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Aims: SAR247799 is a selective G-protein-biased sphingosine-1 phosphate receptor-1

(S1P1) agonist with potential to restore endothelial function in vascular pathologies.

SAR247799, a first-in-class molecule differentiated from previous S1P1-desensitizing

molecules developed for multiple sclerosis, can activate S1P1 without desensitization

and consequent lymphopenia. The aim was to characterize SAR247799 for its safety,

tolerability, pharmacokinetics and pharmacodynamics (activation and desensitization).

Methods: SAR247799 was administered orally to healthy subjects in a double-blind,

randomized, placebo-controlled study with single (2.5–37.5 mg) or 2-week once-daily

(0.5–15 mg) doses. An open-label single dose pilot food-interaction arm with 10 mg

SAR247799 in cross-over design was also performed.

Results: SAR247799 was well tolerated and, at the higher end of the dose ranges,

caused the expected dose-dependent pharmacodynamics associated with S1P1

activation (heart rate reduction) and S1P1 desensitization (lymphocyte count

reduction). SAR247799 demonstrated dose-proportional increases in exposure and

was eliminated with an apparent terminal half-life of 31.2–33.1 hours. Food had a

small effect on the pharmacokinetics of SAR247799. SAR247799 had a low volume

of distribution (7–23 L), indicating a potential to achieve dose separation for

endothelial vs cardiac S1P1 activation pharmacology. A supratherapeutic dose (10 mg)

of SAR247799 produced sustained heart rate reduction over 14 days, demonstrating
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cardiac S1P1 activation without tachyphylaxis. Sub-lymphocyte-reducing doses

(≤5 mg) of SAR247799, which, based on preclinical data, are projected to activate

S1P1 and exhibit endothelial-protective properties, had minimal-to-no heart rate

reduction and displayed no marked safety findings.

Conclusion: SAR247799 is suitable for exploring the biological role of endothelial

S1P1 activation without causing receptor desensitization.
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1 | INTRODUCTION

Endothelial dysfunction is a hallmark of many vascular diseases.1

Activation of sphingosine-1 phosphate receptor-1 (S1P1) has been

implicated in preserving endothelial barrier structure and function.2

SAR247799 is an oral, selective, S1P1 agonist with a mechanism of

action making it a potential drug candidate for diseases associated

with endothelial dysfunction including coronary and peripheral artery

disease, diabetic complications (e.g. retinopathy, nephropathy, foot

ulcers), heart failure, microvascular angina, myocardial infarction, stroke,

sickle cell disease, vascular dementia, chronic rheumatic disorders (e.g.

Raynaud's, lupus), acute lung injury, acute kidney injury, and vascular

leak/septic shock associated with severe viral infectious diseases.

S1P1 is a G-protein-coupled receptor that can be activated

by classical G-protein coupling and by β-arrestin activation; the

former associated with endothelial-protective effects and the latter

contributing to receptor desensitization. S1P1 desensitization

prevents lymphocyte egress from lymphoid organs causing peripheral

blood lymphocyte reduction,3,4 and this has been capitalized in the

approval of 3 S1P1-desensitizing drugs for the treatment of multiple

sclerosis; fingolimod (a nonselective S1P receptor modulator)5 and

more recently, siponimod and ozanimod (selective S1P1/5 modulators).6,7

Several other S1P1-desensitizing molecules are in clinical development,

the most advanced of which is ponesimod.8 All of these molecules were

designed to desensitize S1P1 and cause peripheral blood lymphocyte

reduction for therapeutic benefit in multiple sclerosis and other

autoimmune diseases, including inflammatory bowel disease, psoriasis

and lupus where clinical effects have been shown.9–11 At therapeutic

and supra-therapeutic doses, S1P1-desensitizing agents have shown

side-effects in patients consistent with endothelial damage including

macular oedema, lung dysfunction, renal dysfunction and impaired

flow-mediated dilation.5–7,12–17 These clinical findings, together with

a breadth of preclinical data, implicate S1P1 as a key regulator of

endothelial homeostasis.18–20 In contrast, SAR247799 is a G-protein-

biased S1P1 agonist, capable of activating G-protein pathways (e.g.

inhibition of cyclic adenosine mono-phosphate) more potently than

β-arrestin recruitment and receptor internalization,21 and to our

knowledge is the first molecule of its class to be evaluated in humans.

SAR247799 is >100-fold selective on S1P1 vs S1P2–5.
21 The preclinical

profile of SAR247799 demonstrates bi-phasic pharmacology; it activates

endothelial S1P1 (increasing cellular impedance and phosphorylation of

extracellular-regulated kinase-1/2, protein kinase-B and endothelial

nitric oxide synthase) at low concentrations, and S1P1 desensitization at

higher concentrations.21 Consequently, SAR247799 provides endothe-

lial-protective properties in rat and pig models of ischaemia/reperfusion-

induced renal and coronary injury, respectively, at doses that are

devoid of lymphocyte-reducing properties.21 At supra-endothelial-

protective doses, SAR247799 causes dose-dependent lymphocyte

reduction in preclinical models similar to fingolimod and siponimod.21

The pharmacodynamic (PD) characterization of SAR247799 on

lymphocytes is therefore useful to identify suitable (sub-lymphocyte-

reducing) doses for evaluation in patients with endothelial dysfunction.

S1P1 on atrial myocytes activates an inwardly rectifying Gαi-

protein-regulated potassium channel,22 causing hyperpolarization

What is already known about this subject

• The multiple sclerosis drugs fingolimod and siponimod

cause sphinogosine-1 phosphate receptor-1 (S1P1) desensi-

tization and consequent lymphopenia.

• Cardiac S1P1 activation causes heart rate reduction; an

effect that can be rapidly desensitized.

• Preclinically, SAR247799 activates S1P1 without desensi-

tization and its endothelial-protective profile suggests

potential as a new treatment for vascular diseases.

What this study adds

• Fourteen-day treatment with 10 mg SAR247799 activated

cardiac S1P1 without tachyphylaxis.

• SAR247799 had a low volume of distribution suitable for

separating endothelial vs cardiac S1P1-activating doses.

• Sub-lymphocyte-reducing doses of SAR247799 had

minimal-to-no heart-rate-reducing effect and, in accordance

with animal studies, are suitable to explore the biological

role in endothelial function.
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similar to vagal stimulation, resulting in heart rate reduction and PR

interval prolongation. This translates into higher rates of symptomatic

bradycardia and atrioventricular block in susceptible patients treated

with fingolimod and other S1P1 modulators.8 The heart rate effects of

previous S1P1 modulators are transient, and rapidly diminished once

receptor desensitization is established.23–25 Although both heart rate

reduction and endothelial protection are associated with S1P1

activation, SAR247799 did not reduce heart rate in animals over the

dose-range that was endothelial protective. SAR247799 is an acidic

molecule displaying a low volume of distribution in rats and pigs

(0.2–0.5 L/kg),21 suggesting that endothelial-protective effects

could be produced in humans at doses that have minimal-to-no effect

on heart rate.

The safety and tolerability of various S1P1 modulators has been

evaluated in humans. However, since all of these molecules were

designed to desensitize S1P1 and cause lymphopenia, the safety and

tolerability associated with specific S1P1 activation in the absence of

marked S1P1 desensitization is currently unknown.

The current study was conducted to evaluate the effects of

single and 2-week repeated administration of SAR247799 over a

broad dose range vs placebo on lymphocyte count and heart rate in

healthy subjects. The objective was to define the doses of SAR247799

that provide minimal-to-no lymphocyte reduction, as these are

expected to be endothelial-protective based on preclinical projections,

and to characterize the safety, tolerability and pharmacokinetics

(PK) over this dose range.

2 | METHODS

2.1 | Study design

This randomized first-in-human single centre study was approved

by an independent ethics committee (State Office of Health and

Social Affairs Ethics Committee of Berlin, Germany) and was

conducted by Parexel International GmbH (Berlin, Germany) in

accordance with the clinical trial protocol and with ethical principles

that have their origin in the Declaration of Helsinki. All subjects

provided written informed consent before participating. The study

dosing scheme is summarized in Figure 1.

The first part of the study was designed to assess the safety,

tolerability, PK and PD following oral single ascending doses (SAD) in

fasted conditions, and to investigate the pilot food interaction at a

single dose. Five dose groups of SAR247799 (2.5, 5, 12.5, 25 and

37.5 mg) were assessed in sequential ascending order (8 subjects

per cohort; 6 on SAR247799 and 2 on placebo) in a randomized,

double-blind, placebo-controlled design. The food interaction part

was performed with 10 mg SAR247799 and with 6 subjects as an

open-label, randomized, 2-treatment, 2 period (fasted and fed),

cross-over design (with at least 7 days between periods). Subjects in

the single-dose studies were evaluated for 5 days (day −1 to day

3, including an ambulatory visit on day 4), except for the 2 highest

doses for which an additional PK sample was collected at the end of

study (EOS) visit on day 7.

Following review of preliminary blinded safety and PK data up

to day 7 from the SAD part, the multiple ascending dose (MAD)

part of the study was initiated as a randomized, double-blind,

placebo-controlled design, ensuring that daily doses and exposure in

the MAD part did not exceed those of the SAD part. Subjects

received oral doses of SAR247799 (in the following order 2.5, 5, 10,

1, 0.5 and 15 mg) or matching placebo in fasted conditions in the

morning for 14 days (12 subjects per cohort; 9 on SAR247799 and

3 on placebo). EOS visit was on day 21.

Randomization occurred in the morning before study drug or

matching placebo capsules were administered. After the screening

period, subjects checked into the clinic on day −2 for baseline

assessments prior to dosing (at approximately 09.00) on day 1 (SAD

part) or days 1 to 14 (MAD part). In each cohort of the SAD and

MAD, 2 sentinel subjects were dosed before the rest of the cohort,

which according to the randomization block would result in at least

1 receiving active drug. There was at least 1 day separation between

the 2 sentinel subjects, and between the second sentinel subject and

the other subjects of the cohort.

2.2 | Subjects

Healthy male subjects (SAD part) and healthy male or female subjects

of non-child-bearing potential (MAD part) were eligible. Further

eligibility criteria included age of 18–60 years, body weight

50–100 kg for males and 40–90 kg for females, body mass index

18–29.9 kg/m2, and vital signs after 10 minutes rest in supine position

in the following ranges: systolic blood pressure 100–140 mmHg,

diastolic blood pressure 50–90 mmHg, heart rate 50–100 beats/min.

F IGURE 1 Study dosing scheme. Each cohort in the single
ascending dose (SAD) part was composed of 6 subjects on
SAR247799 and 2 subjects on placebo. The fed part had 6 subjects in
a cross-over design for the fed and fasted arms. Each cohort in the
multiple-dosing part had 9 subjects on SAR247799 (except n = 10 for
the 2.5 mg dose) and 3 subjects on placebo. Each cohort had a 7 day
follow-up period
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In addition, clinical laboratory evaluations, electrocardiography (ECG)

recordings, pulmonary function tests (spirometry) and physical and

ophthalmological examinations were to be normal or without any

clinically relevant finding. Key exclusion criteria included current

infection or relevant disease as judged by the investigator, use of any

medication within 2 weeks of inclusion and significant abnormalities

during 24-hour Holter screening.

2.3 | Assessments

Absolute lymphocyte count was measured using a standard white

blood cell (WBC) counter with differential count capability. Baseline

was defined as the day −1 (predose) value in SAD and MAD parts,

and as the day −1 value for each period of the food-effect part. In

the SAD part absolute lymphocyte counts were determined at

baseline and at 1, 2, 4, 6.5, 12, 24, 36, 48 and 72 hours, and EOS.

In the MAD part, absolute lymphocyte count was determined at

baseline, from day 2 to day 13, and on days 1 and 14 (1, 2, 4, 5,

6.5, 8, 12 and 24 h).

ECG parameters (heart rate, PR, QRS and QTc intervals) were

measured using Cardiosoft (GE Medical Systems, Freiburg, Germany).

Parameters were assessed at baseline (at day −1 or predose) and

then at day 1 (SAD and MAD), from day 2 to day 13 (MAD), and

day 14 (MAD) at the following time-points: 0.5, 1, 2, 3, 4, 5, 6.5,

12 and 24 h. Additional time-points in the SAD included

36, 48 and 72 hours and EOS.

Other safety assessments were performed throughout the

study period: adverse events (AE) recording, physical examinations,

vital signs, safety laboratory tests (haematology, biochemistry,

urinalysis), continuous ECG telemetry, ECG Holters, pulmonary

function tests, and ophthalmological examinations. AEs of special

interest (AESIs) included grade-2 lymphopenia, AV conduction

disorder, bradycardia, dyspnoea and any persistent visual abnormality,

and were based on the safety profile of fingolimod and more

selective S1P1 modulators in development and/or the preclinical

profile of SAR247799.

2.4 | PK

SAR247799 concentrations were measured from plasma and urine

from predose to 72 hours post-dose (SAD) and from predose to

120 hours postdose at Day 14 (MAD). SAR247799 in plasma

samples were determined using a validated liquid chromatography

tandem mass spectrometry method with a lower limit of

quantification of 5 ng/mL. SAR247799 concentrations in urine were

determined using a nonvalidated liquid chromatography with

tandem mass spectrometry, derived from the plasma method, with

an lower limit of quantification of 5 ng/mL. The analytical method

had an accuracy of −4.5 to 4.0% for within-run and −4.0 to 2.8%

for between-run, and the precision was 0.6 to 6.0% for within-run

and 1.8 to 3.1% for between-run. The following PK parameters

were calculated from plasma and urine concentrations using

noncompartmental methods. For SAD and MAD: maximum plasma

concentration observed (Cmax), time to reach Cmax (tmax), area under

the plasma concentration vs time curve calculated using the

trapezoidal method over 24 hours (AUC0–24), terminal half-life

associated with the terminal slope (t1/2Z), apparent total body

clearance (CL/F) and apparent volume of distribution (VZ/F). For

MAD: time corresponding to the last concentration above the limit

of quantification (tlast), apparent volume of distribution at the

steady state (Vss/F), accumulation ratio (Rac[Cmax, AUC0–24]), trough

concentration on day 14 (C24h), peak-to-trough ratio on day

14 and time to steady state (defined as time in days at which 90%

of the estimated subject-specific steady-state trough concentration

was reached).

2.5 | Sample size considerations

As the main objective was to assess the overall safety of SAR247799,

no formal sample size was provided, but it was based on empirical

considerations.

2.6 | Statistics

The safety analyses were conducted on the safety population and

were based on the review of descriptive statistics (summary tables)

and individual data for AEs, clinical laboratory, white blood cell

count including lymphocyte count, vital signs, ECG parameters,

pulmonary function tests including spirometry, and ophthalmological

evaluations (including visual acuity Snellen score). AEs were coded

using Medical Dictionary for Regulatory Activities (MedRA), and

treatment-emergent AEs (TEAEs) were summarized (counts and

percentage) by primary system-organ class (SOC) and preferred

term (PT) for each treatment group. Subjects presenting TEAEs

were also listed by treatment group, primary SOC and PT, and AE

diagnosis. Potential clinically significant abnormalities (version

dated 24 May 2014) for clinical safety laboratory parameters, vital

sign, and ECG data and out-of-normal range values for clinical

safety laboratory data were flagged, listed, and summarized in

frequency tables by treatment group. For ECGs, vital signs,

safety laboratory parameters, pulmonary function parameters, and

ophthalmological parameters raw data and changes from baseline

were summarized as descriptive statistics, and summary plots were

provided for relevant parameters.

2.7 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked

to corresponding entries in http://www.guidetopharmacology.org,

the common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY.
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3 | RESULTS

3.1 | Study population

Overall, 91 healthy subjects were exposed to SAR247799 and 28 to

placebo, representing the safety population.

In the SAD part, 30 subjects were exposed to single SAR247799

doses of 2.5, 5, 12.5, 25 or 37.5 mg (6 subjects per dose). 6 subjects

were administered 10 mg SAR247799 in the cross-over food

interaction arm.

In the MAD part, 55 subjects were exposed to daily doses of 0.5

(n = 9), 1 (n = 9), 2.5 (n = 10), 5 (n = 9), 10 (n = 9) and 15 mg (n = 9).

Subjects randomized into the first 5 cohorts of the MAD part received

all of their assigned multiple doses of SAR247799 or placebo for

14 days, with the exception of 2 subjects at 2.5 mg SAR247799 who

withdrew treatment prematurely, 1 for personal reasons (subject was

replaced) and 1 due to occurrence of aTEAE (second degree AV block

Mobitz 1). In cohort 6 (15 mg SAR247799), 10 out of 12 subjects did

not complete the study: 2 subjects, both receiving SAR247799, were

withdrawn due to a TEAE (1 for a serious AE [SAE]) of obstructive

pancreatitis for which the blind was broken, and 1 for nonserious

asymptomatic sinus bradycardia) and 8 subjects (6 receiving

SAR247799 and 2 placebo) after it was decided to stop cohort 6 due

to the SAE reported on active treatment.

3.2 | PK

Table 1 shows the PK parameters of SAR247799 on day 1 and day

14 (see also supplementary Figure S1 & S2 for graphical representation).

Median tmax on day 1 was between 2.5 and 5 hours in the single and

repeated-dosing parts of the study. The apparent volume of distribution

(Vz/F) ranged from 17.2 to 22.9 L following single dosing and the

apparent volume of distribution at steady state (Vss/F) ranged from

7.56 to 10.5 L following repeated dosing. Mean estimates of terminal

half-life were 31.2 and 33.1 hours in the SAD and MAD parts,

respectively. The median estimate for time to steady state was 7.05 days

(90% confidence interval [CI] 6.09–7.68) following repeated dosing.

The accumulation ratio (day 14/day 1) was 2.12 for Cmax and 2.37 for

AUC. The peak-to-trough concentration ratio on day 14 was <2. All of

the aforementioned parameters showed no apparent dose relationship.

Following single dose administration of SAR247799, Cmax and

AUC increased with dose, consistent with dose-proportionality.

Similarly, at steady state on day 14, SAR247799 exposure parameters

(Cmax, AUC and C24h) also increased in a dose-dependent manner.

After administration of 10 mg SAR247799 under fed conditions,

Cmax was decreased by 36% (estimate 0.64; 90%CI 0.53–0.77)

compared to fasted conditions, and was associated with a 2-hour

delay in median tmax (5 vs 3 h). AUC was decreased by 18% (estimate

0.82; 90%CI 0.57–1.18).

No metabolites of SAR247799 were detected in plasma following

14-day repeated administration of 1, 5 and 10 mg. As biliary excretion

of unchanged drug was the main route of elimination (from preclinical

studies), metabolites were not measured in urine, and about 1% of

unchanged compound was found in urine.

3.3 | Lymphocyte count

In single-dose studies (Figure 2A), there was an increase in peripheral

blood lymphocytes compared to placebo at the 2.5 mg dose (29%

increase between 4 and 12 h). There was no clear change vs placebo

at 5 or 12.5 mg. At the higher doses of 25 and 37.5 mg, lymphocytes

decreased in a dose-dependent manner with mean reductions of

24 and 44% vs placebo at 6.5 hours, respectively. Maximum changes

in lymphocyte counts occurred at about 6.5 hours and returned to

baseline values by 24 hours at all doses (Figures 2A, 4A). Baseline

lymphocyte counts were comparable across groups, but slightly

lower baseline values noted in the 2.5 mg group (Table S1) may have

contributed to the increases seen at this dose. Based on the increase

in lymphocytes observed at 2.5 mg, lower doses were selected for

multiple dose studies.

In multiple-dose studies (Figures 2B,C, 4B), compared to placebo

there were slight increases (up to 14%) at 0.5 and 1 mg, no change at

2.5 mg and dose-related decrease from 5 to 15 mg. The decreases on

day 14 at 5 and 10 mg reached 10 and 25%, respectively (mean

difference vs placebo between 2 and 12 h; Figures 2C, 4B). (Note that

only 1 subject completed day 14 at the 15 mg dose.)

Lymphocyte changes at 6.5-hour post-treatment showed a dose-

and concentration (Cmax)-effect relationship (Figure 4A–C).

3.4 | Heart rate

Heart rate changes from baseline following single and repeated dose

administration of SAR247799 or placebo are shown in Figure 3. An

expected circadian effect on heart rate is illustrated in the various

placebo-treated groups (Figure 3A–C).

On day 1 of the SAD and MAD parts (Figure 3A, 3B), there was

a dose-dependent decrease in heart rate compared to placebo.

The greatest reduction in heart rate at each dose occurred at

approximately tmax (2–4 h postdose). Consequently, heart rate

changes at 4 hours were re-plotted by correcting for the circadian

effect using the respective placebo time point (Figure 4D–F). At single

doses of 5 mg or less, mean heart rate reductions were <5 beats/min,

compared to placebo (Figure 4D,E). At higher single doses,

mean reductions at 4 hours on day 1 were 8–11 beats/min compared

to placebo (10, 12.5, 25 and 37.5 mg in SAD and 10 mg in MAD),

with an apparent plateau of 11 beats/min mean reduction (Figure 3A,

B; Figure 4D–F).

At doses up to 5 mg, day-14 heart rate reductions compared to

placebo were similarly <5 beats/min (Figure 3C, Figure 4E) and alongside

the �2-fold increase in compound exposure over 14 days, mean

heart rate reductions on day 14 were higher than the corresponding

reductions on day 1 (Figure 4E). At 10 mg SAR247799, the mean

decrease at 4 hour compared to placebo was 11 beats/min on day 14;
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F IGURE 2 Lymphocyte changes vs baseline
following single and 14-day oral administration of
SAR247799 to healthy subjects. A, Day 1 of single
ascending dose (n = 6 per dose, 10 placebo). B,
Day 1 of multiple-dosing study (n = 9 at 0.5 mg
and 1 mg, n = 10 at 2.5 mg, n = 9 at 5 mg, 10 mg
and 15 mg, and n = 18 on placebo). C, Day 14 of
multiple-dosing study (n = 9 at 0.5 mg and 1 mg,
n = 10 at 2.5 mg, n = 9 at 5 mg and 10 mg, n = 1 at
15 mg, and n = 16 on placebo). Arithmetic mean
and standard deviation
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F IGURE 3 Heart rate changes vs baseline
following single and 14-day oral administration of
SAR247799 to healthy subjects. A, Day 1 of
single-ascending dose (n = 6 per dose,
10 placebo. B, Day 1 of multiple-dosing study
(n = 9 at 0.5 mg and 1 mg, n = 10 at 2.5 mg,
n = 9 at 5, 10 and 15 mg, and n = 18 on
placebo). C, Day 14 of multiple-dosing study
(n = 9 at 0.5 and 1 mg, n = 10 at 2.5 mg, n = 9 at
5 and 10 mg, n = 1 at 15 mg, and n = 16 on
placebo). Arithmetic mean and standard deviation.
Baseline was defined as the average of replicate
values at day 1 predose assessments
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an effect similar to that observed on day 1 (also −11 beats/min;

Figure 4E). Cmax on day 14 with 10 mg (1600 + 447 ng/mL) approached

Cmax on day 1 with 25 mg (1770 + 181 ng/mL; Table 1), and both of

these doses/time-points produced heart rate reductions close to the

plateau seen in the study (−11 beats/min; Figure 3A–C). Consequently,

doses of SAR247799 up to 10 mg can sustain the heart rate reduction

over 14 days without evidence for tachyphylaxis.

Heart rate changes at 4 hours post-treatment showed a dose-

and concentration (Cmax)-effect relationship (Figure 4E-F).

No symptomatic bradycardia was reported in any subject.

F IGURE 4 Changes from baseline in lymphocytes at 6.5 hours and heart rate at 4 hours, corrected for mean of time-matched placebo.
Lymphocyte and heart rate changes in single-dose A, D, or 14-day repeated-dose studies B, E, with mean and standard deviation. Scatter plots for
change of lymphocytes C, and heart rate F, for all subjects on day 1 of single ascending dose and multiple ascending dose parts, with linear
regression lines as shown. Single doses had 6 subjects (10-mg dose included from fasted arm of food interaction part). Multiple doses had
9 subjects at each time-point, except for 2.5 mg (n = 10 at days 1 and 14) and 15 mg (n = 1 at day 14). Placebo correction was vs the mean heart
rate change at 4 hours, or lymphocyte change at 6.5 hours, in placebo subjects; n = 10 (single doses), n = 18 (day 1 of multiple-dose study) or
n = 16 (day 14 of multiple-dose study)
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3.5 | PR interval

There were no clinically significant PR interval abnormalities on ECG.

An increase of PR interval of 41 ms from baseline was reported in

1 subject at the 37.5 mg dose (SAD part), 3 hours post dose.

However, all PR values in this subject remained within the normal

range (and were between 125–172 ms).

No evidence of QRS interval modification or clinically-relevant

change from baseline in QTcF interval was observed. In particular, no

subject reported QTcF >450 ms, or an increase from baseline >60 ms.

3.6 | Other safety and tolerability assessments

SAR247799 at single doses (2.5–37.5 mg) and once daily doses for

14 days (0.5–15 mg) was well tolerated. There were no deaths or

dose-limiting toxicities in the study. The number of subjects reporting

AEs and the total number of AEs were similar across all treatment

groups including placebo (Tables 2 and 3).

In the SAD part there were no SAEs. All AEs were of mild

to moderate intensity, with no evidence of any dose-dependent

safety signals.

In the MAD part, 1 SAE of obstructive pancreatitis was reported

on day 7 in a subject in the 15-mg dose, probably due to spontaneous

passage of a gallstone and not treatment related. The subject

recovered without any sequelae on day 32. Six nonserious AESIs were

reported, of which 2 led to permanent treatment discontinuation:

1 event of 2second degree AV block Mobitz 1 after 2.5 mg

SAR247799 (considered not clinically-significant) and 1 event of

nocturnal sinus bradycardia after 15 mg SAR2477999 (considered

related to study treatment). Four AESIs of lymphopenia CTCAE Grade

TABLE 2 Number of subjects withTEAE(s) by primary SOC and PT in single-dose studies

Primary SOC PT [n]

Single-ascending dose part Fed part

Placebo
SAR247799

(N = 10)
2.5 mg (N
= 6)

5 mg (N
= 6)

12.5 mg
(N = 6)

25 mg (N
= 6)

37.5 mg
(N = 6)

Fasted 10 mg
(N = 6)

Fed 10 mg
(N = 6)

Any class 3 2 1 0 2 0 2 0

Infections and infestations 0 2 0 0 0 0 0 0

Nasopharyngitis 0 1 0 0 0 0 0 0

Rhinitis 0 1 0 0 0 0 0 0

Nervous system disorders 1 0 1 0 0 0 0 0

Headache 1 0 1 0 0 0 0 0

Cardiac disorders 0 0 0 0 1 0 0 0

Ventricular extrasystoles 0 0 0 0 1 0 0 0

General disorders and

administration site conditions

0 0 0 0 0 0 1 0

Medical device site dermatitis 0 0 0 0 0 0 1 0

Respiratory, thoracic and

mediastinal disorders

2 0 1 0 1 0 0 0

Cough 0 0 0 0 1 0 0 0

Hiccups 1 0 0 0 0 0 0 0

Nasal congestion 1 0 0 0 0 0 0 0

Oropharyngeal pain 0 0 1 0 0 0 0 0

Gastrointestinal disorders 1 1 0 0 0 0 1 0

Abdominal pain upper 1 0 0 0 0 0 0 0

Diarrhoea 1 0 0 0 0 0 1 0

Dry mouth 0 1 0 0 0 0 0 0

Injury, poisoning and procedural

complications

0 1 0 0 0 0 0 0

Fall 0 1 0 0 0 0 0 0

Hand fracture 0 1 0 0 0 0 0 0

TEAE: treatment-emergent adverse event, SOC: system organ class, PT: preferred term MedDRA 19.1

N = number of subjects treated within each group; n = number of subjects with at least 1 TEAE in each category

Table sorted by SOC internationally agreed order and decreasing frequency of PT in SAR247799 37.5 mg group.

An adverse event is considered as treatment emergent if it occurred from the time of the first investigational medicinal product administration up to the

end of study visit (included).
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TABLE 3 Number of subjects withTEAE(s) by primary SOC and PT in14-day studies

Primary SOC PT [n]

Placebo
SAR247799

(N = 18)
0.5 mg
(N = 9)

1 mg
(N = 9)

2.5 mg
(N = 10)

5 mg
(N = 9)

10 mg
(N = 9)

15 mg
(N = 9)

Any class 11 4 6 5 9 6 7

Infections and infestations 3 0 1 1 1 0 0

Nasopharyngitis 3 0 1 1 1 0 0

Psychiatric disorders 0 0 0 0 0 1 0

Restlessness 0 0 0 0 0 1 0

Nervous system disorders 3 2 0 2 2 1 2

Head discomfort 1 1 0 0 0 0 1

Headache 1 1 0 1 2 1 1

Dizziness postural 1 0 0 0 0 0 0

Paraesthesia 0 0 0 1 0 0 0

Eye disorders 1 0 0 0 1 0 0

Accommodation disorder 0 0 0 0 1 0 0

Eye pruritus 1 0 0 0 0 0 0

Cardiac disorders 1 0 0 1 0 1 1

Sinus bradycardia 0 0 0 0 0 0 1

Atrioventricular block second degree 0 0 0 1 0 0 0

Palpitations 1 0 0 0 0 0 0

Ventricular extrasystoles 0 0 0 0 0 1 0

General disorders and administration site conditions 8 4 5 1 8 6 5

Medical device site dermatitis 8 4 5 1 8 6 4

Catheter site haematoma 0 0 0 0 0 0 1

Asthenia 1 0 0 0 0 0 0

Vascular disorders 0 0 0 0 0 1 0

Vein disorder 0 0 0 0 0 1 0

Respiratory, thoracic and mediastinal disorders 0 0 0 0 2 0 0

Cough 0 0 0 0 1 0 0

Oropharyngeal pain 0 0 0 0 1 0 0

Gastrointestinal disorders 0 0 0 0 1 0 2

Abdominal discomfort 0 0 0 0 0 0 1

Obstructive pancreatitis 0 0 0 0 0 0 1

Diarrhoea 0 0 0 0 1 0 0

Hepatobiliary disorders 0 0 0 0 0 0 1

Cholelithiasis 0 0 0 0 0 0 1

Skin and subcutaneous tissue disorders 0 0 0 0 1 1 0

Erythema 0 0 0 0 1 0 0

Rash popular 0 0 0 0 0 1 0

Musculoskeletal and connective tissue disorders 3 1 0 0 1 0 0

Arthralgia 1 0 0 0 0 0 0

Back pain 1 0 0 0 0 0 0

Musculoskeletal chest pain 0 0 0 0 1 0 0

Neck pain 1 1 0 0 0 0 0

Reproductive system and breast disorders 0 0 0 0 1 0 0

Penile vascular disorder 0 0 0 0 1 0 0

Investigations 0 0 0 1 1 1 1
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2 (between 500 and 800/mm3) were reported, 1 in each of the 2.5,

5, 10 and 15 mg groups. All other AEs were of mild to moderate

intensity, with no evidence of any dose-dependent safety signals.

There were no clinically relevant or significant findings compared to

baseline in systolic or diastolic blood pressure, or spirometry in any

subject after single or multiple dosing. Ophthalmological examinations

did not show any relevant findings on fundoscopy, visual examination

or optical coherence tomography.

4 | DISCUSSION

SAR247799 is a G-protein-biased S1P1 agonist being developed

for vascular diseases in which endothelial dysfunction is prevalent.

As illustrated in Figure 5, S1P1 activation is associated with endothelial-

protective effects (which were not evaluated in this study) and heart rate

reduction, whereas S1P1 desensitization is associated with lymphocyte

reduction, heart rate desensitization and endothelial damage.

SAR247799 was well tolerated up to the maximum doses tested;

37.5 mg at single dose and 15 mg once daily for 14 days. No severe

or dose-limiting AEs were observed except for the occurrence of

obstructive pancreatitis in 1 subject administered with the 15 mg

dose, considered to be unrelated to the treatment. Most TEAEs

were not considered related to the investigational drug. Potential

dose-dependent safety findings in this study included asymptomatic

bradycardia and lymphocyte reduction (at higher doses), which were

as expected from the known safety profile of fingolimod, siponimod

and other S1P1 modulators.

SAR247799 is the first molecule in its class that is being developed

to activate endothelial S1P1, which is in contrast to previous molecules

that were designed to desensitize S1P1 and cause resultant lymphopenia.

While this first-in-human study did not set out to measure endothelial

effects (which requires patients with endothelial damage), doses of

SAR247799 <10 mg may be associated with endothelial efficacy based

on the limited lymphocyte reduction observed at 10 mg. Lymphocyte

reductions with 10 mg SAR247799 (up to 25% reduction at steady state

on day 14) were considerably less than the approved doses of fingolimod

and siponimod (�70% reduction at steady state).11,12 As preclinical

studies in rats and pigs demonstrated that endothelial-protective

doses of SAR247799 had minimal-to-no effect at reducing lymphocytes

(0–10% reduction),21 10 mg SAR247799 is predicted to be a

supratherapeutic dose for endothelial effects as it caused moderate

lymphocyte reduction (25%). It is interesting to note that the lower ends

of the dose range of SAR247799 (0.5 and 1 mg in the MAD, and 2.5 mg

in the SAD) showed a tendency for lymphocyte increase, even if not

consistent in all subjects. Since peripheral blood lymphocyte reduction is

clearly a marker of lymphocyte S1P1 inactivation, is it tempting to

speculate that lymphocyte increase may conversely be a marker for

lymphocyte S1P1 activation. However, in healthy individuals, the plasma

S1P levels are high, which might mask the ability to reliably measure

further pharmacological S1P1-activating effects. In contrast, plasma S1P

levels are reduced in patients with endothelial dysfunction26–30: the

resultant environment may allow the pharmacological restoration of

S1P1 activation to be more readily measured.

Endothelial damage has been attributed to S1P1 desensitization.
20

Indeed the incidence of macular oedema in fingolimod-treated

patients dose-dependently increased from the approved 0.5 mg

dose.15 Similarly, siponimod also increased the incidence of macular

oedema at doses characterized by marked S1P1 desensitization.13

Likewise, dose-dependent pulmonary toxicity has been associated

with fingolimod and ponesimod, mainly at supratherapeutic doses,

manifested as reductions of up to 30% in forced expiratory volume

TABLE 3 (Continued)

Primary SOC PT [n]

Placebo
SAR247799

(N = 18)
0.5 mg
(N = 9)

1 mg
(N = 9)

2.5 mg
(N = 10)

5 mg
(N = 9)

10 mg
(N = 9)

15 mg
(N = 9)

Lymphocyte count decreased 0 0 0 1 1 1 1

Injury, poisoning and procedural complications 0 1 0 0 0 0 0

Dental restoration failure 0 1 0 0 0 0 0

TEAE: treatment-emergent adverse event; SOC: system organ class; PT: preferred term MedDRA 20.1

N = number of subjects treated within each group; n = number of subjects with at least 1 TEAE in each category

Table sorted by SOC internationally agreed order and decreasing frequency of PT in SAR247799 15 mg group.

An adverse event is considered as treatment emergent if it occurred from the time of the first investigational medicinal product administration up to the

end of study visit (included).

F IGURE 5 Model for achieving separated
pharmacological profiles at S1P1 suitable for
endothelial protection
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over 1 second, accompanied by dose-limiting chest discomfort and

dyspnoea.5,12,14 As expected by the moderate lymphocyte reduction

achieved at the highest tested doses of SAR247799, there was no

evidence for the aforementioned findings in this limited-size study.

S1P1 activation on atrial myocytes has been associated with heart

rate reduction. The ideal profile of an endothelial-protective agent is

to activate endothelial S1P1 while sparing or limiting cardiomyocyte

S1P1 activation. SAR247799 dose-dependently reduced heart rate

(−11 beats/min at 10 mg and higher), consistent with other S1P1

modulators that have shown maximum reductions of up to

15–20 beats/min.22,25 Other S1P1 modulators, designed to be

desensitizing agents to reduce lymphocytes, have shown rapid

desensitization of the heart rate effects in humans. In contrast, we

have shown in this study, based on the PD for heart rate reduction,

that 10 mg SAR247799 (a supratherapeutic dose) can activate

cardiac S1P1 in a sustained manner over 14 days, raising the

possibility that similar sustained activation of endothelial S1P1 could

occur without desensitization at lower doses. In this regard, the

moderate half-life of SAR247799 (31.3–32.1 h) is ideal for maintaining

stable concentrations without significant peak-to-trough variations.

Consequently, SAR247799 displayed <2-fold concentration variations

over daily dosing intervals, allowing sufficient compound levels to

achieve S1P1 activation, without excess concentrations to be reached

that would promote S1P1 desensitization. Furthermore, food only had

a small effect on the exposure of SAR247799 and, therefore, is unlikely

to be a significant cause of PK variation.

The PK analysis revealed that SAR247799 had a lower volume of

distribution (7–23 L) compared to previous clinical molecules;

fingolimod (1738 L),31 siponimod (124 L),6 ponesimod (160 L)32 and

ozanimod (73–102 L/kg or 5000–7000 L).33 Based on this preferred

tissue distribution profile, SAR247799 is expected to activate S1P1 in

the intravascular compartment (i.e. on endothelium) at lower doses

than S1P1 activation in the heart (Figure 5).

The present study had several limitations. (i) The safety and PD of

the 15 mg dose in the 2-week study was not fully characterized, as

only 1 subject completed day 14 of treatment due to the premature

discontinuation of cohort 6. However, given that lymphocyte

reduction and heart rate reduction have been extensively

characterized with previous S1P1 modulators and are known markers

of S1P1 desensitization and S1P1 activation, respectively, it is likely

that supratherapeutic doses for endothelial effects have already

been reached at 10–15 mg of SAR247799. (ii) The study did not

have a clear PD marker to monitor endothelial S1P1 activation

and hence understand the doses tested in the context of the

desired endothelial pharmacology. Although the lymphocyte increases

observed in some subjects may provide a surrogate indication of

S1P1 activation at doses of 2.5 mg or less, we are not aware of a

reliable endothelial marker suitable for assessment in healthy subjects.

As such, the safety profile established in this study at the lower

end of the dose range reflects primarily preclinical projections

about endothelial-protective doses. Whether this dose context

is appropriate requires testing of SAR247799 in patients with

endothelial damage. To this end, a study in type-2 diabetes patients

to measure endothelial function improvements with SAR247799 has

been performed (clinicaltrials.gov NCT03462017).

Overall, SAR247799 was well tolerated at all doses evaluated.

Sub-lymphocyte-reducing doses (≤5 mg), which are expected to

activate endothelial S1P1, had minimal-to-no effect on heart rate and

did not display any other marked safety findings. Such doses of

SAR247799 are therefore suitable for exploring the role of S1P1

activation in patients with endothelial dysfunction.
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