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Rationale for Use of Sphingosine-1-Phosphate Receptor
Modulators in COVID-19 Patients:
Overview of Scientific Evidence
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Olivier Petricoul,5 Gordon Graham,1 Daniela Piani-Meier,1 Renato Turrini,3

Volker Brinkmann,6 and Ferdinando Nicoletti7,8

Maladjusted immune responses to the coronavirus disease 2019 (COVID-19), for example, cytokine release syn-
drome, may result in immunopathology and acute respiratory distress syndrome. Sphingosine-1-phosphate (S1P),
a bioactive lipid mediator, and its S1P receptor (S1PR) are crucial in maintaining endothelial cell chemotaxis
and barrier integrity. Apart from the S1P1 receptor-mediated mechanisms of sequestration of cytotoxic lympho-
cytes, including Th-17 and S1P1/2/3-mediated endothelial barrier functions, S1PR modulators may also attenuate
cytokine release via activation of serine/threonine protein phosphatase 2A and enhance the pulmonary endothelial
barrier via the c-Abl tyrosine kinase pathway. Chronic treatment with fingolimod (S1PR1,3,4,5 modulator) and
siponimod (S1PR1,5 modulator) has demonstrated efficacy in reducing inflammatory disease activity and slowing
down disease progression in multiple sclerosis. The decision to selectively suppress the immunity of a critically ill
patient with COVID-19 remains a difficult choice. It has been suggested that treatment with fingolimod or sipo-
nimod may be appropriate to attenuate severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)–induced
hyperinflammation in patients with COVID-19 since these patients are already monitored in an intensive care
setting. Here, we review the use of S1PR modulators, fingolimod and siponimod, in regulating the inflammatory
response to SARS-CoV-2 with the aim of understanding their potential rationale use in patients with COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is a viral infec-
tion that primarily affects the respiratory tract. It is

caused by the newly emergent severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2), which was first rec-
ognized in Wuhan, China, in December 2019 (WHO 2020).
It spread rapidly to several countries, and in March 2020, the

World Health Organization declared COVID-19 as a pan-
demic. To date, more than 318 million (WHO 2022) cases
of COVID-19 have been reported worldwide.

Although most people with COVID-19 develop mild or
uncomplicated asymptomatic illness, *14% develop severe
disease requiring hospitalization and oxygen support and
5% require admission to an intensive care unit (CDC 2021).
In severe cases, COVID-19 can be complicated by acute
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respiratory distress syndrome (ARDS), which is the leading
cause of death with a high mortality rate of *40% (Hasan
and others 2020; Meyer and others 2021) with lower mor-
tality rates in younger patients and higher mortality rates in
older and more vulnerable patient populations (Ramasamy
and Subbian 2021; Yeates and others 2021). Mortality risk is
often associated with virus-induced hyperinflammation and
an accompanying cytokine release syndrome or cytokine
storm (Cron and others 2021).

The virus particles first invade the respiratory mucosa, infect
other cells, and disrupt the vascular endothelial cell monolayer
in the pulmonary microcirculation, triggering a series of im-
mune responses (Guo and others 2020; Li and others 2020a).
Secretion of large amounts of chemokines and cytokines (in-
terleukin [IL]-1, IL-6, IL-8, IL-21, tumor necrosis factor beta,
and monocyte chemoattractant protein-1) is promoted in in-
fected cells in response to SARS-CoV-2 infection, with vary-
ing affection of the lung for different coronavirus variants (Hui
and others 2022). These chemokines and cytokines, in turn,
recruit lymphocytes and leukocytes at the site of infection.

This accumulation of protein and inflammatory cell-filled
fluid in the interstitial and alveolar compartments leads to
pulmonary edema and ultimately respiratory failure. A sub-
group of patients with severe COVID-19 might have a
strong immune response to SARS-CoV-2, resulting in cyto-
kine storm (Jorens and others 1992; Miller and others 1992,
1996; Chollet-Martin and others 1993; Donnelly and others
1993). Excessive immune response toward SARS-CoV-2
infection may play a key role in inducing ARDS and even
organ failure (Fig. 1).

The current management of COVID-19 aims at prevent-
ing severe manifestation and improving the prognosis of the

patients. The National Institute of Health (NIH) recom-
mends use of corticosteroids, anti-SARS-CoV-2 monoclonal
antibodies, and antivirals alone or in combination based on
the clinical presentation and oxygen requirement of the pati-
ents (NIH 2021). Glucocorticoids have been used during
2002–2004 in the management of SARS outbreak in patients
who had severe immune response and were at a high risk of
developing ARDS. Although glucocorticoids reduced inflam-
matory cytokines, an increased viral load and slower viral
clearance is noted and as such should be used with caution
(Li and others 2020b).

Several investigational drugs (baricitinib, tocilizumab,
and anakinra) have been granted emergency use authori-
zation for hospitalized COVID-19 patients (EMA 2021a,
2021b; US FDA 2022a). Considering the impact of
COVID-19, numerous therapeutics are currently being eval-
uated in clinical trials for their safety and efficacy in treating
COVID-19 and related complications. Remdesivir, an RNA-
dependent RNA polymerase inhibitor, was one of the first
U.S. Food and Drug Administration (FDA)-approved ther-
apy for the treatment of COVID-19.

Remdesivir was initially approved for emergency use
in hospitalized patients with severe COVID-19 and later,
based on the clinical evidence (Rezagholizadeh and others
2021), approved for all patients (NIH 2022). Nirmatrelvir/
ritonavir and molnupiravir have also received emer-
gency use authorizations from the FDA (US FDA 2022b,
2022c).

Treatment strategies that are effective in regulating the
amplified immune response, which characterizes the path-
ophysiology of ARDS, could potentially further improve
the outcome of patients who have a severe pulmonary

FIG. 1. Innate immune response and adaptive immune responses of CoV during an infection (Bergmann and Silverman
2020; Hejrati and others 2021; Trougakos and others 2021). ACE, angiotensin-converting enzyme; ANG, angiotensin;
ARDS, acute respiratory distress syndrome; CoV, coronaviruses; IL, interleukin; IRF, interferon regulatory factors; NF-kb,
nuclear factor kappa B.
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manifestation from COVID-19. Sphingosine-1-phosphate
(S1P) is a signaling lysophospholipid that regulates multiple
biological processes, including inflammatory response to
viral infections; thus, targeting these pathways for modula-
tion of hyperinflammatory responses has been considered in
the past (Ebenezer and others 2016).

The S1P modulators such as fingolimod and siponimod
are approved as chronic long-term disease-modifying treat-
ments for multiple sclerosis to reduce disease activity and
delay progression; they are not approved for use outside
multiple sclerosis (US FDA 2012, 2019). In this article, we
review the evidence for short-term use of S1P receptor
(S1PR) modulators, fingolimod and siponimod, in regulating
the inflammatory response to SARS-CoV-2 with an aim of
understanding their potential rationale for complementary
use in patients with COVID-19.

Pharmacological Evidence

Role of S1P in virus-induced hyperinflammation

The activation of leukocytes and endothelial cells is a criti-
cal step in the pathophysiology of acute lung injury (Grommes
and Soehnlein 2011). The sphingolipids assume multiple roles
in the regulation of neutrophil chemotaxis, neutrophil apo-
ptosis, and endothelial and epithelial barrier functions
(Table 1). Leukocyte transmigration and vascular permeability
are frequently associated. The upregulation of neutral sphin-
gomyelinase increases neutrophil chemotaxis and prolongs
neutrophil survival, exerting a stronger lung injury.

Increased extracellular acid sphingomyelinase activity results
in increased vascular permeability. The effects of S1P on neu-
trophils unfold in stages: an early effect on attenuation of che-
motaxis and a late one on promoting neutrophil survival. The
S1P exerts its pleotropic effects via signaling through a family of
five specific G protein-coupled receptors (S1PR1–5), which are
differentially expressed in cells and tissues (Hla and others 2008;
Hla and Brinkmann 2011). The pattern of S1PR activation dif-
ferentially regulates downstream signaling effector molecules.

The effect of S1P on the regulation of vascular permeabil-
ity is bidirectional, with the barrier function being enhanced
by S1PR1 but impaired by S1PR2 and S1PR3 (Brinkmann
and Baumruker 2006; Swan and others 2010).

Role of S1P in barrier integrity

There is a wealth of observations indicating that S1P plays a
key role in the control of endothelial/epithelial barrier integrity
in the cardiovascular and pulmonary systems. Hence, it has been
well established that the vascular endothelium and alveolar
epithelium express S1PR-1, -2, and -3 (Garcia and others 2001;
Brinkmann and Baumruker 2006; Brinkmann 2007; Hla and
Brinkmann 2011) and that S1P bound to high-density lipopro-
teins is key for maintaining endothelial/epithelial barrier func-
tion (Kimura and others 2003; Camp and others 2016).

On the one hand, S1P1 signaling stabilizes adherens and
tight junctions between endothelial and epithelial cells
(McVerry and Garcia 2005) and causes local dilatation due
to the persistent activation of endothelial nitric oxide syn-
thase, release of nitric oxide, and its activation of the soluble
guanylate cyclase (Wilkerson and others 2012). On the other
hand, activation of S1P2 and/or S1P3 is associated with a
disruption of adherens junctions and an increase in para-
cellular permeability (Sanchez and others 2003; McVerry
and Garcia 2005; Singleton and others 2006).

Accordingly, the administration of a selective competi-
tive S1P1 antagonist to mice produced a loss of capillary
integrity (Sanna and others 2006) and potentiated histamine-
induced vascular leakage, which could be prevented by
co-administration of the S1P2-specific antagonist JTE-013 (Lee
and others 2009). Taken together, these observations suggest
that endothelial/epithelial barrier functions are the result of a
delicate equilibrium between tissue-specific S1P1 and S1P2/3
tones. Thus, depending on the pre-existing balance of S1P1 and
S1P2/3 tones in each specific organ, different outcomes could
result from treatment with S1P modulators.

In the case of fingolimod, the approved daily 0.5-mg
dosing in patients, known to achieve low nanomolar drug

Table 1. Role of Sphingolipids and Sphingosine-1-Phosphate Receptor Modulators

in Pathophysiology of Acute Lung Injury

Mediators NSMasea ASMasea S1P S1PR1 S1PR2 S1PR3

Physiological functions

Neutrophil chemotaxis

Endothelial permeability

Neutrophil apoptosis

Epithelial permeability

Receptor modulators

Fingolimod — — — +++ — ++

Siponimod — — — +++ — —

From Grommes and Soehnlein (2011).
aCatalyzes the breakdown of sphingomyelin to ceramide and phosphorylcholine.
+Indicates receptor affinity.
ASMase, acid sphingomyelinase; NSMase, neutral sphingomyelinase; S1P, sphingosine-1-phosphate; S1PR, S1P receptors.
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blood levels (Wu and others 2012) and retention of lympho-
cytes into lymphoid organs due to S1P1 downmodulation,
is not expected to impact the S1P2-dependent tone in the
cardiovascular system and is most unlikely able to dis-
place S1P, at ‡100-fold higher concentration in the blood
(Okajima 2002), from the vascular and endothelial S1P1 and
S1P3 receptors. Hence, no major signs of altered barrier
integrity could be observed in large-scale clinical trials
with fingolimod, except for a few cases of macular edema
(Calabresi and others 2014), revealing a local specificity at
the level of S1P1 versus S1P2/3 tones (Brinkmann 2007).

Nevertheless, several preclinical studies have suggested
that fingolimod could increase endothelial barrier function
and prevent disruption of permeability barriers through
the signaling of S1P1: The administration of fingolimod
protected mice from vascular endothelial growth factor-
induced vascular leakage (Sanchez and others 2003) and
lipopolysaccharide-induced pulmonary edema (Peng and
others 2004). In these models, a specific upregulation of
endothelial S1P1 occurred as a consequence of the inflam-
mation, rendering the endothelium more susceptible to
S1P1-signaling and barrier enhancement by fingolimod
(Igarashi and others 2003), with less pronounced down-
modulation of the receptors by the drug.

At the same time, high concentrations or prolonged
exposure of S1PR modulators may induce barrier disruption,
vascular leak, and downregulation of S1P1 receptors (Shea
and others 2010; Wang and others 2014; Knipe and others
2022). In other models, specific competitive S1P1 antago-
nists blocked S1P1-signaling, reduced endothelial barrier
function, and caused leakage (Sanna and others 2006;
Bigaud and others 2016).

Fingolimod and Siponimod: Potential
Mechanism of Action in COVID-19

Short-term intervention with fingolimod or siponimod
can attenuate maladjusted immune responses against SARS-
CoV-2 via several difference mechanisms, S1P-mediated
and non-S1P-mediated pathways, as described next.

S1PR-mediated mechanisms

The S1PR agonists play two major roles in the treatment
of severe respiratory viral infections, namely suppressing
cellular trafficking and downstream cytokine/chemokine
production mediated through S1PR1 expressed in lympho-
cytes and lung tissues and maintenance of barrier functions
by modulation of S1PR1–3 (Teijaro and others 2011; Walsh
and others 2011, 2014). Taken together, this could curb
early dysregulated innate immune responses that lead to
cytokine storm in patients with COVID-19.

S1PR1 modulation and immune cell trafficking: S1PR1
agonists limit the migration of effector lymphocytes by
sequestration in secondary lymphoid organs. In mouse in-
fections with human influenza, fatal cytokine storm was
aborted by treatment with the S1PR1 agonist. In this context,
fingolimod and other S1PR modulators might largely spare T
cells within the peripheral effector memory T cells (TEM)
involved in defense against infection whereas the main
therapeutic effect in multiple sclerosis remains on the central
memory T cells (TCM) (Pinschewer and others 2000; Brink-
mann and others 2010). Without vaccination, kinetics and

titers of neutralizing antibodies were largely unaffected by
S1PR modulators whereas concurrent fingolimod treatment in
comparison to placebo decreased influenza vaccination-
induced immune responses (Kappos and others 2015).

In patients with Middle East respiratory syndrome
coronavirus, SARS-CoV, and swine flu (H1N1) influenza
strong Th-17 responses have been observed ( Josset and
others 2013; Faure and others 2014). In a murine model,
H1N1 was shown to cause acute lung injury through an IL-
17–dependent pattern (Li and others 2012). Th-17 signifi-
cantly contributes to the cytokine storm in pulmonary viral
infection, including SARS-CoV-2, causing tissue damage
and promoting pulmonary edema (Wu and Yang 2020).
Fingolimod and siponimod acts as a functional antagonist of
S1PR1 through internalization of the receptors.

S1PR1 is, among other tissues, expressed on lympho-
cytes. Both fingolimod and siponimod block the S1P-
dependent chemotactic egress of lymphocytes from lymph
nodes, thus reducing the number of lymphocytes in peri-
pheral blood, including pro-inflammatory Th-17 cells (Sica
and others 2019). Since the Th-17–mediated pathway is
attenuated, it can be assumed that patients with Th-17–
dominant immune profiles, such as COVID-19–associated
ARDS, may benefit (Brinkmann 2009; Maggi and others
2012; Sica and others 2019; Wu and Yang 2020).

Non-S1PR–mediated mechanisms

Attenuated cytokine release via activation of serine/
threonine protein phosphatase 2A (PP2A) and via Th-17-
mediated pathway: Cytokine production involves the signal-
ing pathways of mitogen-activated protein kinase, which is
regulated by PP2A. Inhibition of PP2A has been shown to
increase the production of IL-8 by respiratory epithelial
cells, implying that PP2A is a key regulator of chemokine
production during ARDS (Cornell and others 2009; Rahman
and others 2015, 2016b). IL-8 concentrations correlate with
the severity of lung lesions in patients with ARDS, and the
blocking of IL-8 activity in animal models has been shown
to be effective in modifying the pathophysiology of ARDS
and improving mortality ( Jorens and others 1992; Miller
and others 1992, 1996; Chollet-Martin and others 1993;
Donnelly and others 1993).

Fingolimod has been shown to increase PP2A activity in
several preclinical studies (Rahman and others 2015,
2016a, 2016b; McHugh and others 2016). In addition, the
activation of PP2A by fingolimod exceeds the okadaic
acid-mediated inhibition of the basal activity of PP2A
phosphatase and significantly suppresses IL-6 and IL-8
cytokine secretion in human alveolar epithelial cell lines
(Fig. 2) (Rahman and others 2015, 2016a, 2016b).
Downstream in the PPA2 mediated pathway, fingolimod
also results in a 70% to 80% decrease in CXCL1 and
CXCL2, two chemokines that play a key role in ARDS
(McHugh and others 2016; Boro and Balaji 2017). In
summary, fingolimod may offer therapeutic potential in
ARDS as an activator of PP2A, thereby decreasing
CXCL1 and CXCL2 and attenuating the Th-17 pathway.

Enhancement of the pulmonary endothelial barrier via
c-Abl tyrosine kinase pathway: Activation and disruption
of the pulmonary endothelium ultimately leads to ARDS, in
which increased barrier permeability results in leakage of
protein-rich fluid from the vascular compartment to
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the interstitium and alveolar airspaces, leading to a life-
threatening impairment of gas exchange. Another charac-
teristic of acute ARDS-related inflammation is the
significant and lasting increase in vascular permeability,
which is associated with significant mortality. Fingolimod
enhances pulmonary vascular endothelial barrier function
by significantly increasing c-Abl kinase activity (Fig. 3)
(Wang and others 2011).

It has been hypothesized that this action is mediated by
lipid raft signaling, G-linked receptor coupling to downstream
tyrosine phosphorylation events involving c-Abl and this
pathway does not require adherens junction or tight junction
protein complexes. Also, for fingolimod-analogs, a signifi-
cant enhancement of endothelial cell barrier integrity has
been shown (Camp and others 2016).

Short-Term Treatment with S1PR Modulators:
Benefit-Risk Assessment
for COVID-19–Associated ARDS

Studies have investigated the effects of fingolimod and
other S1PR modulators in multiple indications (Stepanovska
and Huwiler 2020). Several preclinical studies have sug-
gested targeting S1P-mediated pathways for the treatment of
acute lung injury and ARDS (Natarajan and others 2013;
Ebenezer and others 2016). Fingolimod, a non-selective
S1PR modulator, exerts its anti-inflammatory and barrier
enhancement effects via both S1PR-mediated pathways and
non-S1PR–mediated pathways (Fig. 4).

The hypothesized beneficial effects of PP2A activation and
decrease of Chemokine (C-X-C motif) ligand 1 (CLCX1) and

FIG. 2. Suppressed cytokine secretion by fingolimod via PP2A activation. The PP2A activator fingolimod overcomes OA-
mediated inhibition of basal PP2A phosphatase activity and significantly represses IL-6 and IL-8 mRNA expression and
cytokine secretion. A549 cells were treated for 6 h with 2.5 mM fingolimod before 45 min with 1 mM OA, compared with
vehicle. IL-6 and IL-8 protein secretion measured at 24 h. *Denotes a significant effect of OA and xfor fingolimod
(P < 0.05). Data are mean + SEM values from three independent experiments. Figure adapted from Rahman and others
(2015). mRNA, messenger RNA; OA, okadaic acid; PP2A, protein phosphatase 2A; SEM, standard error of mean. Re-
produced under Creative Commons Attribution 4.0 International License from Rahman MM, Rumzhum NN, Morris JC,
Clark AR, Verrills NM, Ammit AJ. Scientific Report 2015 May 18;5:10063; DOI: 10.1038/srep10063.

FIG. 3. Barrier enhancement by fingolimod via c-Abl tyrosine kinase. Left panel: HPAEC were transfected with 100 nM
c-Abl or control siRNA and seeded onto Transwell inserts. After FTY720 stimulation (1 mM), FITC-dextran was added into
the top chamber and incubated for 2 h. The fluorescent intensity of the bottom chamber was analyzed by fluorometry as per
Methods. n = 4. *P < 0.031 versus control siRNA. Right panel: HPAEC were preincubated for 1 h with the c-Abl inhibitor,
AG957 (20mM), or vehicle control and then stimulated with FTY720 (1mM) or vehicle. Data are representative of three
independent experiments. Figure adapted from Wang and others (2011). AG957, c-Abl inhibitor; Con, control; FITC,
fluorescein isothiocyanate; FTY720, fingolimod; HPAEC, human pulmonary artery endothelial cells; siRNA, small inter-
fering RNA. Reproduced with permission of the ª ERS 2022. European Respiratory Journal Jul 2011, 38 (1) 78-88; DOI:
10.1183/09031936.00047810. Copyright permission reference number is ERJPM076-2022-23.
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Chemokine (C-X-C motif) ligand 2 (CXCL2) appear to be
independent from S1PR modulation, and therefore, an un-
ambiguous dose recommendation based on S1PR1 effects
and absolute leukocyte count (ALC) reduction is not possible.

Fingolimod

The S1PR modulation is associated with certain well-
characterized pharmacological effects on immune, cardio-
vascular, and pulmonary systems (Chun and Hartung 2010),
and the onset of these pharmacological effects is of para-
mount importance while considering the management
strategy in patients with COVID-19.

The desired reduction in circulating lymphocyte is evi-
dent within 4–6 h of first dose administration. Fingolimod
results in reversible and selective sequestration of lym-
phocytes, sparing the effector memory immune response
(Brinkmann 2009). Therefore, the risk of infections is rel-
atively low in this short-term exposure as further reduction
of circulating ALC should not persist too long.

The negative chronotropic effects of fingolimod on heart
rate (HR) and the effects on cardiac conduction are transient
and dose dependent. These effects are mostly evident on day 1
of dosing, with maximal effects observed within 2–4 h of
first dose and are rarely observed beyond day 2 of dosing.
With continuous dosing receptors are internalized resulting
in desensitization to HR effects (Schmouder and others
2006). In the treatment setting, if necessary, patients could
have continuous cardiac monitoring.

The early agonistic effects of fingolimod on S1PR 2/3
expressed by airway smooth muscle cells may induce air-
way hyper-responsiveness due to receptor modulation
(Brinkmann and Baumruker 2006). Studies have also shown
that fingolimod exhibits differential response patterns at the
S1PR3 and has antagonistic properties under certain condi-
tions (Sensken and others 2008; Jongsma and others 2009).

The interplay of physiological S1P and other ligands,
such as fingolimod, at the receptor level is not clearly
known. The minimal decreases in forced expiratory volume
at 1 s and diffusing capacity for carbon monoxide has been
observed with fingolimod at Month 1 (US FDA 2012).

Short-term fingolimod treatment is unlikely to cause per-
sistent respiratory symptoms after treatment discontinuation
on day 3 (Brinkmann and Baumruker 2006; US FDA 2012).

Siponimod

The rapid oral dose titration achieves a robust reduction
in ALC already within the first hours of treatment initiation
and allows to reach therapeutic (2 mg) dose levels and
exposures within the first 24 h (i.e., by day 2 of treatment)
while keeping the expected effects on HR and atrioven-
tricular conduction at treatment initiation manageable. Like
fingolimod, the HR reduction shows a dose-dependent be-
havior; the most pronounced HR reduction is observed after
the first dose (day 1), followed by smaller incremental de-
creases in HR on subsequent days of dosing.

Up titrating doses from 0.5 mg (day 1) to 2 mg (day 2 and
onward) is not expected to result in pronounced cardiac ef-
fects as most of the S1P1 receptor internalization is achieved
already on the 1st day of dosing. Siponimod does not have
affinity toward S1PR 2/3 and, thus, unlikely to mediate any
effect on increased vascular tone and barrier leakage (Gergely
and others 2012). The short half-life of siponimod allows for
fast washout with lymphocyte count recovery to normal
values and re-establishing immune competence within 7 days
of siponimod discontinuation (Glaenzel and others 2018).

Other S1PR modulators

Ponesimod and ozanimod are other orally active S1P1 mod-
ulator recently approved for treatment for relapsing-remitting
multiple sclerosis (US FDA 2020, 2021). Like other S1P
modulators, both follow a dose-dependent pharmacokinetics
with rapid onset and reversible reduction of peripheral blood
lymphocyte counts (Chun and others 2010; Piali and others
2011). Their rapid elimination and reversibility of reduction in
peripheral blood lymphocytes count is believed to be beneficial
for vaccination, serious infections, or during pregnancy plan-
ning (Kappos and others 2021). However, preclinical reports
indicate that antibody response post-vaccination was blunted
with ponesimod (Spiller and others 2021).

FIG 4. Short-term exposure of S1PR modulators in COVID-19 ARDS: Summary of potential mechanisms. *Differential
PK/PD profiles as described elsewhere. Bregs, regulatory B cell; IL, interleukin; PK/PD, pharmacokinetic/pharmacodynamic;
PP2A, protein phosphatase 2A; S1P, sphingosine-1-phosphate; Th, helper T cell; Tregs, regulatory T cell.
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Summary

In a pandemic where people may die of ARDS, it has
been suggested that S1P receptor modulators such as fin-
golimod and siponimod may be effective treatments for
ARDS based on their described mechanisms of anti-
inflammation and enhancement of barrier function. How-
ever, for patients critically ill with COVID-19, the decision
to suppress immunity is a difficult one, and broader immu-
nosuppression might be inadvisable. Beneficial anti-
inflammatory effects should be weighed up against the
potentially detrimental effects of inhibiting antiviral immu-
nity, thereby delaying virus clearance and perpetuating
illness.

An additional consideration is the possible reversal of
beneficial effects after discontinuation of therapy. For exam-
ple, within multiple sclerosis (MS), cases of post-fingolimod
have been described. Finally, S1PR modulation and its ef-
fects on cardiac rhythm and conduction, possible risk of
infections, and effects on pulmonary function in critically ill
patients infected with SARS-CoV-2 need to be carefully
evaluated.

Several trials of existing pharmaceuticals have been ini-
tiated, and additionally, the U.S. FDA has granted Emer-
gency Use Authorization for some existing drugs (US FDA
2017). Recently, the U.S. FDA has authorized tixagevimab
co-packaged with cilgavimab and administered together as a
medication to prevent COVID-19 in some individuals aged
12 years and older (Evusheld 2021). This prevention med-
ication is strictly for those who are not expected to have
adequate immune responses to the vaccine or who have a
severe allergy to the vaccine.

However, as COVID-19 variants continue to emerge, it is
not yet known how effective this combination of mono-
clonal antibodies will be against each variant and vaccines
continue to be the best defense available against the
COVID-19 complications of the SARS-CoV-2 virus,
including all its variants. In addition, various other treat-
ments have received emergency use authorization (please
refer to background section).

Studies of the SARS-CoV-2 vaccine responses in people
living with MS have shown a potentially reduced antibody
response among those who use certain disease-modifying
therapies, including S1P modulators (siponimod, fingoli-
mod, ponesimod, and ozanimod), alemtuzumab, and anti-
CD20 monoclonal antibodies (ocrelizumab, ofatumumab,
rituximab, and biosimilars) (Disanto and others 2021;
Guerrieri and others 2021; Spiller and others 2021; Tallan-
tyre and others 2022).

Evidence from recent individual patient case reports
suggests that fingolimod treatment might be beneficial in
reducing severe immune response to SARS-CoV-2. Patients
with multiple sclerosis under fingolimod treatment infected
with COVID-19 have reported mild to moderate out-
comes. These patients, despite radiological evidence of
severe COVID-19–related pneumonia, did not develop
ARDS, and had rapid recovery (Barzegar and others 2020;
Foerch and others 2020).

Thus, in the context of attenuating the SARS-CoV-2
induced hyperinflammation in patients with COVID-19,
short-term therapy with fingolimod or siponimod has a
rationale based on the known mechanisms of action. The
potential side effects of S1PR modulation have been largely

manageable in the context of the illness for which they were
approved. Further, given that these patients are critically ill
and already requiring treatment, monitoring for side effects
would be possible within an intensive care setting (WHO
2020; CDC 2021).

Conclusion

The S1P receptor modulators, fingolimod and siponimod,
have been proposed as a potential treatment option for
COVID-19. However, in the absence of clinical evidence,
further investigation should be considered with caution and
only with continuous monitoring and after careful benefit-
risk evaluation.
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