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Abstract: Multiple sclerosis (MS) is a complex disease of the central nervous system that 
can cause permanent disability in young adults. A large armamentarium is available for its 
management and is increasing over time. Ozanimod is an oral drug belonging to the 
sphingosine-1-phosphate receptor (S1PR) modulator family recently approved in different 
countries for MS with active disease. It selectively modulates S1PR1 and S1PR5 to prevent 
autoreactive lymphocytes from entering the central nervous system (CNS), where they can 
determine inflammation and neurodegeneration. Ozanimod was tested in one Phase II and 
two Phase III pivotal trials and was shown to be effective and well tolerated. Moreover, 
further investigations, including comparative trials with other S1P modulators and MS 
disease-modifying drugs, are needed to better define placement in MS treatment. 
Furthermore, ozanimod is currently under evaluation for inflammatory bowel diseases, 
such as ulcerative colitis and Crohn’s disease, in international phase III studies. This article 
retraces the itinerary leading to the approval of ozanimod for MS treatment and its peculia
rities and potentiality inside the S1PR modulator family. 
Keywords: S1PR modulators, disease modifying therapy, brain atrophy, safety

Introduction
Multiple sclerosis (MS) is the most common inflammatory immune-mediated 
demyelinating disease of the central nervous system (CNS), affecting approxi
mately 2.3 million people worldwide.1 It is one of the most common causes of 
disability in young adults.2 Although MS remains a chronic condition, early 
diagnosis and treatment are the keys to achieving satisfactory control of the disease. 
Currently, many disease-modifying drugs (DMDs) with different immunomodula
tory mechanisms have become available and can radically change the natural 
progression of MS. Most of them have a significant effect on inflammation and 
are approved to treat relapsing-remitting forms of MS (RRMS); however, the long- 
term neuroprotective effects remain unproven.

S1PR Modulators
Sphingosine 1-phosphate receptor (S1PR) modulators represent a class of oral 
drugs with a unique mechanism of action. These drugs are small molecule analo
gues of sphingosine 1-phosphate, a pleiotropic lipid mediator derived from cera
mide, which is involved in several cellular functions, such as proliferation, 

Correspondence: Eleonora Cocco  
Multiple Sclerosis Center, Binaghi 
Hospital, ATS Sardegna, ASSL, Via is 
Guadazzonis 2, Cagliari, 09126, Italy  
Tel +39 070 609 2806  
Email ecocco@unica.it

Drug Design, Development and Therapy 2021:15 1993–2004                                            1993
© 2021 Fronza et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0002-3878-8820
mailto:ecocco@unica.it
http://www.dovepress.com/permissions.php
https://www.dovepress.com


migration, rearrangement of cytoskeleton, adhesion, and 
inflammation.3 By interacting with S1PR, the S1P analo
gue evokes several effects in different tissues and organs. 
S1PR is a G protein-coupled receptor with five subtypes 
(S1PR1-5) that are expressed in multiple organs and 
systems.4 The primary therapeutic action of S1PR modu
lators is due to the inhibition of S1PR subtype 1 located on 
lymphocytes, neural cells, endothelial cells, smooth mus
cle cells, atrial myocytes, and atrioventricular (AV) nodes.
5 Its inhibition blocks lymphocyte egress from lymph 
nodes and the thymus, resulting in a reduction of circulat
ing lymphocytes and thus inflammatory cell infiltration in 
the CNS. Fingolimod (also called FTY720 and 
GilenyaTM), a novel immunosuppressant, induces the 
sequestration of circulating mature lymphocytes by accel
erating lymphocyte homing in rats. An increase in the 
frequency of CD62L-positive T cells in Peyer’s patches 
by fingolimod-induced lymphocyte homing was observed 
by Yanagawa.6

S1PR modulators can readily cross the blood-brain 
barrier (BBB), thereby allowing the establishment of a 
direct interaction with CNS receptors; this interaction 
may be partly responsible for the therapeutic benefit 
demonstrated by this class of drugs.7

The modulation of S1PR in the neurons, microglia, 
astrocytes, and oligodendrocytes has been hypothesized 
to promote myelin regeneration and to prevent the occur
rence of synaptic defects, ultimately preventing neuronal 
damage.8 These effects are thought to be attributable not 
only to the interaction with the subtype 1 receptor, but also 
with the subtype 5 receptor that is mainly expressed on 
oligodendrocytes in white matter tracts and on brain 
endothelial cells.9,10 Interactions with S1PR5 may mediate 
oligodendrocyte survival that is essential for neuronal 
remyelination.9 It is also thought that S1PR5 expressed 
on CNS endothelial cells plays an important role in BBB 
formation and permeability maintenance.11

Fingolimod
The first oral drug developed and approved for the treat
ment of relapsing-remitting MS in 2010 was fingolimod, a 
small lipophilic agent that is phosphorylated by sphingo
sine kinase to become an S1P analogue. It binds to S1PR 
and induces its internalization; after fingolimod phosphate 
dissociation, the receptor returns to the surface.12 

Fingolimod is a non-selective modulator of all S1PR sub
types, except for subtype 2. Clinical trials showed a 60% 
decrease in the annualized relapse rate (ARR) in 

fingolimod 1.25 mg/d-treated patients versus placebo and 
a reduction in new T2 lesions and gadolinium-enhancing 
(GdE) lesions on MRI scans over 24 months of treatment.8 

The good efficacy, tolerability, and convenient route of 
administration have been key to the success of fingolimod. 
Nevertheless, its non-selectivity leads to interactions with 
S1PR 3-4-5, which are likely responsible for several of 
fingolimod’s adverse events, including QT interval prolon
gation, hypertension, macular oedema, pulmonary toxicity, 
and possibly hepatotoxicity.13 Moreover, the effects of 
fingolimod are reversible but are affected by its prolonged 
half-life of 7 d.

The commercial success of fingolimod has prompted 
the development of new-generation S1PR modulators with 
greater selectivity for S1PR1 to achieve good efficacy 
while reducing safety concerns.

Several molecules are under trials; some of them have 
completed phase III trials and have been approved by the 
principal regulatory authorities.

Siponimod
Siponimod (also known as BAF312 and MayzentTM) is a 
highly selective functional antagonist of S1PR1 and 
S1PR5, with very low activity exerted on the S1P2, 
S1P3, and S1P4 receptors. Selectivity for S1P1 versus 
S1P2, S1P3, and S1P4 receptors is reportedly greater 
than 1000-fold.14 With a relatively short half-life of 30 
hours, the once-daily oral dosing regimen is permitted; 
recovery of the absolute lymphocytes count (ALC) to 
baseline levels is observed in most subjects within 10 
days after treatment discontinuation.7 A phase II clinical 
trial in RRMS (BOLD)15 and a subsequent extension 
study16 were completed and showed a reduction in new 
T2 lesions and GdE lesions at three months for siponimod 
versus placebo.

The phase III trial inactive secondary progressive MS 
(SPMS) EXPAND17 met its primary endpoint, as siponi
mod reduced three-month confirmed disability by 21% 
versus placebo. The results of these trials suggest a role 
of siponimod in the reduction of disease activity with a 
modest effect on the gradual disability accrual,18 with 
younger patients with more active forms of SPMS being 
the most likely to benefit.4

In light of this evidence, in March 2019, the Food and 
Drug Administration (FDA)19 approved siponimod for 
active forms of MS, including clinically isolated syndrome 
(CIS), RRMS, and active SPSM, while the European 
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Medicines Agency (EMA) approved siponimod in January 
2020 for active SPMS.20

Ponesimod
Ponesimod (ACT-128800, PonvoryTM) is another novel 
S1PR modulator with a high target selectivity for S1PR1 
and a short half-life. A phase IIb trial21 has shown that the 
cumulative number of new GdE lesions was reduced in the 
ponesimod group versus placebo. The OPTIMUM22 Phase 
III study has revealed a 30% reduction of the ARR in 
relapsing MS patients prescribed with ponesimod com
pared to patients prescribed with teriflunomide (0.202 vs 
0.290). Ponesimod also showed superior results to teriflu
nomide in analyses involving magnetic resonance imaging 
activity, brain volume loss, fatigue, and showed no evi
dence of disease activity (NEDA) status. No differences in 
disability progression were noted in the two treatment 
groups. The safety profile of ponesimod was in line with 
that reported by previous trials, with 8.7% of the serious 
treatment-emergent adverse events (TEAEs) resulting in 
treatment discontinuation.

In March 2021, the Committee for Medicinal Products 
for Human Use (CHMP) of EMA expressed a positive 
opinion on ponesimod, recommending that a marketing 
authorisation should be granted for the medicinal product 
Ponvory for the treatment of active relapsing forms of 
multiple sclerosis.23

Ozanimod
Also known as RPC1063 and ZeposiaTM. The drug main 
specifics are shown in Table 1.

Pharmacodynamics
Ozanimod is an agonist of S1PR1 and S1PR5 with 27-fold 
selectivity for S1PR1 over S1PR5. Its interaction with 
S1PR leads to receptor internalization and subsequent 
ubiquitin–proteasome-dependent degradation,24 preventing 
receptor reinstallation in the cellular membrane. This leads 
to the inhibition of lymphocyte egress from lymph nodes, 
causing a decrease in the absolute lymphocyte count 
(ALC). The reduction of ALC is dose-dependent, with a 
plateau effect at a dose of 1 mg/d, and displays a prefer
ence for lymphocyte subtypes, with increased effects on 
CD4+ CCR7+ and CD8+ CCR7+ T cells.25 This lympho
cyte subset selectivity has also been shown for other S1P 
modulators, suggesting a class ability to maintain protec
tive immunity while targeting the immunopathologic path
way of MS.26 Earlier studies showed that the effect of 
ozanimod was rapidly reversible, with ALC restored 
within 48–72 hours after drug discontinuation.25 

However, recently studies reported a longer time to ALC 
recovery, ie, up to 30 days after ozanimod withdrawal.7 

This is mainly attributable to the long half-life of 
CC112273, ozanimod’s major active metabolite. The 
slow return of lymphocyte counts to normal ranges may 
reduce the competitive advantage of ozanimod on the key 
safety feature of the lymphocyte recovery profile.

In addition to the effect of ozanimod on circulating 
lymphocytes, another mode of action has been proposed 
in the applicability of the drug as a neuroprotective agent; 
this observation was based on a study in which ozanimod 
showed the exertion of a beneficial effect on EAE mice 
even when ALC was normal.24 Ozanimod can readily 
cross the blood-brain barrier and thus potentially exerts 

Table 1 Ozanimod Main Specifics and Chemical Structure

Drug Names Ozanimod HCL; Ozanimod Hydrochloride; RPC-1063; Zeposia

Class Sphingosine 1-phosphate receptor modulator

Route of administration Oral

Phase Authorised for CIS, RRMS, and active SPMS by the FDA (March 2020) and for RRMS by the EMA (2020); phase III 

trials for inflammatory bowel disease

Pharmacodynamics S1PR1 and S1PR5 agonist

Pivotal Trials RADIANCE A, RADIANCE B, SUNBEAM

Ongoing trials DAYBREAK, ENLIGHTEN

Pharmaceutical company Bristol-Myers Squibb
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beneficial effects by directly establishing interactions with 
brain cells, possibly via S1PR5 signalling.26 Studies in 
mice27,28 have shown that ozanimod reduces axonal 
damage, thereby preserving central nervous system tissue 
morphology after induced demyelination.

The anti-inflammatory and neuroprotective effects of 
ozanimod were tested in ex vivo studies in experimental 
autoimmune encephalomyelitis (EAE) brains. Ozanimod 
could dampen the EAE glutamatergic synaptic alterations 
by attenuating the local inflammatory response induced by 
the leading central nervous system (CNS) cellular actors of 
EAE synaptopathy (activated microglia and infiltrating T 
lymphocytes).29

Pharmacokinetics
Ozanimod is an active molecule that does not require 
phosphorylation for activation. Its half-life is approxi
mately 20 h; however, owing to its major active metabo
lite, CC112273, the effective half-life is considerably 
longer (11 days).30 This allows the implementation of a 
once-daily dosing regimen.

Ozanimod exhibited linear pharmacokinetics with 
dose-proportional increases in exposure and low-to-mod
erate inter-subject variability in a double-blind, rando
mized, placebo-controlled Phase I study.25 A steady state 
was reached within 7 d. It has a high volume of distribu
tion (5590 L), high binding to plasma proteins (>98%), 
and slow absorption (maximum concentrations after 6–8 
h);31 this leads to low systemic exposure, thus alleviating 
the decrease in heart rate observed after the initial dose.25

Ozanimod is metabolized via multiple pathways, 
resulting in the production of numerous circulating meta
bolites. Two of them, CC112273 and CC1084037, are 
active metabolites with properties similar to those of oza
nimod. Renal clearance plays no significant role in the 
excretion of ozanimod.25

To assess the existence of possible drug–food inter
actions, a trial involving 24 healthy subjects prescribed 
with ozanimod along with three different types of the 
meal was conducted.32 Ozanimod blood concentrations 
were comparable in the fasting, high-fat, and low-fat 
groups. This data suggests that ozanimod can be 
ingested regardless of the meal type. However, the con
sumption of foods containing a considerable amount of 
tyramine (ie, more than 150 mg) should be avoided 
while ingesting ozanimod because of an increased 

sensitivity to tyramine that may lead to the development 
of severe hypertension.33

Clinical Trials
Phase I Trials
The safety of ozanimod was first tested in two Phase I, 
randomized, double-blind trials. The data showed a dose- 
dependent reduction in heart rate after the first ozanimod 
administration; therefore, a dose-escalation protocol was 
used in all subsequent clinical trials.25 These studies also 
determined that ozanimod did not prolong the QTc interval 
at therapeutic and supratherapeutic doses and did not raise 
any new safety concerns.32 Furthermore, the effect of 
ozanimod on circulating leukocyte subsets was evaluated 
using flow cytometry and epigenetic cell counting in an 
open label pharmacodynamic study in which MS patients 
were randomized to oral ozanimod (0.5 or 1 mg/d) for 12 
weeks. Dose-dependent decreases in circulating B- and 
T-cell counts and differential impacts on naive and mem
ory CD4+ and CD8+ T cells and CD19+ B cells were 
observed.34

Phase II Trials
The phase II trial RADIANCE was a 24-week, double- 
blind, placebo-controlled clinical trial in RRMS patients,35 

with the primary endpoint of the cumulative number of 
total gadolinium-enhancing MRI lesions at weeks 12–24. 
It showed a reduction in new/enlarging T2 lesions and 
GdE lesions on brain MRI scans of patients treated with 
ozanimod 0.5 or 1 mg/d versus placebo. Both doses of 
ozanimod were well tolerated, with nasopharyngitis and 
headache being the most common TEAEs. After the study 
conclusion, participants were enrolled in a two-year exten
sion trial,36 where ozanimod-treated patients continued the 
treatment, and the placebo group were randomly switched 
to ozanimod 0.5 or 1 mg/d. The efficacy results were 
confirmed with a low number of new T2 lesions and 
GdE lesions on brain scans in all groups during the study 
period. The unadjusted ARR was 0.32 for the group con
tinuing ozanimod 0.5 mg/d, 0.30 for the group switching 
from placebo to ozanimod 0.5 mg/d, and 0.18 for both 
groups on ozanimod 1 mg/d (continuing and switching 
from placebo). Four patients discontinued treatment 
because their alanine aminotransferase (ALT) or aspartate 
aminotransferase (AST) levels increased five-fold com
pared with their average values. The most common 

https://doi.org/10.2147/DDDT.S240861                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 1996

Fronza et al                                                                                                                                                           Dovepress

https://www.dovepress.com
https://www.dovepress.com


TEAEs reported were nasopharyngitis and upper respira
tory tract infections.

Phase III Trials
Two major phase III clinical trials have been conducted: 
the RADIANCE study and the SUNBEAM study. They 
used a similar study design, consisting of 7 d of dose 
escalation followed by a randomized, double-blind, dou
ble-dummy, active-controlled, parallel-group treatment 
period. The two trials differed principally in the duration 
of the treatment period.

RADIANCE
A 24-month, multicentre, double-blind, phase III trial that 
enrolled 1320 active RRMS patients.36

Participants were randomly divided into three groups: 
daily ozanimod 0.5 mg/d, daily ozanimod 1 mg/d, and 
weekly intramuscular interferon beta-1a 30 µg/week. The 
treatment period was 24 months. To reduce the possible 
heart rate decrease effect, an initial 7-d dose escalation 
was used for ozanimod. The trial demonstrated a lower 
ARR over 24 months among patients treated with ozani
mod (adjusted ARRs were 0.17 with ozanimod 1 mg/d, 
0.22 with ozanimod 0.5 mg/d, and 0.28 with interferon 
beta-1a), with a rate ratio versus interferon beta-1a of 0.79 
(0.65 to 0.96; p=0.0167) for ozanimod 0.5 mg/d and 0.62 
(95% CI 0.51–0.77; p<0.0001) for ozanimod 1 mg/d.

The ozanimod-treated groups also showed a fewer new 
or enlarging T2 lesions over 24 months (1.84 for 1 mg/d, 
2.09 for 0.5 mg/d, and 3.18 for interferon beta-1a) and a 
fewer GdE lesions over 24 months (0.18 for 1 mg/d, 0.20 
for 0.5 mg/d, and 0.37 for interferon beta-1a). Ozanimod 
showed reduced brain volume loss over 24 months than 
interferon beta-1a, while the proportion of patients with 
disability progression at three and six months was not 
significantly different among the treatment groups. 
TEAEs were reported by almost 75% of subjects who 
received ozanimod and 83% of subjects who received 
interferon beta-1a.

Most of the events were mild or moderate. The TEAEs 
that occurred in more than 5% of patients treated with 
ozanimod were nasopharyngitis, pharyngitis, urinary tract 
infections, and increased ALT and γ-glutamyl transferase 
levels. During dose escalation, no clinically meaningful 
cardiac findings were reported (only asymptomatic and 
spontaneously resolved bradycardia with <45 bpm in 
four patients). No serious opportunistic infections were 
observed.

SUNBEAM
A 12-month, multicentre, double-blind, phase III trial that 
enrolled 1346 active RRMS patients between December 
2014 and November 201537. As in the RADIANCE trial, 
subjects were randomly assigned to ozanimod (0.5 mg/d), 
ozanimod (1 mg/d), or interferon beta-1a (30 µg/week). 
These results are similar to those of RADIANCE. Ozanimod 
was more effective than interferon beta-1a in lowering the 
ARR and lowering the number of new T2 lesions and GdE 
lesions over 12 months. Interestingly, both the RADIANCE 
and SUNBEAM trial results indicated smaller losses of whole 
brain volume, cortical grey matter volume, and thalamic 
volume in patients treated with ozanimod than in those treated 
with interferon beta-1a. These results have not previously been 
reported in a phase III study of an MS DMD and suggest a 
possible role of ozanimod in protecting against structural 
changes associated with disease progression over time. 
However, brain atrophy data should be interpreted with caution 
because of the limitation of the statistical analysis.

A post hoc analyses comparing the effects of ozanimod 
and interferon beta-1a on cognitive processing speed (CPS) 
in participants with relapsing MS in SUNBEAM study were 
recently published.38 Ozanimod showed modestly beneficial 
effects on CPS in RMS participants. In particular, it 
improved Symbol Digit Modalities Test (SDMT) scores at 
months 6 and 12. A more significant percentage of ozani
mod-treated participants had clinically meaningful improve
ments in SDMT scores versus interferon beta-1a: 30.0% vs 
22.2% at month 6 and 35.6% vs 27.9% at month 12. The 
findings on SDMT have been obtained by conducting a post 
hoc analysis; thus, a confirmation of this conclusion by 
performing further studies is mandatory.

TEAEs were reported by 59.8% of patients on ozani
mod 1 mg/d, 57.2% of patients on ozanimod 0.5 mg/d, and 
75.5% of patients on interferon beta-1a. The TEAEs that 
occurred in more than 5% of patients treated with ozani
mod were nasopharyngitis, upper respiratory tract infec
tions, and headache. No clinically significant bradycardia 
or second- or third-degree atrioventricular block was 
observed. No serious opportunistic infections have been 
reported to date.

The safety results from RADIANCE and SUNBEAM 
are encouraging; nevertheless, rare events and long-term 
safety data will be assessed by further ongoing studies and 
post-marketing surveillance.

A recapitulatory comparison of RADIANCE and 
SUNBEAM results is shown in Table 2.
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DAYBREAK
A recently completed open-label phase III trial. The 
interim results were presented at MS ECTRIMS Meeting 
in September 2019.39 A total of 2495 participants with 
RRMS who completed a pivotal trial (RADIANCE Phase 
II, RADIANCE phase III or SUNBEAM) enrolled in 
DAYBREAK, receiving ozanimod 1 mg/d. This study 
aimed to evaluate the long-term safety, tolerability, and 
efficacy of ozanimod. The interim results refer to a popu
lation of 2494 subjects exposed for a mean of 19 months. 
Findings on safety were generally consistent with the 
phase III studies; the only serious TEAEs that occurred 
in more than two participants were pyelonephritis (5), 
uterine leiomyomas (5), and appendicitis (4). TEAEs lead
ing to permanent discontinuation of ozanimod occurred in 
1.2% of the subjects. The overall ARR was 0.124, with a 
marked reduction in the ARR of patients who switched 
from interferon beta-1a (from 0.246 to 0.123).

ENLIGHTEN
An ongoing open-label phase III trial40 that evaluates 
cognitive processing speed changes in RRMS subjects 
exposed to ozanimod.

A Comparison Between Ozanimod 
and Other S1PR Modulators
A recent study41 to compare the safety and efficacy out
comes between fingolimod and ozanimod was performed 
because of the absence of a head-to-head randomized trial. 
For this purpose, a matching-adjusted indirect comparison 
was used, using data from pivotal clinical trials of the two 
drugs. The study showed that the first ozanimod adminis
tration was associated with a significantly lower risk of 
TEAEs than fingolimod administration. In addition, a 
lower risk of heart rate reduction, atrioventricular blocks, 
and conduction abnormalities were observed among 
patients treated with ozanimod. A lower risk of any 
TEAEs for ozanimod versus fingolimod was also observed 
after one and two years of treatment. It was also seen that 
patients treated with ozanimod had a lower risk of TEAEs 
leading to discontinuation. No statistically significant dif
ferences in ARRs and confirmed disability progression 
were found after three and six months of treatment. 
Overall, this comparative analysis suggests a favourable 
safety profile and similar efficacy for ozanimod versus 
fingolimod. Notably, the gold standard used for comparing 
two different drugs includes the performance of head-to- 

head trials. The comparative study reported herein may 
include biases arising due to the different populations, 
study design, and pharmacologic eras considered for the 
execution of the trials.

Another recent study42 that might have included the 
same limitations focused on the comparison of all avail
able S1PR modulators through the conduction of a net
work meta-analysis (NMA), in which multiple treatments 
were compared using both direct comparisons of interven
tions within randomized controlled trials (RCTs) and indir
ect comparisons across trials based on a common 
comparator.43 An NMA aids better decision-making 
when head-to-head trials have not been conducted; it sug
gested that amiselimod (40 mg) demonstrated the highest 
efficacy followed by ponesimod (40 mg). Amiselimod is a 
selective S1PR1 modulator that exhibited a unique effi
cacy and safety profile in Phase244 and Expanded Phase 2 
trials;45 however, its production has been discontinued by 
Biogen in 2016. In terms of safety, ozanimod (1 mg) was 
the S1PR modulator demonstrating the lowest risk of 
serious adverse reaction development that would lead to 
trial discontinuation. In cases of fingolimod (1.25 mg) and 
ponesimod (40 mg), higher number of trial dropouts were 
recorded.

An important concern about fingolimod’s safety pro
file is related to its discontinuation; several studies 
reported46–50 that after discontinuation of the drug, severe 
clinical and radiological reactivation events were 
observed in certain patients. There is a lack of agreement 
regarding the pathological explanation for the so-called 
“rebound syndrome”; however, it has been postulated that 
a rapid lymphocyte reconstitution46 or a differential sub
set repopulation51 might be responsible for the inflamma
tory activity.

Thus far, there are no case reports available document
ing rebound after ozanimod treatment discontinuation; 
however, real-world data remain scarce. It is plausible 
that, considering the similar mechanism of action among 
S1PR modulators, there may be a risk of severe disease 
reactivation after ozanimod suspension.

Ozanimod for the Treatment of 
Other Immune-Mediated Diseases
Thus far, ozanimod has been approved only for the treat
ment of relapsing MS; however, other immune-mediated 
inflammatory diseases may benefit from its use. This is 
suggested not only by evidence based on similar 
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pathophysiology underlying these conditions but also by 
analyses based on the use of computational predictive 
models of docking;52 however, hypothetical interactions 
should be confirmed by conducting experimental studies.

A study on the utility of ozanimod in murine models of 
systemic lupus erythematosus has reported encouraging 
results.53 More advanced research data are available on 
inflammatory bowel disease (IBD) since two Phase II 
trials, TOUCHSTONE and STEPSTONE (for ulcerative 
colitis and Crohn’s disease, respectively), have been 
completed.

The TOUCHSTONE trial54 showed modest benefits in 
moderately treating severely active ulcerative colitis, with 
clinical remission at eight weeks obtained by 16% of 
ozanimod 1 mg/d-treated patients versus 6% of the pla
cebo group. Ozanimod 0.5 mg did not show a statistically 
significant benefit. An open-label extension study,55 with 
all patients treated with ozanimod 1 mg/d, showed rapid 
improvement in Mayo scores for patients who switched 
from the placebo or ozanimod 0.5 mg/d. Long-term benefit 
with ozanimod 1 mg daily was displayed in patients with 
moderate-to-severe ulcerative colitis both on clinical and 
histologic measures.

The STEPSTONE trial56 was an open-label study in 
which participants received ozanimod 1 mg/d for 12 
weeks. It showed a clinically meaningful improvement in 
disease activity in patients with moderately to severely 
active Crohn’s disease. A reduction in Crohn’s Disease 
Activity Index (CDAI) was achieved in 66% of patients, 
while CDAI remission was achieved by 46%.

Several phase III trials comparing ozanimod to a pla
cebo on ulcerative colitis and Crohn’s disease patients are 
ongoing and recruiting.57

Ozanimod is not the only S1PR modulator that is being 
investigated for applicability in IBD; other novel mole
cules such as amiselimod, etrasimod, and mocravimod are 
being studied extensively in clinical trials.58

New Horizons for Ozanimod-Based 
Treatments
S1PR modulators intervene with a complex mechanism of 
action, determining circulating lymphocyte regulation and 
playing an important role in several cellular processes, 
such as cell survival, migration, and cell–cell communica
tion. The S1P/S1PR signalling pathway is dysregulated in 
many pathologies, not only in MS and inflammatory bowel 
diseases. These conditions include several neurologic and 

non-neurologic diseases, such as degenerative conditions 
(eg, Alzheimer’s disease and amyotrophic lateral sclerosis 
[ALS]), other immune conditions such as inflammatory 
bowel disease, psychiatric illnesses (eg, schizophrenia), 
and evolutive disorders (eg, Rett syndrome).59 Several 
studies that have been conducted for fingolimod, adminis
tered for different neurological conditions in vitro and in 
animal and human models, have shown promising results.
60–65 Overall, the S1PR family appears worthy of further 
research and may provide significant therapeutic 
opportunities.

S1PR Modulators and COVID-19
The World Health Organization announced that the out
break of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), causing coronavirus disease 2019 
(COVID-19), is a pandemic in March 2020. Many MS 
patients worldwide have faced this novel coronavirus 
infection; concerns about the COVID-19 course and con
comitant immunosuppressive and immunomodulatory 
agents have arisen.

On the one hand, immunocompromised patients may 
show a more severe SARS-CoV-2 infection caused by an 
inadequate immune response. On the other hand, immu
nomodulatory and immunosuppressive drugs could miti
gate cytokine-release syndrome, resulting in better overall 
outcomes.66

A systematic review focused on evaluating the severity 
of COVID-19 in MS patients prescribed with different 
DMTs has been published.67 A total of 257 COVID-19 
cases, confirmed and suspected, of patients prescribed with 
fingolimod have been reported. Most patients presented 
with a relatively mild disease course despite lymphopenia 
development and showed a complete recovery. Only one 
death was reported,68 tantamounting a death rate of 0.3%. 
The patient who succumbed to the disease was a 42-year- 
old woman presenting with RRMS and an EDSS of 6.0, 
severe cognitive impairment, and a history of struma trea
ted with radioline; she refused intensive care unit (ICU) 
admission.

Asymptomatic69 SARS-CoV-2 infections and mild70,71 

and severe72,73 COVID-19 case reports in fingolimod-trea
ted MS patients have been published. Bollo70 described a 
favourable outcome in a 34-year-old woman with SARS- 
CoV-2 infection who showed only mild signs of the dis
ease (fever up to 38.5 degree Celsius and pharyngeal pain, 
without respiratory difficulties); at the time of COVID-19 
diagnosis, fingolimod was promptly discontinued. Despite 
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a complete recovery, it is noteworthy that the woman 
showed a limited immunoglobulin response, with negative 
anti-S1RBD IgG and slightly positive anti-NP IgG pre
sence documented after 35 days. New evidence on the 
elicitation of immunoglobulin response after the develop
ment of COVID-19 in S1PR modulator-treated patients is 
of interest, since a blunted immune response to SARS- 
CoV-2 antigens may also reduce the efficacy of vaccines.

Another interesting case report published by Gomez- 
Mayordomo74 showed a clinical exacerbation (dyspnoea 
and lung involvement) of COVID-19 in a 57-year-old man 
one week after fingolimod discontinuation. Symptoms pro
gressively improved after subjection to steroid therapy.

Only two cases of COVID-19 were reported in MS 
patients treated with Siponimod75 and one case in an MS 
patient treated with ponesimod.76 No deaths were reported.

There is no conclusive evidence regarding the use of 
S1PR modulators in patients with COVID-19; while their 
effect on the ALC suggests the exercise of caution, only 
one case of death out of the 260 cases has been reported 
thus far; a protective effect on cytokine-releasing syn
drome has been postulated thereafter.

Conclusions
Ozanimod is a new drug in the MS therapeutic panorama 
belonging to the family of S1PR modulators. Its selectivity 
for binding to S1PR1 and S1PR5 was hypothesized to be 
better tolerated than other less selective molecules. 
Ozanimod was approved in 2020 by the FDA and EMA 
for relapsing forms of MS in adults77,78 after the conclu
sion of the RADIANCE phase II and III studies and the 
SUNBEAM phase III study that showed that the drug was 
effective and well tolerated.

Additional studies are needed to estimate the efficacy 
of ozanimod in comparison with other therapies. 
Moreover, it will be mandatory to search for biomarkers 
to identify the best candidate for S1PR modulator thera
pies, such as ozanimod, to improve their efficacy and 
tolerability.
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