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TITLE OF THE INVENTION

Dosing Regimen of siponimod

FIELD OF THE INVENTION

The present disclosure relates to a safe and efficacious method of treatment of stroke with

siponimod, or pharmaceutically acceptable salts, co-crystals, hydrates, solvates, polymorphs

and/or mixtures thereof. In particular it relates to a method of treatment of stroke and preferably

to a method of treatment of ischemic stroke, e.g., acute ischemic stroke (AIS).

The present disclosure further relates to a dosing regimen for the administration of

siponimod, or pharmaceutically acceptable salts, co-crystals, hydrates, solvates, polymorphs

and/or mixtures thereof, in the treatment of stroke, in particular in the treatment of ischemic stroke,

e.g., AIS.

BACKGROUND OF THE INVENTION

Stroke occurs when there is an interruption of blood flow to the brain, causing the death

of neuronal tissue and focal neurological deficits. The signs and symptoms may vary with the

location and extent of the stroke. There are nearly 800,000 strokes of all types per year in the

United States, and ischemic strokes account for approximately 80% of these strokes. Nearly

140,000 people die from stroke every year in the US. In Europe, the estimated annual incident of

stroke is over 1.1 million, with a similar percentage of these, approximately 80%, being ischemic

strokes.

Guidelines for the evaluation and treatment of acute stroke patients focus on reperfusion

therapies and factors that may exacerbate stroke or complicate clinical course. The diagnosis of

acute ischemic stroke is made through a combination of a history and physical examination that

is consistent with focal ischemia and a resulting neurological deficit. Brain imaging, either

computed tomography (CT) or magnetic resonance imaging (MRI), is used to exclude

hemorrhage and other focal pathologies and document early signs of reversible ischemia or

irreversible infarction.

Recombinant tissue plasminogen activator (rtPA) is the only approved pharmacological

therapy for acute ischemic stroke. It is approved for use within 3 hours of stroke onset in the

United States and within 4.5 hours in many European countries. Current American Heart

Association guidelines also suggest use up to 4.5 hours after stroke onset, although treatment

effects diminish over time and risk of hemorrhage into the infarcted brain tisue, or hemorrhagic



conversion of the ischemic stroke, increases (Jauch (2013)). Because of the narrow time window,

it is estimated that only 3% of patients with stroke receive rtPA.

Inflammation is an important part of stroke pathophysiology, especially in the context of

reperfusion. Restoring cerebral blood flow is an obvious and primary goal. However, reperfusion

of ischemic brain itself can also set off numerous cascades of secondary injury. Reactive radicals

will be generated, blood-brain barrier integrity may be compromised, and multimodal neuronal

death processes composed of programmed necrosis, apoptosis, and autophagy may still continue

unabated. Along with these central neuronal responses, an activation of peripheral immune

responses is now known to occur as well. Over the course of days to weeks, a complex and

orchestrated influx of inflammatory cells begins to take place.

Beyond thrombolytic interventions, no other pharmacological interventions have

demonstrated significant efficacy to improve functional outcomes after ischemic stroke, e.g., AIS.

As such, treatment options for ischemic stroke, e.g., AIS are very limited, and there is an

enormous unmet medical need for agents that may improve neurological recovery and reduce

post-stroke disability.

Only a handful of clinical studies had investigated the effect of pharmacological agents,

such as enlinomab (anti ICAM - 1 monoclonal antibody), rh IL- ra (IL- 1 receptor antagonist), e-

selectin, minocycline and natalizumab (Fu et al, Nat. Rev. Neurol, 11, 2015) in the treatment of

ischemic stroke, e.g., AIS. These studies, although providing valuable information on the

particularities of the disease, did not result in any effective immunological, anti-inflammatory

intervention in ischemic stroke. Hence to date, no immune and anti-inflammatory treatment for

ischemic stroke is available.

Two recent open label trials with another S 1P-receptor modulator, fingolimod (Fu et al.

JAMA Neurol. 2014; Fu etal. PNAS 2014), suggest an impact on edema formation and improved

neurological outcome in intracerebral hemorrhage (ICH) and ischemic stroke.

In the study of fingolimod in AIS (Fu et al. PNAS, 2014) the authors showed that open-

label treatment with 0.5 mg fingolimod per oral given 3 times over 72 hours in 11 patients on top

of standard treatment matched with 11 control patients reduced enlargement of infarct size

measured by diffusion-weighted imaging (DWI) and significantly improved neurological function

measured by increasing modified Barthel Index (mBI) scores and lowering modified Rankin Scale

(mRS) scores. However, limitations of the Fu et al. study include lack of randomization, lack of

placebo control, limited treatment duration, and small sample sizes. Furthermore, fingolimod

interacts with four of five known S 1P receptors, i.e. S1P1, S 1P3, S1P4 and S1P5.



As of today the inflammatory and immune mechanisms involved in stroke, in particular in

ischemic stroke, are not fully understood. In addition, targeting the highly dynamic events that

occur during inflammation in the relatively inaccessible brain microenvironment is challenging,

and an incomplete understanding of the interactions between the immune system and the brain

during stroke limits progress.

There is therefore a high unmet need for an effective medicament for the treatment of

stroke, preferably ischemic stroke, e.g., AIS, which at the same time has minimal or no side effects

and good efficacy.

SUMMARY OF THE INVENTION

The present disclosure provides a novel dosing regimen for the administration of

siponimod, or pharmaceutically acceptable co-crystals, salts, hydrates, solvates, polymorphs

and/or mixtures thereof, in the treatment of stroke, preferably ischemic stroke, e.g., AIS.

Surprisingly it has been found that by administering siponimod according to the present

novel dosing regimen for the treatment of stroke, it is possible to reduce the side effects which

may be associated with the administration of siponimod, such as the negative chronotropic side

effect affecting heart rate) and at the same time to produce a fast-acting anti-inflammatory effect

to eliminate or reduce the inflammation processes and secondary injuries associated with stroke,

preferably ischemic stroke, e.g., with AIS.

The present disclosure relates, inter alia, to methods of treating stroke, e.g., ischemic

stroke, e.g., acute ischemic stroke, and methods of reducing infarct size and/or other neurological

deficits associated with stroke, e.g., ischemic stroke, e.g., acute ischemic stroke, using siponimod

according to the present dosing regimen. It was discovered that siponimod can effectively reduce

the infarct size and other associated neurological deficits of a stroke, e.g., an ischemic stroke,

e.g., an acute ischemic stroke, e.g., when administered with a specified dosing regimen.

In particular the present disclosure provides a method of treatment of stroke, preferably

ischemic stroke or more preferably acute ischemic stroke with siponimod, or pharmaceutically

acceptable salts, hydrates, solvates, polymorphs, co-crystals and/or mixtures thereof, wherein

siponimod is (a) administered to a human subject in need thereof multiple consecutive doses over

a given time period, wherein

(i) the first administered dose is not less than 0.25 mg and not more than 1.25 mg; and wherein



(ii) each dose of the one or more consecutive doses administered after the first dose is not less

than the directly preceding administered dose and not more than the directly subsequent

administered dose; and wherein

(iii) the total sum of the consecutive doses administered over a time period of 24 consecutive

hours is lower than the maintenance daily dose; and subsequently

(b) administering the maintenance daily dose of siponimod for a maintenance time period of at

least 2 days, wherein the maintenance daily dose is not less than 2 mg and not more than 20 mg

of siponimod.

The multiple consecutive doses given over the time period (a) may be administered either

parentally, e.g., via intravenous (i.v.) administration, or orally, e.g., tablets.

The maintenance daily dose of siponimod may be administered either parentally, e.g. via

intravenous (i.v.) administration, or orally, e.g. tablets.

The administration of siponimod to a subject shall be, for example, within a period of 6

hours or less, e.g., 6 , 5 , 4.5, 4 , 3 hours or less, after the onset of a stroke, e.g., an ischemic stroke,

to provide an effective treatment against the secondary injuries associated with stroke.

Accordingly, in one aspect, the disclosure features a method of treating a human subject

having a stroke, e.g., an ischemic stroke, e.g., an acute ischemic stroke, comprising:

administering siponimod to the subject within 6 hours or less, e.g., 6 , 5 , 4.5, 4 , 3 hours or less,

after the onset of the stroke in the subject. In some embodiments, siponimod is administered

within 6 hours or less after the onset of the stroke, e.g., between 3 and 6 hours, 3 to 4.5 hours,

4.5 to 6 hours, 4.5 to 6 hours, or 5 to 6 hours after the onset of the stroke.

Accordingly, in one aspect of the present disclosure, siponimod may be administered in

combination with rTPA, preferably, within 4.5 hours, preferably within 3 hours after the onset of

the ischemic stroke.

In some embodiments, the stroke is a grade 4 stroke or higher as defined by the National

Institute of Health Stroke Scale (NIHSS). In some embodiments, the stroke is a grade 6 stroke

or lower as defined by the National Institute of Health Stroke Scale (NIHSS), e.g., between a

grade 4 and a grade 6 stroke. In certain embodiments, the stroke is a moderate stroke, a

moderate to severe stroke or a severe stroke. In particular embodiments, the stroke is

anembolism-, thrombus- or hypoperfusion-associated stroke. In certain embodiments, the

subject having the stroke does not have an intracranial hemorrhage.



The present disclosure further provides a method of treatment of stroke, preferably

ischemic stroke, more preferably acute ischemic stroke (AIS), with a combination comprising

siponimod or pharmaceutically acceptable salts, hydrates, solvates, polymorphs, co-crystals

and/or mixtures thereof, and one or more therapeutically active ingredients.

The present disclosure further provides the use of a new parenteral formulation of

siponimod, which is liquid and preferably is administered intravenously (i.v. administration) in the

treatment of stroke, preferably of ischemic stroke, more preferably acute ischemic stroke (AIS).

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 : Example of a dosing regimen schedule, wherein siponimod is administered 7 days i.v.

with titration by 7 days p.o. (peros) and wherein the maintenance daily dose is 10 mg of siponimod.

Figure 2 : Summary of mean daily minimum heart rate of the dose titration study (from 0.25 mg

to 10.0 mg) versus the daily fixed dose of 10.0 mg of siponimod over 12 Days.

Figure 3 : Simulated mean pharmacokinetic (PK) profiles of siponimod in *1/*1 subjects. First day

of i.v. treatment (total daily dose of 1.75 mg) versus oral solid drug of 1.75 mg & 0.25 mg of

siponimod. Flatter concentration-time curve slope for the i.v. dosing (2 x 0.25 mg/6 h) in the first

12 hours of infusion compared to that of an oral dose of 0.25 mg (starting dose of the oral dose-

titration regimen). Similar concentration-time slope for the i.v. dosing (0.5 mg/6h and 0.75 mg/6h)

in the second 12 hours of infusion. Higher slopes of the concentration-time curve after the first

day are not expected to result in bradyarrhythmia as desensitization has mostly been completed.

Figure 4a: Simulated Absolute Lymphocyte Count (ALC) profiles of siponimod in *1/*1 subjects

on the Day 1 of i.v. treatment versus oral drug substance containing 1.75 mg & 0.25 mg of

siponimod. The new proposed Fibonacci i.v. titration reaching a Day-1 dose of 1.75 mg of

siponimod, achieves a similar reduction in ALC on Day 1 than a 1.75 mg oral dose while efficiently

mitigating the bradyarrhythmic effects during the initial treatment phase of step (a) of the present

disclosure. Population of 1000 patients with weight normally distributed with mean 70.5 kg and

standard deviation of 6 , is simulated. Bioavailability is considered to be equal to 0.84 for this

simulation. Shaded areas represent 95% Prediction Interval, bold line (i.v. treatment), dashed line

(0.25 mg of siponimod) and dotted line (1.75 mg of siponimod) are means of the simulated

population.

Figure 4b: Simulated Absolute Lymphocyte Count (ALC) profiles of siponimod in *1/*1 subjects

on Days 1-3 of i.v. titration up to reaching the target daily dose of siponimod of 10 mg (72 h)

versus oral doses of 1.75 mg (Day 1), 8.25 mg (Day 2) and 10 mg (Day 3). Population of 1000

patients with weight normally distributed with mean 70.5 kg and standard deviation of 6 , is

simulated. Bioavailability is considered to be equal to 0.84 for this simulation. Shaded areas



represent 95% Prediction Interval, bold line (i.v. treatment) and dashed line (oral treatment) are

means of the simulated population.

DETAILED DESCRIPTION OF THE INVENTION

The dosing regimen of the present disclosure comprises a regimen for the initiation of

siponimod therapy in a situation of clinical/medical emergency, such as a stroke event, preferably,

ischemic stroke event, more preferably acute ischemic stroke (AIS) event, which has the

advantage of allowing a rapid achievement of the maintenance daily dose of siponimod, with

minimal negative chronotropic effects, e.g. minimal or no transient bradycardia, sinus pauses

(SPs) and/or AV blocks (AVB) effect associated with siponimod therapy.

Furthermore it has been surprisingly found that administering siponimod according to the

novel dosing regimen of the present disclosure may significantly reduce, or even completely,

eliminate the risk that the patient suffering from stroke, preferably ischemic stroke, more

preferably AIS, may (further) suffer from undesired heart effects associated with the use of

siponimod, e.g. atrio-ventricular (AV) blocks or heart pauses or abrupt drop in heart rate, and at

the same time prevents or minimizes the infarct size or edema formation and prevents or reduces

physical, mental impairments such as paralysis or problems controlling movement, sensory

disturbances including pain, problems using or understanding language, problems with thinking

and memory, and/or emotional disturbances

Surprisingly it has been found that administering siponimod according to the novel dosing

regimen of the present disclosure also improves functional outcome in patient suffering from

stroke, preferably suffering from ischemic stroke, and more preferably from AIS, such as

improving global functioning measured by the modified Rankin Scale (mRS) on Day 90 after

ischemic stroke.

The novel siponimod dosing regimen, e.g., a two week treatment with siponimod

administered daily (7 days i.v. with titration followed by 7 days p.o.) compared to placebo,

improves global functioning measured by the modified Rankin Scale (mRS) score on Day 90 after

ischemic stroke.

The dosing regimen of the present disclosure has the advantage of providing an early

therapeutic treatment effect while timely desensitizing the system by S 1P receptor internalization

and reducing GIRK activation (i.e., activation of the G protein-coupled inwardly-rectifying



potassium channels) without provoking the bradyarrhythmia (e.g., subthreshold desensitization)

which may be associated with the administration of siponimod.

Furthermore the dosing regimen of the present disclosure also permits to administer

siponimod to categories of patients for which the risk/benefit ratio may otherwise be less

favorable. Such patients could for example include patients which are CYP2C9*2*3 and

CYP2C9*3*3 poor metabolizers.

Rationale for dosing regimen, route of administration and duration of treatment

The safety profile of siponimod includes the following identified risks: (i) bradyarrhythmia

(including first dose negative chronotropic effects and AV blocks), (ii) liver enzyme elevation, such

as transaminase elevation and (iii) lymphopenia due to lymphocyte redistribution (main targeted

pharmacodynamic (PD) effect of siponimod). However the (ii) liver transaminase elevation and

(iii) lymphopenia risks are considered monitorable/manageable even under higher exposure

levels for the relative short-term treatment of patient suffering from stroke, preferably suffering

from ischemic stroke, more preferably AIS. Therefore (i) bradyarrhythmia remains the most

relevant of the adverse event (AE) to keep under control during the treatment of stroke.

Siponimod is a potent and selective S 1P1/S1 P5 receptor modulator and has an initial transient

negative chronotropic and dromotropic (conduction speed in the AV node, and subsequently the

rate of electrical impulses in the heart) effects both in healthy subjects and MS patients. These

negative chronotropic and dromotropic effects are expected to affect stroke patients as well.

Pronounced bradycardia may be associated with bradyarrhythmia (e.g. AV blocks, AVB, and

sinus pauses, SP). While such bradycardia and its potential related side-effects might not be

highly problematic for healthy patients, it might be critical for subjects suffering from stroke, which

are a particularly fragile and life threatened patient population. Thus a thorough valuation on how

to use safely siponimod in patient suffering from stroke is required. At the same time, an

efficacious treatment of stroke, i.e. an efficacious prevention and /or management of the immune

and inflammatory components associated to a stroke event, demands siponimod to act quickly

and provide a rapid therapeutic effect. Therefore a dosing regimen which balances both efficacy

and safety is to be developed.

Hence, the rationale underlying the novel dosing regimen of siponimod in stroke is based on

a balance of immunological, neurological, clinical efficacy and safety considerations, which are

summarized hereinafter.



Based on the results of a siponimod single dose study (SAD study) in healthy volunteers, the

single maximum tolerated dose (single MTD) in healthy subjects was determined to be 25 mg.

The 25 mg single dose showed a favorable safety and tolerability profile.

In another study in healthy subjects siponimod was administered in multiple doses, i.e. 0.3, 1,

2.5, 10 and 20 mg, over 28 days (multiple ascending dosing study, MAD study). The maximum

investigated multiple dose of 20 mg of siponimod was determined to be associated with

symptomatic bradycardia as the only relevant adverse event.

S 1P receptor modulators, as mentioned above, are known to cause dose dependent transient

decrease in heart rate within 2 - 3 hours of drug intake (Legangneux et al 2012, Hoch et al 2014).

In order to evaluate on how to best mitigate the bradyarrhythmic risk of siponimod, a multiple-

dose titration clinical study in healthy subjects was run.

The primary objective of this study was to measure the daily chronotropic effects of two

siponimod dose-titration regimens (from 0.25 mg to 10 mg; Dose Titration (DT) 1# and 2#,

respectively) compared to daily chronotropic effects of oral siponimod 10 mg (fixed dose, once

daily) and placebo over 12 days. The heart rate (HR) changes have been compared between

subjects exposed to 10 mg siponimod once daily (QD) with or without 2 different up-titration

schemes. The titration scheme of this study was:

• DT 1#: Day 1: 0.25 mg; Day 2 : 0.25 mg; Day 3 : 0.25 mg; Day 4 : 0.5 mg; Day 5 : 1.0 mg;

Day 6 : 2.0 mg; Day 7 : 4.0 mg; Day 8 : 8.0 mg and from Day 9 to Day 12: 10.0 mg daily.

• DT 2#: Day 1 : 0.25 mg; Day 2 : 0.25 mg; Day 3 : 0.5 mg; Day 4 : 0.75 mg; Day 5 : 1.25 mg;

Day 6 : 2.0 mg; Day 7 : 3.0 mg; Day 8 : 5.0 mg; from Day 9 to Day 12: 10.0 mg daily.

Neither DT 1# nor DT 2# resulted in clinically significant bradycardia or AV conduction effects.

Both titration regimens showed a favorable treatment difference on each of Days 1-12 versus the

non-titration regimen on Day 1 for heart rate effects. Heart rates in the non-titration regimen

showed considerable separation from placebo throughout the study (Figure 2). There was no

statistically significant reduction in heart rate vs. placebo on Day 1 in either titration regimen. On

Days 3 to 7 subjects in DT 1# and DT 2# experienced minor reductions in HR. By Day 9 , heart

rates in both titration regimens were comparable to placebo. This effect was maintained until end

of treatment on Day 12. The starting dose of 0.25 mg of the 2 tested DT regimens was not

associated with bradyarrhythmia. It was then concluded that both titration regimens effectively

attenuated the initial bradycardia observed on Day 1 of treatment with siponimod 10 mg daily

fixed-dose.



In a phase I I dose finding study of siponimod in patients with relapsing-remitting multiple

sclerosis (CBAF312A2201) safety, tolerability and efficacy on magnetic resonance imaging (MRI)

brain lesion parameters were evaluated. The dose response curve for the MRI-based efficacy of

siponimod given orally once daily compared with placebo was determined.

Siponimod dose level 10 mg appeared to contribute little additional efficacy compared to 2

mg, and appeared to have a worse safety profile. Siponimod 1.25 mg to 2 mg dose range

appeared to be close to maximal efficacy, with a good safety profile. The dose-response curve as

defined by the primary endpoint, favored the upper part of this range, i.e. a dose in the range of

siponimod 2 mg, since efficacy seemed to decrease with lower doses. Siponimod achieved

positive results in a clinical trial for the treatment of RRMS patients (Selmaj et al., Lancet Neurol,

2013, 12, 756-767) and is currently being investigated in an ongoing phase III study (EXPAND)

in patients with SPMS. The dose of 2 mg of siponimod was the chosen dose for this follow up

phase III study.

Siponimod achieved positive results in a clinical trial for the treatment of RRMS patients

(Selmaj et al., Lancet Neurol, 2013, 12, 756-767) and is currently being investigated in an ongoing

phase III study (EXPAND) in patients with SPMS. The dose of 2 mg of siponimod was chosen for

this follow up phase III study and a five day uptitration was implemented.

Differently from MS, which is a chronic disease, stroke is an acute, life-threatening event

that requires an immediate therapeutically effective intervention to prevent or at least minimize

the post-stroke inflammatory/ immunological cascade which may cause serious post-stroke

physical and cognitive disorders. The titrations schemes of the clinical trial mentioned above,

although safe, may not allow reaching the high dose required to impact the pathophysiology of

stroke, e.g., ischemic stroke and particularly AIS, quickly enough. The treatment of a patient

suffering from stroke needs to be not only safe but also effective in a short lapse of time from the

onset of the stroke. A titration time period of 8 days as in the healthy volunteer multiple-dose

titration clinical study mentioned above, or even a titration period of 5 days as in the dosing

regimen used in the phase III clinical trial in MS, would not be fast enough to ensure an efficacious

treatment for patients suffering from stroke, in particular suffering from ischemic stroke, e.g., AIS.

A method of treatment which may minimize the negative effects of the secondary injury

following stroke, in particular ischemic stroke, shall be a treatment which can quickly provide the

subject suffering from stroke with a high exposure to siponimod by administered it in high dose

within the shortest time period from the onset of an ischemic stroke event.

Amongst the various potential factors which may contribute to the reduction of inflammation,

and which may therefore contribute to the efficacy of a treatment by siponimod, one important



factor is the reduction of the Absolute Lymphocyte Count (ALC), being ALC known to play an

important role in the inflammatory processes, including those in the brain. The exact mechanism

by which an S 1P receptor modulation may mitigate stroke pathophysiology is/ still not fully

elucidated and thus, besides the Absolute Lymphocyte Count related effect (ALC-related effect),

other potential mechanisms may play a role.

In the above mentioned multiple ascending dosing study in healthy volunteers, it has been

shown that acute responses between the 0.3 mg dose and the 10 mg dose of siponimod on Day

1 of treatment showed a dose-dependent decline of ALC. Chronic responses showed that ALC

decrease was dose and time-dependent, plateauing at about 80% at 10 mg, while 2.5 mg shows

a lower reduction, close to 70% (Table 1).

Table 1

BAF31 Dose Grou p %E m a Q- from Day 1 pre-d se %Emas<Q- 12h fro time-matched Da y -

0 mg (Place o) 8.7% 22

0.3 mg 4 1 .9% 47.6 %

1 mg 1 .3% .

2. m 66.9% 67.5 %

mg 83.7% 86.1 %

20 mg 84.6% 86.5 c

Based on the above series of considerations, a maintenance daily dose of 10 mg is

especially suitable to demonstrate the effect of siponimod in the treatment of stroke, in particular

ischemic stroke, e.g. AIS.

Clinical data have shown that bradyarrhythmic effects of siponimod are better correlated

to the rate at which Cmax is achieved (i.e., concentration-time slope) than to AUC or Cmax. During

the first 12-24 hours of the treatment it was hence considered beneficial to improve the safety of

the treatment by reducing Cmax while delaying Tm ax and mimic an oral dose of 0.25 mg of

siponimod which represents the starting dose of the established oral dose titration regimen and

demonstrated to be free of bradyarrhythmic effects.

In addition, clinical data suggest that most of the desensitization via internalization of the

cardiac S1P receptor occurred during the first 12-24 hours. This was in line with clinical

observations showing that bradyarrhythmic events mainly occur in the first 24 hours of treatment.

The above studies showed that it is possible to minimize the bradycardia by slowly

increasing the dose and at the same time use an oral dose of 10 mg.

A comparison of bradyarrhythmic effects (HR, AVB, SP) of a 1 mg oral dose from previous

studies and a 1 mg/day i.v. dose infused over 24 h in healthy subjects supported the hypothesis

that such effects are related to the slope of the concentration-time curve.



In said study with siponimod administered intravenously, PK and PD were determined.

The i.v. infusions of a single dose of 0.25 mg over 3 hours and of 1 mg over 24 hours (4 x 0.25

mg / 6 hours infusion) of siponimod displayed an excellent cardiac safety profile. This finding was

consistent with previous oral administrations of 0.25 mg (starting dose of the oral initial period

dosing regimen). The results of this clinical study were the following:

a) The magnitude of PD (ALC) effects %Em ax of i.v. of 0.25 mg dose over 3 hour and 1 mg dose

over 24 hours was comparable to the effects after oral doses at the same dose levels in this study

(0.25 mg) and previous clinical studies ( 1 mg).

b) The orally administered siponimod displayed good bioavailability (the oral bioavailability F%

was 84%).

c) Median oral siponimod Tm ax was observed 8 hours after dosing.

d) Median i.v. siponimod T
max

was observed at the end of the 3 hour and 24 hour infusions.

e) Geometric mean oral siponimod Cm ax was -48% lower than mean i.v. siponimod Cm ax.

f) The route of administration did not alter the terminal T 1 2 (between approximately 27 hours and

33 hours).

g) Siponimod exhibits dose linear and time-independent pharmacokinetics (PK).

Starting from the findings of the above mentioned clinical trials the new and inventive dosing

regimen of the present disclosure was designed. Based on the above findings, the inventors of

the present dosing regimen set the lower threshold of the first administered dose, i.e. first dose,

to be not less than 0.25 mg of siponimod and the maintenance daily dose to be not less than 2

mg of siponimod.

In addition to the previously described benefits, the dosing regimen of the present disclosure

has also the advantage to highly reduce the additional risks run by the CYP2C9 poor metabolizer.

It is known that in humans, siponimod is eliminated from the systemic circulation due to

metabolism (mainly by CYP2C9, followed by CYP3A4). With regard to the CYP2C9 metabolism

of siponimod, another clinical study investigating siponimod pharmacokinetics (PK) parameters

in poor metabolizers, it was experimentally determined that AUC of siponimod was approximately

2-fold and 4-fold when compared with reference AUC of extensive metabolizers (= CYP2C9*1*1

genotype), while Cm ax was only slightly greater in poor metabolizers (= CYP2C9*2*3 and

CYP2C9*2*3 genotypes) and T
max

was comparable in poor and extensive metabolizers.

As already described above, a stroke event is a clinical/medical emergency. In order to

prevent or minimize the deleterious consequences of the secondary injury consequent to stroke,



e.g., ischemic stroke, in a large patient population, a quick and strong intervention, i.e. the

administration of a high dose of siponimod, possibly close to the maximum tolerated dose (MTD),

may be crucial.

The dosing regimen of the present disclosure comprises a modified Fibonacci i.v. dose

titration phase which has the advantage of allowing a rapid achievement of a 10 mg maintenance

daily dose of siponimod, with minimal negative chronotropic effects.

The maintenance daily dose such as a 10 mg maintenance daily dose is a high dose which

is efficacious and at the same time is well tolerated by weakened subject as the patients suffering

from stroke, e.g. ischemic stroke, as well as by patient suffering from stroke, e.g. ischemic stroke,

which are furthermore poor metabolizer. Indeed, because of the acute nature of this disease and

the need for rapid intervention to interrupt early pathophysiological events taking place in ischemic

stroke, it is not possible to stratify patients on entry or dose adjust patients within the total

treatment window based on CYP2C9 genotyping, which typically takes >14 days to obtain. As

such, it is not possible to exclude CYP2C9*3*3 patients, which make up <1% of the general

population, from this acute treatment study. The risks of siponimod exposures in a patient

subpopulation above MAD maximum levels for a short duration are outweighed by the severity of

ischemic stroke, and in particular acute ischemic stroke and its sequelae.

The i.v. dosing regimen schedule of the present disclosure and intensive care unit

monitoring mitigate the most serious adverse events, i.e., bradyarrhythmias; and the remaining

prevalent AEs of headache, dizziness, and nasopharyngitis are not significant in an acute

ischemic stroke population in an acute Stroke Unit/ICU setting, and resolve fully after

discontinuation of drug.

More specifically the use of siponimod in the treatment of ischemic stroke according to the

dosing regimen of the present disclosure allows preventing or minimizing the neurological and

other clinical damages due to a cascade of inflammatory processes produced after the ischemic

stroke event and it is safe. The administration of siponimod according to the dosing regimen of

the disclosure further allows the patient to be quickly exposed at a high dose of siponimod and

for (at least) the duration of the time of increase of infarct volume, edema formation to cause acute

neurologic deterioration in patients, and to be associated with poor long-term functional outcomes.

Symptoms of acute ischemic stroke, ischemic event or ischemic stroke include, e.g.,

hemiplegia, decreased sensation and muscle weakness of the face, numbness, reduction in

sensory or vibratory sensation, altered smell, taste, hearing or vision (total or partial), drooping of

eyelid (ptosis) and weakness of ocular muscles, decreased reflexes, balance problems and

nystagmus, altered breathing and heart rate, weakness in sternocleidomastoid muscle with

inability to turn head to one side, weakness in tongue (inability to protrude and/or move from side

to side), aphasia, apraxia, visual field defect, memory deficits, hemineglect, disorganized thinking,



confusion, hypersexual gestures, anosognosia, trouble walking, altered movement coordination,

and vertigo and/or disequilibrium.

Dosing Regimen

The present disclosure provides a novel dosing regimen which is adapted to prevent or

minimize the deleterious consequences after stroke, in particular the secondary injury linked to

rapid extension of the zone of infarction after ischemic stroke, in particular in AIS, and to eliminate

or reduce the side effects which may be associated with the administration of siponimod, such as

the negative chronotropic side effect or other heart effects.

Heart effects

Heart effects are for instance heart rate reduction, transient bradycardia, chronotropic or

dromotropic effects, including AV blocks, which include first degree AV blocks (e.g. PR intervals

greater than 0.2 seconds) and second degree AV blocks e.g. first degree AV blocks. Heart effects

include sinus pauses, e.g. sinus pauses greater than 2 seconds.

Embodiments of the present disclosure

According to the disclosure, the following embodiments are provided:

Embodiment 1.1 : A method of treating stroke in a human subject suffering from stroke said

method comprising

(a) administering to said subject multiple consecutive doses of siponimod over a time period equal

to or up to 96 hours calculated starting at the first administered dose, wherein

(i) the first administered dose is not less than 0.25 mg and not more than 1.25 mg;

and wherein

(ii) each dose of the one or more consecutive doses administered after the first dose is not less

than the directly preceding administered dose and not more than the directly subsequent

administered dose;

and wherein

(iii) the total sum of the consecutive doses administered over a time period of 24 consecutive

hours is lower than the maintenance daily dose; and subsequently

(b) administering a maintenance daily dose of siponimod for a maintenance time period of at least

2 days, wherein



(i) the maintenance daily dose is not less than 2 mg and not more than 20 mg of siponimod.

Embodiment 1.2: A method of treating stroke in a human subject as defined in the embodiment

1.1, wherein the administration to said subject of the multiple consecutive doses of siponimod

according to step (a) is done over a time period equal to or up to 72 hours calculated starting at

the first administered dose.

Embodiment 1.3: A method of treating stroke in a human subject as defined in the embodiment

1.1 or 1.2, wherein the administration to said subject of the multiple consecutive doses of

siponimod according to step (a) is done over a time period equal to or up to 48 hours calculated

starting at the first administered dose.

Embodiment 1.4: A method of treating stroke in a human subject as defined in any of the

embodiment 1. 1 to 1.3, wherein the administration to said subject of the multiple consecutive

doses of siponimod according to step (a) is done over a time period equal to or up to 24 hours

calculated starting at the first administered dose.

Embodiment 1.5: A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.4, wherein the first administered dose of step (a) is 0.25 mg.

Embodiment 1.6: A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.4, wherein the first administered dose of step (a) is 0.5 mg.

Embodiment 1.7: A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.4, wherein the first administered dose of step (a) is 0.75 mg.

Embodiment 1.8: A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.4, wherein the first administered dose of step (a) is 1.0 mg.

Embodiment 1.9: A method of stroke in a human subject as defined in any of the embodiments

1.1 to 1.4, wherein the first administered dose of step (a) is 1.25 mg.

Embodiment: 1.10: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.9, wherein the maintenance daily dose of step (b)(i) is not less than 2 mg

and not more than 15 mg of siponimod.



Embodiment 1.1 1 : A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.10, wherein the maintenance daily dose of step (b)(i) is not less than 2 mg

and not more than 10 mg of siponimod.

Embodiment 1.12: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.11, wherein the maintenance daily dose of step (b)(i) is not less than 2 mg

and not more than 5 mg of siponimod.

Embodiment 1.13: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.9, wherein the maintenance daily dose of step (b)(i) is 20 mg of siponimod.

Embodiment 1.14: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.10, wherein the maintenance daily dose of step (b)(i) is 15 mg of siponimod.

Embodiment 1.15: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.11, wherein the maintenance daily dose of step (b)(i) is 10 mg of siponimod.

Embodiment 1.16: A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.12, wherein the maintenance daily dose of step (b)(i) is 5 mg of siponimod.

Embodiment 1.17: A method of treating stroke in a human subject as defined in any of the

embodiments 1. 1 to 1.12, wherein the maintenance daily dose of step (b)(i) is 2 mg of siponimod.

Embodiment 1.18: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.17, wherein the maintenance daily dose of siponimod administered in step

(b) is administered for a maintenance time period of at least 3 days, e.g. for a maintenance time

period 3 , 4 or 5 days.

Embodiment 1.19: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.18, wherein the maintenance daily dose of siponimod administered in step

(b) is administered for a maintenance time period of at least 7 days, e.g. for a maintenance time

period of 12 days.

Embodiment 1.20: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.19, wherein the maintenance daily dose of siponimod administered in step

(b) is administered for a maintenance time period of 14 days, e.g. for a maintenance time period

of 14 days.



Embodiment 1.21: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.20, wherein the daily maintenance dose of siponimod administered in step

(b) is administered for a maintenance time period of at least 2 1 days.

Embodiment 1.22: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.21, wherein the maintenance daily dose of siponimod administered in step

(b) is administered for a maintenance time period of at least 28 days.

Embodiment 1.23: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.22, wherein the maintenance daily dose of siponimod administered in step

(b) is administered for a maintenance time period of at least 35 days.

Embodiment 1.24: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.23, wherein the administration of the maintenance daily dose of siponimod

in step (a) comprises intravenous administration.

Embodiment 1.25: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.24, wherein the administration of the maintenance daily dose of siponimod

in step (a) comprises oral administration.

Embodiment 1.26: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.23 and 1.25, wherein the administration in step (a) is oral and wherein the

administration of the maintenance daily dose of siponimod in step (b) comprises oral

administration.

Embodiment 1.27: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.23 and 1.25 wherein the administration in step (a) is oral and wherein the

administration of the maintenance daily dose of siponimod in step (b) comprises intravenous

administration.

Embodiment 1.28: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.24, wherein the administration in step (a) is intravenous and wherein the

administration of the maintenance daily dose of siponimod in step (b) comprises oral

administration.

Embodiment 1.29: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.24, wherein the administration in step (a) is intravenous and wherein the



administration of the maintenance daily dose of siponimod in step (b) comprises intravenous

administration.

Embodiment 1.30: A method of treating stroke in a human subject as defined in any of the

embodiments 1.1 to 1.29, wherein the administration of the maintenance daily dose of siponimod

in step (b) is carried out in a first phase by intravenous administration and in a second phase by

oral administration, preferably the first phase has a duration of 5 days and the second phase has

a duration of 7 days.

Embodiment 1.31 : A method of treating stroke as defined in any of the embodiments 1.1 to 1.30,

said method further comprising

(c) continuously monitoring said subject via cardiovascular telemetry for at for at least the first 24

hours, preferably for at least the first 48 hours calculated starting from the administration of the

first dose of siponimod.

Embodiment 1.32: A method of treating stroke as defined in any of the embodiments 1.1. to 1.31,

wherein if a consecutive dose in step (a) is increased by an increment, said increment is governed

by a modified Fibonacci series, i.e. a given dose is the sum of two directly previous doses ± 40%,

for example ± 35%, for example ± 30%, for example ± 20%, e.g. about ± 23%, or for example ±

10%.

Embodiment 1.33: A method of treating stroke, as defined in any of the embodiments 1.3, 1.5,

1.10, 1.1 1 , 1.15 or from 1.18 to 1.25 and from 1.28 to 1.32 comprising

(a) intravenously administering to said subject multiple consecutive doses of siponimod over a

time period equal to or up to 48 hours calculated starting at the first intravenously administered

dose, wherein

on Day 1, the administered doses are 0.25 mg over 6 hours, then 0.25 mg over 6 hours, then

0.5 mg over 6 hours, and then 0.75 mg over 6 hours for a total Day 1 dose of 1.75 mg; and

on Day 2 , the administered doses are 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5 mg

over 6 , and then 2.5 mg over 6 hours for a total Day 2 dose of 8.25 mg; and

(b) intravenously administering a maintenance daily dose of 10 mg of siponimod on Day 3 through

Day 7 ; and

optionally orally administering the maintenance daily dose of 10 mg of siponimod on and after

Day 8 , preferably on Day 8 through Day 14; and

wherein said method further optionally comprises continuously monitoring said subject via

cardiovascular telemetry for at least the first 24 hours, preferably for at least the first 48 hours,

calculated starting from the administration of the first dose of siponimod.



Embodiment 1.34: A method of treating stroke in a human subject as defined in the embodiments

1.1 to 1.33, wherein when step (b) comprises administering siponimod orally it is administered in

the form of an oral solid dosage form.

Embodiment 1.35: A method of treating stroke in a human subject as defined in the embodiment

1.34, wherein the oral solid dosage form of siponimod is an immediate release oral solid dosage

form.

Embodiment 1.36: A method of treating stroke in a human subject as defined in the embodiment

1.35, wherein the oral immediate release solid dosage form of siponimod is in the form of tablets

having the composition as provided in Table 2.1 or Table 2.2.

Embodiment 1.37: A method of treating stroke in a human subject as defined in any of the

embodiments 1.34 to 1.36, wherein the 10 mg daily dose of siponimod of step (b) is administered

to said human subject in the form of

(a) 5 tablets of 2 mg strength; or

(b) 2 tablets of 5 mg strength; or

(c) 1 tablet of 10 mg strength;

and wherein when the dose is administered by more than 1 tablet, the tablets are administered

simultaneously, sequentially or separately, preferably simultaneously.

Embodiment 1.38: A method of treating stroke in a human subject as defined in any of the

preceding embodiments 1.34 to 1.37, wherein the administered i.v. composition containing

siponimod is obtained by diluting, for example in saline or 5% glucose solution, a concentrate

containing siponimod, wherein said concentrate

(i) is in the form of a liquid;

(ii) contains 1 mg/mL of siponimod; and

(iii) contains

- 7 wt.% - 13 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD);

a buffer agent; and

optionally a tonicity agent.

Embodiment 1.39: A method of treating stroke in a human subject as defined in the embodiment

1.38, wherein stroke is preferably ischemic stroke, more preferably AIS and wherein the

administered i.v. composition containing siponimod is obtained by diluting, for example in saline

or 5% glucose solution, a concentrate to the desired concentration of siponimod and wherein said

concentrate

(i) is in the form of a liquid; and



(ii) contains 1 mg/mL of siponimod; and in addition

(iii) contains

- 10 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD);

3 wt.% mannitol; and

- 0.06 wt.% 2-amino-2-(hydroxymethyl)propan-1,3-diol (Tris);

(iv) and its pH is about 8 .

Embodiment 1.40: A method of treating stroke in a human subject as defined in any preceding

embodiments, wherein stroke is ischemic stroke.

Embodiment 1.41: A method of treating stroke in a human subject as defined in the embodiment

1.40, wherein stroke is acute ischemic stroke (AIS).

Embodiments 1.42: A method of treating stroke in a human subject as defined in any of the

preceding embodiments, wherein stroke is ischemic stroke, preferably AIS and wherein the first

dose of said method is administered within 6 hours, within 5 hours, hours, preferably within 4.5

hours, with 4 hours, more preferably within 3 hours from the onset of the ischemic stroke event.

Embodiment 1.43: A method of treating stroke in a human subject as defined in any of the

preceding embodiments, wherein the stroke, e.g., ischemic stroke, is grade 4 stroke or higher as

defined by the National Institute of Health Stroke Scale (NIHSS).

Embodiment 1.44: A method of treating stroke in a human subject as defined in any of the

preceding embodiments, wherein the stroke, e.g., ischemic stroke, is grade 6 stroke or lower as

defined by the National Institute of Health Stroke Scale (NIHSS).

Embodiments 1.45: A method of treating stroke in a human subject as defined in any of the

preceding embodiments, wherein the human subject has a Glasgow Coma Scale (GCS) motor

score which is no less than 6 .

Embodiment 1.46: A method of treating stroke in a human subject as defined in any of the

preceding embodiments, wherein the subject is a CYP2C9*2*3 poor metabolizer or a

CYP2C9*3*3 poor metabolizer.

Embodiment 1.47: A method of treating stroke in a human subject, as defined in any of the

preceding embodiments, wherein siponimod in oral solid dosage form is in the form of a co-crystal

with fumaric acid.



Embodiment 1.48: A method of improving global functioning of human subject suffering from

stroke, preferably from ischemic stroke or more preferably from AIS, measured by the modified

Rankin Scale (mRS) on Day 90 after ischemic stroke to achieve a mRS score equal to 0 , 1 or 2 ,

wherein the administration of siponimod is according to any of the method of treating stroke as

defined in any of the preceding embodiments.

Embodiment 2.1: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke, wherein

(a) multiple consecutive doses of siponimod are administered to said subject over a time period

equal to or up to 96 hours calculated starting at the first administered dose, wherein

(i) the first administered dose of siponimod is not less than 0.25 mg and not more than 1.25 mg;

and wherein

(ii) each dose of the one or more consecutive doses of siponimod which are administered after

the first dose is not less than the directly preceding administered dose and not more than the

directly subsequent administered dose; and

(iii) the total sum of the consecutive doses of siponimod administered over a time period of 24

consecutive hours is lower than the maintenance daily dose; and wherein subsequently

(b) the maintenance daily dose of siponimod is administered for a maintenance time period of at

least 2 days, wherein

(i) said maintenance daily dose is not less than 2 mg and not more than 20 mg of siponimod.

Embodiment 2.2: Siponimod for use in the treatment of stroke in a human subject according to

the embodiment 2.1, wherein the multiple consecutive doses of siponimod are administered to

said subject according to step (a) over a time period equal to or up to 72 hours calculated starting

at the first administered dose.

Embodiment 2.3: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 or 2.2, wherein the multiple consecutive doses of siponimod are

administered to said subject according to step (a) over a time period equal to or up to 48 hours

calculated starting at the first administered dose.

Embodiment 2.4: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.3, wherein the multiple consecutive doses of siponimod are

administered to said subject according to step (a) over a time period equal to or up to 24 hours

calculated starting at the first administered dose.



Embodiment 2.5: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.4, wherein the first administered dose of step (a) is 0.25 mg of

siponimod.

Embodiment 2.6: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.4, wherein the first administered dose of step (a) is 0.5 mg of

siponimod.

Embodiment 2.7: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.4, wherein the first administered dose of step (a) is 0.75 mg of

siponimod.

Embodiment 2.8: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.4, wherein the first administered dose of step (a) is 1.0 mg of

siponimod.

Embodiment 2.9: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.4, wherein the first administered dose of step (a) is 1.25 mg of

siponimod.

Embodiment 2.10: Siponimod for use in the treatment of stroke in a human subject to any of the

embodiments 2.1 to 2.9, wherein the maintenance daily dose of step (b)(i) is not less than 2 mg

and not more than 15 mg of siponimod.

Embodiment 2.1 1: Siponimod for use in the treatment of stroke in a human subject to any of the

embodiments 2.1 to 2.10, wherein the maintenance daily dose of step (b)(i) is not less than 2 mg

and not more than 10 mg of siponimod.

Embodiment 2.12: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2 .11, wherein the maintenance daily dose of step (b)(i) is not less

than 2 mg and not more than 5 mg of siponimod.

Embodiment 2.13: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.9, wherein the maintenance daily dose of step (b)(i) is 20 mg of

siponimod.



Embodiment 2.14: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.10, wherein the maintenance daily dose of step (b)(i) is 15 mg

of siponimod.

Embodiment 2.15: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.1 1 , wherein the maintenance daily dose of step (b)(i) is 10 mg

of siponimod.

Embodiment 2.16: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.12, wherein the maintenance daily dose of

step (b)(i) is 5 mg of siponimod.

Embodiment 2.17: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.12, wherein the maintenance daily dose of

step (b)(i) is 2 mg of siponimod.

Embodiment 2.18: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.17, wherein the maintenance daily dose of

siponimod administered in step (b) is administered for a maintenance time period of at least 3

days, e.g. for a maintenance time period of 3 , 4 or 5 days.

Embodiment 2.19: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.18, wherein the maintenance daily dose of

siponimod administered in step (b) is administered for a maintenance time period of at least 7

days, e.g. for a maintenance time period of 12 days.

Embodiment 2.20: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.19, wherein the maintenance daily dose of

siponimod administered in step (b) is administered for a maintenance time period of at least 14

days.

Embodiment 2.21 : Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.20, wherein the daily maintenance dose of

siponimod administered in step (b) is administered for a maintenance time period of at least 2 1

days.

Embodiment 2.22: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.21 , wherein the maintenance daily dose of



siponimod administered in step (b) is administered for a maintenance time period of at least 28

days.

Embodiment 2.23: Siponimod for use in the treatment of stroke in a human subject suffering from

stroke according to any of the embodiments 2.1 to 2.22, wherein the maintenance daily dose of

siponimod administered in step (b) is administered for a maintenance time period of at least 35

days.

Embodiment 2.24: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2 .1 to 2.23, wherein the administration of the maintenance daily dose of

siponimod in step (a) comprises intravenous administration.

Embodiment 2.25: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.24, wherein the administration of the maintenance daily dose of

siponimod in step (a) comprises oral administration.

Embodiment 2.26: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.23 and 2.25, wherein the administration of siponimod in step (a)

is oral and wherein the administration of the maintenance daily dose of siponimod in step (b)

comprises oral administration.

Embodiment 2.27: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.23 and 2.25 wherein the administration in step (a) is oral and

wherein the administration of the maintenance daily dose of siponimod in step (b) comprises

intravenous administration.

Embodiment 2.28: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.24, wherein the administration in step (a) is intravenous and

wherein the administration of the maintenance daily dose of siponimod in step (b) comprises oral

administration.

Embodiment 2.29: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.24, wherein the administration in step (a) is intravenous and

wherein the administration of the maintenance daily dose of siponimod in step (b) comprises

intravenous administration.

Embodiment 2.30 Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.29, wherein the administration of the maintenance daily dose of



siponimod in step (b) is carried out in a first phase by intravenous administration and in a second

phase by oral administration, preferably the first phase has a duration of 5 days and the second

phase has a duration of 7 days.

Embodiment 2.31 : Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.30, wherein

(c) said subject is continuously monitoring said subject via cardiovascular telemetry for at least

the first 24 hours, preferably for at least the first 48 hours calculated starting from the

administration of the first dose of siponimod.

Embodiment 2.32: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 . to 2.31, wherein if a consecutive dose in step (a) is increased by an

increment, said increment is governed by a modified Fibonacci series, i.e. a given dose is the

sum of two directly previous doses ± 40%, for example ± 35%, for example ± 30%, for example ±

20%, e.g. about ± 23%, or for example ± 10%.

Embodiment 2.33: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1, 2.3, 2.5, 2.10, 2.1 1, 2.15 or from 2.18 to 2.25 and from 2.28 to 2.32

comprising

(a) intravenously administering to said subject multiple consecutive doses of siponimod over a

time period equal to or up to 48 hours calculated starting at the first intravenously administered

dose, wherein

on Day 1, the administered doses are 0.25 mg over 6 hours, then 0.25 mg over 6 hours, then

0.5 mg over 6 hours, and then 0.75 mg over 6 hours for a total Day 1 dose of 1.75 mg; and

on Day 2 , the administered doses are 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5 mg

over 6 , and then 2.5 mg over 6 hours for a total Day 2 dose of 8.25 mg; and

(b) intravenously administering a maintenance daily dose of 10 mg of siponimod on Day 3 through

Day 7 ; and

optionally orally administering the maintenance daily dose of 10 mg of siponimod on and after

Day 8 , preferably on Day 8 through Day 14; and

wherein said method further optionally comprises continuously monitoring said subject via

cardiovascular telemetry for at least the first 24 hours, preferably for at least the first 48 hours,

calculated starting from the administration.

Embodiment 2.34: Siponimod for use in the treatment of stroke in a human subject according to

any of the embodiments 2.1 to 2.33, wherein when step (b) comprises administering siponimod

orally it is administered in the form of an oral solid dosage form.



Embodiment 2.35: Siponimod for use in the treatment of stroke in a human subject as defined in

the embodiment 2.34, wherein the oral solid dosage form of siponimod is an immediate release

oral solid dosage form.

Embodiment 2.36: Siponimod for use in the treatment of stroke in a human subject as defined in

the embodiment 2.35, wherein the oral immediate release solid dosage form of siponimod is in

the form of tablets having the composition as provided in Table 2.1 or Table 2.2.

Embodiment 2.37: Siponimod for use in the treatment of stroke in a human subject according to

any of the preceding embodiments 2.34 to 2.36, wherein the 10 mg daily dose of siponimod of

step (b) is administered to said human subject in the form of

(a) 5 tablets of 2 mg strength; or

(b) 2 tablets of 5 mg strength; or

(c) 1 tablet of 10 mg strength;

and wherein when the dose is administered by more than 1 tablet, the tablets are administered

simultaneously, sequentially or separately, preferably simultaneously.

Embodiment 2.38: Siponimod for use in the treatment of stroke in a human subject according to

any of the preceding embodiments 2.1 to 2.37, wherein the administered i.v. composition

containing siponimod is obtained by diluting, for example in saline or 5% glucose solution, a

concentrate containing siponimod, wherein said concentrate

(i) is in the form of a liquid;

(ii) contains 1 mg/mL of siponimod; and

(iii) contains

- 7 wt.% - 13 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD);

a buffer agent; and

optionally a tonicity agent.

Embodiment 2.39: Siponimod for use in the treatment of stroke in a human subject according to

the embodiment 2.38, wherein stroke is preferably ischemic stroke, more preferably AIS and

wherein the administered i.v. composition containing siponimod is obtained by diluting, for

example in saline or 5% glucose solution, a concentrate to the desired concentration of siponimod

and wherein the concentrate

(i) is in the form of a liquid; and

(ii) contains 1 mg/mL of siponimod; and in addition

(iii) contains

- 10 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD);

3 wt.% mannitol; and



0.06 wt.% 2-amino-2-(hydroxymethyl)propan-1,3-diol (Tris); and

(iv) its pH is about 8 .

Embodiment 2.40: Siponimod for use in the treatment of stroke in a human subject as defined in

any preceding embodiments 2.1 to 2.39, wherein stroke is ischemic stroke.

Embodiment 2.41: Siponimod for use in the treatment of stroke in a human subject as defined in

the preceding embodiment 2.40, wherein stroke is acute ischemic stroke (AIS).

Embodiments 2.42: Siponimod for use in the treatment of stroke in a human subject as defined

in any of the preceding embodiments 2.1 to 2.41 , wherein stroke is ischemic stroke, preferably

AIS and wherein the first dose is administered within 6 hours, within 5 hours, hours, preferably

within 4.5 hours, with 4 hours, more preferably within 3 hours from the onset of the ischemic stroke

event.

Embodiment 2.43: Siponimod for use in the treatment of stroke in a human subject as defined in

any of the preceding embodiments 2.1 to 2.42, wherein the stroke, e.g., ischemic stroke, is grade

4 stroke or higher as defined by the National Institute of Health Stroke Scale (NIHSS).

Embodiment 2.44: Siponimod for use in the treatment of stroke in a human subject as defined in

any of the preceding embodiments 2.1 to 2.43, wherein the stroke, e.g., ischemic stroke, is grade

6 stroke or lower as defined by the National Institute of Health Stroke Scale (NIHSS).

Embodiments 2.45: Siponimod for use in the treatment of stroke in a human subject as defined

in any of the preceding embodiments 2.1 to 2.44, wherein the human subject has a Glasgow

Coma Scale (GCS) motor score which is no less than 6 .

Embodiment 2.46: Siponimod for use in the treatment of stroke in a human subject as defined in

any of the preceding embodiments 2.1 to 2.45, wherein the subject is a CYP2C9*2*3 poor

metabolizer or a CYP2C9*3*3 poor metabolizer.

Embodiment 2.47: Siponimod for use in the treatment of stroke in a human subject, according to

any of the previous embodiments 2.1 to 2.46, wherein siponimod in oral solid dosage form is in

the form of a co-crystal with fumaric acid.

Embodiment 2.48: Siponimod for use in the improvement of global functioning of human subject

suffering from stroke, preferably from ischemic stroke or more preferably from AIS, measured by

the modified Rankin Scale (mRS) on Day 90 after ischemic stroke to achieve a mRS score equal



to 0 , 1 or 2 , wherein the administration of siponimod is according to any of the method of treating

stroke a as defined in any of the preceding embodiments.

Embodiment 3.1: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject suffering from stroke, wherein said use comprises

(a) administering to said subject multiple consecutive doses of siponimod over a time period equal

to or up to 96 hours calculated starting at the first administered dose, wherein

(i) the first administered dose is not less than 0.25 mg and not more than 1.25 mg;

and wherein

(ii) each dose of the one or more consecutive doses administered after the first dose is not less

than the directly preceding administered dose and not more than the directly subsequent

administered dose; and wherein

(iii) the total sum of the consecutive doses administered over a time period of 24 consecutive

hours is lower than the maintenance daily dose of siponimod; and wherein said use further

comprises subsequently

(b) administering the maintenance daily dose of siponimod for a maintenance time period of at

least 2 days, wherein

(i) the daily maintenance dose is not less than 2 mg and not more than 20 mg of siponimod.

Embodiment 3.2: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to embodiment 3 .1, wherein the multiple

consecutive doses of siponimod are administeredto said subject according to step (a) over a time

period equal to or up to 72 hours calculated starting at the first administered dose.

Embodiment 3.3: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 or 3.2,

wherein the multiple consecutive doses of siponimod are administered to said subject according

to step (a) over a time period equal to or up to 48 hours calculated starting at the first administered

dose.

Embodiment 3.4: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.3,

wherein multiple consecutive doses of siponimod are administered to said subject according to



step (a) over a time period equal to or up to 48 hours calculated starting at the first administered

dose.

Embodiment 3.5: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.4,

wherein the first administered dose of step (a) is 0.25 mg of siponimod.

Embodiment 3.6: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.4,

wherein the first administered dose of step (a) is 0.5 mg of siponimod.

Embodiment 3.7: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.4,

wherein the first administered dose of step (a) is 0.75 mg of siponimod.

Embodiment 3.8: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.4,

wherein the first administered dose of step (a) is 1.0 mg of siponimod.

Embodiment 3.9: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.4,

wherein the first administered dose of step (a) is 1.25 mg of siponimod.

Embodiment 3.10: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.9,

wherein the maintenance daily dose of step (b)(i) is not less than 2 mg and not more than 15 mg

of siponimod.

Embodiment 3 .11: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.10,



wherein the maintenance daily dose of step (b)(i) is not less than 2 mg and not more than 10 mg

of siponimod.

Embodiment 3.12: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.1 1 ,

wherein the maintenance daily dose of step (b)(i) is not less than 2 mg and not more than 5 mg

of siponimod.

Embodiment 3.13: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.9,

wherein the maintenance daily dose of step (b)(i) is 20 mg of siponimod.

Embodiment 3.14: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.10,

wherein the maintenance daily dose of step (b)(i) is 15 mg of siponimod.

Embodiment 3.15: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.1 1 ,

wherein the maintenance daily dose of step (b)(i) is 10 mg of siponimod.

Embodiment 3.16: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human according to any of the embodiments 3.1 to 3.12, wherein

the maintenance daily dose of step (b)(i) is 5 mg of siponimod.

Embodiment 3.17: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.12,

wherein the maintenance daily dose of step (b)(i) is 2 mg of siponimod.

Embodiment 3.18: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.17,



wherein the maintenance daily dose of siponimod administered in step (b) is administered for a

maintenance time period of at least 3 days, e.g. for a maintenance time period of 3 , 4 or 5 days.

Embodiment 3.19: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.18,

wherein the maintenance daily dose of siponimod administered in step (b) is administered for a

maintenance time period of at least 7 days, e.g. for a maintenance time period of 12 days.

Embodiment 3.20: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.19,

wherein the maintenance daily dose of siponimod administered in step (b) is administered for a

maintenance time period of at least 14 days.

Embodiment 3.21 : Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.20,

wherein the daily maintenance dose of siponimod administered in step (b) is administered for a

maintenance time period of at least 2 1 days.

Embodiment 3.22: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.21,

wherein the maintenance daily dose of siponimod administered in step (b) is administered for a

maintenance time period of at least 28 days.

Embodiment 3.23: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.22,

wherein the maintenance daily dose of siponimod administered in step (b) is administered for a

maintenance time period of at least 35 days.

Embodiment 3.24: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.23,

wherein the administration of the maintenance daily dose of siponimod in step (a) comprises

intravenous administration.



Embodiment 3.25: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.24,

wherein the administration of the maintenance daily dose of siponimod in step (a) comprises oral

administration.

Embodiment 3.26: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.23

and 3.25, wherein the administration in step (a) is oral and wherein the administration of the

maintenance daily dose of siponimod in step (b) comprises oral administration.

Embodiment 3.27: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.23

and 3.25 wherein the administration in step (a) is oral and wherein the administration of the

maintenance daily dose of siponimod in step (b) comprises intravenous administration.

Embodiment 3.28: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.24,

wherein the administration in step (a) is intravenous and wherein the administration of the

maintenance daily dose of siponimod in step (b) comprises oral administration.

Embodiment 3.29: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.24,

wherein the administration in step (a) is intravenous and wherein the administration of the

maintenance daily dose of siponimod in step (b) comprises intravenous administration.

Embodiment 3.30: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.29,

wherein the administration of the maintenance daily dose of siponimod in step (b) is carried out

in a first phase by intravenous administration and in a second phase by oral administration,

preferably the first phase has a duration of 5 days and the second phase has a duration of 7 days.



Embodiment 3.31 : Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.30,

said use further comprising

(c) continuously monitoring said subject via cardiovascular telemetry for at for at least the first 24

hours, preferably for at least the first 48 hours calculated starting from the administration of the

first dose of siponimod.

Embodiment 3.32: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3 .1. to 3.31 ,

wherein if a consecutive dose in step (a) is increased by an increment, said increment is governed

by a modified Fibonacci series, i.e. a given dose is the sum of two directly previous doses ± 40%,

for example ± 35%, for example ± 30%, for example ± 20%, e.g. about ± 23%, or for example ±

10%.

Embodiment 3.33: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1, 3.3, 3.5,

3.10, 3.1 1 , 3.15 or from 3.18 to 3.25 and from 3.28 to 3.32, where said use comprises

(a) intravenously administering to said subject multiple consecutive doses of siponimod over a

time period equal to or up to 48 hours calculated starting at the first intravenously administered

dose, wherein

on Day 1, the administered doses are 0.25 mg over 6 hours, then 0.25 mg over 6 hours, then

0.5 mg over 6 hours, and then 0.75 mg over 6 hours for a total Day 1 dose of 1.75 mg; and

on Day 2 , the administered doses are 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5 mg

over 6 , and then 2.5 mg over 6 hours for a total Day 2 dose of 8.25 mg; and

(b) intravenously administering a maintenance daily dose of 10 mg of siponimod on Day 3 through

Day 7 ; and

optionally orally administering the maintenance daily dose of 10 mg of siponimod on and after

Day 8 , preferably on Day 8 through Day 14; and

wherein said use further optionally comprises continuously monitoring said subject via

cardiovascular telemetry for at least the first 24 hours, preferably for at least the first 48 hours,

calculated starting from the administration of the first dose of siponimod.

Embodiment 3.34: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.1 to 3.33,



wherein when step (b) comprises administering siponimod orally it is administered in the form of

an oral solid dosage form.

Embodiment 3.35: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in the embodiment 3.34, wherein the

oral solid dosage form of siponimod is an immediate release oral solid dosage form.

Embodiment 3.36: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in the embodiment 3.35, wherein the

oral immediate release solid dosage form of siponimod is in the form of tablets having the

composition as provided in Table 2.1 or Table 2.2.

Embodiment 3.37: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the embodiments 3.34 to 3.36,

wherein the 10 mg daily dose of siponimod of step (b) is administered to the human subject in

need thereof in the form of

(a) 5 tablets of 2 mg strength; or

(b) 2 tablets of 5 mg strength; or

(c) 1 tablet of 10 mg strength;

and wherein when the dose is administered by more than 1 tablet, the tablets are administered

simultaneously, sequentially or separately, preferably simultaneously.

Embodiment 3.38: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in any of the preceding embodiments,

1. 1 to 1.37 wherein the administered i.v. composition containing siponimod is obtained by diluting,

for example in saline or 5% glucose solution, a concentrate containing siponimod, wherein said

concentrate

(i) is in the form of a liquid;

(ii) contains 1 mg/mL of siponimod; and

(iii) contains

- 7 wt.% - 13 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD);

a buffer agent; and

optionally a tonicity agent.



Embodiment 3.39: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according as defined in the embodiment 3.38,

wherein stroke is preferably ischemic stroke, more preferably AIS and wherein the administered

i.v. composition containing siponimod is directly obtained by diluting, for example in saline or 5%

glucose solution, a concentrate to the desired concentration of siponimod and wherein the

concentrate

(i) is in the form of a liquid; and

(ii) contains 1 mg/mL of siponimod; and in addition

(iii) contains

- 10 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD);

3 wt.% mannitol; and

0.06 wt.% 2-amino-2-(hydroxymethyl)propan-1,3-diol (Tris);

(iv) and its pH is about 8 .

Embodiment 3.40: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in any of the embodiments 3.1 to 3.39,

wherein stroke is ischemic stroke.

Embodiment 3.41 : Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in any preceding embodiments 3.40,

wherein stroke is acute ischemic stroke (AIS).

Embodiments 3.42: Use of siponimod or pharmaceutically acceptable salts, co-crystals,

hydrates, solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a

medicament for the treatment of stroke in a human subject as defined in any of the preceding

embodiments 3.1 to 3.41, wherein stroke is ischemic stroke, preferably AIS and wherein the first

dose of said method is administered within 6 hours, within 5 hours, hours, preferably within 4.5

hours, with 4 hours, more preferably within 3 hours from the onset of the ischemic stroke event.

Embodiment 3.43: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in any of the preceding embodiments

3.1 to 3.42, wherein the stroke, e.g., ischemic stroke, is grade 4 stroke or higher as defined by

the National Institute of Health Stroke Scale (NIHSS).



Embodiment 3.44: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in any of the preceding embodiments

3.1 to 3.43, wherein the stroke, e.g., ischemic stroke, is grade 6 stroke or lower as defined by the

National Institute of Health Stroke Scale (NIHSS).

Embodiments 3.45: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according as defined in any of the preceding

embodiments 3.1 to 3.44, wherein the human subject has a Glasgow Coma Scale (GCS) motor

score which is no less than 6 .

Embodiment 3.46: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject as defined in any of the preceding embodiments

3.1 to 3.45, wherein the subject is a CYP2C9*2*3 poor metabolizer or a CYP2C9*3*3 poor

metabolizer.

Embodiment 3.47: Use of siponimod or pharmaceutically acceptable salts, co-crystals, hydrates,

solvates, polymorphs of siponimod and/or mixtures thereof for the manufacture of a medicament

for the treatment of stroke in a human subject according to any of the previous embodiments 3.1

to 3.46, wherein siponimod in oral solid dosage form is in the form of a co-crystal with fumaric

acid.

Embodiment 3.48: Use of siponimod for the improvement of global functioning of human subject

suffering from stroke, preferably from ischemic stroke or more preferably from AIS, measured by

the modified Rankin Scale (mRS) on Day 90 after ischemic stroke to achieve a mRS score equal

to 0 , 1 or 2 , wherein the administration of siponimod is according to any of the method of treating

stroke a as defined in any of the embodiments 3 .1 to 3.47.

According to the disclosure, the period of treatment of step (a) refers to the period during

which siponimod is administered at a daily dose lower than the maintenance daily dose. The

period of treatment of step (a) starts with the first administration (e.g., the administration of the

first dose) of siponimod.

The first administered dose of siponimod of the present disclosure is not less than 0.25

mg and not more than 1.25 mg. In one embodiment the first administered dose is not less than



0.25 mg and not more than 0.75 mg, e.g. preferably 0.5 mg, more preferably 0.25 mg. In another

embodiment the first administered dose is between 0.75 mg and 1.25 mg, e.g. 0.75 mg or 1.0 mg,

preferably 0.75 mg.

The maintenance daily dose of siponimod of step (b) of the present disclosure is not less

than 2 mg and not more than 20 mg of siponimod. In one embodiment, the maintenance daily

dose is not less than 2 mg and not more than 10 mg, e.g. 2 mg or 5 mg. In another embodiment,

the maintenance daily dose is between 10 mg and 20 mg, e.g. 10 mg or 15 mg, preferably 10 mg.

The term "daily" indicates a time period of 24 hours.

In step (a) of the method of treatment of the present disclosure the consecutive doses of

siponimod are administered to a human subject suffering from stroke, preferably ischemic stroke,

e.g. AIS, over a time period equal to or up to 96 hours. In one embodiment the time period is

between 78 and 96 hours, e.g. 84 hours or 90 hours. In another embodiment it is between 60 and

78 hours, e.g. 66 hours or 72 hours. In another embodiment it is up to 72 hours, e.g. between 42

hours and 60 hours, e.g. 48 hours or 54 hours. In another embodiment it is up to 48 hours, e.g.

between 36 hours and 48 hours, e.g. 42 hours or 36 hours. In another embodiment it is up to 40

hours e.g. between 30 and 40 hours, e.g. 33 hours or 39 hours. In another embodiment it is up to

36 hours, e.g. between 18 hours and 36 hours, e.g. 24 hours or 30 hours. In another embodiment

is up to 24 hours, e.g. between 3 hours and 24 hours, e.g. 6 hours or 12 hours. In one

embodiment, it is 48 hours. In one embodiment, it is 24 hours. In one embodiment, the period of

treatment of step (a) terminates at the beginning of the first day in which the total dose of

siponimod administered in this entire day, i.e. in its span of 24 hours, is equal to the maintenance

daily dose.

In one embodiment each dose of the consecutive doses of siponimod is administered every

24 hours. In another embodiment it is administered every 12 hours. In a further embodiment it is

administered every 6 hours or every 3 hours. Preferably it is administered every 6 hours.

In one embodiment the maintenance daily dose of siponimod is administered for a period

which is up to 90 days, for example up to 77 days, e.g. up to 63. In another embodiment it is up

to 56 days, e.g. between 35 days and 56 days, for example 42 days or 49 days. In another

embodiment it is administered for a period which is up to 30 days, e.g. from 25 to 30 days, for

example 29 days or 28 days. Alternatively, for a period which is up to 25 days, e.g. from 20 to 25

days, for example 2 1 days or 24 days. Alternatively, for a period which is up to 20 days, e.g. from

15 to 20 days, for example 18 days or 19 days. Alternatively, for a period which is in the range

from 10 to 14 days, e.g. 12 days or 14 days. Alternatively, for a period which may be shorter, e.g.

in the range from 5 to 10 days, such as 7 or 10 days. Alternatively, siponimod may be administered



in a daily dose of 10 mg for a period which may be shorter, e.g. in the range from 1 to 4 days,

e.g., 1 to 3 days, such as 2 or 3 days. Preferably siponimod is administered in a daily dose of 10

mg for a period which is at least 12 days, e.g., 12 days.

In one embodiment wherein the maintenance daily dose is between 2 mg and 10 mg, in

step (a) of the method of treatment described in the present disclosure the administered daily

dose of siponimod may be up to 9.5 mg, e.g. up to 9 mg, or up to 8.5 mg, e.g. about 8.25 mg or

about 8 mg. Alternatively it may be up to 7.75 mg, e.g. about 7.5 or about 7.25 mg, or up to 7 mg,

e.g. up to 6.5 mg, e.g. 6.25 mg, or up to 6 mg, e.g. up to 5.75 mg, e.g. about 5.5 mg or about 5

mg. Alternatively the daily dose of siponimod administered in step (a) of the present method of

treatment may be up to 4 mg, e.g. about 3.75 mg or about 3.5 mg, or up to 3 mg, e.g. about 2.75

mg, or up to 2.5 mg, e.g. about 2.25 mg. Alternatively it may be up to 2 mg, e.g. about 1.75, or up

to 1.5 mg, e.g. about 1.25 mg, or up to 1 mg, e.g. about 0.75 mg or 0.5 mg. The administered

daily dose of siponimod of step (a) is lower than the maintenance daily dose of step (b).

In a further embodiment wherein the maintenance daily dose is between 10 mg and 20

mg, in step (a) of the method of treatment described in the present disclosure, the administered

daily dose of siponimod may up to 19.5 mg, e.g. up to 19 mg, or up to 18.5 mg, e.g. about 18.25

mg or about 18 mg. Alternatively it may be up to 17.75 mg, e.g. about 17.5 or about 17.25 mg, or

up to 17 mg, e.g. up to 16.5 mg, e.g. 16.25 mg, or up to 16 mg, e.g. up to 15.75 mg, e.g. about

15.5 mg or about 15 mg. Alternatively the daily dose of siponimod administered in step (a) of the

present method of treatment may be up to 14 mg, e.g. about 13.75 mg or about 13.5 mg, or up to

13 mg, e.g. about 12.75 mg, or up to 12.5 mg, e.g. about 12.25 mg. Alternatively it may be up to

12 mg, e.g. about 11.75, or up to 11.5 mg, e.g. about 11.25 mg, or up to 11 mg, e.g. about 10.75

mg or 10.5 mg. Alternatively it may be up to 10.25, e.g. about 10 mg or about 9.75 mg, or up to 9

mg, or up to 8.5 mg, e.g. about 8.25 mg or about 8 mg. Alternatively it may be up to 7.75 mg, e.g.

about 7.5 or about 7.25 mg, or up to 7 mg, e.g. up to 6.5 mg, e.g. 6.25 mg, or up to 6 mg, e.g. up

to 5.75 mg, e.g. about 5.5 mg or about 5 mg. Alternatively the daily dose of siponimod

administered in step (a) of the present method of treatment may be up to 4 mg, e.g. about 3.75

mg or about 3.5 mg, or up to 3 mg, e.g. about 2.75 mg, or up to 2.5 mg, e.g. about 2.25 mg.

Alternatively it may be up to 2 mg, e.g. about 1.75, or up to 1.5 mg, e.g. about 1.25 mg, or up to

1 mg, e.g. about 0.75 mg or 0.5 mg. The administered daily dose of siponimod of step (a) is lower

than the maintenance daily dose of step (b).

In a further embodiment, in step (a) as the daily dose administered on Day 1 of the

treatment, siponimod may be administered at a dose up to 4 mg, e.g. about 3.75 mg or 3.5 mg,

or up to 3 mg, e.g. up to 2.75 mg, e.g. 2.5 mg or 2.25 mg. Alternatively, in step (a), as the daily

dose administered on Day 1 of the treatment, siponimod may be administered at a dose up to 2



mg, e.g. about 1.75 mg or 1.5 mg, or up to 1.25 mg, e.g. about 1 mg. Alternatively at a dose up

to 0.75 mg, e.g. 0.5 mg or 0.25 mg. The administered daily dose of siponimod of step (a) is lower

than the maintenance daily dose of step (b).

In a further embodiment, in step (a), as the daily dose administered on Day 2 of the

treatment, siponimod may be administered at a dose up to 9 mg, e.g. about 8.75 mg or about 8.5

mg, or up to 8 mg, e.g. up to 7.75 mg, e.g. 7.5 mg or 7 mg. Alternatively, in step (a), as the daily

dose administered on Day 2 of the treatment, siponimod may be administered at a dose up to

6.75 mg, e.g. about 6.5 mg or 6.25 mg, or up to 5.75 mg, e.g. about 5.5 mg or 5.25 mg.

Alternatively at a dose up to 4.75 mg, e.g. about 4.5 mg or 4.25 mg. Alternatively, at a dose up to

3.75 mg, e.g. about 3.5 mg or 3.25 mg. The administered daily dose of siponimod of step (a) is

lower than the maintenance daily dose of step (b).

According to the present disclosure each dose of the one or more consecutive doses

administered after the first dose in step (a) is: (a)(ii) not less than the directly preceding

administered dose and not more than the directly subsequent administered dose and (a)(iii) the

total sum of the consecutive doses administered over a time period of 24 consecutive hours is

lower than the maintenance daily dose.

Under the above conditions (a)(ii) and (a)(iii) of the above paragraph, in an embodiment

wherein the maintenance daily dose of siponimod is 2 mg, the dose of siponimod administered in

step (a) of the method of treatment may, on any given administration, be about 8-fold smaller, or

about 4-fold smaller, or about between 8-fold smaller and 4-fold smaller, or about 3-fold smaller,

e.g. 2.7-fold smaller or about 2-fold smaller, e.g. 1.6-fold smaller than 2 mg of siponimod.

Under the above conditions (a)(ii) and (a)(iii) of the above paragraph, in an embodiment

wherein the maintenance daily dose of siponimod is 5 mg, the dose of siponimod administered in

step (a) of the method of treatment may, on any given administration, be about 20-fold smaller,

or about 10-fold smaller, or about between 8-fold smaller and 5-fold smaller, e.g. about 6.7-fold

smaller, or about 4-fold smaller, about 3-fold smaller, e.g. about 3.3-fold smaller or 2.7-fold

smaller, or about 2-fold smaller than 5 mg of siponimod.

Under the above conditions (a)(ii) and (a)(iii) of the above paragraph, in an embodiment

wherein the maintenance daily dose of siponimod is 10 mg, the dose of siponimod administered

in step (a) of the method of treatment may, on any given administration, be about 40-fold smaller,

or about 20-fold smaller, or about 15-fold smaller, e.g. about 13.3-fold smaller, or about 10-fold

smaller, about 8-fold smaller, or about 6.7-fold smaller or 5-fold, e.g. about 4-fold smaller than 10

mg of siponimod.



Under the above conditions (a)(ii) and (a)(iii) of the above paragraph, in an embodiment

wherein the maintenance daily dose of siponimod is 20 mg, the dose of siponimod administered

in step (a) of the method of treatment may, on any given administration, be about 80-fold smaller,

or about 40-fold smaller, or about 30-fold smaller, e.g. about 27-fold smaller, or about 15-fold

smaller, e.g. 13-fold smaller, or about 8-fold smaller, smaller than 20 mg of siponimod.

In a further embodiment under the proviso that the sum of the doses administered in one

day, i.e. in a time span of 24 hours, in step (a) of the method of the present disclosure is lower

than the maintenance daily dose of step (b) and is increased stepwise in a defined incremental

ratio up to the maintenance daily dose of siponimod, preferably, the administered dose of

siponimod during the initial 7 days of treatment, e.g. from Day 1 to Day 7 , or preferably during the

initial 6 days, e.g. from Day 1 to Day 6 , or preferably during the initial 5 days, e.g. from Day 1 to

Day 5 , or preferably during the initial 4 days, e.g. from Day 1 to Day 4 , or more preferably during

the initial 3 days, e.g. from Day 1 to Day 3 , or even more preferably during the initial 2 days, e.g.

from Day 1 to Day 2 , is increased stepwise at each administration and each administered dose is

from 0.1 -fold up to 3-fold higher than the directly previous dose of siponimod, for example from

0.1-fold up to 2.5-fold higher, or preferably from 0.1-fold up to 2-fold higher , for example from

0.2-fold to 1.7-fold higher, e.g. from 0.2-fold up to 1.5-fold higher, e.g. 0.5-fold or 1-fold higher

than the directly previous dose of siponimod.

In one embodiment, the number of consecutive doses administered in step (a) of the

method of treatment of the present disclosure may be up to 32, e.g. between 20 and 32, e.g. 26

or 28. It may be further be up to 24, e.g. between 20 and 24, e.g. 18 or 16. It may be alternatively

be up to 18, e.g. between 10 and 18, e.g. 12 or 14. It may be further be up to 12, e.g. between 6

and 12, e.g. 10 and 8 . Alternatively it may be up to 6 , e.g. between 2 and 5 , e.g. 3 or 4 .

Ischemic event or stroke, e.g., ischemic stroke, onset time may be determined by any

available method. For example, a subject may questioned, e.g., by a physician, regarding various

symptoms of stroke, e.g., as described herein, to identify the approximate time of stroke onset.

In some cases, stroke onset time is difficult to pinpoint, such as when a subject awakens

with stroke, or if the start of symptoms are otherwise undetectable. In such cases, stroke onset

may be determined by identifying the time the subject was last known to be well, e.g., last known

normal (LKN). In some cases, MRI of the brain can be used to determine onset time and/or stroke

duration in a subject (see, e.g., Petkova et al.; Radiology (2010)) MR imaging helps predict time

from symptom onset in patients with acute stroke: implications for patients with unknown onset

time



. Accordingly, in one embodiment, the disclosure features a method of treating a human

subject having a stroke, e.g., an ischemic stroke, e.g., an acute ischemic stroke, comprising:

administering siponimod to the subject within 6 hours or less, e.g., 6 , 5 , 4.5, 4 , 3 hours or less,

after the onset of the stroke in the subject. In some embodiments, siponimod is administered

within 6 hours or less after the onset of the stroke, e.g., between 3 and 6 hours, 3 to 4.5 hours,

4.5 to 6 hours, 4.5 to 6 hours, or 5 to 6 hours after the onset of the stroke.

Therapies used to treat stroke can also include, e.g., thrombolysis (e.g., tissue

plasminogen activator (tPA)), thrombectomy, angioplasty and stenting, therapeutic hypothermia,

and medications (e.g., aspirin, clopidogrel and dipyridamole).

Accordingly, in one embodiment of the present disclosure, siponimod may be

administered in combination with rTPA, preferably, within 4.5 hours, preferably within 3 hours

after the onset of the ischemic stroke.

In some embodiments, the stroke is a grade 4 stroke or higher as defined by the National

Institute of Health Stroke Scale (NIHSS). In some embodiments, the stroke is a grade 6 stroke

or lower as defined by the National Institute of Health Stroke Scale (NIHSS), e.g., between a

grade 4 and a grade 6 stroke. In certain embodiments, the stroke is a moderate stroke, a

moderate to severe stroke or a severe stroke. In particular embodiments, the stroke is

anembolism-, thrombus- or hypoperfusion-associated stroke. In certain embodiments, the

subject having the stroke does not have an intracranial hemorrhage.

The disclosure provides methods of treating (e.g., stabilizing, reducing, or eliminating one

or more symptoms or stabilizing the subject's score on a stroke scale) stroke, e.g., acute ischemic

stroke, by administering siponimod to a subject having a stroke, e.g. ischemic stroke, e.g., AIS.

The disclosure also provides methods of preventing stroke or a symptom thereof by

administering siponimod to a subject at risk of developing a stroke (e.g., a subject that has

experienced systemic hypoperfusion).

Standard tests for neurological recovery ( e.g., National Institute of Health Stroke Scale

(NIHSS), Barthel Index, modified Rankin Scale (mRS), Glasgow Outcome Scale, Montreal

Cognitive Assessment (MoCA), Stroke Impact Scale (SIS-16)) can be employed by skilled

artisans to determine efficacy. The NIHSS classifies the severity of a stroke based on a subject's

ability to answer questions and perform activities relating to level of consciousness, language,

visual-field loss, extraocular movement, motor strength, ataxia, dysarthria, sensory loss and

extinction and inattention. There are 15 items and ratings for each item are scored with 3 to 5

grades with 0 as normal and a maximum severity score of 42 for all items. A NIHSS of 1-4 is



indicative of a minor stroke; a score of 5-15 is indicative of a moderate stroke, a score of 16-20 is

indicative of a moderate to severe stroke; and a score of 21-42 is indicative of a severe stroke.

Additionally provided are methods of treating stroke by administering siponimod in

combination with a second therapy, e.g., thrombolysis ( e.g., tissue plasminogen activator (tPA)),

thrombectomy, angioplasty and stenting, therapeutic hypothermia, and/or a medication ( e.g.,

aspirin, clopidogrel and dipyridamole). In preferred embodiments, the second therapy is, e.g., a

thrombolytic agent, a neuroprotective agent, an anti-inflammatory agent, a steroid, a cytokine or

a growth factor. The thrombolytic agent used can be tissue plasminogen activator or urokinase.

The neuroprotective agent used can be an agonist to a receptor selected from the group

consisting of: N-Methyl-D aspartate receptor (NMDA), a-amino-3-hydroxy-5-methyl-4-

isoxazoleproprionic acid receptor (AMPA), glycine receptor, calcium channel receptor, bradykinin

B2 receptor and sodium channel receptor, or from the group consisting of: the bradykinin B I

receptor, a-amino butyric acid (GABA) receptor, and Adenosine A I receptor.

Methods described herein can also include administering siponimod in combination with another

therapeutic modality, e.g., an additional agent (e.g., a pharmacological agent) or a procedure.

Administered "in combination", as used herein, means that two (or more) different treatments are

delivered to the subject during the course of the subject's affliction with the disorder, e.g., the two

or more treatments are delivered after the subject has been diagnosed with the disorder and

before the disorder has been cured or eliminated or treatment has ceased for other reasons.

In some embodiments, the delivery of one treatment is still occurring when the delivery of

the second begins, so that there is overlap in terms of administration. This is sometimes referred

to herein as "simultaneous" or "concurrent delivery". In other embodiments, the delivery of one

treatment ends before the delivery of the other treatment begins. In some embodiments of either

case, the treatment is more effective because of combined administration. For example, the

second treatment is more effective, e.g., an equivalent effect is seen with less of the second

treatment, or the second treatment reduces symptoms to a greater extent, than would be seen if

the second treatment were administered in the absence of the first treatment or the analogous

situation is seen with the first treatment. In some embodiments, delivery is such that the reduction

in a symptom, or other parameter related to the disorder is greater than what would be observed

with one treatment delivered in the absence of the other. The effect of the treatments can be

partially additive, wholly additive, or greater than additive.

Siponimod and the at least one additional therapeutic agent, e.g., rTPA, can be

administered simultaneously, in the same or in separate compositions, or sequentially. For

sequential administration, the antagonist can be administered first, and the additional agent can

be administered second, or the order of administration can be reversed.



The additional agent is preferably an agent with some degree of therapeutic efficacy in treating

acute brain injury. Such agents may include, but are not limited to, thrombolytic agents such as

plasminogen, tissue plasminogen activator (t-PA) or urokinase, agents that target excitotoxic

mechanisms such as Selfotel™ or Aptiganel™, agents that target nitric oxide associated neuronal

damage such as Lubeluzole™, agents that target ischemia associated neuronal cellular

membrane damage such as Tirilizad™, agents that target anti-inflammatory mechanisms such

as Enlimomab™ either prior to, during, or after administration of the antagonists.

Siponimod

The lUPAC name of siponimod is 1-{4-[(1E)-N-{[4-cyclohexyl-3-

(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidine carboxylic acid and the

compound is represented by the chemical structure according to Formula (I):,

Formula (I)

Siponimod is a selective sphingosine-1 -phosphate receptor modulator which is used in

the treatment of autoimmune diseases, such multiple sclerosis (MS) and in the treatment of

neurodegenerative diseases.

WO 2004/103306 A2 relates to immunosuppressant compounds and processes for their

production. Inter alia, a synthesis pathway for siponimod is described. In WO 2013/1 13915 A 1 an

alternative synthesis pathway for siponimod is described. Further, WO 2004/103306 A2 mentions

that siponimod can generally be administered by any conventional administration route such as

enterally, parentally, topically and in nasal or suppository form. However, said document does not

describe any specific dose form.

Sphingosine-1-phosphate (S1 P) receptors belong to a family of closely related, lipid-

activated G-protein-coupled receptors. S 1P 1 , S1P2, S1P3, S 1P4, and S1P5 (also respectively

termed EDG-1, EDG-5, EDG-3, EDG-6 and EDG-8) are identified as receptors specific for S 1P.



Certain S1P receptors are associated with diseases mediated by lymphocyte interactions, for

example, in transplantation rejections, autoimmune diseases, e.g. MS and inflammatory

myopathies, inflammatory diseases, infectious diseases and cancer.

Siponimod selectively targets S1P receptor subtypes 1 and 5 . It is currently in Phase 3

EXPAND clinical development as an oral formulation for the treatment of multiple sclerosis (MS),

specifically secondary progressive MS (SPMS). The use of siponimod as a medicament in stroke

was generically first mentioned in WO 2010/080409 A1, WO 2010/080455 A 1, WO 2010/071794

A 1 and WO 2012/093161 . Said documents however do not provide any guidance as to its specific

use in stroke, or any method of treatment for a patient suffering from stroke and any specific

dosage form suitable for parenteral administration.

Siponimod acts as a selective modulator of two of the five sphingosine-1 -phosphate (S1P)

receptors: S 1P 1 and S1P5. T cells selectively require S1P1 activation for emigration from the

thymus, and both T- and B cells require this receptor for egress from peripheral lymphoid organs

(Matloubian et al. 2004, Brinkmann et al. 2004). Pre-clinical data from mice with defective

expression of S 1P 1 in lymphocytes propose an obligatory role of S1P1 in the egress of

lymphocytes from lymphatic tissues.

Siponimod is a second generation S 1P receptor modulator that reduces peripheral

lymphocyte counts approximately 4 - 6 hours (h) after the first dose. The half-life of Siponimod is

approximately 30 hours, which allows reversal of pharmacodynamic effects and recovery of the

baseline lymphocyte counts within a week after treatment withdrawal. Siponimod's mode of action

is believed to include S1P1-mediated prevention of effector lymphocyte recirculation from

lymphatic tissue to sites of inflammation, such as the central nervous system (CNS). In addition,

there may be direct beneficial effects in the CNS mediated by S 1P 1 and/or S 1P5. Siponimod

readily crosses the blood brain barrier and evidence from preclinical models suggests that

siponimod may target S 1P 1 and S 1P5 on neurons, astrocytes and oligodendrocytes and may

modulate neurobiological processes (Choi et al 201 1). Thus, siponimod may display additional

beneficial activities in the CNS.

The dosing regimen of the present disclosure reduces peripheral leukocyte count acutely

after ICH and in this way decreases secondary injury after ICH and thereby to improve outcomes.

The pharmaceutical compositions used in the treatment of stroke may contain siponimod

as a free form or as pharmaceutically acceptable salts, hydrates, solvates, polymorphs, co-

crystals and/or mixtures thereof. In a preferred embodiment siponimod is added to the formulation



in form of an acid addition product, such as a salt or a co-crystal. In a more preferred embodiment,

siponimod is added as a pharmaceutically acceptable co-crystal.

The pharmaceutically acceptable salts can e.g. be obtained by the reaction of siponimod

with an acid. Examples of pharmaceutically acceptable salts of the compound of siponimod

include salts with inorganic acids, such as hydrochloride, hydrobromide and sulfate, as well as

salts with organic acids such as acetic acid, maleic acid, benzoic acid, citric acid, malic acid, as

well as salts with sulfonic acid, such as methanesulfonic acid or benzenesulfonic acid, or, when

appropriate, salts with metals, such as sodium, potassium, calcium and aluminium, salts with

amines, such as trimethylamine, and salts with dibasic amino acids, such as lysine.

The compounds and salts of the combination of the pharmaceutical composition

encompass hydrate and solvate forms. In a preferred pharmaceutical composition siponimod is

in form of an acid addition product with fumaric acid. In a more preferred pharmaceutical

composition siponimod is in form of a co-crystal.

Generally, a co-crystal can be referred to as crystalline material composed of two or more

different molecules in the same lattice, wherein these two or more molecules are non-volatile. Co-

crystals can be preferably be distinguished from salts because unlike salts their components are

in a neutral state and interact non-ionically.

In particular preferred pharmaceutical compositions, siponimod is in the form of a co-

crystal of siponimod with fumaric acid, hereinafter also referred to as (1-{4-[(1 E)-N-{[4-cyclohexyl-

3-(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidinecarboxylic acid-fumaric

acid co-crystal.

The ratio of fumaric acid, i.e. (2E)-But-2-enedioic acid, to 1-{4-[(1E)-N-{[4-cyclohexyl-3-

(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidinecarboxylic acid can e.g.

range from 0.3 to 0.7, preferably it can be about 0.5.

The lUPAC name of the preferred co-crystal of siponimod with fumaric acid is (2E)-But-2-

enedioic acid - 1-({4-[(1 E)-N-{[4-cyclohexyl-3(trifluoromethyl)phenyl]methoxy}ethanimidoyl]-2-

ethylphenyl}methyl)azetidine-3-carboxylic acid (1:2).

In still more preferred pharmaceutical compositions, siponimod is used as 1-{4-[(1E)-N-

{[4-cyclohexyl-3-(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidinecarboxylic

acid-fumaric acid co-crystal in polymorphic form A having an X-ray powder diffraction pattern with

specific peaks at 6.9, 10.1, 10.6, 12.1, 17.5 18.1 and 20.7° (2Θ) .



In still more preferred pharmaceutical compositions, siponimod is used as 1-{4-[(1E)-N-

{[4-cyclohexyl-3-(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidinecarboxylic

acid-fumaric acid co-crystal in polymorphic form A having an X-ray powder diffraction pattern

(XRPD pattern) with specific peaks at 6.9, 10.1 , 10.6, 12.1 , 17.5 18.1 and 20.7° (2Θ) .

In alternatively preferred pharmaceutical compositions, siponimod is used in the free form.

Unless otherwise mentioned within the present application the amounts or weight-% of siponimod

are based on the amount of siponimod in free form. That is, if siponimod is present in form of a

salt, the amount of the free from has to be calculated accordingly. For example, if siponimod is

present in the form of its HCI salt in an amount of 1.00 g , this amount corresponds to circa 0.93

of free siponimod.

In further pharmaceutical compositions, the parenteral formulation can comprise further

APIs, preferably APIs suitable to enhance the effect of the parenteral formulation. Further APIs

may comprise other drugs, e.g. immunosuppressant(s), steroids(s), such as prednisolone,

methylprednisolone dexamethasone, hydrocortisone and the like or nonsteroidal anti-

inflammatory agent(s). The dosing regimen of a combination treatment may depend on the

effectiveness and site of action of each active agent as well as synergistic effects between the

agents used for combination therapy.

In alternative preferred pharmaceutical compositions, siponimod is used as the sole active

pharmaceutical ingredient in the formulation and/or the treatment according to the present

disclosure.

The parenteral formulation preferably contains siponimod in a concentration of 0.05 to 3.5

mg/mL, preferably 0.1 to 2.0 m/ml_, more preferably 0.01 5 to 1.5 mg/ml_. In a particularly preferred

pharmaceutical composition the parenteral formulation being present in form of a concentrate can

contain siponimod in concentrations of 0.25 mg/mL, 0.5 mg/mL or 1.0 mg/mL, especially 1 mg/mL.

As far as the before-described concentration of siponimod is concerned, this applies to a

parenteral formulation being present as a concentrate; i.e. in not further diluted form. It is evident

that the concentration gets smaller, if the concentrate is further diluted for example to form an

infusion solution.

Formulations

In one embodiment the drug product comprising siponimod is a solid form, e.g., tablet,

suitable for oral administration.



In a further embodiment the drug product comprising siponimod is in the form of a

concentrate, e.g. liquid in vial, suitable for parenteral administration, e.g. infusion or intravenous

administration (i.v. administration).

Pharmaceutical composition containing siponimod for oral administration

Siponimod is available as film-coated tablets for oral administration. Oral dosage forms of

siponimod are known in the art. Tablets containing siponimod, for example, are described in WO

2012/093161 A 1 and WO 2015/15571 1 A1. Further, WO 2007/021666 A2 relates to oral liquids

of S 1P- receptor agonists.

Examples of oral solid compositions of siponimod are the film-coated tablets provided

hereinafter:

Table 2.1 Qualitative composition of siponimod film-coated tablets

Tablets (composition 1) Tablets (composition 2)

Strengths: 0.1 mg, 0.25 mg, 1 mg, 4 mg, 5 mg Strengths: 0.25 mg, 0.5 mg, 1 mg, 2 mg

Tablet core: Tablet core:

Siponimod drug substance Siponimod drug substance

Lactose monohydrate (Ph. Eur./NF) Lactose monohydrate (Ph. Eur./NF)

Microcrystalline cellulose/ (Ph. Eur./NF) Microcrystalline cellulose/ (Ph. Eur./NF)

Crospovidone (Ph. Eur./NF) Crospovidone (Ph. Eur./NF)

Magnesium stearate (Ph. Eur./NF) Glyceryl behenate (Ph. Eur./NF)

Silica, colloidal anhydrous/ Silica, colloidal anhydrous/
Colloidal silicon dioxide (Ph. Eur./NF) Colloidal silicon dioxide (Ph. Eur./NF)

Film-coat: Film-coat:

Polyvinyl alcohol- partially hydrolyzed (Ph. Eur./USP) Polyvinyl alcohol- partially hydrolyzed (Ph. Eur./USP)

Titanium dioxide (Ph. Eur./USP) Titanium dioxide (Ph. Eur./USP)

Talc (Ph. Eur./USP) Talc (Ph. Eur./USP)

Lecithin (soya) (NF) Lecithin (soya) (NF)

Xanthan gum (Ph. Eur./NF) Xanthan gum (Ph. Eur./NF)

The film-coated tablets are packed in high density polyethylene (HDPE) bottles with induction seals (with or without a desiccant). They

may also be packaged in polyvinylchloride/ polychlorotrifluoroethylene-Alu or Alu-alu blisters.

A further example of an oral solid composition in the form of a 2 mg tablet is provided hereinafter.

Table 2.2 Siponimod 2 mg Tablets

Ingredients Composition Composition

per unit [%] per unit [mg/unit]

Tablet Core



Siponimod-fumaric acid co-crystal 2.482 2.2240

Lactose (spray-dried) 67.244 60.251 0

Cellulose M K G R 14.230 12.7500

Polyvinylpolypyrrolidon X L 5.692 5 .1000

Aerosil 200 0.474 0.4250

Glyceryl behenate 4.743 4.2500

Total core tablet 94.87% 85.0000 mg

Coating

Coating premix white FMP.001 4.962 4.4459

Coating premix yellow FMP.001
0 .164 0 .1472

Coating premix red FMP.001
0.008 0.0069

Total film coat (solids) 5 .13% 4.6000
Purified water

18.4000

Total film coating tablet 100.00% 89.6000 mg

<* Removed during processing. Solution made with 20% solid concentration.

Pharmaceutical composition containing siponimod for parental administration

Generally, a parenteral formulation can be regarded as a formulation which is

administered by bypassing the gastrointestinal tract. Reference is made to Ph. Eur. 8.0, section

"Parenteralia". In a preferred embodiment the formulation of the present disclosure is

administered by infusion or injection. In particular, the formulation of the present disclosure is

administered intravenously.

In the parenteral formulation used in the present disclosure siponimod is present in liquid

form. Preferably, the parenteral formulation comprising siponimod is a solution. Suspensions are

less preferred. Preferably the parenteral formulation comprising siponimod is in form of a

concentrate.

Within this application a "concentrate" is referred to as a parenteral formulation which

preferably is not administered directly to a patient but diluted before administration. For example,

the concentrate can be diluted with a suitable liquid, e.g. with saline or 5% glucose solution, to

give a ready-for-use-formulation, which e.g. can be administered as infusion or injection.

Alternatively (but less preferred) the concentrate may be used to be administered directly.

Generally, in the art concentrates are also referred to as "Parenteralia diluenda".

An alternative parenteral formulation suitable for use in the present disclosure can be a

"ready-to use" formulation. The term "ready-to-use" in the context of the present disclosure

typically means that no further preparation step is necessary before administering the parenteral

formulation to the patient, for example by injecting the formulation. Moreover, there is no need to



add further additives or solvents, such as water, for injection before administration of the

parenteral formulation.

The parenteral formulation of the present disclosure preferably contains siponimod in a

concentration of 0.05 to 3.5 mg/mL, preferably 0.1 to 2.0 mg/mL, more preferably 0.015 to

1.5 mg/mL. In a particularly preferred embodiment the parenteral formulation being present in

form of a concentrate can contain siponimod in concentrations of 0.25 mg/mL, 0.5 mg/mL or

1.0 mg/mL, especially 1 mg/mL.

As far as the before-described concentration of siponimod is concerned, this applies to a

parenteral formulation being present as a concentrate; i.e. in not further diluted form. It is evident

that the concentration gets smaller, if the concentrate is further diluted for example to form an

infusion solution.

The parenteral formulation used in the present disclosure, preferably being in the

form of a concentrate, comprises

(A) Siponimod in a concentration of 0.05 to 3.5 mg/mL, preferably of 0 .1 to 2.0 mg/mL,

more preferably 0.015 to 1.5 mg/mL, in particular 1.0 mg/mL;

(B) hydroxypropyl^-cyclodextrin in a concentration of 50 to 300 mg/mL, preferably of

65 to 200 mg/mL, more preferably 80 to 150 mg/mL, in particular about 100 mg/mL;

(C) mannitol in a concentration of 5 to 200 mg/mL, preferably of 10 to 100 mg/mL,

more preferably 20 to 80 mg/mL, in particular 30 mg/mL;

(D) 2-amino-2-(hydroxymethyl)propan-1 ,3-diol in a concentration of 0.2 to 2.0 mg/mL,

preferably of 0.3 to 1.5 mg/mL, more preferably 0.4 to 1.0 mg/mL, even more preferably 0.5 to

0.8 mg/mL, in particular about 0.60 mg/mL, i.e. 5 mM; and

(E) water.

Formulations Storage Conditions: The siponimod film-coated tablets, as well as other

available tablet and capsule formulations and oral solutions prepared at the site pharmacy, should

be stored refrigerated at 2 to 8° C. The concentrate for solution for infusion is to be stoed

refrigerated at 2 to 8° C.

Clinical study

The clinical study investigates the initial efficacy and safety of siponimod administered on

top of standard-of-care compared to placebo in patients with ischemic stroke). This is a

randomized, doubled-blinded, placebo-controlled, parallel group study of siponimod on top of

standard-of-care for ischemic stroke, consisting of 3 epochs: Screening/Baseline, Treatment, and

Follow-Up (see Figure 1).



1. Objectives and endpoints

1.1 Primary objective(s)

The primary objective is to demonstrate the efficacy of a two week treatment with siponimod

administered daily (7 days i.v. with titration followed by 7 days p.o.) compared to placebo on

improving global functioning measured by the modified Rankin Scale (mRS) score on Day 90

after ischemic stroke.

1.2 Secondary objective(s)

The first key secondary objective is to demonstrate the safety of siponimod in patients

suffering from ischemic stroke. The endpoint related to this secondary objective is a continuous

assessment of AEs/SAEs during the course of the study (90 days).

Other secondary assessments are:

Change in National Institute of Health Stroke Scale (NIHSS) Score From Baseline

to 24 Hours, Day 5 , Day 30, and Day 90 [ Time Frame: Baseline, 24 hours, Day 5 ,

Day 30, Day 90 ]

- Modified Rankin Scale (mRS) Distribution at Day 5 , Day 30, and Day 90

[Time Frame: Day 5 , Day 30, and Day 90].

Barthel Index (Bl) score [Time Frame: Day 5 to Day 90]

Stroke Impact Scale-16 (SIS-16) score [Time Frame: Day 5 to Day 90]

The SIS-16 is a 16-item physical dimension instrument that measures 6

physical aspects rated on a scale of 1 (could not do at all) to 5 (not difficult at all).

Montreal Cognitive Assessment (MoCA) score [Time Frame: Day 5 to Day 90]

The MoCA is a global cognitive screening test which screens 8 domains of

psychometric properties: visuospatial/executive, naming, memory, attention,

language, abstraction, delayed recall, and orientation with a highest score of 30

points.

Relative growth of infarct volume from Baseline (relative growth = FLAIR at Day 5

divided by Baseline DWI) after ischemic stroke.



Relative growth of infarct volume from Baseline (relative growth = FLAIR at 24

hours divided by Baseline DWI). Geometric mean calculated as the exponential of

the mean log relative growth.

Relative growth of infarct volume from Baseline (relative growth = FLAIR at Day

30 divided by Baseline DWI).

Relative growth of infarct volume from 24 hours (relative growth = FLAIR at Day 5

divided by FLAIR at 24 hours). Geometric mean calculated as the exponential of

the mean log relative growth.

2. Screening/Baseline Epoch

The screening/baseline epoch lasts no longer than 12 hours from the time of onset of ischemic

stroke, defined as the time the patient was last witnessed to be at their normal neurological

baseline, and consists of:

• The initial diagnostic neuroimaging study (CT or MRI) to determine the cause of stroke

• Determining the Glasgow Coma Scale (GCS, http://www.glasgowcomascale.org/) score on

presentation

• Obtaining medical history, including current medications

· Hospital admission laboratory studies

• Electrocardiogram (ECG)

• Pregnancy test for premenopausal female patients

• Vital signs and physical examination, including neurological examination, and

• Determination of NIH Stroke Scale (NIHSS, https://www.ninds.nih.gov/Stroke-Scales-and-

Related-Information) score on presentation.

3. Treatment Epoch

Patients fulfilling all eligibility criteria are randomly allocated to one of two treatment groups

in a ratio of 1:1. The treatment starts as soon as possible but no later than 12h after the time of

onset of the ischemic stroke, defined as the time the patient was last witnessed to be healthy,

defined as functioning at their normal, pre-event neurological baseline.

The total treatment lasts 14 days (see Figure 1):



7 days of i.v. siponimod with titration to the final daily dose of 10 mg/day; during

the 7 days of i.v. infusion treatment, all patients undergo a swallowing safety

evaluation per the treating hospital's institutional guidelines and practices.

If the patients pass a swallowing safety evaluation, 7 days of 10 mg siponimod p.o.

QD.

Patients who do not successfully pass a swallowing safety evaluation are not

transitioned to the p.o. phase of treatment, and siponimod is discontinued after

Day 7 ; but they are not terminated from the study. These patients continue to be

followed for the remainder of the assessment schedule (Table 3).

i.v. Dose Titration

The dose titration schedule is based on estimations of the cardiovascular effects of

siponimod balanced with the therapeutic need to achieve fast, effective siponimod concentrations

in ischemic stroke patients, where the timely achievement of expected therapeutic concentrations

is of great importance.

The siponimod i.v. dosing regimen is as follows:

• Day 1: 0.25 mg over 6 hours (x2), then 0.5 mg over 6 hours, then 0.75 mg over 6 hours for a

total Day 1 dose of 1.75 mg

• Day 2 : 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5 mg over 6 hours (x2) for a

total Day 2 dose of 8.25 mg

• Days 3 through Day 7 : 2.5 mg over 6 hours (x4) for a total daily dose of 10 mg.

• If patient can swallow then the administration from Day 8 to Day 14 is oral.

During the i.v. up-titration period patients are closely monitored. Continuous cardiac

monitoring is implemented in the Stroke Unit/Intensive Care Unit setting (telemetry or bedside

monitoring) in all patients during days indicated in the assessment schedule (Table 4 in the

example section). Monitoring starts from 1 hour before the first dose of siponimod and continues

up to at least 48 hours after the first dose administration. Continuous cardiac monitoring is done

for a longer duration on a case-by-case basis at the discretion of the Investigator and/or treating

intensivist. Cardiac safety monitoring data are used for cardiac rhythm evaluation (mainly

bradyarrhythmias, such as atrioventricular blocks and sinus pauses) and for HR assessment

(bradycardia). Bradycardia and/or bradyarrhythmias with siponimod administration typically occur

within the first 48 hours of dosing, and are almost completely eliminated with siponimod up-

titration as claimed by the present disclosure. In case of bradycardia is markedly symptomatic, or

inappropriate for the clinical condition in the judgement of the treating intensivist or in case of



cardiac rhythm abnormalities (e.g. AVB or SP) the i.v. administration of siponimod, the i.v. infusion,

is interrupted.

Bradycardia with S1P modulators is usually benign, transient, and does not require treatment

(Schmouder et al. 2012). The patient is assessed to determine if treatment continuation is

acceptable to the treating physician and the Investigator (e.g., 1st or 2nd degree AV blocks) and

treatment is continued once the patient recovers from symptomatic bradycardia. In the case of

3rd degree AV block and/or a hemodynamically-affected patient, the treatment is not reinitiated.

Any reduction in heart rate, which, in the opinion of the Investigator or treating intensivist, is

clinically significant and requires intervention (e.g., acutely altered mental status, ongoing severe

ischemic chest pain, congestive heart failure, hypotension, or other signs of shock) is treated

according to standard medical practice, and suggested treatment would include: (i)

Anticholinergics (e.g. atropine subcutaneous or i.v.) or (ii) Beta-agonists/sympathomimetics (e.g.

dopamine or epinephrine). Dosing of these is individualized with respect to the desired clinical

effect by the treating intensivist.

p.p. Dose

Eligible patients who pass a swallowing safety evaluation continue with 7-day p.o. phase

of treatment with siponimod 10 mg QD. During the Treatment Epoch, all patients undergo study-

specific assessments according to the Assessment Schedule (Table 4 in the example section).

4. Efficacy / Pharmacodynamics

4.1 Clinical Outcome Assessments (CPAs)

4.1.1 Modified Rankin Scale (mRS)

The modified Rankin Scale (mRS), is a widely-used, clinician-assessed instrument, and

is considered the current standard assessment for stroke outcomes by most Health Authorities.

It consists of 6 grades of disability, higher scores indicating more severe disability (0 =

asymptomatic, 6 = dead).



3 Moderate disability. Requires some help, but able to walk unassisted

4 Moderately severe disability. Unable to attend to own bodily needs without assistance, and unable to walk unassisted

5 Severe disability. Requires constant nursing care and attention, bedridden, incontinent

6 Dead

(Stroke. 201 7;48 - 201 7 American Heart Association, Inc. - Joseph P. Broderick, et al.)

The strength of the mRS is that it captures the full spectrum of limitations in activity and

participation after stroke. The inter-rater reliability of the scale is moderate and improves

significantly with structured interviews (0.56 versus 0.78; Banks and Marotta 2007); and this

structured approach is used in our study (Wilson et al. 2002, Wilson et al. 2005). The mRS is

administered by investigators, study nurses or research assistants. Training in administration of

the structured mRS interview is provided to site personnel as necessary, and proficiency

certification is monitored and centrally recorded. In this study, structured mRS interviews is video

recorded, then securely transferred to and rated by a Central Independent Adjudication Panel.

Individual (rater) mRS scores (and the panel average) as well as the panel consensus score for

each interview is recorded.

The mRS score at 90 days after ischemic stroke is the primary endpoint for measuring

siponimod efficacy in this study.

The 90-day mRS score has been used as an endpoint in many stroke studies, including

the INTERACT2 (Anderson et al. 2013), , and ENOS (ENOS Trial Investigators 2015) trials.

4.1.2 NIH Stroke Scale (NIHSS)

The National Institutes of Health Stroke Scale (NIHSS), is the most widely used clinical

instrument to assess the neurological impact of acute stroke (Lyden 2017). The NIHSS consists

of 13 individually scored items, with a maximal composite score of 42, higher scores indicating

greater stroke severity. The NIHSS is administered by investigators or study nurses. NIHSS

training certification is monitored and centrally recorded.

Patients with ischemic stroke can experience early neurological deterioration (END) within

the first few days after stroke, due either to extension of thrombus or re-embolization, progression

of the initial infarction, hemorrhagic conversion within the infarcted brain tissue, edema of the

zone of infarction and increased intracranial pressure; or a combination of these factors.



5. Safety

5.1 Electrocardiogram (ECG)

Continuous cardiac monitoring is implemented via bedside monitoring in all patients during

days when the patient is in the stroke/intensive care unit. Cardiac monitoring is performed from 1

hour before dosing and up to 48 hours after the first drug administration. Continuous cardiac

monitoring is done for a longer duration on a case-by-case basis, depending on the patient's

conditions. Standard twelve-lead ECGs is performed for all patients at the time points as indicated

in Table 3 .

Cardiac safety monitoring data is used for cardiac rhythm evaluation (mainly

bradyarrhythmias, such as atrioventricular blocks and sinus pauses: Frequency and duration of

sinus pauses (> 2 seconds)) and for heart rate (HR) assessments.

6. Other assessments

6.1 CYP2C9 Genotyping

Genotyping is performed to determine whether CYP2C9 genotype influences siponimod

pharmacokinetics.

6.2 Actigraphy

The use of wearable or externally-monitored actigraphy in a variety of neurological and

musculoskeletal disorders, including stroke rehabilitation, is growing; and wearable devices,

which may or may not provide direct patient feedback, are increasingly used to measure functional

mobility and rehabilitation outcomes (Wang et al. 2017). The actigraphy devices are similar to a

wrist-watch and are lightweight, water-resistant, and can be worn continuously for several days.

To measure functional mobility with greater sensitivity, and in a more naturalistic (e.g., home)

setting, patients of the study of the present disclosure are fitted with wrist-worn actigraphy devices

around Days 14, 30, and 90 after ischemic stroke.

GENERAL TERMS

Throughout the description and claims of this specification, the words "comprise" and

"contain" and variations of them mean "including but not limited to" and they are not intended to

(and do not) exclude other moieties, additives, components, integers or steps.



Throughout the description and claims of this specification, the singular encompasses the

plural unless the context otherwise requires. In particular, where the indefinite article is used, the

specification (which term encompasses both the description and the claims) is to be understood

as contemplating plurality as well as singularity, unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical moieties or groups described in

conjunction with a particular aspect, embodiment or example of the disclosure are to be

understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith. All of the features disclosed in this specification (including any

accompanying claims, abstract and drawings) and/or all of the steps of any method or process so

disclosed may be combined in any combination, except combinations where at least some of such

features and/or steps are mutually exclusive. The disclosure is not restricted to the details of any

foregoing embodiments. The disclosure extends to any novel one, or any novel combination, of

the features disclosed in this specification (including any accompanying claims, abstract and

drawings), or to any novel one, or any novel combination, of the steps of any method or process

so disclosed.

The term "treatment" includes: (1) preventing or delaying the appearance of clinical

symptoms of the state, disorder or condition developing in an animal, particularly a mammal and

especially a human that may be afflicted with or predisposed to the state, disorder or condition

but does not yet experience or display clinical or subclinical symptoms of the state, disorder or

condition; (2) inhibiting the state, disorder or condition (e.g. arresting, reducing or delaying the

development of the disease or a relapse thereof in case of maintenance treatment, of at least one

clinical or subclinical symptom thereof); and/or (3) relieving the condition (i.e. causing regression

of the state, disorder or condition or at least one of its clinical or subclinical symptoms). The benefit

to a patient to be treated is either statistically significant or at least perceptible to the patient or to

the physician. However, it will be appreciated that when a medicament is administered to a patient

to treat a disease, the outcome may not always be effective treatment. In the specific context of

stroke treatment, most preferably the treatment starts as soon as possible after the time of onset

of ischemic stroke symptoms.

The "time of onset of ischemic stroke" is defined as the time the patient was last witnessed

healthy or the patient is at his pre-event neurological baseline if their prior neurological status was

not normal.

"Treat," "treatment," "therapeutic treatment" or "treating," as used herein, refers to

administering an active agent for therapeutic purposes, in particular, it means, for example,

obtaining beneficial or desired results, such as clinical results, in the reduction of inflammation,

edema formation and other post-stroke secondary injuries.



One aspect of the treatment is, for example, that the treatment should have a minimal

adverse effect on the patient, e.g. the agent used should have a high level of safety, for example,

without producing the side effects of the known S1P receptor modulator treatment regimens, such

the negative chronotropic effect, liver enzyme elevation or excessive lymphopenia.

The expression "introducing a siponimod treatment" as used herein means administering

an initial titration regimen of siponimod, followed by administering a respective maintenance

regimen.

As used herein, the term "first dose" has its general meaning in the art, wherein preferred

embodiments are as defined herein. The "first dose" of siponimod is the first administered dose

on Day 1 of the treatment.

As used herein the term "maintenance dose" has its general meaning in the art, wherein

preferred embodiments are as defined herein. The "maintenance dose" of siponimod is the dose

administered in step (b) of the method of treatment of the present disclosure.

As used herein the term "dosing regimen" refers to the treatment plan specifically

indicating the administering pattern of a drug over a period of time. The dosing regimen defines

the amount of a drug and the number and frequency of its administrations over a specified period

of time that is employed in the treatment of a disease. A close adherence to the dosing regimen

is important for achieving a therapeutic effect of the drug and maintaining the therapy safe. The

potential consequences of noncompliance are loss of the therapeutic effect and/or an increased

risk of adverse events. The dosing regimen would be explained for example in the "dosage and

administration" section or "posology and method of administration" section of labeling for human

prescription drugs.

As used herein the term "dose" has its general meaning in the art, wherein preferred

embodiments are as defined herein. The term dose refers to a specified amount of medication

taken at one time (e.g. 0.25 mg of siponimod administered as a first dose), wherein the amount

of medication is calculated on the basis of the weight of active ingredient in its free form. It is the

amount or quantity of medicine to be taken or administered to the patient every time (e.g. every

6 hours) in a day.

As used herein the term "dosage form" has its general meaning in the art, wherein

preferred embodiments are as defined herein. The term "dosage form" describes the physical

characteristics of a drug product—e.g., tablet, capsule or solution —which contains the drug

substance and almost invariably other ingredients, such as excipient, fillers, flavours,



preservatives, emulsifiers, etc.The term dosage form indicates the unit doses. Dosage forms are

pharmaceutical drug products in the form in which they are marketed for use, with a specific

mixture of active ingredients and inactive components (excipients), in a particular configuration

(such as for example a capsule, tablets, ointments, liquid solutions, powder, etc.), and

apportioned into a particular dose.

As used herein the term "AV blocks" or the abbreviation "AVB" as used herein means

"atrioventricular block".

The abbreviation "SP" as used herein means "sinus pause", also known as sinoatrial

arrest has its general meaning in the art, wherein preferred embodiments are as defined herein.

The abbreviation "PR rate" as used herein has its general meaning in the art, wherein

preferred embodiments are as defined herein. In electrocardiography, the PR interval is the period,

measured in milliseconds, that extends from the beginning of the P wave (the onset of atrial

depolarization) until the beginning of the QRS complex (the onset of ventricular depolarization); it

is normally between 120 and 200 ms in duration. The PR interval is sometimes termed the PQ

interval.

The term "resting heart rate" (RHR) as used herein means the number of contractions of

the heart that occur in a single minute while the body is at complete rest. This number will vary

depending upon the age, gender, and general health of a person.

As used herein, "bradycardia" typically refers to a RHR < 50 bpm.

The term "baseline heart rate" as used herein means a referential heart rate to which other

heart rates, such as the heart rate under chronic beta-blocker treatment, can be compared to.

Typically, the RHR in the absence of any heart rate-affecting medication serves as the baseline

heart rate.

The abbreviation "HR" as used herein means "heart rate". A person having ordinary skill

in the art will typically measure the HR using an electrocardiograph.

The expression "Em ax" as used herein means the maximum change from baseline in time

matched, hourly average HR.

As used herein the term "CYP2C9 poor metabolizer" or " poor metabolizer" , such as

CYP2C9*2*3 and CYP2C9*2*3 poor metabolizer "poor metabolizer" or "poor metabolizer

genotype" includes patients who experience a significantly higher exposure following siponimod

administration than normal patients at a given drug dose e.g. 2 mg once daily of siponimod. The



poor metabolizer genotype may include the subtype(s) of the CYP2C9 genotype associated with

poor metabolism of 1-{4-[(1 E)-N-{[4-cyclohexyl-3-(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-

ethylbenzyl}-3-azetidine carboxylic acid. The poor metabolizer genotype includes the

CYP2C9*3*3 and CYP2C9*2*3 genotypes, for example the CYP2C9*3*3 genotype.

The term "pharmaceutical composition" is defined herein to refer to a mixture or solution

containing at least one active agent (also referred to as "active ingredient" or therapeutic agent)

to be administered in order to treat a particular disease or condition, in particular to treat stroke,

in preferably ischemic stroke. In another embodiment, the term "pharmaceutical composition" is

defined herein to refer to a mixture or solution containing at least one active agent (i.e. "active

ingredient" or therapeutic agent) to be administered in order to prevent a particular disease or

condition, in particular to prevent or delay the onset or development or progression of a stroke

such as ischemic stroke. The pharmaceutical composition can be formulated for particular routes

of administration such as oral or topical administration.

As used herein the term "co-crystal" indicates a crystalline material composed of two or

more different molecules within the same crystal lattice that are associated by nonionic and

noncovalent bonds and that generally are in a stoichiometric ratio. In the pharmaceutical field a

co-crystal is generally defined as a crystalline materials composed of two or more different

molecules, typically drug and co-crystal formers ("coformers"), in the same crystal lattice. Co-

crystals are readily distinguished from salts because unlike salts, their components are in a

neutral state and interact non-ionically. In addition, co-crystals differ from polymorphs, which are

defined as including only single-component crystalline forms that have different arrangements or

conformations of the molecules in the crystal lattice, amorphous forms, and multicomponent

phases such as solvate and hydrate forms. Instead co-crystals are more similar to solvates, in

that both contain more than one component in the lattice. From a physical chemistry perspective,

co-crystals can be viewed as a special case of solvates and hydrates, wherein the second

component, the coformer, is nonvolatile. Therefore, co-crystals are classified as a special case of

solvates in which the second component is nonvolatile. Co-crystals can be tailored to enhance

drug product bioavailability and stability and to enhance the processability of active

pharmaceutical ingredients (APIs) during drug product manufacture. In a preferred embodiment

siponimod is added to the formulation in form of a co-crystal.

As used herein the term "salts" has its general meaning in the art, wherein preferred

embodiments are as defined herein. Examples of pharmaceutically acceptable salts of siponimod

include salts with inorganic acids, such as hydrochloride, hydrobromide and sulfate, salts with

organic acids, such as acetate, fumarate, hemifumarate, maleate, benzoate, citrate, malate,

methanesulfonate and benzenesulfonate salts, or, when appropriate, salts with metals such as

sodium, potassium, calcium and aluminium, salts with amines, such as triethylamine and salts



with dibasic amino acids, such as lysine. In a preferred embodiment siponimod is in the

hemifumarate salt form. The compounds and salts of the combination of the present invention

encompass hydrate and solvate forms. In a preferred embodiment siponimod is added to the

formulation in form of an acid addition product with fumaric acid.

As used herein, the term "combination" pharmaceutical combination", "fixed combination",

"non-fixed combination", "co-administration", "combined administration" or the like has its general

meaning in the art, wherein preferred embodiments are as defined herein. The term

"pharmaceutical combination" as used herein means a product that results from the mixing or

combining of more than one active ingredient and includes both fixed and non-fixed combinations

of the active ingredients. The term "fixed combination" means that the active ingredients, e.g. a

compound of the invention and a co-agent, are both administered to a patient simultaneously in

the form of a single entity or dosage. The term "non-fixed combination" means that the active

ingredients, e.g. a compound of the invention and a co-agent, are both administered to a patient

as separate entities either simultaneously, concurrently or sequentially with no specific time limits,

wherein such administration provides therapeutically effective levels of the 2 compounds in the

body of the patient. The latter also applies to cocktail therapy, e.g. the administration of 3 or more

active ingredients.



EXAMPLES

The following Examples serve to illustrate the disclosure without limiting the scope thereof, while

they on the other hand represent preferred embodiments of the reaction steps, intermediates

and/or the process of the present disclosure.

Preparation of siponimod parenteral formulations

Example 1 :884.2 g trehalose were added to 18000 ml_ milliQ water and the mixture was stirred

until complete dissolution. 12.0 g 2-amino-2-(hydroxymethyl)propan-1 ,3-diol (Tris, Trometamol)

were added and the mixture was stirred until complete dissolution. 100 g polyoxyethylen(20)-

sorbitan-monooleat (Tween 80, Polysorbat 80) were added and the mixture was stirred until

complete dissolution. 5.56 g (accurately weighted) of siponimod hemifumarate were added and

the mixture was stirred until complete dissolution. The pH of the solution was adjusted to a value

of 8.0 ± 0.1. MilliQ water was added until a total weight of 20.28 g and the mixture was stirred to

obtain a homogenous solution. The solution was filtered through a 0.22 µηι PVDF filter and the

first 5000 ml_ of the filtrate were discarded. The solution was filled into 6R clear vials.

The product was lyophilized according to the following cycles

Lyophilisation cycle parameters: lyophilisation program for siponimod formulation



4 Freeze hold 2:00 -40°C Ambient

5 Freeze hold 1:00 -40°C 0.2 mBar

6 Freeze ramp 04:00 (0.083°C/min) -20°C 0.2 mBar

7 Freeze hold 80:00 -20°C 0.2 mBar

8 Freeze ramp 13:30 (0.025°C/min) -0°C 0 .1 mBar

9 Freeze hold 10:00 -0°C 0 .1 mBar

10 Secondary drying Rate 16:30 (0.025°C/min) 25°C 0 .1 mBar

11 Secondary drying hold 10:00 25°C 0 .1 mBar

12 Secondary drying hold 1:00 25°C 0 .1 mBar

As required/ until vacuum
13 Storage 15°C 0.1 mBar

release and stoppering

14 Stoppering 20°C 850 ± 50 mbar

The apparatus used for lyophilisation was "VIRTIS GENESIS 25EL" from SP scientific.

For reconstitution water for injection was used.

Example 2: 250 mL milliQ water were transferred into a suitable glass bottle and 50 g

hydroxypropyl β-cyclodextrin were added. The mixture was stirred for 30 minutes at 500 rpm and

a clear solution was formed. 556 mg (accurately weighted) of l-{4-[(lE)-N-{[4-cyclohexyl-3-

(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidinecarboxylic acid/fumaric

acid (2:1) co-crystal were added and the mixture was stirred for 15 minutes at 500 rpm and a

suspension was formed. 305 mg 2-amino-2-(hydroxymethyl)propan-1 ,3-diol (Tris, Trometamol)

were added and the mixture was stirred for 60 minutes at 500 rpm and a clear solution having a

pH value of 7.897 was formed. 250 µ Ι of 1N NaOH were added and after stirring for 2 minutes at

500 rpm a clear solution having a pH value of 7.983 was formed. 15 g mannitol were added and

the mixture was stirred for 15 minutes at 500 rpm and a clear solution was formed. MilliQ water

was added to fill up to a volume of 500 mL of a clear solution having a pH value of 8.015. The

solution filtered through a 0.22 µηι PVDF filter and the first 20 mL of the filtrate were discarded.

The solution was filled into 6R clear vials. The 6 mL amber glass vial and the grey rubber stopper,

aluminium flip-off cap nature/nature has been autoclaved at 121 °C for 30 minutes prior to filling.

The vials were stored at 2-8 °C until use, each vial containing:



Siponimod Composition for i.v. administration Quantity in mg/mL

1-{4-[(1 E)-N-{[4-cyclohexyl-3- 1. 1 12

(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-

azetidinecarboxylic acid/fumaric acid (2:1) co-crystal

hydroxypropyl β-cyclodextrin 100

Mannitol 30

2-amino-2-(hydroxymethyl)propan-1 ,3-diol 0.61

1N HCI or 1N NaOH q.s to pH 8.0

Water q.s

Example 3 : 250 mL milliQ water were transferred into a suitable glass bottle and 50 g

hydroxypropyl β-cyclodextrin were added. The mixture was stirred for 30 minutes at 500 rpm and

a clear solution was formed. 556 mg (accurately weighted) of 1-{4-[(1E)-N-{[4-cyclohexyl-3-

(trifluoromethyl)benzyl]oxy}ethanimidoyl]-2-ethylbenzyl}-3-azetidinecarboxylic acid/fumaric acid

(2:1) co-crystal were added and the mixture was stirred for 15 minutes at 500 rpm and a

suspension was formed. 305 mg 2-amino-2-(hydroxymethyl)propan-1 ,3-diol (Tris, Trometamol)

were added and the mixture was stirred for 60 minutes at 500 rpm and a clear solution having a

pH value of 7.878 was formed. 250 µ Ι of 1N NaOH were added and after stirring for 2 minutes at

500 rpm a clear solution having a pH value of 7.997 was formed. 3 g sodium chloride were added

and the mixture was stirred for 15 minutes at 500 rpm and a clear solution a pH value of 8.1 12

was formed. 220 µ Ι of 1N HCI were added and after stirring for 10 minutes at 500 rpm a clear

solution having a pH value of 8.004 was formed. MilliQ water was added until a volume of 500 mL

of a clear solution having a pH value of 8.002 was formed. The solution filtered through a 0.22 µηι

PVDF filter and the first 20 mL of the filtrate were discarded. The solution was filled into 6R clear

vials. The 6 mL amber glass vial and the grey rubber stopper, aluminium flip-off cap nature/nature

has been autoclaved at 121 °C for 30 minutes prior to filling. The vials were stored at 2-8 °C until

use, each vial containing:



2. Clinical study

A previously conducted absolute bioavailability study up to 1 mg/24 hours in healthy

volunteers used the i.v. route of administration (CBAF312A2126). The safety of the i.v. route in

humans was supported by a local tolerance study in rabbit and cardiovascular safety studies in

guinea pig, rat and rabbit using i.v. (bolus) route. Cmax-related transient cardiovascular effects

(in line with the expected pharmacology) were identified in the i.v. cardiovascular safety studies

and were similar to the effects identified by oral route.

1 . Study Objectives

1.1. Primary objective

The primary objective is to demonstrate the efficacy of a two week treatment with

siponimod administered daily (7 days i.v. with titration followed by 7 days p.o.) compared

to placebo on improving global functioning measured by the modified Rankin Scale

(mRS) score on Day 90 after ischemic stroke.

1.2 Secondary objectives

The first key secondary objective is to demonstrate the safety of siponimod in patients

suffering from ischemic stroke. The endpoint related to this secondary objective is a continuous

assessment of AEs/SAEs during the course of the study (90 days).

Other secondary assessments are:

Change in National Institute of Health Stroke Scale (NIHSS) Score From Baseline

to 24 Hours, Day 5 , Day 30, and Day 90 [Time Frame: Baseline, 24 hours, Day 5 ,

Day 30, Day 90]

- Modified Rankin Scale (mRS) Distribution at Day 5 , Day 30, and Day 90

[Time Frame: Day 5 , Day 30, and Day 90].

Barthel Index (Bl) score [Time Frame: Day 5 to Day 90]

- Stroke Impact Scale-16 (SIS-16) score [Time Frame: Day 5 to Day 90]

The SIS-16 is a 16-item physical dimension instrument that measures 16

physical aspects rated on a scale of 1 (could not do at all) to 5 (not difficult at all).

Montreal Cognitive Assessment (MoCA) score [Time Frame: Day 5 to Day 90]



The MoCA is a global cognitive screening test which screens 8 domains of

psychometric properties: visuospatial/executive, naming, memory, attention,

language, abstraction, delayed recall, and orientation with a highest score of 30

points.

Relative growth of infarct volume from Baseline (relative growth = FLAIR at Day 5

divided by Baseline DWI) after ischemic stroke.

Relative growth of infarct volume from Baseline (relative growth = FLAIR at 24

hours divided by Baseline DWI). Geometric mean calculated as the exponential of

the mean log relative growth.

Relative growth of infarct volume from Baseline (relative growth = FLAIR at Day

30 divided by Baseline DWI).

Relative growth of infarct volume from 24 hours (relative growth = FLAIR at Day 5

divided by FLAIR at 24 hours). Geometric mean calculated as the exponential of

the mean log relative growth.

2 . Population

The study population consists of adult patients with stroke due to ischemic stroke fulfilling the

eligibility criteria listed below. Approximately 50 patients per treatment group (100 patients total)

are randomized, with an expected drop-out rate of approximately 20% to have approximately 80

completers (Day 90).

2.1. Inclusion criteria

Ischemic stroke patients eligible for inclusion in this study fulfill all of the following criteria:

2.1 .1. Male or female patients aged 18 to 80 years (inclusive).

2.1 .2. Diagnosis of acute ischemic stroke

2.1 .3. Score of ≥6 points on the National Institute of Health Stroke Scale (NIHSS) at

Screening

2.1 .4. At least 1 acute infarct with largest diameter of more than 2 cm on Baseline brain

diffusion-weighted imaging (DWI).

2.1 .5. Participants who have received reperfusion therapy are eligible to participate but

must meet all eligibility criteria and perform the Baseline study magnetic resonance

imaging (MRI) after reperfusion therapy has been completed.

Subjects of childbearing potential must practice effective contraception during the study and be

willing and able to continue contraception for at least 3 months after their dose of study treatment.



. Patients with the onset of ischemic stroke witnessed and/or last seen healthy no

longer than 12 hrs previously, or seen as functioning at their normal neurological

baseline

. Patients with Glasgow Coma Scale (GCS) best motor score no less than 6 .

xclusion criteria

. History of hypersensitivity to any of the study drugs or to drugs of similar chemical

classes (e.g., fingolimod).

. Presence of any intracranial hemorrhage (ICH) on head computed tomography

(CT) or non-petechial ICH on screening MRI

. Current use of concomitant medications with potent CYP2C9/3A4 inhibitory or

induction potential.

. Stroke isolated to the brainstem.

. Presence of coma

. Expected to die OR unable to be evaluated within 5 days

. Hypotension requiring the use of intravenous (IV) vasopressor support or systolic

blood pressure <90 mmHg at the time of randomization.

. Immunocompromised subjects, as determined by the Investigator.

. History of progressive multifocal leukoencephalopathy (PML).

0 . Contraindications to MRI, e.g., implanted pacemaker or other contraindicated

implanted metal devices, history of or risk for side effects from gadolinium, or

claustrophobia that cannot be medically managed.

1. Prior disability due to other disease compromising mRS evaluation, thereby

interfering with the primary outcome, operationally defined as an estimated mRS score

(by history) of ≥ 3 before ischemic stroke.

2 . Preexisting unstable epilepsy.

3 . Patients with active systemic bacterial, viral or fungal infections.

4 . Concomitant drug-related exclusion criteria:

Intravenous immunoglobulin, immunosuppressive and/or chemotherapeutic

medications.

- Moderate immunosuppressives (e.g. azathioprine, methotrexate) and/or fingolimod

within 2 months prior to randomization.

- Stronger immunosuppressives (e.g. cyclophosphamide, immunosuppressive

mAb) within (minimally) 6 months prior to randomization, or longer with long-lasting

immunosuppressive medications as determined by the investigator.



2.2. 15 . Cardiovascular exclusion criteria:

- Cardiac conduction or rhythm disorders including sinus arrest or sino-atrial block,

heart rate <50 bpm, sick-sinus syndrome, Mobitz Type II second degree AV block or

higher grade AV block, or preexisting atrial fibrillation (either by history or observed

at screening).

- PR interval >220 msec. Long QT syndrome or QTcF prolongation >450 msec in

males or >470 msec in females on screening electrocardiogram (ECG).

- Patients receiving treatment with QT-prolonging drugs having a long half-life (e.g. ,

amiodarone) .

2.2. 16 . Any of the following abnormal laboratory values prior to randomization:

- White blood cell (WBC) count < 2,000/ µ Ι (< 2.0 x 109/L)

- Lymphocyte count < 800/µ Ι (< 0.8 x 109/L)

2.2. 17 . Pregnant or nursing (lactating) women, where pregnancy is defined as the state of

a female after conception and until the termination of gestation, confirmed by a positive

hCG laboratory test.

2.2. 18 . Patients with any other medically unstable condition or serious laboratory

abnormality as determined by the investigator.

2.3. Prohibited treatment

Use of medications displayed in Table 3-1 are not allowed during treatment with siponimod due

to increased risk of immunosuppression, confounding of efficacy and/or potential interaction with

study treatment (NB: CYP2C9 and CYP3A4 are the major metabolizing enzymes for Siponimod).

Table 3-1 Prohibited Medications

Medication Action to be taken

Immunosuppressive/chemotherapeutic
medications or procedures, including Stop taking. If not possible, consider
cyclosporine, azathioprine, methotrexate, discontinuation of study treatment
and immunomodulatory mABs

Medication that suppress AV conduction
with the exception of beta-blockers (e.g.

Stop taking. If not possible, consider
carbamazepine, non-dihydropyridine

discontinuation of study treatment
calcium-channel blockers, or cardiac
glycosides)

Stop taking. If not possible, consider
Strong inhibitors of CYP2C9 or CYP3A4 discontinuation of study treatment

Assess ECG and monitor lymphocyte counts

Stop taking. If not possible, consider
Potent inducers of CYP2C9

discontinuation of study treatment



Only potent CYP2C9 and CYP3A4 inhibitors may have a significant effect on BAF312

exposure and should not be co-administered with BAF312 to avoid or minimize liver events.

Potent CYP2C9 and/or CYP3A4 inducers should not be co-administered with BAF312 to

avoid a potential decrease of efficacy of BAF312 in case of under-exposure due to

CYP2C9/CYP3A4 induction (note that topical use is permitted).

Table 3-2 Typical inhibitors of CYP2C9 or CYP3A4

Antibiotics: Antivirals:

Clarithromycin Boceprevir

Sulfaphenazole Telaprevir

Telithromycin

Troleandomycin

Protease Inhibitors: Others:

Indinavir Amiodarone

Lopinavir Ataciguat

Nelfinavir Azapropazone

Ritonavir Benzbromarone

Saquinavir Bucolome

Tipranavir Cobicistat

Antifungals: Conivaptan

Fluconazole Elvitegravir

Itraconazole Mibefradil

Ketoconazole Nefazodone

Miconazole Oxandrolone

Posaconazole Tielinic Acid

Voricnazole

Table 3-3 Typical inducers of CYP2C9 and/or CYP3A4

Aprepitant Ginkgo Rifabutin

Avasamide Lersivirine Rifampin

Bosentan Lopinavir Ritonavir

Carbamazepine Mitotane Secobarbital

Dalcetrapid Modafinil Semagacestat

Efavirenz Nafcillin St. John's wort

Enzalutamide Nelfinavir Talviraline

Escalicarbazepine Nevirapine Thioridazine



Etravirin Phenobarbital Tipranavir

Genistein Phenytoin Vigabatrin

3 . Study Design

This is a randomized, doubled-blinded, placebo-controlled, parallel group study of

siponimod on top of standard-of-care for ischemic stroke, consisting of 3 epochs:

Screening/Baseline, Treatment, and Follow-Up (see Figure 1).

3.1. Screening/Baseline Epoch

The screening/baseline epoch lasts no longer than 24 hours from the time of onset of ischemic

stroke, defined as the time the patient was last witnessed to be at their normal neurological

baseline, and consists of:

The initial diagnostic neuroimaging study (CT or MRI) to determine the cause of stroke

Obtaining informed consent

Determining the Glasgow Coma Scale (GCS,) score on presentation

Obtaining medical history, including current medications

- Hospital admission laboratory studies

Electrocardiogram (ECG)

Pregnancy test for premenopausal female patients

Vital signs and physical examination, including neurological examination, and

Determination of NIH Stroke Scale (NIHSS) score on presentation

3.2. Treatment Epoch

Patients fulfilling all eligibility criteria are randomly allocated to one of two treatment groups

in a ratio of 1:1. The treatment starts as soon as possible and no later than 24 h after the time of

the ischemic stroke, defined as the time the patient was last witnessed to be healthy, defined as

functioning at their normal, pre-event neurological baseline.

The total treatment lasts 14 days (see Figure 1):

7 days of i.v. siponimod with titration to the final daily dose of 10 mg/day;

During the 7 days of i.v. infusion treatment, all patients must undergo a swallowing safety

evaluation per the treating hospital's institutional guidelines and practices.

- If the patients pass a swallowing safety evaluation, 7 days of 10 mg siponimod p.o. QD.

Patients who do not successfully pass a swallowing safety evaluation must not be

transitioned to the p.o. phase of treatment, and siponimod must be discontinued after Day



7 ; but they should not be terminated from the study. These patients should continue to be

followed for the remainder of the Assessment schedule.

i.v. Dose Titration

The dose titration schedule is based on estimations of the cardiovascular effects of

siponimod balanced with the therapeutic need to achieve fast, effective siponimod concentrations

in ischemic stroke patients, where the timely achievement of expected therapeutic concentrations

may be of great importance.

The siponimod i.v. titration schedule is as follows:

Day 1 : 0.25 mg over 6 hours (x2), then 0.5 mg over 6 hours, then 0.75 mg over 6 hours

for a total Day 1 dose of 1.75 mg

Day 2 : 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5 mg over 6 hours (x2) for

a total Day 2 dose of 8.25 mg

Days 3 through 7 : 2.5 mg over 6 hours (x4) for a total daily dose of 10 mg.

During the i.v. up-titration period patients are closely monitored. Special attention should

be given to the monitoring of the HR and cardiac rhythm, facilitated by continuous CV telemetry

in the Stroke Unit/Intensive Care Unit (ICU) setting. In case of symptomatic bradycardia or cardiac

rhythm abnormalities (e.g. atrioventricular blocks or sinus pauses), the Investigator should

consider postponing/skipping a dose. Under those predefined conditions a dose may be

postponed or skipped, but not more than 2 times in a row. Once patients have completed the 7-

day i.v. phase of treatment, they may be discharged to home or transferred to a rehabilitation

facility, at the Investigator and/or treating physician's discretion.

p.p. Dose

Eligible patients who pass a swallowing safety evaluation continue with 7-day p.o. phase

of treatment with siponimod 10 mg QD. During the Treatment Epoch, all patients undergo study-

specific assessments according to the Assessment Schedule (Table 4).

Table 4 Assessment schedule
Study Phase Screening/Baseline Treatment Follow-up

Visit Numbers V 1 V2 V3 V4 V5 V6 V7 V8 V9 V 10 V 11 V 12 V 13

Days - 1 1 2 3 4 5 6 7 8 14 2 1 30±1 90±2

Informed consent X

Glasgow Coma Scale x
Medical history/current

X X X X X*
medical conditions

Routine Clinical Laboratory
X X X X X X X X X*

Tests

ECG evaluation X X X X X

Pregnancy and
X X X*

assessments of fertility



Study Phase Screening/Baseline Treatment Follow-up

Visit Numbers V 1 V2 V3 V4 V5 V6 V7 V8 V9 V 10 V 11 V 12 V 13

Days - 1 1 2 3 4 5 6 7 8 14 2 1 30±1 90±2

Inclusion / Exclusion criteria X

Vital Signs X X X X X X X X X X X X X*

NIHSS X X X X X X X X X*

Physical examination X X X X*

Neurological Examination X X X X*

CYP2C9 Genotyping X

Dose-i.v. infusion X X X X X X X

Dose-p.o. QD X X

PK blood collection X2 X3 X3

DWI SoC X X X

CT scan SoC4 SoC4 X X

Modified Rankin Scale
X X X*

(mRS)

Actigraphy X X X

C-SSRS X X X X

Exploratory Serum
X X X X

Biomarkers

Exploratory Plasma
X X X X

Biomarkers

Pharmacogenetic Informed
X

Consent

Exploratory DNA Sampling
X

(optional)

Concomitant therapies X X X X X X X X X X X X X

Adverse events X X X X X X X X X X X X X*

Serious adverse events X X X X X X X X X X X X X*

Study completion
X*

information

Visit structure given for internal programming purpose only
2 PK samples at 0.5hr, 2hr, and 6 hr after start of first infusion; 2mL at each time point

pre oral dose
4 Standard of Care
* Assessments for discontinued patients.

Follow-Up Epoch

Patients return for scheduled outpatient (or inpatient, if still in rehabilitation facility) follow-

up visits after being discharged from the ICU or inpatient hospital floor, according to the

Assessment schedule. The Follow-Up Epoch will last until Day 90 after ischemic stroke.

4 . Study Treatment

4.1. Investigational treatment and control drug(s)



Table 5 Overview of study medication

Study drug ProvidedFormulation Appearance Unit dose Packaging
name by

Siponimod Film-coated White round 2 mg / 0 Double
Novartis

/placebo Tablet tablet mg blind kits

3.5 mg /3.5
mL for

Concentrate
Siponimod Siponimod; Double

for Solution for 6 ml vial Novartis
/placebo 0 blind kits

Infusion
mg/3.5ml_
for placebo

4.2. Additional study treatment

All patients receive standard of treatment and care for patients with ICH according to the

AHA/ASA {Jauch et al 2013, Powers et al 2015) and the ESO Guidelines for Management of

Ischaemic Stroke and Transient Ischaemic Attack 2008 . No additional treatment beyond

investigational treatment is required for this trial. General Stroke Unit/Intensive Care Unit

management throughout the study needs to be recorded on the Concomitant Medication eCRF.

Post ischemic stroke rehabilitation, dates and therapy sessions are also recorded on the same

CRF.

4.3. Treatment arms

Patients are assigned to one of the following 2 treatment arms in a ratio of 1:1.

Study treatments are defined as:

Siponimod

Day 1: i.v. 0.25 mg over 6 hours (x2), then 0.5 mg over 6 hours, then 0.75 mg over 6 hours

for a total Day 1 dose of 1.75 mg

Day 2 : i.v. 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5 mg over 6 hours (x2)

for a total Day 2 dose of 8.25 mg

- Days 3 through 7 : i.v. 2.5 mg over 6 hours (x4) for a total daily dose of 10 mg

Days 8 through 14; 10 mg p.o. QD

Or

Placebo

Days 1 through 7 : matching I.V. placebo

- Days 8 through 14; matching p.o. placebo



5 . Efficacy / Pharmacodynamics

5.1 Clinical Outcome Assessments (CPAs)

5.1.1 Diffusion weighted MRI in acute stroke

Diffusion weighted imaging (DWI) is a commonly performed MRI sequence for evaluation

of acute ischaemic stroke, and is sensitive in the detection of small and early infarcts.

Conventional MRI sequences (T1WI, T2WI) may not demonstrate an infarct for 6 hours, and small

infarcts may be hard to appreciate on CT for days, especially without the benefit of prior imaging.

Increased DWI signal in ischaemic brain tissue is observed within a few minutes after arterial

occlusion and progresses through a stereotypic sequence of apparent diffusion coefficient (ADC)

reduction, followed by subsequent increase, pseudo-normalisation and, finally, permanent

elevation. Reported sensitivity ranges from 88-100% and specificity ranges from 86-100%. In

magnetic resonance diffusion-weighted imaging (DWI), regions of the brain are depicted not only

on the basis of physical properties, such as T2 relaxation and spin density, which influence image

contrast in conventional MR imaging, but also by local characteristics of water molecule diffusion.

The diffusion of water molecules is altered in a variety of disease processes, including ischemic

stroke. The changes that occur in acute infarction enable DWI to detect very early ischemia. Also,

because predictable progression of diffusion findings occurs during the evolution of ischemia,

DWI enables more precise estimation of the time of stroke onset than does conventional imaging.

Radiographic features:

The appearance of DWI/ADC depends on the timing.

Acute (0-7 days)

•ADC value decreases with maximal signal reduction at 1 to 4 days

marked hyperintensity on DWI (a combination of T2 and diffusion weighting), less hyperintensity

on exponential images, and hypointensity on ADC images

•subsequently, release of inflammatory mediators from ischemic brain tissue leads to vasogenic

edema with extravasation of water molecules from blood vessels to expand the interstitial space,

where water molecule diffusion is highly unrestricted

· early DWI reversal (aka diffusion lesion reversal) can occur, most frequently with reperfusion,

but this rarely alters the size of the eventual infarct and is probably a 'pseudoreversal' 3-5.

Subacute (1-3 weeks)

• ADC pseudonormalisation occurs in the second week (7-15 days).



• ADC values to rise and return to near baseline

• irreversible tissue necrosis is present despite normal ADC values

• DWI remains hyperintense due to T2 shine through

'after 2 weeks ADC values continue to rise above normal parenchyma and the region appears

hyperintense 2 .

Chronic (>3 weeks)

•ADC signal high

•DWI signal low (as T2 hyperintensity and thus T2 shine through resolve)

5.1.2 Modified Rankin Scale (mRS)

The modified Rankin Scale (mRS), is a widely-used, clinician-assessed instrument, and is

considered the current standard assessment for stroke outcomes by most Health Authorities. It

consists of 6 grades of disability, higher scores indicating more severe disability (0 =

asymptomatic, 6 = dead).

(Stroke. 201 7;48 - 201 7 American Heart Association, Inc. - Joseph P. Broderick, et al.)

The strength of the mRS is that it captures the full spectrum of limitations in activity and

participation after stroke. The inter-rater reliability of the scale is moderate and improves

significantly with structured interviews (0.56 versus 0.78; Banks and Marotta 2007); and this

structured approach is used in our study (Wilson et al 2002, Wilson et al 2005). The mRS can be

administered by investigators, study nurses, and research assistants. Training in administration

of the structured mRS interview is provided to site personnel as necessary, and proficiency

certification is monitored and centrally recorded. In this study, structured mRS interviews is video



recorded, then securely transferred to and rated by a Central Independent Adjudication Panel.

Individual (rater) mRS scores (and the panel average) as well as the panel consensus score for

each interview is recorded.

The mRS score at 90 days after ischemic stroke is the primary endpoint for measuring Siponimod

efficacy in this study.

The 90-day mRS score has been used as an endpoint in many stroke studies, including the

INTERACT2 (Anderson et al 2013), and ENOS (ENOS Trial Investigators 2015} trials.

5.1.3 NIH Stroke Scale (NIHSS)

The National Institutes of Health Stroke Scale (NIHSS), is the most widely used clinical

instrument to assess the neurological impact of acute stroke (Lyden 2017). The NIHSS consists

of 13 individually scored items, with a maximal composite score of 42, higher scores indicating

greater stroke severity. The NIHSS is administered by investigators or study nurses.. NIHSS

training certification is monitored and centrally recorded.

Patients with ischemic stroke often experience early neurological deterioration (END)

within the first few days after stroke due either to extension of thrombus or re-embolization,

progression of the initial infarction, hemorrhagic conversion within the infarcted brain tissue,

edema of the zone of infarction and increased intracranial pressure; or a combination of these

factors..

While most studies and centers define END criteria after ischemic stroke using the National

Institutes of Health Stroke Scale (NIHSS), different studies and centers define END as an

increase of 2 points or 4 points, and as occurring within different time windows (24 to 72 hours)

after stroke. For the study of the present disclosure, END is defined as NIHSS worsening by 4 or

more points between initial presentation and Day 7 after stroke.

6 . Safety

6.1 Electrocardiogram (ECG)

Continuous cardiac monitoring is implemented via bedside monitoring in all patients during

days when the patient is in the stroke/intensive care unit. Cardiac monitoring is performed from 1

hour before dosing and up to 48 hours after the first drug administration. Continuous cardiac

monitoring is done for a longer duration on a case-by-case basis, depending on the patient's

conditions. Standard twelve-lead ECGs is performed for all patients at the time points as indicated

in Table 4 .



Cardiac safety monitoring data is used for cardiac rhythm evaluation (mainly bradyarrhythmias,

such as atrioventricular blocks and sinus pauses: Frequency and duration of sinus pauses (> 2

seconds)) and for heart rate (HR) assessments.

7 . Other assessments

7.1 CYP2C9 Genotvpinq

Genotyping is performed to determine whether CYP2C9 genotype influences siponimod

pharmacokinetics.

7.2 Actigraphy

The use of wearable or externally-monitored actigraphy in a variety of neurological and

musculoskeletal disorders, including stroke rehabilitation, is growing; and wearable devices,

which may or may not provide direct patient feedback, are increasingly used to measure functional

mobility and rehabilitation outcomes (Wang et al 2017). The actigraphy devices are similar to a

wrist-watch and are lightweight, water-resistant, and can be worn continuously for several days.

To measure functional mobility with greater sensitivity, and in a more naturalistic (e.g., home)

setting, patients are fitted with wrist-worn actigraphy devices around Days 14, 30, and 90 after

ICH.

8 . Results

The above siponimod dosing regimen, i.e., a two week treatment with siponimod administered

daily (7 days i.v. with titration followed by 7 days p.o.) compared to placebo, improved global

functioning measured by the modified Rankin Scale (mRS) score on Day 90 after ischemic stroke.



CLAIMS

1 . A method of treating stroke in a human subject suffering from stroke said method

comprising

(a) administering to said subject multiple consecutive doses of siponimod over a time period equal

to or up to 96 hours calculated starting at the first administered dose, wherein

(i) the first administered dose is not less than 0.25 mg and not more than 1.25 mg;

and wherein

(ii) each dose of the one or more consecutive doses administered after the first dose is not less

than the directly preceding administered dose and not more than the directly subsequent

administered dose;

and wherein

(iii) the total sum of the consecutive doses administered over a time period of 24 consecutive

hours is lower than the maintenance daily dose; and subsequently

(b) administering a maintenance daily dose of siponimod for a maintenance time period of at least

2 days, wherein

(i) the maintenance daily dose is not less than 2 mg and not more than 20 mg of siponimod.

2 . A method of treating stroke in a human subject suffering from stroke according to claim 1,

wherein the first administered dose of step (a) is 0.25 mg.

3 . A method of treating stroke in a human subject suffering from stroke according to claim 1

or claim 2 , wherein the maintenance daily dose of step (b) is 10 mg of siponimod.

4 . A method of treating stroke in a human subject suffering from stroke according to any

preceding claim, wherein if a consecutive dose in step (a) is increased by an increment, said

increment is governed by a modified Fibonacci series, i.e. a given dose is the sum of two directly

previous doses ± 40%, for example ± 35%, for example ± 30%, for example ± 20%, e.g. about ±

23%, or for example ± 10%.

5 . A method of treating stroke in a human subject suffering from stroke according to any

preceding claim, wherein the maintenance daily dose of siponimod administered in step (b) is

administered for a maintenance time period of at least 5 days.

6 . A method of treating stroke in a human subject suffering from stroke according to any

preceding claim, wherein the administration of the maintenance daily dose of siponimod in step



(b) is carried out in a first phase by intravenous administration and in a second phase by oral

administration.

7 . A method of treating stroke in a human subject suffering from stroke according to any

preceding claim, comprising

(a) intravenously administering to said subject multiple consecutive doses of siponimod over 48

hours calculated starting at the first intravenously administered dose, wherein

- on Day 1 the administered doses are 0.25 mg over 6 hours, then 0.25 mg over 6 hours, then

0.5 mg over 6 hours, and then 0.75 mg over 6 hours for a total Day 1 dose of 1.75 mg; and

- on Day 2 the administered doses are 1.25 mg over 6 hours, then 2 mg over 6 hours, then 2.5

mg over 6 , and then 2.5 mg over 6 hours for a total Day 2 dose of 8.25 mg; and

(b) intravenously administering a daily maintenance dose of 10 mg of siponimod on Day 3 through

Day 7 ; and optionally

orally administering a daily maintenance dose of 10 mg of siponimod on and after Day 8 ,

preferably on Day 8 through Day 14; and

(c) optionally continuously monitoring the human subject in need thereof via cardiovascular

telemetry for at least the first 24 hours, preferably for at least the first 48 hours calculated starting

from the administration of the first dose of siponimod.

8 . A method of treating stroke in a human subject suffering from stroke according to any

preceding claim, wherein the administered i.v. composition containing siponimod is directly

obtained by diluting a concentrate containing siponimod, wherein said concentrate

(i) is in the form of a liquid;

(ii) contains 1 mg/mL of siponimod; and

(iii) contains 7 wt.% - 13 wt.% of 2-hydroxypropyl-p-cyclodextrin (HPBCD), a buffer agent;

and optionally a tonicity agent.

9 . A method of treating stroke in a human subject suffering from stroke according to any

preceding claim, wherein when siponimod is administered orally, siponimod is in the form of a co-

crystal with fumaric acid.

10. A method of treating a human subject suffering from stroke according to any preceding

claim, wherein stroke is ischemic stroke.

11 . A method of treating a human subject suffering from stroke according to claim 10 , wherein

stroke is acute ischemic stroke (AIS).



12. A method of improving global functioning of a human subject suffering from stroke,

preferably from ischemic stroke, wherein said method comprises:

(a) administering to said subject multiple consecutive doses of siponimod over a time period equal

to or up to 96 hours calculated starting at the first intravenously administered dose, wherein

(i) the first administered dose is not less than 0.25 mg and not more than 1.25 mg;

and wherein

(ii) each dose of the one or more consecutive doses administered after the first dose is not less

than the directly preceding administered dose and not more than the directly subsequent

administered dose; and wherein

(iii) the total sum of the consecutive doses administered over a time period of 24 consecutive

hours is lower than the maintenance daily dose; and subsequently

(b) administering the maintenance daily dose of siponimod for a maintenance time period of at

least 2 days, wherein the maintenance daily dose is not less than 2 mg and not more than 20 mg

of siponimod.
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