
tween white and Asian subjects.

METHODS

Study design

The study was conducted at a single center in the United
States (Anaheim, CA) in accordance with the Declaration
of Helsinki and Good Clinical Practice. All participants pro-
vided written informed consent prior to any study-related
procedures. The protocol was provided to the US Food and
Drug Administration and approved by an independent re-
view board (Aspire IRB, Santee, CA).

All Asian subjects were of native Japanese descent de-
fined by (i) having parents and grandparents of Japanese
descent, (i) not being away from Japan > 10 years, and (jii)
maintaining a Japanese lifestyle (e.g., food habit).

This was a randomized, double-blind, placebo-controlled,
parallel-group study evaluating the PK, PD, and safety and
tolerability of cenerimod (NCT04052360).

Study population

Twenty healthy male white (n = 10) and Asian (n = 10) sub-
jects aged 18-65 years with body mass index of 18-28 kg/
m? were enrolled. These were matched based on age
(£ 10 years) and body weight (= 20%). Their healthy status
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was determined based on the absence of any active or
chronic disease, complete physical examination, vital signs,
12-lead echocardiogram (ECG), and clinical laboratory
data. At screening and on day —1, systolic/diastolic blood
pressure and HR had to be in the range of 100-145/50—-
90 mmHg and 55-90 bpm, respectively.

Study conduct

Subjects were screened within 21 days before dosing and
admitted to the clinic the day before dosing. On day 1,
a single oral dose of 4 mg cenerimod or placebo (ratio
8:2) was administered as a tablet formulation under fasted
conditions (i.e., last food intake at least 12 hours prior to
dosing). The 4 mg dose was selected because it is the
highest dose tested in the ongoing dose-finding phase
Il study.

Each subject remained at the study site until discharge
at least 48 hours after dosing followed by ambulatory vis-
its on days 6, 9, 12, 15, 18, 21, 28, 35, 42, and 49. The
end-of-study (EOS) visit was conducted between days 52
and 54 followed by a safety follow-up telephone call within
30-40 days after the EOS visit.

PK assessments

Blood samples of ~ 3 mL were collected in EDTA tubes pre-
doseand at 1, 2, 3, 4, 6, 8, 12, 24, and 48 hours postdose,
and once at each ambulatory visit. After centrifugation,
plasma was transferred into a polypropylene tube and
stored at —21°C (+ 5°C) pending analysis. Plasma concen-
trations of cenerimod were determined using a validated
liquid chromatography coupled to tandem mass spectrom-
etry assay with a lower limit of quantification of 0.1 ng/mL,
as described earlier.® The method was linear in the con-
centration range 0.1-100 ng/mL. Analysis of quality-control
samples of all runs showed that inter-batch coefficients
of variation (precision) were < 8.9%, whereas the average
intra-batch accuracy was in the range between -4.6 and
-1.2%.

Noncompartmental PK analyses were performed using
Professional WinNonlin 8.0 software (Pharsight, Mountain
View, CA). The variables C_ . and T were directly obtained
from the plasma concentration-time profiles. Area under the
plasma concentration-time curve from time point 0 to the
end of the dosing interval (AUC_,) was calculated using the
trapezoidal method.'® AUC from 0 to infinity (AUC,_) was
calculated by combining AUC, , and AUC_, .. AUC_,, . rep-
resents an extrapolated value obtained by C/A,, where C,
is the last plasma concentration measured above the lower
limit of quantification, and 7\Z is the elimination rate constant
determined by log-linear regression analysis. The t,, was
calculated as In 2/A,.

PK parameters were compared between both ethnic
groups based on geometric mean ratios (GMRs) and 90%
confidence intervals.

PD assessments

Lymphocyte counts were used as PD biomarker and re-
peatedly determined in peripheral blood as part of the
clinical hematology evaluation predose and postdose at 3,
6, 12, 24, 48, 144, 288, and 432 hours, and at the EOS visit.



Blood samples of 2.7 mL were collected into a K3-EDTA
polypropylene tube and analysis was performed using a
cell counter.

Safety and tolerability assessments

Safety and tolerability were evaluated based on adverse
event (AE), vital signs, 12-lead ECG (including HR), and clin-
ical laboratory data, as well as physical and neurological
examinations. ECG and vital sign assessments were done
predose and at 1, 2, 3, 4, 6, 8, 12, 24, and 48 hours post-
dose and at the EOS visit.

RESULTS

Disposition and demographics

All 20 enrolled subjects completed the study per protocol
(n =10 per ethnicity) and received a single oral dose of 4 mg
cenerimod or placebo. Demographic variables were overall
similar between white and Asian subjects based on mean
(SD) age (41.7 years (9.6) vs. 40.7 years (10.8)) and body
mass index (24.9 kg/m? (1.9) vs. 22.4 kg/m? (1.9)).

Pharmacokinetics
Plasma concentration vs. time profiles of cenerimod are de-
picted in Figure 1a and the PK parameters are presented
in Table 1.

Exposure to cenerimod was similar in white and Asian
subjects as indicated by GMRs (90% confidence interval)
of 0.99 (0.80-1.21) for C_,, and 0.96 (0.75-1.24) for AUC_..
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The absorption (i.e., T ,) and elimination (i.e., t,,) kinetics
were also similar in white and Asian subjects.

Pharmacodynamics

As depicted in Figure 1b, following single-dose adminis-
tration of 4 mg cenerimod, a similar time course of total
lymphocyte counts was observed in white and Asian sub-
jects. The maximum decrease in total lymphocyte count
was observed ~ 6 hours after cenerimod administration
in both ethnic groups. The mean (SD) maximum decrease
from baseline in total lymphocyte count was also similar in
white (-0.74-10° cells/L (0.13)) and Asian subjects (-0.80-10°
cells/L (0.18)). Corresponding data in placebo-treated sub-
jects were —0.40-10° cells/L (0.15) and -0.27-10° cells/L
(0.01), in white and Asian subjects, respectively.

Safety and tolerability

In the entire study, a single AE of chemical conjunctivitis
was reported in a white subject. This AE was of mild inten-
sity, occurred 6 days after cenerimod administration, and
was considered unrelated to the treatment.

After administration of cenerimod, a transient decrease
in HR was determined, which is a well-established class ef-
fect of S1PR modulators. As depicted in Figure 1c, the time
course and extent of HR reduction in white and Asian sub-
jects were comparable, as reflected by a maximum mean
(SD) change of -15.1 bpm (14.8) and -11.8 bpm (6.2) in
white and Japanese subjects, respectively. Maximum HR
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Figure 1 Pharmacokinetics, pharmacodynamics, and heart rate effect of cenerimod in white and Asian subjects. (a) Plasma
concentration profile of cenerimod vs. time over the duration of the study on semi-log scale (over 24 hours in inset). (b) Total ymphocyte
count profile vs. time in cenerimod-treated and placebo-treated subjects. (c) Heart rate profile vs. time in cenerimod-treated and

placebo-treated subjects.
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Table 1 Summary of pharmacokinetic variables of cenerimod administered at a single oral dose of 4 mg in white and Asian subjects (n = 8 per

ethnicity)

C nax: NG/ML AUC_,, hour-ng/mL AUC_, hour-ng/mL T,ax hour t,,,, hour
Asian, N = 82 20.1 (16.2-24.8) 3,216 (2,470-4,186) 3,422 (2,613-4,482) 6.00 (6.00-8.08) 299 (244-366)
White, N = 82 20.4 (17.0-24.4) 3,357 (2,720-4,143) 3,548 (2,910-4,327) 8.00 (6.00-8.05) 288 (250-332)
Ratio of geometric means (90% Cl) 0.99 (0.80-1.21) 0.96 (0.75-1.23) 0.96 (0.75-1.24) 1.04 (0.86-1.25)

Asian/white®
Median (range) Asian/white®

-1.00 (~2.00-0.00)

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

the last measured concentration above the limit of quantification; Cl, confidence interval; C

time to reach maximum plasma concentration.
#Data are presented as geometric mean (95% Cl) except for T

max*

maximum plasma concentration; t, ,, terminal half-life; T

max’ max’

: median (range).

PData are presented as geometric mean ratios (90% Cl) except for T__ : median (range).

reduction occurred ~ 4 hours after cenerimod administration
in both ethnic groups. After placebo administration, there
were no relevant decreases in HR.

There were no clinically relevant ECG abnormalities.
Other safety parameters were also comparable between
treatments (i.e., cenerimod vs. placebo) and ethnic groups
(i.e., white vs. Asian subjects).

DISCUSSION

The PKs and PDs of S1PR modulators, such as fingoli-
mod," siponimod,'? ponesimod,” and ozanimod," have
been investigated in different ethnicities. Each of these
S1PR modulators is generally CYP-dependently metabo-
lized (e.g., CYP2C9 for siponimod, CYP4F2 for fingolimod,
CYP3A4 and CYP2C8 for ozanimod, and unknown en-
zymes for ponesimod).® Although these enzymes show
large interindividual variability in terms of activity and ex-
pression in different ethnic groups mainly driven by genetic
differences,'®'® the PKs and PDs of these drugs were not
affected by ethnicity to a clinically meaningful extent after
single-dose administration. Therefore, the same dose was
generally recommended in both ethnic groups.

By contrast to the approved S1PR modulators, cener-
imod is eliminated CYP independently.® Accordingly, the
PKs of cenerimod were not affected by ethnicity in the
present study, indicated by GMRs close to 1.0 for C_,,,
AUCs, and t,,,, as well as a similar T, range (Table 1).
Moreover, exposure parameters of cenerimod including
Chax @nd AUC were comparable to previous studies in-

dicating study validity.>*® Although absorption T, was
also comparable to previous studies, elimination t,, was
slightly longer (~ 12 vs. 7-9 days).® This may be related to
a longer PK sampling duration in the present study (49 vs.
28 days), which allowed to more accurately capture the
terminal elimination phase.

In terms of PDs, lymphocyte counts at baseline were
similar in both ethnic groups. A single oral dose of 4 mg cen-
erimod led to a similar decrease from baseline of 0.7-0.8-10°
cells/L in white and Japanese subjects corresponding to a
reduction from baseline by ~ 40-50% (Figure 1b). This ex-
tent of lymphocyte count reduction is in line with earlier data
obtained in healthy white subjects (35 and 61% following a
single oral dose of 3 and 10 mg, respectively).3 These data
suggest that the similar PKs in white and Asian subjects also
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translated into similar PD effects in both ethnic groups in
accordance with the well-established PK/PD relationship of
cenerimod.’

In terms of safety and tolerability, there was only a single
AE unrelated to treatment reported, indicating that cen-
erimod was safe and equally well-tolerated in both ethnic
groups.

In addition, a similar extent of HR decrease was observed
in white and Asian subjects in this study. As previously de-
scribed,® first-dose administration of an S1P,R modulator
leads to a transient and reversible decrease in HR. The ex-
tent of decrease in this study is comparable to historical
data (i.e., —12 bpm after the first dose of cenerimod 4 mg).3

Although the single-dose approach may be perceived
as a study limitation, previous ethnic sensitivity studies
with S1PR modulators have also used this approach.’'"
The similar PK, PD, and safety data in white and Japanese
subjects warrant further investigations in patients. Long-
term data will be collected in large phase II/Ill trials with the
support of a PK/PD modeling approach. From a PK per-
spective, the reported dose-proportional PK of cenerimod
allows for extrapolation to a multiple-dose regimen,® which
is further supported by absorption not being rate limiting
for the PKs of cenerimod and by enzyme-independent
metabolism. From a safety perspective, data collected
in healthy subjects and patients with SLE showed that
cenerimod is well-tolerated after single and multiple admin-
istration at doses of 0.5-4 mg. The first-dose HR effect in
healthy white and Japanese subjects as well as in patients
with SLE was comparable. The dose of 4 mg investigated
here is the maximum dose investigated in phase Il stud-
ies? (NCT03742037) and it is not expected that tolerability
worsens upon repeated dosing in Asian patients.

In conclusion, the PK, PD, and safety of cenerimod were
similar in white and Asian subjects and hence no dose ad-
justment in Asian subjects is deemed necessary.
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