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ABSTRACT
Introduction: Multiple sclerosis (MS) is an immune-mediated disorder of the CNS manifested by recurrent 
attacks of neurological symptoms (related to focal inflammation) and gradual disability accrual (related to 
progressive neurodegeneration and neuroinflammation). Sphingosine-1-phosphate-receptor (S1PR) mod-
ulators are a class of oral disease-modifying therapies (DMTs) for relapsing MS. The first S1PR modulator 
developed and approved for MS was fingolimod, followed by siponimod, ozanimod, and ponesimod. All are 
S1P analogues with different S1PR-subtype selectivity. They restrain the S1P-dependent lymphocyte egress 
from lymph nodes by binding the lymphocytic S1P-subtype-1-receptor. Depending on their pharmacody-
namics and pharmacokinetics, they can also interfere with other biological functions.
Areas covered: Our narrative review covers the PubMed English literature on S1PR modulators in MS 
until August 2022. We discuss their pharmacology, efficacy, safety profile, and risk management 
recommendations based on the results of phase II and III clinical trials. We briefly address their impact 
on the risk of infections and vaccines efficacy.
Expert opinion: S1PR modulators decrease relapse rate and may modestly delay disease progression in 
people with relapsing MS. Aside their established benefit, their place and timing within the long-term 
DMT strategy in MS, as well as their immunological effects in the new and evolving context of the post- 
COVID-19 pandemic and vaccination campaigns warrant further study.
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1. Introduction

Multiple sclerosis (MS) is a chronic immune-mediated disorder 
of the central nervous system (CNS) [1]. It affects around 2.8 
million people worldwide, females twice as likely as males [2]. 
The estimated global prevalence is 35.9 per 100,000 people, 
ranging up to more than 200 per 100,000 people in Northern 
Europe, Germany, Italy, and North America [2]. In the UK, the 
prevalence of MS is 290 per 100,000 in Scotland, and 190 and 
176 per 10,000 in England and Wales, respectively [3]. Despite 
the development of moderate and high efficacy disease-mod-
ifying therapies (DMTs), curative treatments are not available 
and MS remains a leading cause of neurological disability [4]. 
Its typical clinical onset is in young adulthood, which contri-
butes to the high socio-economic burden [4].

The etiopathogenesis of MS is complex and highly hetero-
genous with both genetic and environmental factors being 
involved [1]. Pathologically, MS is characterized by chronic 
widespread low-grade neuroinflammatory changes and recur-
rent attacks (also known as relapses) of focal inflammatory 
demyelinating lesions, with variable degrees of clinical expres-
sion and recovery, followed by periods of remission [1]. 

Progressive neurodegeneration is triggered early in the course 
of the disease, subclinical at first, then resulting in gradual 
disability accrual unrelated to the relapses [5].

The main phenotypes of MS are relapsing-remitting (RRMS), 
secondary progressive (SPMS), and primary progressive (PPMS) 
[1,6]. The relapsing-remitting phenotype is present at onset in 
about 90% of the cases and is usually followed by a secondary 
progressive phase (i.e. SPMS) consisting of gradual disability 
accrual, with (i.e. active SPMS) or without overlapping relapses 
[1]. Clinically isolated syndrome (CIS), defined as the first clinical 
attack most likely related to MS but not yet fulfilling MS diagnostic 
criteria is another potential presentation [1,7]. Around 1 in 8 people 
with MS are diagnosed with PPMS. In PPMS, the symptoms gradu-
ally worsen and accumulate over time, in the absence of overt 
clinical relapses, but overt clinical relapses may sometimes occur 
(in 3% of cases i.e. progressive-relapsing MS).

The approved DMTs for MS are oral, self-injectables and infu-
sible immunomodulators and immunosuppressants [8–10]. 
These drugs act on the inflammatory component of the disease, 
preventing the formation of new CNS lesions and the reactiva-
tion or enlargement of preexistent lesions, and reducing the 
annualized relapse rate with moderate-to-high efficacy – 

CONTACT Radu Tanasescu radu.tanasescu@nottingham.ac.uk Department of Neurology, D Floor, West Block, Queen’s Medical Centre, Nottingham NG7 2UH

EXPERT OPINION ON PHARMACOTHERAPY                                                                                                                    
2023, VOL. 24, NO. 4, 495–509
https://doi.org/10.1080/14656566.2023.2178898

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted 
Manuscript in a repository by the author(s) or with their consent.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14656566.2023.2178898&domain=pdf&date_stamp=2023-03-27


sphingosine 1-phosphate (S1P) receptor (S1PR) modulators 
belonging to the latter group, along monoclonal antibodies 
and cladribine [8–10]. The impact of current DMTs on slowing 
down the neurodegenerative component and reducing MS pro-
gression are minor or debatable, while drugs with clinically 
proven neuroprotective or neuroregenerative/promyelinating 
effects are not available yet. In view of the above, early control 
of disease activity remains the best available strategy for achiev-
ing good long-term outcomes in people with MS. The latest 
guidelines recommend that people with relapsing forms of MS, 
including CIS, RRMS, and active SPMS, start treatment with one of 
the available DMTs as early as possible, higher disease activity 
justifying the choice of a drug that is more efficacious but poses 
greater safety concerns. Current treatment guidelines in Norway 
recommend that newly diagnosed RRMS patients are com-
menced directly on a high-efficacy DMT, unless that there are 
specific reasons not to do so [11]. Concurrently, the presence of 
disease activity despite the use of a DMT mandates the switch to 
another, preferably more efficacious, drug [8–10]. The best strat-
egy (escalation vs induction) in the DMT sequence is still 
debated, and clinical studies addressing this are underway (clin-
icaltrials.gov: NCT03535298 and NCT03500328). The therapeutic 
options for PPMS are currently very limited with ocrelizumab 
being the only drug with proved efficacy and approval for this 
indication [8,9].

S1PR modulators are a class of oral DMTs for relapsing MS [12]. 
In this narrative review, we present their pharmacology, efficacy, 
safety profile, and risk management based on the results of phase II 
and phase III clinical trials. We also briefly address their impact on 
the risk of infections and vaccines efficacy, as well as their potential 
roles in treating other immune-mediated or nonimmune- 

mediated conditions. With this aim, we searched the English lan-
guage medical literature in the PubMed database up to the 26th of 
August 2022 using the search string ‘sphingosine 1-phosphate 
receptor modulators’ OR ‘S1P receptor modulators’ OR ‘S1PR mod-
ulators’ OR ‘fingolimod’ OR ‘FTY720’ OR ‘siponimod’ OR ‘BAF312’ 
OR ‘ozanimod’ OR ‘RPC1063’ OR ‘ponesimod’ OR ‘ACT-128800.’ 
Additional sources (References of PubMed articles, Google 
Scholar, Congresses etc.) were used for further researching specific 
topics (such as side effects and impact on vaccine responses).

The emphasis of our review is on the S1PR modulators 
already approved for the treatment of MS by North 
American and European regulatory agencies, but we also dis-
cuss other relevant pharmacological products. The topic is of 
importance, since fingolimod, the first S1PR modulator that 
was developed, as well as the first oral DMT approved for 
adults with relapsing MS, is currently the only oral DMT 
approved for adolescents and children with relapsing forms 
of MS [13–16]. Another significant breakthrough was achieved 
by siponimod, a second-generation, more selective S1PR mod-
ulator, that showed a modest decrease in disease progression 
in people with SPMS [17,18]. The latest SP1PR modulators in 
the MS treatment armamentarium are ponesimod and ozani-
mod. Considering the pleiotropism of the S1PR-related path-
ways, which besides peripheral immunomodulation include 
direct effects on CNS cells, the mechanism of action of the 
available S1PRs modulators in MS may be more complex than 
currently thought and not yet fully uncovered [17,18].

2. The biology of S1P signaling pathways and 
emerging S1PR modulators

S1P is a widely available bioactive lysophospholipid regulating 
an ample range of biological processes in humans and mam-
mals [17–19]. It is a metabolite of sphingosine, one of the 
major constituents of myelin [20]. Erythrocytes, endothelial 
cells, and activated platelets are among the most important 
endogenous sources [21]. In the CNS, S1P is tightly regulated, 
being produced by sphingosine kinase and degraded by clea-
vage or hydrolysis [22]. Evidence suggests that its dysregula-
tion may contribute to several diseases, including MS, 
atherosclerosis, and diabetes mellitus [18].

The main functions of S1P are mediated via five distinct 
transmembrane G-protein-coupled receptors (i.e. S1PR1 – 

S1PR5), expressed in various amounts and combinations by 
most human cells [17,22–24]. Additionally, S1P may also act as 
secondary messenger, modulating both S1PR-dependant and 
S1PR-independent pathways [22].

The S1PRs activate independent intracellular pathways that 
are involved in lymphocyte trafficking and other immune 
functions (mainly S1PR1, but also the other S1PR subtypes) 
[17,23,25,26], heart rate regulation (mainly S1PR1 in humans, 
and also S1PR3 in mice) [25], vascular and bronchial tone 
[23,24], barrier permeability [23,24], microglial activation 
[23,24], axonal growth [20,24], neuronal plasticity and synapse 
formation [20,24], oligodendrocyte survival and myelination 
[20,27], and neurotransmitter release [22] – see Table 1 for 
further details [17–28]. In the extracellular space, S1P tends to 

Article highlights

● Sphingosine 1-phosphate (S1P) receptor modulators are a class of oral 
disease-modifying therapies (DMTs) for relapsing forms of multiple 
sclerosis (MS).

● S1P is an endogenous bioactive lipid. The S1P signaling pathways 
regulate lymphocyte trafficking, vascular permeability, vascular and 
bronchial smooth muscle tone, and various neurologic and cardiac 
functions.

● The currently approved S1PR modulators for relapsing MS are fingo-
limod (the first-in-class), siponimod, ozanimod, and ponesimod. 
Ozanimod is also approved for the treatment of ulcerative colitis.

● Fingolimod is the first oral DMT approved for adults with MS, and the 
first and only oral DMT approved for pediatric patients with MS, aged 
10 years and older.

● Siponimod is the first and only drug with proved modest efficacy in 
delaying confirmed disability progression, independent of disease 
activity, in people with active SPMS. In the European Union, siponi-
mod is only approved with this indication.

● Ponesimod is the first oral DMT for MS that proved efficacy against 
another oral DMT for MS, namely teriflunomide.

● The approved S1PR modulators are generally safe, but first-dose 
observation for bradycardia and atrioventricular block is required 
when starting fingolimod, while dose titration is typically enough 
for siponimod, ozanimod and ponesimod. All these drugs require 
careful patient selection, monitoring for potentially serious adverse 
events, and precautions for drug interactions. The potential negative 
impact on the response to certain vaccines and the risk of infection 
should be considered.
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accumulate in the high-density lipoprotein fraction, which 
possibly contributes to its anti-atherogenic effects [29].

The available S1PR modulators are analogues of S1P that 
act as functional S1PR1 antagonists in vivo, initially activating 
the receptor but then preventing its function by inducing 
prolonged internalization [17,18]. The first S1PR modulator 
that was developed is fingolimod (FTY720), a derivative of 
myriocin, which is a potent inhibitor of sphingolipid synthesis 
with antifungal and immunosuppressant properties [17,30– 
32]. Notably, myriocin is a natural compound produced by 
the fungi Isaria sinclairii and Myriococcum albomyces, the for-
mer used in traditional Chinese medicine for promoting health 
and youth [30,32]. Fingolimod attracted attention because of 
its ability to prevent experimental graft versus host disease 
without interfering with the host versus leukemia response, 
indicating therapeutic potential for preventing graft rejection 
in renal transplant recipients, as well as for MS and other 
immune-mediated disorders, with minimal risk of infections 
[30,31]. The newer, second-generation, S1PR modulators that 
are currently approved for relapsing MS, namely siponimod 
(BAF312), ozanimod (RPC1063), and ponesimod (ACT-128800), 
were designed starting from fingolimod, aiming to improve its 
pharmacodynamics and pharmacokinetics to better meet ther-
apeutic needs and mitigate the risks of side effects [17,18]. 
Besides MS, ozanimod has recently been approved for indu-
cing and maintaining remission in moderate-to-severe ulcera-
tive colitis, and clinical trials are ongoing for Crohn's disease, 
systemic lupus erythematosus, and Coronavirus disease 2019 
(COVID-19) [17]. Concerning the latter, the S1PR1-mediated 
effects of the S1PR modulators may reduce pulmonary injury 
related to the excessive immune response that can be 
encountered in COVID-19, a potential therapeutic mechanism 
supported by the findings on H1N1 influenza and sepsis ani-
mal models, two conditions that also entail excessive immune 

activation [17,33]. Fingolimod is also assessed for several dis-
orders other than MS, including hemorrhagic and ischemic 
stroke, amyotrophic lateral sclerosis, and chronic inflammatory 
demyelinating polyradiculoneuropathy, while siponimod is 
undergoing a phase II trial for intracerebral hemorrhage, and 
ponesimod successfully completed a phase II trial for psoriasis 
[17]. Additionally, fingolimod may disrupt the lifecycle of the 
human immunodeficiency virus (HIV), with potential therapeu-
tic applications [34].

An impressive number of other S1PR modulators have been 
designed, part of them being discontinued and part currently 
in clinical trials for different immune-mediated disorders, such 
as systemic lupus erythematosus, ulcerative colitis, Crohn's 
disease. These include ceralifimod (ONO-4641), cerenimod 
(ACT-334441), etrasimod (APD334), amiselimod (MT-1303), 
VPC01091, and VPC23019a [17,18]. Monoclonal antibodies 
against S1P and inhibitors of the sphingosine kinases are 
also under development, preclinical data showing therapeutic 
potential for several cancers [17,35].

The main mechanism of action of the approved S1PR modula-
tors for MS is preventing the infiltration of lymphocytes within the 
CNS by selectively depleting them from the bloodstream, without 
blocking their physiological activation and protective immune 
responses [31,36]. An overview of their characteristics and recom-
mendations in MS can be found in Table 2. The binding of S1PR 
modulators results in prolonged internalization of S1PR1 on lym-
phocytes, which decreases their S1P gradient-dependant migra-
tion from the lymph nodes toward the lymphatic endothelium and 
then the bloodstream [17]. This process is not fully understood but 
is probably mediated by CCR7 retention signals. Since the egress of 
memory cells and effector T cells involved in the antimicrobial 
response is not CCR7-dependent, their exit from lymph nodes is 
not significantly affected by S1PR modulators, mitigating the 
potential risks of infections related to the use of these drugs [37]. 

Table 1. The signaling pathways of S1P and S1PR modulators.

Receptor Main sites of expression Biological effects of the pathway S1PR modulators

S1PR1 immune cells (T cells, B cells, natural killer cells, 
macrophages, mast cells, dendritic cells etc.), 
CNS, heart, vessels, lung, lymphoid organs

lymphocyte trafficking, migration of other immune cells, 
degranulation of mast cells, neurogenesis, glial cells 
activation and proliferation, heart rate regulation, 
angiogenesis, endothelial barrier and blood-brain barrier 
permeability, smooth muscle contractions; 

may increase brain-derived neurotrophic factor (BDNF) in 
the cortex, hippocampus, and striatum of mice

Approved DMTs for MS: 
fingolimod, siponimod, 
ozanimod, ponesimod. 

Other compounds: ceralifimod, 
cerenimod, etrasimod, 
amiselimod, VPC01091, 
VPC23019a etc.

S1PR2 immune cells (B cells, macrophages, mast cells etc.), 
CNS, heart, vessels, lungs, lymphoid organs

immune cell trafficking/migration, mast cell degranulation, 
endothelial barrier permeability, smooth muscle 
contraction

Approved DMTs for MS: none 
Other compounds: JTE013

S1PR3 immune cells (B cells, macrophages, mast cells, 
dendritic cells etc.), CNS, heart, vessels, lungs, 
lymphoid organs

immune cell trafficking/migration, mast cell degranulation, 
endothelial barrier permeability, heart rate regulation, 
smooth muscle contraction

Approved DMTs for MS: 
fingolimod 

Other compounds: VPC01091, 
VPC23019a etc.

S1PR4 immune cells (T cells, B cells, macrophages, mast 
cells, dendritic cells etc.), CNS, lungs, lymphoid 
organs

immune cell trafficking/migration, bronchial smooth muscle 
contraction

Approved DMTs for MS: 
fingolimod 

Other compounds: amiselimod, 
MT1303 etc.

S1PR5 immune cells (natural killer cells, mast cells etc.), 
CNS (white matter tracts), skin, lymphoid organs

trafficking of natural killer cells, oligodendrocyte survival Approved DMTs for MS: 
fingolimod, siponimod, 
ozanimod, ponesimod. 

Other compounds: cerenimod, 
amiselimod, KRP203 etc.

Abbreviations: CNS = central nervous system; DMT = disease-modifying treatment; MS = multiple sclerosis; S1P = sphingosine 1-phosphate; S1PR = sphingosine 1- 
phosphate receptor. 

References: 16–38. 
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Table 2. Main characteristics of the S1PR modulators approved for MS.

Fingolimod* 
(FTY720) 
Novartis 

Pharmaceuticals, 
Basel, 
Switzerland; 

generic also 
available

Functional 
antagonist at S1PR1, 

S1PR3, S1PR4, 

S1PR5 (significantly 
lower affinity for 
S1PR3).

Trials: FREEDOMS and FREEDOMS-II 
(placebo-controlled); TRANSFORMS 
(interferon beta-1a-controlled). 

Approvals and indications: 2010 (FDA) 
and 2011 (EMA) for adults with relapsing 
MS/highly active relapsing MS or active 
despite another DMT; 2018 (FDA) and 
2019 (EMA) for pediatric patients 10 years 
and older. Decreases disease activity 
(clinical and brain imaging outcomes).

Adults: one 0.5 mg 
capsule, orally, once 
daily. 

Pediatric with body 
weight ≤40 kg: one 
0.25 mg capsule, 
orally, once daily. 

Pediatric >40 kg: one 
0.5 mg capsule, orally, 
once daily.

Contraindications: myocardial infarction 
in the previous 6 months, unstable 
angina pectoris, decompensated heart 
failure, severe heart arrhythmias 
requiring antiarrhythmic treatment, 
atrioventricular block (second-degree 
Mobitz II or third-degree), sick sinus 
syndrome without pacemaker, 
prolonged baseline QTc interval, stroke, 
or transient ischemic attack, severe 
lymphopenia, concurrent 
immunosuppression (including 
concomitant immunosuppressive 
therapies or concomitant diseases 
resulting in immunosuppression), 
ongoing cancers, severe active 
infections, and active chronic infections, 
moderate or severe liver impairment, 
macular edema, pregnancy or breast 
feeding, females with fertile potential 
not using effective contraceptive 
methods, history of PML or cryptococcal 
meningitis, concomitant phototherapy 
or photochemotherapy, untreated 
severe sleep apnea, hypersensitivity to 
the active substance or excipients. 
*siponimod is contraindicated in people 
with CYP2C9*3*3 genotypes, and 
reduced dose should be used in 
CYP2C9*2*3 or 1*3 genotypes. 

Caution: elderly patients; people with 
arterial hypertension, diabetes mellitus, 
baseline bradycardia or bradycardia- 
inducing concomitant medication, 
history of uveitis, syncope or cardiac 
arrest, uncontrolled hypertension, renal 
impairment; use of drugs that interfere 
with the metabolization of the S1PR 
modulators; concomitant use of other 
immunomodulators or 
immunosuppressant drugs; concomitant 
use of CYP430 inducers or other 
substances that may interfere with the 
metabolization of the S1PR modulator 
(e.g. St John’s Wort). 

Side effects: transient first-dose 
bradycardia, rarely other cardiac first- 
dose transient side effects (including 
atrioventricular block), lymphopenia 
(related to the mechanism of action in 
MS), increased liver enzymes, infections 
(upper respiratory and urinary tract 
infections, rarely VZV and HSV 
reactivation, and very rarely 
opportunistic infections, including 
cryptococcal meningitis and PML), 
hypertension, macular edema, skin 
cancer and very rarely other cancers, 
neurological side effects (convulsions, 
PRES), decreased efficacy of vaccines; 
possibly changes in ventilatory function, 
rebound of MS after discontinuation, 
paradoxical exacerbation after initiation 
when switching from other DMTs; birth 
defects and spontaneous abortions. 

First dose observation (for 6 hours, or 
longer, if needed; heart rate, blood 
pressure, electrocardiogram): for all 
patients starting fingolimod; for selected 
patients at risk of cardiac side effects 
starting siponimod, ozanimod, or 
ponesimod. 

Monitoring: complete blood counts, liver 
enzymes, ophthalmology, dermatology.

Siponimod 
(BAF312) 

Novartis 
Pharmaceuticals, 
Basel, 
Switzerland

Functional antagonist 
at S1PR1, S1PR5

Trials: BOLD, BOLD extension, EXPAND 
(placebo-controlled). 

Approvals and indication: 2019 (FDA), for 
adults with relapsing MS, and 2019 (EMA) 
for adults with active SPMS. 

Decreases disease activity and disease 
progression (clinical and brain imaging 
outcomes).

Adults*: one 2 mg 
tables, orally, once 
daily; genotypes 
CYP2C9*2*3 or 1*3: 
1 mg daily. 

Titration: over 5 days, 
from 0.25 mg qd to 
1.25 mg qd 

Pediatric: not tested in 
this population

Ozanimod 
(RPC1063) 

Bristol-Myers 
Squibb, Dublin, 
Ireland

Functional antagonist 
at S1PR1, S1PR5

Trials: RADIANCE and SUBEAM (30 mcg im 
qw interferon beta-1a-controlled). 

Approvals and indication: 2020 (FDA, EMA), 
for relapsing forms of MS. 

Decreases the annualized relapse rate and 
improves brain imaging outcomes 
compared with interferon beta-1a. Also 
approved for ulcerative colitis.

Adults: one 0.92 mg 
capsule, orally, once 
daily. 

Titration: over the 
course of 7 days, 
from 0.23 mg qd to 
0.46 mg qd. 

Pediatric: not tested in 
this population

Ponesimod 
(ACT-128800) 
Jannsen 

Pharmaceuticals, 
Beerse, Belgium

Functional antagonist 
at S1PR1, S1PR5

Trials: OPTIMUM (teriflunomide-controlled). 
Approvals and indication: 2021 (FDA, 

EMA), for relapsing forms of MS. 
Decreases the annualized relapse rate and 

improves brain imaging outcomes 
compared with teriflunomide.

Adults: one 20 mg 
tablet, orally, once 
daily. 

Titration: over the 
course of 2 weeks, 
from 2 to 10 mg qd. 

Pediatric: not tested in 
this population

Abbreviations: DMTs = disease modifying treatments; EMA = European Medicine Agency; FDA = Food and Drug Administration; im = intramuscular; HSV = herpes 
simplex virus; MS = multiple sclerosis; PML = progressive multifocal leukoencephalopathy; PRES = posterior reversible encephalopathy syndrome; qw = once 
weekly; S1PR = sphingosine 1-phosphate receptor; SPMS = secondary progressive MS; VZV = varicella zoster virus. 

References: 13–17, 40–46, 55–69. 

498 LAURA DUMITRESCU ET AL.



First-dose bradycardia is related to the initial and transitory ago-
nistic effect on S1PR1 and is the most common side effect of S1PR 
modulators. It is more pronounced in fingolimod, but is typically 
benign, self-limited, and avoidable for second-generation S1PR 
modulators by dose titration [38,39]. Other risks of S1PR modula-
tors are also reasonably low and appear to be closely related to 
their receptor subtype selectivity and effects – see Table 3 and next 
sections for further details.

Interestingly, the brain expresses very high levels of S1PRs, both 
on the membranes of neurons, and on glial cells [22]. The 
approved S1PR modulators easily pass the blood-brain barrier 
(BBB), so it is biologically plausible that they could promote neu-
roprotection, neurorepair, neuroregeneration, and remyelination 
by binding receptors on astrocytes and oligodendrocytes, as well 
as have local immunomodulatory effects by binding receptors on 
the microglia [17,36]. In this respect, experimental data show that 
different S1PR modulators may have distinct effects on the CNS 
neurons and glial cells depending on their S1PR1 and S1PR5 selec-
tivity and downstream transcriptional effects [18]. For example, 
fingolimod may promote neuroprotection, neurorepair, and neu-
roregeneration [30,40], and siponimod may limit demyelination, 
possibly by prolonging the survival of mature oligodendrocytes by 
its effects on S1PR5 [27,41]. Preclinical data also suggest possible 
beneficial effects S1PR modulators in Parkinson’s disease and 
Alzheimer’s disease, as well as in other neurodegenerative disor-
ders [17]. Concurrently, S1PR modulators could also regulate the 
BBB permeability, providing additional therapeutic benefits in MS 
[17,27]. In terms of clinical efficacy, siponimod proved a mild effect 
in decreasing disability progression in people with active SPMS, 
which appears independent of its effect on relapses, possibly 
suggesting a clinically relevant neuroprotective effect [42].

The approved S1PR modulators and their efficacy in MS are 
further discussed in the next sections – also see Table 2. The 
impact of the S1PR modulators used in MS on the risk of 
infections and vaccines efficacy – topical in the context of 
COVID-19, as well as the other safety concerns and mitigation 
strategies which are mostly class-related, are also discussed for 
all the approved S1PR modulators separately.

3. Fingolimod

Fingolimod, also known as FTY720 during its development 
and clinical trials, is the first S1PR modulator that was discov-
ered, and the first oral drug approved as a DMT for MS [30]. It 
is currently approved in the USA for adults, adolescents, and 
children over 10 years of age with relapsing MS, and in the EU 
and UK for adults, adolescents, and children with highly active 
RRMS or with RRMS that remains active despite treatment with 
another appropriate DMT [14–18,43] – see Table 2. It is also 
approved for similar indications in many other countries and 
regions worldwide. The approvals are based on the results of 
FREEDOMS, FREEDOMS-II, and TRANSFORMS, the pivotal trials 
of fingolimod in adults with RRMS, showing that fingolimod 
significantly reduces relapses and delays disability accrual and 
brain atrophy compared to placebo and intramuscular inter-
feron beta-1a, respectively [14,44,45], and on the results of the 
PARADIGMS trial for pediatric relapsing MS [16]. INFORMS, a 
large phase III clinical trial, failed to prove the efficacy of 

fingolimod in PPMS in terms of disability progression and 
brain volume loss compared to placebo [46]. However, a post 
hoc analysis of the INFORMS subgroup that had inflammatory 
activity at baseline found a delay in brain volume loss with 
fingolimod, suggesting that one of the reasons the trial failed 
could be that most of the trial population was outside the 
therapeutic window [47]. Fingolimod is a prodrug, requiring 
phosphorylation by cellular sphingosine kinases in order to 
gain affinity for S1PRs [48]. Phosphorylated fingolimod acts as 
a functional S1PR1 and S1PR3 – S1PR5 antagonist, internalizing 
the S1PR1 on lymphocytes, sequestering them within the 
lymph nodes, and preventing their infiltration within the 
CNS, the main mechanism of action in MS [30,37].

The effects of fingolimod on S1PR1 also explain its most com-
mon side effects: transitory bradycardia, atrioventricular block, 
arterial hypertension, and macular edema, the last two also 
being mediated by S1PR3 in humans [17]. On the other hand, the 
egress from lymph nodes of memory and effector cells involved in 
antimicrobial responses appears to be unaffected by the S1PR1 

antagonism, therefore this mechanism does not explain the 
increased risk of infections and potential reduction in vaccine 
efficacy observed with fingolimod [49–55].

Besides the S1PR1-dependent impairment of lymphocyte traf-
ficking, fingolimod also interferes with S1PR5 on astrocytes and 
other CNS cells, experimental studies suggesting potentially ben-
eficial neuroprotective effects, though their clinical relevance is 
debatable [30,40]. However, the expression of sphingosine kinases 
in the cortex of people with progressive MS could be lower than in 
people with relapsing-remitting disease, which could in turn result 
in lower CNS levels of phosphorylated fingolimod, suggesting a 
potential advantage of the newer, second-generation S1PR mod-
ulators in progressive MS [47].

Compared to the second-generation S1PR modulators, fingoli-
mod has a longer elimination half-life, probably related to its 
phosphorylation [21,49]. This makes fingolimod, theoretically at 
least, a useful drug for patients who occasionally ‘miss their tablet.’ 
Interestingly, unphosphorylated fingolimod also seems to have 
biological effects independent of the S1PRs pathways, blocking 
the arachidonic acid phospholipase A2 signaling, with inhibitory 
consequences on cytotoxic T cells [37]. While this is a potential 
complementary mechanism of action in MS, it could also explain 
the higher risk of viral infections and the potentially reduced 
vaccine efficacy observed with fingolimod [37,49–55] (see section 
7). Fingolimod is slowly eliminated, mainly by CYP3A4 hepatic 
metabolization, with a washout period of about 2 months. 
CYP3A4 inducers, such as carbamazepine and modafinil, which 
are sometimes used as symptomatic treatment in MS, can slightly 
increase the elimination of fingolimod, therefore decreasing drug 
exposure; while potent CYP3A4 inhibitors, such as ketoconazole, 
block its hepatic metabolization, increasing the exposure to fingo-
limod and potentially the risk of side effects [17,18]. The impact of 
these drug interactions in clinical practice appears to be minimal, 
but precaution is warranted [18].

The contraindications for fingolimod overlap with those of 
the other approved S1PR modulators and include myocardial 
infarction in the previous 6 months, unstable angina pectoris, 
heart failure, heart arrhythmias requiring antiarrhythmic treat-
ment, first and second degree atrioventricular block, sick sinus 
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Table 3. Main adverse events and mitigation strategies for the approved S1PR modulators in people with MS.

Adverse event Suggested practical approach

Transient bradycardia A baseline ECG should be obtained in all patients starting a S1PR modulator. First 
dose observation is required in patients starting fingolimod and in at-risk patients 
starting siponimod, ozanimod or ponesimod (i.e. patients with sinus bradycardia, 
or history of first- or second-degree atrioventricular block, myocardial infarction, 
or heart failure). All patients starting fingolimod should have the ECG and blood 
pressure checked prior to and 6 hours after the first dose. The heart rate and 
blood pressure should be checked at least hourly during the first 6 hours and 
whenever the patient develops new symptoms; if available, continuous ECG 
monitoring is recommended, otherwise, check ECG if bradycardia occurs. In 
patients that need medical intervention for cardiac side effects throughout the 
first 6 hours, overnight monitoring in a medical facility and second dose 
monitoring are required. If the heart rate is lowest at the end of the first 6 hours, 
monitoring should be extended for at least 2 hours. Same precautions are 
required when increasing the fingolimod dose (see Table 2, pediatric population) 
and when reintroducing fingolimod after a treatment interruption (depending on 
the duration of the interruption and the time since the start of the treatment). 
The monitoring required for at-risk patients starting other S1PR modulators is 
similar (4 hours for ponesimod, 6 hours for siponimod and ozanimod). In patients 
treated with beta-blockers or calcium channel-blockers that have resting heart 
rates below 55 bpm, discontinuation of the bradycardia-inducing drug during the 
initiation of the S1PR modulator, should be considered.

Atrioventricular block and other cardiac side effects Patients with concomitant cardiac diseases that do not contraindicate S1PR 
modulators, should be monitored by a cardiologist during the S1PR modulator 
treatment and washout. Substances that may prolong the QTc interval should be 
avoided in patients at risk for QT prolongation (e.g. concomitant hypokalaemia).

Arterial hypertension Blood pressure should be regularly monitored during S1PR modulator treatment 
and washout. If required as per current standard of care, antihypertensive 
medication should be introduced, or the preexisting antihypertensive regimen 
should be adjusted.

Macular edema In patients at risk for macular edema (i.e. history of uveitis, diabetes mellitus), an 
ophthalmologic evaluation is required prior to starting the S1PR modulator and 
throughout the treatment. In all patients, even if asymptomatic, an 
ophthalmologic evaluation should be performed at 3–4 months after starting the 
S1PR modulator.

Liver dysfunction Check liver enzymes and bilirubin prior to the S1PR modulator initiation. For 
fingolimod and ponesimod: monitor liver enzymes and bilirubin in asymptomatic 
patients at 1, 3, 6, 9, and 12 months after treatment initiation, and periodically 
thereafter. For siponimod and ozanimod: monitor liver enzymes and bilirubin 
periodically. Treatment should be stopped in patients with liver enzymes more 
than 5 times the upper limit of normal, even if asymptomatic and without signs 
of liver failure, and in selected patients with liver enzymes 3–5 times the upper 
limit of normal, depending on the results of additional investigation and presence 
or absence of symptoms. The S1PR modulator can be resumed after the liver 
enzymes return to normal if the benefits outweigh the risks, especially if an 
alternative case of liver injury was found.

Lymphopenia A complete blood count should be performed before initiating a S1PR modulator 
and periodically thereafter (e.g. for fingolimod at 3 months and at least yearly 
thereafter). Peripheral lymphocyte counts may decrease to 20–30% of the 
baseline value. Confirmed absolute lymphocyte counts below 0.2x109/l should 
lead to the interruption of the S1PR modulator or a reduction of dose with 
subsequent reassessment. The severity of lymphopenia is related to an increased 
risk of infections.

Infections – upper respiratory tract, urinary tract, HPV, HSV or VZV 
meningitis, encephalitis, or meningoencephalitis, cryptococcal meningitis, 
PML

A high index of suspicion for infections, including opportunistic, should be 
maintained during the S1PR modulator treatment and throughout the washout 
period. Patients should be advised to report symptoms of infections. When 
suspecting a serious infection, the S1PR modulator should be stopped until the 
infection is ruled out or cured. Specific investigations and treatments should not 
be delayed. After recovering from a serious infection, the possibility of restarting 
a S1PR modulator should be discussed with an infectious disease specialist. 

In the absence of a health care professional confirmed history of chickenpox or 
documentation of a full course of VZV vaccination, VZV antibody testing should 
be performed. VZV antibody negative patients are recommended to undergo a 
full course of vaccination before starting the S1PR modulator. 

A brain MRI should be performed prior to starting the S1PR modulator and 
periodically thereafter. Any MRI findings suggestive of PML, even in 
asymptomatic patients without prior natalizumab or immunosuppressant 
exposure, should prompt cerebrospinal fluid JCV DNA testing. Anti-JCV antibody 
testing in the peripheral blood prior to the S1PR modulator initiation and 
periodically thereafter should be considered, but negative results do not 
completely exclude the possibility of developing PML.

(Continued )
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syndrome without pacemaker, prolonged baseline QTc inter-
val, stroke and transient ischemic attack, ongoing cancers, 
severe active infections and active chronic infections, liver 
impairment, and macular edema [8–10,12–16]. Considering 
the increased risk of spontaneous abortion and malformations, 
fingolimod is contraindicated during pregnancy and in female 
patients of fertile age that do not use effective contraception 
methods [8–10]. Fingolimod can cross the placenta, and may 
have teratogenic effect in rats (persistent truncus arteriosus 
and ventricular septal defects) [56]. In the clinical development 
fingolimod program [57] which included 89 exposed pregnan-
cies (i.e. fingolimod ongoing at conception or 6 weeks before), 
spontaneous abortion occurred in 24% of pregnancies and 
abnormal fetal development in 7.6% of cases (slightly higher, 
and borderline normal, respectively, when compared to the 
rate registered in the general population) [57]. In another 717 

pregnancies exposed to fingolimod, the prevalence of major 
cardiac abnormalities and spontaneous and elective abortion 
was comparable with that in the general population [58].

The most common adverse events observed with fingoli-
mod include first-dose bradycardia (requiring first-dose obser-
vation), lymphopenia (related to the mechanism of action in 
MS), and infections, usually upper respiratory or urinary tract 
[14–18]. Cases of varicella-zoster virus (VZV) and herpes sim-
plex virus (HSV) reactivation resulting in meningitis, encepha-
litis, or meningoencephalitis, as well as cases of fungal 
meningitis, including cryptococcal, have been reported. A 
review of cases of cryptococcal meningitis in the Novartis 
safety database identified until February 2020, 60 case reports 
(estimated rate 8/100,000 patient-years), of which 13 had a 
fatal outcome [59]. Of particular interest is progressive multi-
focal leukoencephalopathy (PML), a demyelinating 

Table 3. (Continued). 

Adverse event Suggested practical approach

Cancers Basal cell carcinoma and other cutaneous neoplasms, including malignant 
melanoma, have been reported in patients treated with S1PR modulators. 
Patients should be advised to be vigilant for skin lesions and to avoid sunlight 
exposure without photoprotection. Medical evaluation for skin lesions is 
recommended at S1PR treatment initiation, and every 6 to 12 months thereafter 
or whenever a suspicious lesion is detected; any suspicious lesion should be 
evaluated by a dermatologist. Cases of lymphoma and HPV-related cancers have 
also been reported in people treated with S1PR modulators. HPV-related cancer 
screening is recommended as per standard of care. If cancer is suspected or 
diagnosed the S1PR modulator should be discontinued.

Vaccines and decreased vaccine efficacy Live attenuated vaccines should be avoided throughout the duration of the S1PR 
modulator treatment and during washout (because they may carry a risk of 
infection). Decreased vaccine efficacy has been observed in patients treated with 
S1PR modulators, especially fingolimod. Vaccination against VZV in antibody 
negative patients, and other vaccinations as per standard of care, including HPV, 
are recommended before starting the S1PR modulator treatment (see above). The 
benefits and risks of discontinuing fingolimod or other S1PR modulators to allow 
for effective vaccination should be considered on a case-by-case basis (see 
below).

Spontaneous abortion and birth defects Female patients of childbearing potential should be informed of the teratogenic 
risks of S1PR modulators, should have a negative pregnancy test when starting 
the S1PR modulator, and should use effective contraception methods that should 
be maintained during the washout period after treatment discontinuation. The 
outcome of any pregnancy in patients using S1PR modulators should be 
reported.

Paradoxical MS exacerbation (tumefactive lesions) Rare cases of paradoxical MS exacerbation with tumefactive lesions associated with 
MS relapse were reported at S1PR initiation (e.g. when switching from beta- 
interferons to fingolimod). In case of severe relapses occurring after S1PR 
initiation, a brain ± spinal cord MRI should be obtained. If a tumefactive lesion is 
found, discontinuation of the S1PR modulator should be considered on a case-by- 
case basis.

Other unexpected neurological manifestations In the presence of neurological (or psychiatric) symptoms and signs that are not 
compatible with a typical MS exacerbation, a brain ± spinal cord MRI should be 
obtained as soon as possible; CSF examination and other investigation may also 
be warranted. Besides the above mentioned neuroinfections and tumefactive MS 
lesions, cases of PRES have been reported in patients using S1PR modulaters. In 
case of PRES, the S1PR modulator should be discontinued.

Return of disease activity or MS rebound MS rebound after the discontinuation of S1PR modulator treatments has been 
reported. Patients on S1PR modulators should be advised against ‘drug holidays.’ 
Caution should be taken when recommending transient treatment 
discontinuation – e.g. for vaccination purposes.

Abbreviations: bpm = beats per minute; CSF = cerebrospinal fluid; DMTs = disease modifying treatments; DNA = deoxyribonucleic acid; ECG = electrocardiogram; 
HPV = human papilloma virus; HSV = herpes simplex virus; JCV = John Cunningham virus; MRI = magnetic resonance imaging; MS = multiple sclerosis; 
PML = progressive multifocal leukoencephalopathy; PRES = posterior reversible encephalopathy syndrome; S1PR = sphingosine 1-phosphate receptor; 
VZV = varicella zoster virus. 

References: https://www.ema.europa.eu/en/documents/product-information/gilenya-epar-product-information_en.pdf (25.9.22); https://www.ema.europa.eu/en/ 
documents/product-information/mayzent-epar-product-information_en.pdf (25.9.22); https://www.ema.europa.eu/en/documents/product-information/ponvory- 
epar-product-information_en.pdf (25.9.22); https://www.ema.europa.eu/en/documents/product-information/zeposia-epar-product-information_en.pdf (25.9.22). 
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opportunistic infection caused by the reactivation of the John 
Cunningham (JC) virus, cases being reported in patients trea-
ted with fingolimod even without prior natalizumab exposure 
[14–17]. A systematic review and meta-analysis of PML cases in 
people with MS treated with DMT covering the cases reported 
until December 2020, identified fingolimod as ranking second 
after natalizumab, with 20 cases of PML reported [60]. 
Interestingly, fingolimod-associated PML patients showed 
less disability progression related to the disease as measured 
by worsening of the EDSS score ≥1.0, compared with the other 
patients with PML on other DMTs [60]. Increased liver 
enzymes, with a few cases of liver failure, arterial hypertension, 
macular edema, skin or other cancers, and decreased efficacy 
of vaccine have also been reported [17,18]. Practical recom-
mendations for risk mitigation in clinical settings are discussed 
in section 8 and Tables 2 and 3.

4. Siponimod

Siponimod, also known as BAF312, is a second-generation 
S1PR modulator, highly selective for S1PR1 and S1PR5. In vivo 
it acts as a potent functional S1PR1 antagonist, inducing pro-
longed internalization of S1PR1 [21,36]. It is the second S1PR 
modulator to enter clinical trials for MS and the first DMT to 
prove efficacy, albeit modest, in decreasing confirmed disabil-
ity progression, and the time until transitioning to the use of a 
wheelchair and brain volume loss in people with SPMS, redu-
cing the annualized relapse rate and magnetic resonance 
imaging signs of disease activity [42]. The main mechanism 
for siponimod’s effects appears to be reducing brain inflam-
mation. In a post-hoc analysis of the phase III EXPAND trial, the 
effect on confirmed disability progression was more pro-
nounced in active SPMS than in all patients in the original 
phase III trial [61]. However, siponimod has also an effect on 
MRI measures relevant to neurodegeneration (i.e. gray matter 
atrophy, magnetization transfer ratio relevant to myelin den-
sity) both in people with active or non-active SPMS [62]. 
Therefore, siponimod shows a greater effect on clinical out-
comes in the active SPMS group, but a similar response in the 
overall or non-active SPMS groups, on these MRI measures 
which may pertain to neurodegeneration and tissue integrity 
[62], thus suggesting that it may work through two possibly 
interconnected pathophysiological mechanistic pathways 
affecting inflammation and neurodegeneration [61]. Early 
treatment initiation is associated with long-term benefit [63]. 
It may also have a positive impact on cognition [61,64]. In the 
USA, siponimod is approved for adults with relapsing MS, 
ranging from CIS to SPMS, while in the EU is only approved 
for SPMS. The approvals are based on the placebo-controlled 
phase II BOLD trial and its extension, for RRMS [65,66], and the 
phase III placebo-controlled EXPAND trial, for SPMS [42].

Structurally, siponimod is an alkoxyimino derivative of fin-
golimod, developed by optimizing the initial structure to 
increase its potency for S1PR1 and selectivity against S1PR3, 
thus increasing the therapeutic potential for MS and decreas-
ing the risks of side effects [21]. Pharmacokinetics were also 
improved, allowing for administration in a single daily dose 
and rapid restoration of lymphocyte counts in the peripheral 
blood after discontinuation [21].

As in the case of the other S1PR modulators, the main 
mechanism of action of siponimod in MS, as well as the 
most common side effects, are related to its effects on S1PR1 

[42] (see section 8 and Tables 2 and 3 for side effects and 
practical recommendations for risk mitigation). Compared to 
fingolimod, the chronotropic first-dose effects of siponimod 
are milder and avoidable by drug titration, most patients not 
requiring first dose observation [42]. For at risk patients (i.e. 
patients with sinus bradycardia, or history of first- or second- 
degree atrioventricular block, myocardial infarction, or heart 
failure), first-dose observation is required, similarly as in the 
case of fingolimod (see Table 3).

Siponimod easily passes the BBB and has potential neuro-
protective effects, mediated via S1PR5 [12]. Serum neurofila-
ment-light chains levels in patients with active and non-active 
SPMS receiving siponimod are lower than in those with pla-
cebo, suggesting lower neuronal damage [18]. The average 
time for peripheral blood lymphocyte counts decline is 4– 
6 hours after the first dose and restoration to lower reference 
range levels takes up to 10 days after its discontinuation 
[21,36]. Siponimod is metabolized mainly by CYP2C9, and to 
a much lesser degree by CYP3A4. Genetic polymorphism asso-
ciated to reduced CYP2C9 enzymatic activity results in higher 
systemic siponimod exposure, and in people with CYP2C9*3*3 
siponimod is contraindicated [67,68] Despite the small role of 
CYP3A4, drugs that induce CYP3A4, such as carbamazepine, 
may decrease siponimod exposure, while drugs that inhibit 
CYP3A4 (e.g. ketoconazole) increase the exposure to siponi-
mod, their concomitant use requiring additional precau-
tions [18].

Siponimod and its metabolites can cross the placenta, and 
can have toxic effects on the embryo and fetus in rats and 
rabbits, and induced teratogenicity in rats [69]. The data on 
the use of siponimod in pregnant patients is limited. Based on 
the animal studies, treatment with siponimod is contraindi-
cated during gestation and in fertile women who do not use 
effective contraception [70].

5. Ozanimod

Ozanimod (RPC1063) is a second-generation selective S1PR1 

and S1PR5 agonists that acts as functional S1PR1 antagonist in 
vivo. It is currently approved for relapsing MS in the USA and 
the EU, and partially available in the UK (i.e. not available in 
England and Wales; available in Scotland; the decision for 
Northern Ireland is pending) [71]. The approval is based on 
the results of RADIANCE, a phase II/III placebo and interferon 
beta-1a controlled trial [72,73], and SUNBEAM, a phase III 
interferon beta-1a controlled trial showing a good safety pro-
file, reduction of the annualized relapse rate, and improved 
brain imagistic outcomes compared with interferon beta-1a 
[74,75]. The effects of ozanimod on delaying disease progres-
sion are biologically plausible and supported by a reduction in 
the brain volume loss, but the SUNBMEM trial did not prove 
efficacy in delaying confirmed disability progression, a topic 
that requires further study [74–76].

The mechanism of action and safety concerns of ozanimod 
are shared with that of other S1PR modulators [72–76] (see 
section 8 and Tables 2 and 3). The metabolism of ozanimod is 
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complex, with a shorter elimination half-life compared to 
siponimod [18,76]. Despite being pharmacologically active, 
the administration of ozanimod results in several active meta-
bolites that require CYP3A4 for activation and inactivation and 
MAO-B for activation [18]. Drugs that induce CYP3A4 appear 
to increase the metabolization of ozanimod (therefore 
decreasing drug exposure), and CYP3A4 inhibitors increase 
ozanimod exposure. MAO-B inhibitors may reduce the expo-
sure to active metabolites, reducing the clinical efficacy of the 
drug. The concurrent use of drugs that induce or inhibit 
CYP3A4, as well as of MAO inhibitors, should be avoided [18].

6. Ponesimod

Ponesimod (ACT-128800) is a highly selective S1PR1 functional 
antagonist with some S1PR5 activity. It is currently approved 
for relapsing MS in the USA and the EU, and available in the 
UK [76,77]. Its approval was based on the results of a placebo- 
controlled phase IIb trial [39], and an active-controlled phase 
III trial (OPTIMUM) [78], demonstrating a good safety profile 
and superiority over teriflunomide, the second oral DMT 
approved for MS [79], in reducing the annualized relapse 
rate, fatigue, cerebral magnetic resonance imaging activity, 
and brain volume loss, and in achieving and maintaining no 
evidence of disease activity [39,78]. Like ozanimod, ponesimod 
did not prove efficacy in reducing confirmed disability pro-
gression, but reduced brain volume loss [78]. The mechanism 
of action and safety concerns are shared with the other S1PR 
modulators, and dose titration mandates the need for first- 
dose cardiac monitoring [39,78]. The reversibility of the per-
ipheral blood lymphocyte counts takes up to a week, being 
lower than with the other S1PR modulators [39,78,80]. 
Ponesimod undergoes limited metabolization. Ponesimod 
and its metabolites are unlikely to show any clinically relevant 
drug-drug interaction potential for CYP or UGT enzymes, or 
transporters [18]. Side effects and risk mitigation are men-
tioned in section 8 and Tables 2 and 3.

7. Infections and vaccination in people with MS 
treated with S1PR modulators

The S1PR1 modulators approved for MS induce a more pro-
nounced depletion of naïve and helper T cells in the periph-
eral blood compared to cytotoxic T cells, central memory T 
cells and peripheral effectors memory T cells, which should 
generally confer a favorable safety profile in respect to infec-
tions [17,18,36,37]. However, their use (and especially in the 
case of fingolimod) can be associated to an increased risk of 
infections, mainly upper respiratory and urinary tract [17,18]. 
Cases of PML have been reported in people with MS treated 
with fingolimod and other S1PR modulators, even in the 
absence of prior natalizumab exposure, a DMT known for its 
higher risk of PML, with an age-related incidence, which may 
impact consideration of use in certain populations [17,18,81]. 
Nevertheless, the estimated risk and incidence rate remain 
very low in people with MS without prior immunosuppressant 
use or previous exposure to natalizumab [81]. The risks of VZV 
and HSV reactivation/infection, cryptococcal meningitis, and 
other opportunistic fungal or bacterial CNS infections, seem 

very low in people with MS treated with S1PR modulators, 
with similar or slightly higher incidence rates and outcomes 
compared to placebo [82]. Particular caution is needed in 
populations with higher risk (e.g. elderly patients, concomitant 
diabetes mellitus) and with longer duration of treatment [59]. 
A case of disseminated VZV infection was reported with fin-
golimod, leading to the recommendation to check VZV anti-
bodies and, if needed, vaccination, before the initiation of 
treatment with S1PR modulators [45].

Given their selectivity in lymphocyte depletion, the impact 
of S1PR modulators on vaccine efficacy is expected to be 
lower than with some other DMTs. A randomized study on 
the efficacy of influenza and pneumococcal polysaccharide 
vaccination, models for T-cell-dependent and -independent 
vaccinations, respectively, in people taking siponimod, found 
that seroprotection for influenza was achieved in about 70%, 
while seroprotection for Pneumococcus was achieved in more 
than 90% [83].

The ongoing Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) pandemic raised safety concerns 
in people with MS treated with DMTs regarding their risk of 
getting infected, their risk of severe COVID-19, and the efficacy 
of the recently developed SARS-CoV-2 vaccines [84]. The avail-
able data suggest that people with MS on fingolimod treat-
ment who were infected by SARS-CoV-2 had mostly 
asymptomatic or mild COVID-19, and those with severe 
COVID-19 recovered more rapidly than expected [85], though 
the recent data following the vaccination campaign suggest 
worse outcomes [86]. A recent study in England found that the 
risk of SARS-CoV-2 infection increased significantly following 
the relaxation of COVID-19 restrictions in people with MS 
treated with fingolimod or anti-CD20 monoclonal antibodies, 
compared with the general population, despite mass vaccina-
tion, reflecting decreased vaccine efficacy (see further data, on 
subgroups of the same population, below), and possible 
higher risks of infections with these DMTs [55]. The same 
study found that beta-interferons, another class of DMTs 
used in MS, were associated with a lower risk of SARS-CoV-2 
infection than that of the general population [55], not surpris-
ingly, given their antiviral properties [87]. After the viral repli-
cation phase comes to an end, the severity of COVID-19 is 
driven by a hyperinflammatory response, which is part of the 
rationale of studying the effects of ozanimod in COVID-19 
[17,33]. Nevertheless, potential risks posed even by short-act-
ing S1PR modulators when used as immunomodulators in the 
context of an ongoing SARS-CoV-2 infection may be greater 
than those posed by beta-interferons, and further studies are 
needed [55,87].

Fingolimod seems to prevent the production of antibodies 
in response to SARS-CoV-2 vaccination, decreased seroconver-
sion rates being observed in people with MS treated with 
fingolimod or anti-CD20 monoclonal antibodies, compared 
to those without DMT [51,53,54,88]. A detectable anti-SARS- 
CoV-2 peripheral T cell response, which arguably could confer 
a degree of protection, was found in less than a half of those 
with absent humoral response, and detectable peripheral T 
cell-responder rates were much lower in the fingolimod group 
than in the anti-CD20 group (1 out of 6 patients versus 4 out 
of 8) [51]. A subsequent study on the same population found 
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that the vaccine booster dose resulted in seroconversion in 
most people treated with fingolimod that were previously 
seronegative, but fails to elicit an anti-SARS-CoV-2 T cell 
response [52].

Since the other S1PR modulators are not yet widely used in 
clinical practice (compared to fingolimod), real-world evidence 
is very limited or absent for siponimod, ponesimod, and oza-
nimod. Despite being plausible to consider the above obser-
vations, a class effect and extrapolate the results on 
fingolimod, as mentioned above, fingolimod may result in 
higher cytotoxic T cell impairment compared with other 
S1PR modulators [37], which could contribute to its impact 
on vaccines efficacy.

Temporary withdrawal of the S1PR modulator treatment 
was suggested as a strategy to facilitate successful vaccina-
tion, moreover in the case of ponesimod and siponimod, 
which have shorter times until peripheral blood lymphocyte 
restoration [39,78,80]. However, considering the risk of MS 
rebound/reactivation reported in a few cases of S1PR modu-
lator cessation, the safety and risk/benefit ratio of such an 
approach warrants further study [51,74,75,80], and this should 
include identifying people with MS at risk for rebound after 
stopping fingolimod. In a study on 992 RRMS patients treated 
with fingolimod for 6 months or more [89], 12.5% of the 
patients had clinical rebound and only a minority of those 
(3.6%) had clinical rebound without disease activity before 
discontinuation [89]. In this study, disease activity before dis-
continuation, female sex, and younger age were associated 
with a higher relapse risk after discontinuation [89].

8. Considerations on other risks and risk mitigation 
strategies in people with MS treated with S1PR 
modulators

S1PR modulators induce dose-dependent bradycardia, reach-
ing a maximum in the first hours after administration and 
declining significantly and disappearing at subsequent doses 
[36,90]. Despite being a class effect, bradycardia is more pro-
nounced with fingolimod, which requires first-dose observa-
tion, with hearth rate and electrocardiogram monitoring. In 
second-generation S1PR modulators, the bradycardia is miti-
gated by dose titration, so first-dose observation is not 
required, except in selected cases when starting siponimod 
[72,74,90]. Other first-dose cardiac side effects, albeit rare, 
include transient first and second degree atrio-ventricular 
bloc [36,42,65,90]. Same precautions as those used at initiation 
should be taken when resuming the S1PR modulator after a 
longer pause, or when increasing the fingolimod dose to 
adjust it to the body weight in pediatric patients [72,74,90].

Several cardiac diseases contraindicate the use of S1PR 
modulators, so cardiologic evaluation for those with cardiac 
disease history is advised prior any S1PR modulator initiation. 
S1PR modulators cause vasoconstriction and decrease 
endothelial-derived nitric oxide levels, which may result in 
arterial hypertension [36,90–92]. Macular edema has also 
been observed with the use of S1PR modulators and is prob-
ably related to their effect on vascular permeability [36,90,91]. 
Although clinically significant changes are not common, per-
iodical cardiologic and ophthalmologic monitoring is required, 

more tightly in people with hypertension or diabetes, and 
other vascular risk factors [91].

S1PR1 is also involved in the recruitment of CD8+ cytotoxic 
T cells and natural killer cells into tumors. The potential impact 
of the long-term use of S1PR modulators on the risk of cancer 
and on cancer prognostic appears to be low, but needs further 
clarification [91]. Available data, however, suggest an 
increased risk of skin cancer in S1PR modulators users, espe-
cially basal cell carcinoma, and possibly also melanoma [93]. 
Considering this, dermatologic evaluation is needed prior to 
treatment initiation and periodically thereafter [17,18,93].

Siponimod is extensively metabolized by CYP2C9, genetic 
polymorphism associated to reduced CYP2C9 enzymatic activ-
ity resulting in significantly higher siponimod exposure 
[67,68]. Thus, genetic testing is required prior to siponimod 
initiation, the presence of CYP2C9*3*3 being a contraindica-
tion for siponimod, while the CYP2C9*3*1 and CYP2C9*3*2 
genotypes require reduce dosage [17,18]. Metabolization of 
the other approved S1PR modulators is not dependent upon a 
single cytochrome system, so pharmacogenetic testing is not 
necessary. The concomitant use of drugs that can interfere 
with the metabolization of the S1PR modulators requires cau-
tion [17,18]. Further details on contraindications, side effects, 
and risk mitigation strategies can be found in Table 2.

A case of paradoxical MS exacerbation occurring after the 
initiation of siponimod was reported in a patient with SPMS 
previously treated with dimethyl fumarate [94]. The mechan-
ism is not clear, a potential explanation being a rapid change 
in the helper versus cytotoxic T cell ratio or possibly the 
expansion of the cytotoxic T cells with myelin basic protein 
reactive phenotypes [94–96]. Stopping fingolimod has rarely 
been associated with severe MS rebound, including a few fatal 
cases, with unclear mechanism, possibly related to massive 
release of lymphocytes from lymph nodes and concomitant 
overexpression of S1PRs on astrocytes and other CNS cells [97]. 
Considering this, precaution should be taken when switching 
the S1PR modulators with or from another DMT, or when 
stopping them without initiating another DMT.

9. Conclusion

The S1PR modulators are an evolving class of DMTs for relap-
sing MS, with good efficacy and safety profiles provided pre-
caution measures are followed. Four drugs are currently 
approved for adults with relapsing MS, fingolimod, the first- 
in-class, siponimod, ozanimod, and ponesimod, fingolimod 
also being approved for children and adolescents. Their main 
mechanism of action in MS is blocking the S1P-dependent 
egress of lymphocytes from lymph nodes into the blood-
stream by binding and internalizing the S1PR1 on lympho-
cytes, thus limiting lymphocyte infiltration in the CNS. The 
more selective, second-generation S1PR modulators, maintain 
good efficacy in decreasing disease activity, have a more 
favorable safety profile, and shorter washout periods. All 
S1PR modulators easily cross the BBB, and may have neuro-
protective, neuroregenerative, and promyelinating effects 
related to their direct CNS activity mediated via S1PR5. 
Further research is needed to better harness their full thera-
peutic potential and refine their use in MS.
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10. Expert opinion

S1PR modulators pose several advantages among the available 
DMTs for MS: a convenient route of administration, good toler-
ability, a good safety profile provided precaution measures are 
followed, and a theoretical potential to delay the neurodegenera-
tive component of MS, independent of decreasing the activity of 
the disease. However, no comparative data between the different 
S1PR agents exists in this regard, all of which are similarly classified 
with respect to indication by the US FDA. Given its modest efficacy 
data in SPMS in patients without inflammatory disease markers, 
the superiority of siponimod (and by extension ozanimod – which 
affects the same receptor subtypes) over fingolimod in limiting 
neurodegeneration is hardly established, while for ponesimod, 
which predominately affects S1PR1, the rationale for a CNS effect 
is debatable.

The oral dosing is an advantage, as shown by the improved 
patient self-reported outcomes in people with MS who switched 
directly from an injectable DMT to fingolimod without a washout 
[98]. At the same time, fingolimod is one of the few options 
available for the pediatric population with MS. S1PR modulators 
also have therapeutic potential for other immune- and nonim-
mune-mediated disorders, ozanimod already proving efficacy in 
ulcerative colitis, which may sometimes coexist with MS.

In respect to within-class comparisons, no head-to-head 
trials were performed. Since the designs of the pivotal trials 
and the populations enrolled were quite different, it would be 
hazardous to argue the superiority of one drug over another 
in reducing MS activity. On the other hand, siponimod is the 
only one that proved efficacy in delaying confirmed disability 
progression in people with SPMS.

Although traditionally not routinely assessed in the MS 
clinic, affected cognition is a frequent consequence of MS. 
Interestingly, siponimod has a significant benefit on cognitive 
speed processing measured by the single-digit-modality-test 
(SDMT) in people with SPMS [99]. While the cited study has its 
own limitation (as identified by Leavitt and Rocca [64], i.e. 
cognitive measures were not listed amongst the initial sec-
ondary outcomes of the study; choice of the type of testing; 
the interpretation of the lesser decline in SDMT performance 
in those study participants with more advanced disease), it 
does incite to further mechanistic considerations on siponi-
mod actions at the level of the BBB [100] or beyond [101].

Fatigue is a symptom commonly encountered in people 
with MS, but sometimes neglected in clinical trials. Ponesimod 
proved superiority in reducing fatigue compared to terifluno-
mide [39,78], as measured with the Fatigue Symptom and 
Impact Questionnaire-Relapsing Multiple Sclerosis (FSIQ-RMS). 
Currently, it is not clear if this is a class effect, neither if the 
reduction in fatigue in people treated with ponesimod in the 
trial was in fact associated to ponesimod’s effect on reducing 
CNS inflammation (a reduction of combined active MRI lesions 
i.e. new Gd+ T1 plus new or enlarging T2 lesions, by 56% 
compared with teriflunomide).

Fingolimod is the first-in-class and the least selective S1PR 
modulator in respect to its S1PR subtype affinity, which 
explains at least in part its somewhat more challenging safety 
profile. It is also a prodrug, requiring phosphorylation to 
become a S1PR modulator. Interestingly, this may confer it 

additional mechanisms of actions that could add to its ther-
apeutic benefits in MS in terms of disease activity, the unpho-
sphorylated form interfering with the arachidonic acid 
pathway, and decreasing the activity of cytotoxic T cells. This 
could also explain its apparently higher risk of viral infections 
and negative impact on vaccines efficacy. Moreover, the need 
for phosphorylation in other to act on the CNS S1PR5, which 
might be decreased within the CNS of people with more 
advanced disease, could explain its failure to prove efficacy 
in delaying disability progression in people with PPMS. More 
real-life data is needed to clarify if and what are the factors 
which are associated with rebound post-fingolimod, which 
were suggested by some [102] but not confirmed by others 
[103]. Siponimod is the only S1PR modulator to prove clinically 
significant efficacy in people with active SPMS, by reducing 
confirmed disability progression unrelated to relapses or mag-
netic resonance imaging activity, as well as the time until the 
need to use a wheelchair. The only other drug that proved 
efficacy in delaying disease progression unrelated to relapses 
in clinical studies, is ocrelizumab, an anti-CD20 monoclonal 
antibody, which poses different safety concerns than siponi-
mod. Owing to its dependence on a single cytochrome system 
instead of multiple pathways, siponimod requires genetic test-
ing prior to initiation, which is easily accessible in the clinical 
practice settings in which siponimod is available. The potential 
long-term benefits of using siponimod in delaying or prevent-
ing the secondary progressive phase of MS are plausible but 
remain to be proven.

While both fingolimod and ozanimod proved superiority 
over interferon beta-1a in clinical trials, ponesimod is currently 
the only S1PR modulator to being compared with another oral 
DMT (proving superiority to teriflunomide). This, along with its 
short washout, could make ponesimod the preferred S1PR 
modulator for people switching from teriflunomide, and also 
for other people with relapsing forms of MS.

Preclinical data indicate that all the approved S1PR mod-
ulators have potential for neuroprotective, neuroregenerative, 
and pro-myelinating effects mediated by S1PR5, but these may 
not be identical between compounds. All of them proved 
reduction in brain volume loss, but except for siponimod as 
already mentioned, failed to prove efficacy in delaying con-
firmed disability progression unrelated to relapses. Further 
clinical data, also from post-marketing studies, are needed to 
inform this issue, as well as any personalized medicine aspects 
(are some specific individuals to respond best to a specific 
S1PR modulator?). Based on the current data and allowing the 
current regional approvals which set criteria for eligibility for 
treatment, siponimod seems the more rational choice for 
people transitioning toward the secondary progressive phase 
and for people with SPMS, while fingolimod may pose certain 
advantages in people with highly active relapsing MS, pro-
vided they are at low risk for side effects. Again, subject to 
their availability and label registration, ozanimod and ponesi-
mod are good choices for people with relapsing MS with 
genotypes that preclude the use of siponimod, and good 
alternatives to fingolimod in view of their safety profile (espe-
cially in people with concomitant conditions that increase the 
risks of using fingolimod).
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The current COVID-19 pandemic, and its probable after-
maths (cohabitation with SARS-CoV-2, need of possible peri-
odic vaccinations), sheds a new light on the immunological 
effects of the S1PR modulators. A recent meta-analysis shows 
that response to vaccination is blunted in 70% of people with 
MS treated with S1PR modulators [88]. These data mainly refer 
to fingolimod, and careful prospective studies are needed to 
assess if this is a class effect. Recent data suggest the risk of 
more severe COVID-19 in patients receiving fingolimod or 
siponimod seems to be similar to that reported in the general 
population and the MS population with COVID-19 [104]. Whilst 
the frequency of COVID-19 is higher in patients with MS on 
fingolimod, extrapolating this to the newer S1PR is intellec-
tually tempting but needs further careful clinical observation, 
not least because the severity of COVID-19 itself has changed, 
and different viral strains may be responsible of different 
clinical COVID-19 phenotypes. A careful post-marketing sur-
veillance and audit effort is therefore needed, not only with 
the traditional focus on MS disease response to S1PR modu-
lators but also on their immunological effects. Hence, a ‘silver 
lining’ consequence of the post-pandemic is neurologists tak-
ing heed of immunological effects of the MS drugs they 
currently use and thus understanding them better, to the 
benefit of people with MS. S1PR modulators seem to represent 
such a case-study.
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