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Abstract

Oral siponimod (Mayzent®), a next-generation, selective sphingosine 1-phosphate receptor (SIPR) 1 and 5 modulator, is
approved in several countries for the treatment of secondary progressive multiple sclerosis (SPMS), with specific indications
varying between individual countries. In the pivotal EXPAND trial (median duration double-blind treatment 18 months) in a
broad spectrum of patients with SPMS, once-daily oral siponimod 2 mg (initial dose titration over 6 days) was significantly
more effective than placebo in reducing clinical and MRI-defined outcomes of disease activity and disability progression,
including 3-month confirmed disability progression on the Expanded Disability Status Scale (EDSS), and was generally
well tolerated in the core phase of the study. These beneficial effects of siponimod appeared to be sustained during up to
5 years of treatment in the ongoing open-label extension phase of EXPAND. The safety profile of siponimod is similar to
that of other agents in its class, including adverse events of special interest (i.e. those known to be associated with SIPR
modulators). No new safety signals were identified during up to 5 years’ treatment in the open-label extension phase. Albeit
further long-term efficacy and safety data from the real-world setting are required to fully define its role, given the paucity
of current treatment options and its convenient dosage regimen, siponimod represents an important emerging option for the
treatment of adult patients with SPMS with active disease evidenced by relapses or imaging-features of inflammatory activity.

1 Introduction

Siponimod: clinical considerations in SPMS

Multiple sclerosis (MS) is a common, autoimmune-mediated

disease of the CNS, characterized by multifocal localized Next-generation, highly-selective S1PR modulator;
inflammation, demyelination/remyelination, neurodegen- exhibits highly affinity binding at SIPR, and S1PR
erative changes and glial scar formation [1, 2]. The disease Reduces the risk of disability progression on EDSS;

is the leading cause of non-traumatic disability in young
adults, with a mean age at diagnosis of = 30 years and an
estimated ~ 2.2 million individuals affected worldwide in
2016 [3]. The disease has a significant impact on quality of

life and imposes a considerable burden from a societal and Generally well tolerated, with a safety profile similar to
that of other S1IPR modulators

improves other clinical and MRI-defined outcomes of
disability progression and disease activity (vs placebo)

Beneficial effects of treatment sustained
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understanding of the pathophysiology of the disease has
resulted in the development of several disease-modifying
therapies (DMTs) that slow the progression of symptoms,
reduce the frequency of relapses and limit disability progres-
sion in patients with RRMS [1-3]. However, management
of progressive MS, including SPMS, remains challenging,
with limited options available for treating these forms of the
disease [2, 4-6].

Extensive evidence has firmly established the pivotal role
of sphingosine 1-phosphate (S1P) in several physiological
systems, including immune, cardiovascular and CNS pro-
cesses, with S1P exerting its effects via five G protein-
coupled receptors [S1P receptors (S1PR;_s)] that are dif-
ferentially expressed in various cell types and tissues [7-9].
Given the key role of S1P in mediating multiple pathways,
including lymphocyte trafficking, vascular homeostasis,
microglial activation, neuronal interactions, axonal growth,
oligodendrocyte survival, myelination and integrity of the
blood-brain barrier, the S1PR axis has been implicated
in several immune-mediated disorders, including MS (as
reviewed by Chaudhry et al. [8]) [8, 9]. Thus, modulation
of S1PRs offers a novel targeted approach to treating MS,
with fingolimod the first SIPR functional antagonist (i.e.
the SIPR modulators) approved for the treatment of RRMS.
However, fingolimod is a non-selective functional antagonist
with activity at SIPR, ; 4 5 and, as such, is associated with
known adverse events such as bradycardia, atrioventricular
nodal block and macular edema [8]. Fingolimod activity at
S1PR; is considered to be responsible for the Mobitz type
1 atrioventricular nodal block [8] and inducing macular
edema (via increasing vascular permeability in the retina)
[8, 10]. Hence, there is a drive to develop more selective
S1PR modulators, optimized for potency against SIPR; and
lacking activity against S1IPR; [8, 9].

Oral siponimod (Mayzent®), a S1PR;-sparing, next-
generation S1PR modulator, is approved in several coun-
tries, including EU countries [11] and the USA [12], for
the treatment of SPMS/active SPMS (featured indication);
specific indications vary between individual countries. This
review, written from an EU perspective, focuses on thera-
peutic efficacy and tolerability data relevant to the use of
oral siponimod in adults with SPMS and summarizes its
pharmacological properties.

2 Pharmacodynamic Properties
of Siponimod

Siponimod, a novel alkoxyimino derivative, is a highly
selective SIPR, and S1PR5 modulator, with both receptors
(mainly S1PR,) pivotal in pathways regulating lympho-
cyte egress from lymph nodes, and SIPR; (on astrocytes)
and S1PR; (on oligodendrocytes) playing a key role in
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myelination and CNS repair [13—15]. In vitro, the half maxi-
mal effective concentrations for siponimod at human S1PR,
and S1PRs were 0.39 nmol/L and 0.98 nmol/L (vs > 10,000
nmol/L at SIPR,, > 1000 nmol/L at SIPR; and 750 nmol/L
at SIPR,) [14]. Relative to fingolimod, structural modifica-
tions in siponimod abrogate its activity at SIPR; (potentially
minimizing the risk of adverse effects) and negate the need
for in vivo phosphorylation (results in a shorter elimination
half-life) [13, 14].

In preclinical studies, siponimod dose dependently
induced functional antagonism at SIPR, leading to a reduc-
tion in peripheral lymphocytes consequent to inhibition of
lymphocyte egress from lymph nodes; functional antagonism
at S1PR, results in long-lasting internalization of S1PR, [13,
14]. Inhibition of egress from lymph nodes reduces circulat-
ing lymphocytes, thereby preventing T cells from entering
the CNS and limiting central inflammation [11]. Preclini-
cal studies also indicated that siponimod is associated with
S1PR,-mediated anti-inflammatory effects on CNS lym-
phocytes and glial cells, and S1PRs-mediated repair effects
on oligodendrocytes, thereby sparing S1PR; ,-mediated
pro-inflammatory effects on astrocytes [16]. Other effects
of siponimod included modulation of glial cell function and
attenuation of demyelination [15], and reducing circulat-
ing monocytes independently of SIPR; activity [17]. In a
transgenic tadpole model, siponimod was associated with
effective remyelination of the optic nerve [18, 19], with this
promyelinating effect mediated via activity at SIPRs [18]. In
rodent models of experimental autoimmune encephalomyeli-
tis (EAE; model for human MS), siponimod completely sup-
pressed EAE, as evidenced by a reduction in disease scores
[14, 20] (associated with down regulation of microglial
activity [20]), and provided neuroprotective effects in the
CNS and reduced grey matter inflammation [21]. Siponimod
treatment was associated with recovery of GABAergic trans-
mission alterations in the striatum of EAE mice, promoted
parvalbumin-positive interneuron survival and reduced
astrogliosis and microgliosis [21]. In EAE mice, siponimod
demonstrated a more favourable CNS/blood drug exposure
ratio than fingolimod (ratios 67 vs 20-30) [16]. In a mouse
model of EAE-optic neuritis, siponimod treatment resulted
in prophylactic and therapeutic effects, with an = 80-95%
reduction in clinical EAE scores [19, 22] and reduced degen-
eration of the inner retinal nerve fiber layers [22].

In healthy adults, siponimod was associated with dose-
dependent (dose range 0.3—10 mg) reduction in peripheral
CD4+ T cells, naive T cells, central memory T cells and
B cells within 4-6 h due to the reversible sequestration of
lymphocytes in lymphoid tissues [11, 14], with maximum
reductions sustained during 28 days’ treatment and levels
returning to normal within 1 week of stopping treatment
[14]. With continued daily dosing, the lymphocyte counts
continue to decrease, reaching a nadir median lymphocyte
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count of = 0.560 cells/nL in non-Japanese patients with
SPMS with a typical CYP2C9*1*1 or CYP2C9*1*2 geno-
type, corresponding to 20-30% of baseline values [11]. Low
lymphocyte counts are maintained with daily dosing. In the
vast majority of patients (90%), lymphocyte counts return to
the normal range within 10 days of stopping therapy. After
stopping siponimod treatment, residual lowering effects on
peripheral lymphocyte count may persist for up to 3—4 weeks
after the last dose [11].

The AMSO04 study evaluated immunological profile
changes with siponimod 2 mg/day (recommended mainte-
nance dosage; Sect. 6 ) in a subgroup of 33 participants
from the pivotal EXPAND trial (Sect. 4) [23]. At 6 and 12
months, siponimod treatment was associated with a lower
percentage of CD4+ and B cells and a higher percentage
of monocytes and natural killer cells than placebo; there
was no clinically meaningful change in the percentage of
CD8+ cells at these timepoints [23]. In another subgroup
of patients from EXPAND (n = 525), siponimod treatment
(> 21 months duration) was associated with reduced blood
levels of neurofilament light chain (Nfl), a biomarker of neu-
ronal damage [24]. Nfl levels in the blood were reduced by
5.7% in the siponimod group versus an increase of 9.2%
in the placebo group (p = 0.0004), with similar beneficial
effects of siponimod treatment observed irrespective of
whether or not patients had experienced relapses in the 2
years prior to the study. Elevated Nfl levels are detected in
the cerebrospinal spinal fluid (CSF) and blood of patients
with MS [24].

There was a transient reduction in heart rate and atrio-
ventricular conduction on treatment initiation of siponi-
mod [25]. Based on in vitro human atrial myocyte studies,
this effect is considered to be mechanistically related to
siponimod-induced S1PR, activation of G-protein-coupled
inwardly rectifying potassium channels leading to cellular
hyperpolarization and reduced excitability [14]. Siponimod
therapy could be reinitiated within 96 h of treatment discon-
tinuation without a need for retitration of the drug [25]. If
maintenance treatment is interrupted for > 4 days, siponi-
mod treatment needs to be reinitiated with a new titration
pack (Sect. 6) [11].

In healthy volunteers, concomitant treatment with siponi-
mod and steady-state propranolol was associated with a
more pronounced negative chronotropic effect than adding
propranolol to steady-state siponimod [26].

In a thorough QT study in healthy volunteers, therapeutic
(2 mg) and supratherapeutic (10 mg) doses of siponimod
resulted in QT prolongation of 7.8 ms and 7.2 ms [27];
these results did not suggest an arrhythmogenic potential
related to QT prolongation with siponimod [11]. Categorical
analysis revealed no treatment-emergent QT, values above
480 ms, no QT, increases from baseline of more than 60 ms
and no QT or QT values exceeded 500 ms [11].

3 Pharmacokinetic Properties of Siponimod

After multiple once-daily doses, siponimod exhibits dose-
proportional pharmacokinetics across a dose range of
0.3-20 mg [11]. Siponimod is extensively absorbed (> 70%),
with maximum plasma concentrations attained =~ 4 h after
multiple oral doses. Steady-state plasma concentrations are
reached after =~ 6 days, with levels at steady state =~ 2- to
3-fold higher than after the initial dose. There was no clini-
cally relevant effect of food on the absorption of siponimod.
The mean volume of distribution of siponimod is 124 L, with
the drug extensively bound (> 99%) to proteins in healthy
volunteers and in patients with hepatic or renal impairment.
In humans, the siponimod fraction found in plasma is 68%
[11]. Siponimod readily crosses the blood-brain barrier [11,
28], with all five evaluated adults with SPMS participating
in the EXPAND trial (Sect. 4) having detectable siponimod
levels (nanomolar concentrations) in their CSF [28].

Siponimod is extensively metabolized by CYP2C9
(79.3%) and, to a lesser extent, by CYP3A4 (18.5%) [11, 29].
The pharmacological activity of the main metabolites M3
and M17 is not expected to contribute to the clinical efficacy
or safety of siponimod in humans. Elimination of siponimod
from the systemic circulation occurs primarily via oxidative
metabolism and subsequent biliary excretion, with an appar-
ent systemic clearance of 3.11 L/h in patients with MS and
an elimination half-life (t,,) of & 30 h. Unchanged siponimod
was not detected in the urine [11].

CYP2C9 is polymorphic and the genotype influences
the fractional contributions of the two oxidative metabolic
pathways to overall elimination of siponimod. Physiologi-
cally based pharmacokinetic (PBPK) modelling indicated
a differential CYP2C9 genotype-dependent inhibition and
induction of CYP3A4 pathways (Sect. 6) [11, 30]. In healthy
volunteers, after a single 0.25 mg dose of siponimod, mean
exposure was = 2- and 4-fold higher in those who were poor
metabolizers (i.e. with the CYP2C9*2*3 and CYP2C9*3*3
genotypes) than in those who were extensive metabolizers
(i.e. CYP2C9*1*1 genotype), with a clinically relevant pro-
longation of t,, by 51 h and 126 h, respectively (vs 28 h)
[31]. Hence, the CYP2C9 genotype of the patient should be
determined prior to initiating siponimod treatment (Sect. 6)
[11]. With decreased CYP2C9 metabolic activity in poor
metabolizers, a larger effect of drugs that are CYP3A4 inhib-
itors or inducers on siponimod exposure is anticipated [11].

Using PBPK modelling, a maximum twofold increase in
exposure to siponimod is predicted across genotypes with
any type of CYP3A4 and CYP2C9 inhibitors, except for
patients with a CYP2C9*2%*2 genotype. In patients with a
CYP2C9*2*2 genotype, a 2.7-fold increase in exposure to
siponimod is expected in the presence of moderate CYP2C9
and CYP3A4 inhibitors. Given this increase in exposure, the
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concomitant use of siponimod and medicinal products that
cause moderate CYP2C9 and moderate or strong CYP3A4
inhibition is not recommended, including the use of a drug
that is a moderate CYP2C9/CYP3A4 dual inhibitor (e.g.
fluconazole [31, 32]) or a moderate CYP2C9 inhibitor in
combination with a separate moderate or strong CYP3A4
inhibitor (e.g. itraconazole [33]) [11].

Siponimod may be coadministered with most types of
CYP2C9 and CYP3A4 inducers. However, because of an
expected reduction in exposure to siponimod, the appropri-
ateness and possible benefit of the treatment should be con-
sidered when siponimod is combined with strong CYP3A4/
moderate CYP2C9 inducers (e.g. rifampicin [34], carbamaz-
epine) in all patients regardless of genotype; and with mod-
erate CYP3A4 inducers (e.g. modafinil) in patients with a
CYP2C9#1%3 or CYP2C9*2%*3 genotype. PBPK modelling
predicts a 76% and 51% reduction in exposure to siponimod
under these respective conditions [11].

No clinically relevant effects on the pharmacokinetics
and pharmacodynamics of siponimod were observed when
the drug was coadministered with oral ethinylestradiol/lev-
onorgestrel contraceptive [11, 35]. No interaction studies
have been conducted with other oral contraceptives contain-
ing progestogens; however, an effect of siponimod on the
efficacy of oral contraceptives is not expected [11].

Race/ethnicity [11], gender [11], renal impairment [11,
36] and hepatic impairment [11, 37] had no clinically mean-
ingful effects on the pharmacokinetics of siponimod.

4 Therapeutic Efficacy of Siponimod

The efficacy of oral siponimod was investigated in the ran-
domized, event- and exposure-driven, double-blind, pla-
cebo-controlled, phase 3 EXPAND trial in adult patients
(aged > 18 years) with SPMS (n = 1099 randomized) [38].
The core placebo-controlled phase of the trial (median 18
months’ duration) was followed by an open-label extension
(OLEX) phase [39], with data collection ongoing for up to
10 years.

Eligible patients had an Expanded Disability Status Scale
(EDSS) score of 3.0-6.5, documented EDSS progression in
the 2 years prior to the study, a history of RRMS and no evi-
dence of relapse in the 3 months prior to randomization [38].
Key exclusion criteria included the presence of substantial
immunological, cardiac or pulmonary conditions, uncon-
trolled diabetes, ongoing macular oedema or CYP2C9*3/%3
genotype. Demographics were generally similar across treat-
ment groups; the median time since MS diagnosis was 11.6
years and to conversion to SPMS was 2.6 years, 60% of
patients were females, 82% were aged > 41 years, 55% had
an EDSS score of 6.0-6.5 and 78% had not had a relapse in
the year prior to screening. Participants received siponimod
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2 mg (maintenance dosage; dosage titrated from 0.25-2 mg/
day from day 1 to 6) or placebo once daily [38].

The primary efficacy analysis was planned when a mini-
mum of 374 3-month confirmed disability progression
(CDP) events had occurred; as more CDP events occurred
than expected (potentially shortening the follow-up period),
a protocol amendment also required that > 95% of patients
had to have been randomly assigned to treatment for > 12
months before the core phase of the study was stopped. The
primary endpoint of the time to 3-month CDP was defined
as a 1-point increase in EDSS score if the baseline score
was 3.0-5.0 or a 0.5-point increase if the baseline score was
5.5-6.5, confirmed at a scheduled visit > 3 months later.
The primary endpoint and two key secondary endpoints
(defined in Table 1) were assessed using hierarchical statis-
tical testing [38]. For EDSS, a score of 3—4 indicates moder-
ate disability but no limitation in walking; 4.5-5.5 indicates
increasing limitation in walking but can walk without aids;
6.0 indicates requires unilateral aid to walk; 6.5 indicates
requires bilateral support; and > 6.5 indicates wheelchair
restricted [40].

4.1 Core Double-Blind Phase

At the time of the primary time-to-event analysis (using
Kaplan-Meier methods), siponimod treatment was asso-
ciated with a significantly lower (reduced by 21%) risk
of 3-month CDP than placebo in the overall population
(primary endpoint), with 26% and 32% of patients having
3-month CDP (Table 1). Results for 3-month CDP in pre-
specified subgroups of patients defined by disease character-
istics [i.e. superimposed relapse activity in previous 2 years
(yes or no), disease progression (rapid progression yes or no)
and disease severity (MS Severity Score > 4 yes or no)] were
consistent with those in the overall population, with hazard
ratios (HRs) favouring (i.e. all HR < 1.0) siponimod over
placebo (no formal statistical analyses performed). Explora-
tory analyses of 3-month CDP in other subgroups of patients
were also consistent with the overall population, including
based on baseline age, disease duration since onset, EDSS
score, the number of gadolinium-enhancing T1 lesions, and
previous treatment with interferon (IFN) -1b or DMTs [38].

For key secondary endpoints, there was no statistically
significant difference between the siponimod and placebo
groups for the time to 3-month confirmed worsening of
> 20% from baseline in the timed 25-foot walk (T25FW)
test in the overall population (Table 1). Given this lack of
statistical significance in hierarchical testing, adjusted mean
changes from baseline in total lesion volume on T2-weighted
(T2W) images at 12 months and 24 months in the siponimod
group were considered nominally significant versus placebo
(both timepoints p < 0.0001) (Table 1), with the adjusted
average mean increase from baseline over both timepoints
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Table 1 Efficacy of oral siponimod (2 mg once daily) in adult patients with secondary progressive multiple sclerosis participating in thej

global phase 3 EXPAND trial [ ]

Endpoint

Primary and key secondary endpoints
3-month CDP? (% of pts)

Time to 3-month confirmed worsening of > 20% in T25FW?® (% of pts)
Adjusted mean change from BL in total lesion volume on T2W images at

month 12° (mm?)

Adjusted mean change from BL in total lesion volume on T2W images at

month 24° (mm?)
Other endpoints
6-month CDP (% of pts)
Annualized relapse rates (events/year)
Time to first confirmed relapse (% of pts)

Siponimod Placebo Estimated BGD (95% CI)
(no. of evalu- (no. of evalu-

able pts) able pts)

26 (1096) 32 (545) HR 0.79 (0.65-0.95)*

40 (1087) 41 (543) HR 0.94 (0.80-1.10)

204.9 (995) 818.0 (495) —613.1 (— 800.2 to — 426.0)°
162.9 (995) 940.4 (495) = 777.5 (= 990.6 to — 564.4)°
20 (1096) 26 (545) HR 0.74 (0.60-0.92)°

0.07 0.16 RR 0.45 (0.34-0.59)¢

11 19 HR 0.54 (0.41-0.70)°

BGD between-group difference, BL baseline, CDP confirmed disability progression, HR hazard ratio, pts patients, RR rate ratio, 725FW 25-foot

walk test, T2W T2-weighted
“p =0.013 vs placebo

*Primary endpoint; assessed in intent to treat analyses using Kaplan-Meier methods

Key secondary endpoint tested in hierarchical order; the first listed key secondary endpoints was assessed using Kaplan-Meier methods

€As the BGD for the 1st of the 2 key secondary endpoints was not significant, all subsequent p values were considered nominal (all p < 0.0058)

lower in the siponimod than placebo group (183.9 vs 879.2
mm?>; nominal p < 0.0001) [38].

For other secondary clinical outcomes, siponimod
treatment was associated with improvements (all nomi-
nal p < 0.0058) in 6-month CDP, annualized relapse rates
and time to first confirmed relapse compared with placebo
(Table 1). In post hoc analyses, the time to 6-month CDP
in prespecified subgroups of patients were consistent with
that in the overall population, favouring siponimod treat-
ment over placebo [38]. Siponimod treatment also reduced
the risk of 3- and 6-month CDP compared with placebo,
irrespective of whether patients had or did not have relapses
in the 1- or 2-year periods prior to study entry and in patients
who would not have relapsed on study regardless of study
treatment [41]. In non-relapsing patients, at all assessed
timepoints (12, 18 and 24 months), siponimod reduced
3-month CDP (by 14-20%) and 6-month CDP (by 29-33%)
compared with placebo [41]. The efficacy of siponimod on
disability progression was supported by analyses utilizing
the novel motor integration (ambulation and brainstem/
pyramidal functions) and collateral (bowel and bladder,
brainstem, cerebral, sensory and visual functions) subscales
of EDSS, with effect sizes favouring siponimod over placebo
from 6 months onwards over a 36-month period for EDSS
and the motor integration and collateral subscales [42]. In
post hoc analyses, siponimod treatment also delayed the
time to wheelchair dependence compared with placebo in
a subgroup of patients with a baseline EDSS score of 6.5
who were at high-risk of reaching wheelchair dependency

[43]. Using a multistate model, there was a 28% reduction
in the risk of transitioning from an EDSS score of 6.5 to a
sustained EDSS score of > 7 in the overall population, with
the median time to reach an EDSS score of > 7 prolonged in
the siponimod group under the assumption of stable effect
over time (12.0 vs 16.3 years with placebo) [43]. There were
no between-group differences for adjusted mean changes in
12-point MS Walking Scale (MSWS-12) scores at 12 or 24
months or for the adjusted mean overall MSWS-12 score
over all visits (up to and including 30 month visits) [score
2.69 vs 4.46 in the placebo group] [38].

Secondary MRI-related outcomes were generally
improved (based on nominal p values; all p < 0.02) in the
siponimod compared with the placebo group. Percentage
decreases in brain volume from baseline at 12 and 24 months
and averaged over both timepoints (— 0.5% vs — 0.65%;
nominal p = 0.0002) were smaller in the siponimod than
placebo group, with a lower adjusted mean cumulative
number of gadolinium-enhancing lesions on T1W images
(0.08 vs 0.60; rate ratio 0.14; nominal p < 0.0001) and new
or enlarging lesions on T2W images (0.70 vs 3.60; rate
ratio 0.19; nominal p < 0.0001). These outcomes, in turn,
were reflected in numerically more siponimod than placebo
recipients being free from gadolinium-enhancing lesions on
T1W images (89% vs 67%) and free from new and enlarging
lesions on T2W images (57% vs 37%) on all post-baseline
images (assessed in patients with > 1 scan post-baseline)
[38]. At 12 and 24 months, siponimod treatment (vs pla-
cebo) significantly reduced cortical grey matter volume loss
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(all p < 0.0001) and thalamic volume loss (all p < 0.05) in
the overall population and subgroups of patients, including
based on age, disease activity, EDSS score and prior use of
DMT [44].

Relative to placebo (n = 263), siponimod treatment (n =
516) significantly (p < 0.05) delayed disability progression
and in an exploratory analysis improved cognitive process-
ing speed [CPS; assessed using the Symbol Digit Modalities
Test (SDMT)] in a subgroup of patients with active disease
(i.e. presence of relapses in the 2 years prior to screening
and/or > 1 gadolinium-enhancing TW1 lesion at baseline)
[45]. There was a > 30% reduction in the risk of 3-month
(24.9% vs 34.6%; HR 0.69; 95% CI 0.53-0.91; p = 0.0094)
and 6-month (19.0% vs 28.1%; HR 0.63; 95% CI 0.47-0.86;
p = 0.004) CDP in siponimod versus placebo recipients.
In terms of CPS, siponimod treatment increased the risk
of a sustained improvement in CPS by 51% (34% vs 23%
of patients; HR 1.51; 95% CI 1.12-2.04; p = 0.007) and
reduced the risk of sustained worsening in CPS by 28% (27%
vs 38%; HR 0.72; 95% CI 0.56-0.94; p = 0.0166). A sus-
tained effect on CPS was defined as a change that continued
until the end of the core part of the study or occurred at last
assessment, with worsening and improvement defined by a
> 4-point change in SDMT score [45]. In addition, relative
to placebo, siponimod treatment was associated with func-
tional benefits on CPS in the overall population in terms of
sustained improvements and deterioration in SDMT scores
(both p < 0.05) [46].

Siponimod treatment also improved myelination com-
pared with placebo in the EXPAND MRI substudy, based
on the magnetization transfer ratio (MTR; a putative marker
of changes in myelin density in the brain) [47]. Compared
with placebo, siponimod treatment reduced the decrease
in mean normalized MTR (nMTR) at 12 months by 38%
(nonsignificant) and at 24 months by 55% (p < 0.05), cor-
responding reductions in cortical grey matter tissue at these
timepoints were 27% (not significant) and 55% (p = 0.0468)
and those for normal-appearing white matter were 105% and
98% (both p < 0.05) [47].

4.2 Open-Label Extension Phase

The beneficial effects of siponimod on CDP, CPS and
relapses observed during the core study appeared to be sus-
tained during the subsequent OLEX phase after < 5 years
of siponimod treatment [39]. At this timepoint, of the 1224
patients who entered the OLEX study, 72% are ongoing.
For the continuous siponimod group (siponimod 2 mg/day
during core and OLEX phases), the time to 6-month CDP
on EDSS score was delayed by 54% for the 25th percentile
compared with the switch group (placebo switched to siponi-
mod during the OLEX phase) [21.0 vs 13.6 months], with
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the time to 6-month CDP based on SDMT score delayed
by 62% (29.6 vs 18.3 months). The absolute risk reduction
for the time to 6-month CDP on EDSS in the continuous
siponimod group relative to the switch group was 22% (59%
vs 52% of patients with an event up to month 48; HR 0.78;
95% CI10.66-0.92; p = 0.0048), with a 23% reduction in the
absolute risk of the time to 6-month CDP on SDMT (68% vs
58%; HR 0.77; 95% CI 0.65-0.92; p = 0.0014) [39].

5 Tolerability of Siponimod

Oral siponimod was generally well tolerated in the piv-
otal EXPAND trial in patients with SPMS, with the safety
analysis set including 1099 siponimod and 546 placebo
recipients (median exposure to study drug was 18 months)
[38]. Although the majority of patients in the siponimod
and placebo groups experienced > 1 treatment-emergent
adverse event (TEAE; 89 vs 82%), most of these were
mild to moderate in severity and relatively few patients
discontinued treatment because of these TEAEs (4% vs
3%). The most common TEAEs (i.e. incidence > 5% and
at rate > 1% higher incidence than placebo) occurring in
the siponimod and placebo groups were headache (15%
vs 13%), fall (12% vs 11%), hypertension (10% vs 8%),
dizziness (7% vs 5%), nausea (7% vs 4%), diarrhoea (6%
vs 4%), increased alanine aminotransferase levels (6% vs
4%) and pain in extremity (6% vs 4%). Serious TEAEs
occurred in 18% of patients in the siponimod group and
15% in the placebo group, with 3% and 2% of these events
leading to discontinuation of study drug. There were four
deaths in each group (< 1% vs 1% in the placebo group); in
the siponimod group, there was one case each of death due
to metastatic gastrointestinal melanoma within 4 months
of commencing siponimod, septic shock in a patient with
terminal colon cancer, urosepsis > 10 weeks after discon-
tinuing siponimod treatment and after two doses of rituxi-
mab, and a suicide [38].

The most common (incidence > 2% and at rate > 1%
higher incidence than placebo) adverse events of special
interest (AESI; i.e. those previously associated with SIP-
receptor modulation) occurring in the siponimod and pla-
cebo group were liver-related investigations (signs and
symptoms; 12% vs 4%), hypertension (10% vs 8%), periph-
eral oedema (5% vs 2%), bradycardia during treatment initia-
tion (4% vs 3%), bradyarrhythmia during treatment initia-
tion (3% vs 0.1%), macular oedema (2% vs < 1%), herpes
zoster reactivation (2% vs 1%) and convulsions (2% vs
<1%). There was no between-group difference in the rates
of malignancies (2% vs 3% in the placebo group), including
basal cell carcinoma (1% in both groups), or of TEAEs and
serious TEAE:s related to infection (except for herpes zoster
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reactivation), with infections and infestations occurring in
49% of patients in both groups. A case of herpes zoster men-
ingitis occurred in the siponimod group [38].

No new safety signals were identified during the OLEX
phase of EXPAND after up to 5 years’ follow-up, with the
incidence rates of AEs/100 patient-years’ exposure consist-
ent with those in the double-blind phase of the trial [39].

As siponimod dose-dependently reduces lymphocyte
counts (Sect. 2), siponimod may increase the risk of
infections, some of which may be serious in nature [11].
Siponimod is contraindicated in patients with immunode-
ficiency syndrome or a history of progressive multifocal
leukoencephalopathy or cryptococcal meningitis. Prior to
initiation of siponimod treatment, a recent complete blood
count (CBC; i.e. within the last 6 months or after discon-
tinuation of prior therapy) should be available, with the
siponimod dosage adjusted and/or treatment interrupted
based on absolute lymphocyte counts. CBC should also be
monitored periodically during treatment [11]. The use of
live attenuated vaccines may carry a risk of infection and
should therefore be avoided during siponimod treatment
and for < 4 weeks after treatment [11, 48]. During and for
< 4 weeks after treatment with siponimod, vaccinations
may be less effective; the efficacy of vaccination is not
considered to be compromised if siponimod is paused 1
week prior to vaccination until 4 weeks after vaccination
[11].

Patients with the following cardiac conditions should be
monitored for a 6-h period after the first dose of siponimod
for signs and symptoms of bradycardia: sinus bradycardia
(heart rate < 55 bpm), history of first- or second degree
(Mobitz type I) atrioventricular block, history of myocardial
infection or a history of heart failure (patients with NYHA
class I or IT). Siponimod is contraindicated in patients with
a history of symptomatic bradycardia or recurrent syncope,
uncontrolled hypertension or severe untreated sleep apnoea.
Based on a thorough QT study, siponimod is not associated
with significant direct QT-prolongation and is not associated
with an arrhythmogenic potential related to QT prolongation
(Sect. 2) [11].

With regard to liver function, although there are no
data to establish that patients with pre-existing liver dis-
ease are at increased risk of developing elevated liver
function test values when taking siponimod, caution is
advised in patients with a history of significant liver dis-
ease. Recent (i.e. within the last 6 months) transaminase
and bilirubin levels should be available prior to initiating
siponimod treatment. In EXPAND, treatment was discon-
tinued if the elevation in transaminase levels exceeded
a threefold increase and the patient showed symptoms
related to hepatic function or if the elevation exceeded a
fivefold increase; 1% of all discontinuations met one of
these criteria [11].

6 Dosage and Administration of Siponimod

Oral siponimod is approved in several countries for the
treatment of SPMS/active SPMS (featured indication);
specific indications vary between individual countries.
In the EU, siponimod is indicated for the treatment of
adult patients with SPMS with active disease evidenced
by relapses or imaging-features of inflammatory activity
[11]. Treatment with siponimod should be started with a
5-day dose titration pack (0.25 mg once daily on day 1 and
2, with the dosage incremented by 0.25 mg/day on day
3 and 4, and then to 1.25 mg/day on day 5). The mainte-
nance dosage from day 6 onwards is 2 mg once daily, with
the drug taken without regard to food. Prior to initiation
of siponimod treatment, patients must be genotyped for
CYP2C9 to determine their CYP2C9 metabolizer status
(Sect. 3). Siponimod should not be used in patients with
a CYPC9*3*3 genotype; the recommended maintenance
dosage is 1 mg once daily in those with a CYP2C9%2%*3
genotype. The recommended maintenance dosage of
siponimod in patients with all other CYP2C9 genotypes is
2 mg once daily [11]. Consult local prescribing information
for detailed information, including specific indications,
contraindications, precautions and warnings, potential drug
interactions and use in special patient populations.

7 Place of Siponimod in the Management
of Secondary Progressive Multiple
Sclerosis

Given the heterogeneity and complexity of MS, its manage-
ment requires comprehensive individualized treatment with
medical and rehabilitation therapies targeted at controlling
symptoms, reducing the frequency of relapses and prevent-
ing/slowing disability progression. Several DMTs have been
approved for RRMS in the EU, including subcutaneous
interferon-B (IFNf)-1a, IFNB-1b and pegIFNf-1a, subcuta-
neous glatiramer acetate, small-molecule oral agents (clad-
ribine, dimethyl fumarate, fingolimod, teriflunomide), intra-
venous mitoxantrone and intravenous monoclonal antibodies
(alemtuzumab, natalizumab, ocrelizumab) [1]. Treatment
options for SPMS are more limited making its management
more challenging. In patients with active SPMS, current
ECTRIMS/EAN guidelines recommend (weak recommen-
dation for all of these DMTs) the following DMTs: IFNB-1a
or -1b taking into account the efficacy, safety and tolerability
profiles of these drugs; mitoxantrone taking into account its
efficacy and specifically considering the safety and toler-
ability of the drug (cardiotoxicity, delayed congestive heart
failure, myelosuppression and acute treatment related leu-
kemia); and ocrelizumab or cladribine [1]. EU approval of
siponimod for the treatment of adult patients with active
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SPMS (Sect. 6) is too recent for its consideration in these
guidelines. A recent UK NICE appraisal has recommended
the use of siponimod for the treatment of adult patients with
SPMS with active disease evidenced by relapses or imaging-
features of inflammatory disease [49]. Ultimately the choice
of treatment will depend upon a number of factors, including
patient preference, disease characteristics and pharmacoeco-
nomic considerations.

In the large, multinational EXPAND trial in adult patients
with SPMS (= two-thirds of whom had not relapsed in the
previous 2 years and more than 50% required walking assis-
tance), siponimod significantly reduced the risk of disabil-
ity progression on EDSS compared with placebo during the
double-blind core phase, including in prespecified subgroups
of patients defined by disease characteristics such as severity
of disease, history of relapse in the previous 2 years and the
rate of disease progression (Sect. 4.1). These changes were
considered clinically relevant as even small deteriorations in
EDSS score in SPMS are likely to have a clinically relevant
impact, given changes in EDSS score in this population are
less likely to be reversible than in the RRMS population.
Siponimod also provided better efficacy than placebo for
most other clinical and MRI-defined outcomes, including
slowing disability progression based on other measures,
improving CPS, improving myelination (EXPAND MRI
substudy) and reducing losses in brain volume (an objec-
tive marker of permanent CNS damage), cortical grey matter
and thalamic volume (Sect. 4.1). These beneficial effects
of siponimod in terms of delaying disability progression
and improving CPS and relapses appeared to be sustained
after up to 5 years of treatment in the ongoing OLEX study
(Sect. 4.2). Ongoing clinical experience will help to define
the long-term efficacy and safety of siponimod in the real-
world setting, with a multicentre, non-interventional real-
world study (AMASIA) planned in Germany [50].

Of note, at the time of the primary efficacy analysis, there
was no significant between-group difference for the first
key secondary endpoint (T25FW test; a gold standard for
assessing ambulation in MS, along with EDSS [51]), with
the hierarchical statistical testing scheme meaning that sub-
sequent significant between-group differences for individual
outcomes were considered nominally significant (Sect. 4.1).
This lack of between-group difference for the T25FW test
may, at least in part, reflect that the T25FW test assesses gait
velocity rather than a person’s ability to vary their gait for
different walking tasks and secondly, it may reflect the high
degree of variability in its sensitivity in patients with pro-
gressive MS [51]. Hence, the sensitivity of the T25FW test
may have been markedly reduced, given that more than 50%
of patients already required assistance with walking prior to
study enrolment. Additionally, protocol-defined switching
to rescue medication (i.e. active open-label treatment) was
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more common in the placebo than siponimod group (17 vs
11% of patients), which may also have reduced the power
of the study to detect a between-group difference in this and
some other secondary outcomes [38]. Of interest for rescue
therapy, no DMT was given a strong recommendation for
treating SPMS in current ECTRIMS/EAN guidelines [1].
To date, there have been no direct head-to-head randomized
controlled trials of siponimod versus other DMTs (e.g.
IFNp-1a or -1b) in SPMS.

Oral siponimod was generally well tolerated in the
EXPAND trial in patients with SPMS (Sect. 5), with a simi-
lar safety profile to that of other SIPR modulators [38]. The
majority of TEAEs were of mild to moderate severity and
relatively few (3%) patients discontinued treatment because
of these events (Sect. 5). The most common AESI (i.e. AEs
associated with the SIPR modulator class) that occurred
more frequently in siponimod than placebo recipients were
increases in liver transaminase levels, hypertension, periph-
eral oedema and bradycardia at treatment initiation. The use
of a dose-titration schedule at treatment initiation mitigated
the first-dose effects of siponimod on heart rate and con-
duction [38]. Reflecting its mechanism of action (Sect. 2),
siponimod treatment is associated with dose-dependent
reductions in lymphocytes resulting in lymphopenia. In
EXPAND, there were no differences between the siponimod

and placebo group for infection (except for herpes zoster
reactivation) or malignancies rates (Sect. 5). However, as
siponimod may increase the risk of infection, including seri-
ous infection, CBC monitoring is required prior to initiating
treatment and periodically during treatment. Local prescrib-
ing information should be consulted for the management
of AESI in patients with specified pre-existing conditions
(Sect. 5). Alterations in the chemical structure of siponimod
relative to fingolimod (Sect. 2) offer an advantage in terms
of a lower risk of bradycardia with siponimod and a faster
restoration of lymphocytes counts after discontinuation of
treatment (within 1 week [11] vs 2 months for fingolimod
(52D [9].

In conclusion, once-daily oral siponimod was signifi-
cantly more effective than placebo in reducing clinical and
MRI-defined outcomes of disease activity and disability pro-
gression, including 3-month CDP on EDSS, and was gener-
ally well tolerated in the core phase of the EXPAND trial in
patients with active SPMS. These beneficial effects appeared
to be sustained during up to 5 years of siponimod treatment
in the ongoing OLEX. Albeit further long-term efficacy and
safety data are required to fully define its role, given the
paucity of current treatment options and its convenient dos-
age regimen, siponimod represents an important emerging
option for the treatment of adult patients with SPMS with
active disease evidenced by relapses or imaging-features of
inflammatory activity.
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Data Selection Siponimod: 205 records identified

Duplicates removed 24

Excluded during initial screening (e.g. press releases; 88
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 42
small patient number; nonrandomized/phase I/ trials)

Cited efficacy/tolerability articles 9
Cited articles not efficacy/tolerability 43

Search Strategy: EMBASE, MEDLINE and PubMed from 1946
to present. Clinical trial registries/databases and websites were
also searched for relevant data. Key words were siponimod,
Mayzent, secondary progressive multiple sclerosis, SPMS.
Records were limited to those in English language. Searches last
updated 30 September 2020
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