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Multiple sclerosis (MS) is a prevalent and debilitating neurologic condition characterized by widespread

neurodegeneration and the formation of focal demyelinating plaques in the central nervous system. Current therapeutic

options are complex and attempt to manage acute relapse, modify disease, and manage symptoms. Such therapies often

prove insufficient alone and highlight the need for more targeted MS treatments with reduced systemic side effect profiles.

Ozanimod is a novel S1P (sphingosine-1-phosphate) receptor modulator used for the treatment of clinically isolated

syndrome, relapsing–remitting, and secondary progressive forms of multiple sclerosis. It selectively modulates S1P1 and

S1P5 receptors to prevent autoreactive lymphocytes from entering the CNS where they can promote nerve damage and

inflammation. Ozanimod was approved by the US Food and Drug Administration (US FDA) for the management of

multiple sclerosis in March 2020 and has been proved to be both effective and well tolerated. Of note, ozanimod is

associated with the following complications: increased risk of infections, liver injury, fetal risk, increased blood pressure,

respiratory effects, macular edema, and posterior reversible encephalopathy syndrome, among others. Further

investigation including head-to-head clinical trials is warranted to evaluate the efficacy of ozanimod compared with other

S1P1 receptor modulators.
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1. Introduction

Multiple sclerosis (MS) is one of the most prevalent and disabling neurologic conditions worldwide. It is a chronic

inflammatory disease that results in widespread neurodegeneration and the formation of focal demyelinating plaques in

the white and grey matter of the CNS . MS globally affects approximately 2.5 million people, with the majority aged

20–40 years when symptoms present . Women are affected more often than men, with a female to male prevalence

ratio of almost 3:1 . To date, there has not been one specific factor identified as the cause of disease; rather, MS is

thought to arise in genetically susceptible individuals who are exposed to environmental and immune triggers .

Environmental and lifestyle factors such as Vitamin D deficiency, low sun exposure, Epstein–Barr virus, smoking, and

obesity have shown to be involved in the development of MS .

The onset of MS symptoms is usually sudden and most commonly presents as unilateral loss of vision, sensory loss,

motor and muscle weakness, or ataxia . Diagnosis of MS is established using clinical judgment and neurologic

examinations, with evidence of CNS damage disseminated in time and space. Magnetic resonance imaging (MRI) with

gadolinium is useful in identifying demyelinated lesions throughout the CNS. Cerebrospinal fluid analysis and

immunoglobulin levels are also helpful in establishing diagnosis .

Multiple sclerosis is classified into clinically isolated syndrome (CIS), relapsing–remitting MS (RRMS), secondary

progressive MS (SPMS), primary progressive MS (PPMS) and progressive relapsing MS (PRMS) based on the clinical

course of disease . CIS is identified as the first episode of symptoms, with MRI findings similar to MS but not meeting

full diagnostic criteria. RRMS is the most common form and constitutes eighty-five percent of all MS patients,

characterized by recovery periods between attacks . Most people with RRMS will convert to the secondary-

progressive course (SPMS), with continued worsening of symptoms. Primary-progressive MS (PPMS) is defined by

worsening symptoms from the disease onset without periods of relapse .

The pathophysiology of MS has traditionally been viewed as a two-stage process, with focal inflammation and

demyelination early in the course, and axonal loss and neurodegeneration more prominent over time . The disease

pathology begins when autoreactive T-cells cross the blood-brain barrier (BBB) and induce inflammation. These CD8+ T-

cells secrete pro-inflammatory cytokines and aid in the activation and recruitment of other immune cells, including B-cells,

macrophages, microglia, astrocytes, and plasma cells .
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There is no current cure for MS, but there are several disease-modifying therapies (DMTs) used, especially for the

relapsing–remitting MS . Although the currently approved pharmacologic options have demonstrated efficacy in

managing and slowing the disease, they are associated with greater risks and non-compliance due to side effect profiles

. This emphasizes the continued need for novel medications with high safety profiles, particularly those that target MS

early in its course to mitigate disease progression and improve quality of life.

2. Ozanimod Drug Information

In March 2020, the FDA approved Ozanimod for the treatment of RRMS, SPMS and CIS. Ozanimod, sold under the brand

name ZEPOSIA, is a sphingosine-1-phosphate receptor (S1PR) modulator. Unlike earlier drugs of its class, Ozanimod is

currently the only US FDA approved S1PR modulator that does not require genetic testing or first-dose observation .

Patients should undergo a series of baseline assessments, including complete blood count, electrocardiogram, and liver

function tests, before starting Ozanimod. If the patient has a history of uveitis or macular edema, they should also receive

an ophthalmic examination. As the drug may increase the risk of infections due to lymphocyte depletion, varicella-zoster

virus antibodies should be tested for and patients should avoid live-attenuated vaccines during treatment .

Initiation of Ozanimod within six months of a cardiovascular event is contraindicated. Patients with a history of heart block,

including Mobitz type II second or third-degree atrioventricular blocks, sino-atrial block, and sick sinus syndrome, should

not be treated with Ozanimod unless they have a pacemaker. Other contraindications include severe untreated sleep

apnea and simultaneous treatment with a monoamine oxidase inhibitor .

Ozanimod carries a risk of infections, bradyarrhythmia and atrioventricular conduction delays, liver injury, a decline in

pulmonary function, transient decrease in heart rate, increased blood pressure, fetal risk, and macular edema. Adverse

reactions from pooled SUNBEAM and phase III RADIANCE data include upper respiratory infection, elevated hepatic

enzymes, orthostatic hypotension, urinary tract infection, hypertension, and back pain . Despite these possible

reactions, patients with relapsing multiple sclerosis reported good tolerability during phase II and II clinical trials 

. Ozanimod has a relatively short half-life and lower peak plasma concentrations when compared to Fingolimod, the

first S1PR modulator approved for the treatment of RRMS. These differences allow for once-daily dosing and contribute to

lower systemic side effects .

3. Ozanimod Mechanism of Action

Ozanimod (Zeposia) is an immunomodulatory drug used for the treatment of clinically isolated syndrome, relapsing–

remitting, and secondary progressive forms of MS. Ozanimod is an oral agent that modifies the course of the disease by

selectively modulating sphingosine-1-phosphate receptor-1 (S1P1) and receptor-5 (S1P5) activity . S1P is

phosphorylated by sphingosine kinase 1 or 2 to become an active phospholipid . Once active, these phospholipids,

heavily concentrated in red blood cells, the brain, spleen, and eyes, regulate numerous functions involved in immunity,

heart rate, smooth muscle tone, and endothelial cell development .

There are four types of sphingosine phosphate receptors. Type 1, 2, and 3 receptors exist ubiquitously. Type 4 and 5

receptors are present in lymphoid tissue, and the spleen and oligodendrocytes, respectively . The expression of these

receptors is low in lymph nodes, and expression allows for the exit of T-cells in response to the lymph–lymph node

chemotactic gradient . A strong S1P gradient is created by high concentrations in the blood and lymph and low

concentrations in the intracellular and interstitial fluids . B-cells and T-cells can use this gradient as a signal to enter the

circulation. Disruption of this gradient results in lymphopenia due to lymphocyte failure to exit from lymphoid organs . In

fact, mice deprived of S1P1 show an absence of circulating lymphocytes as these cells remain confined to the thymus and

other secondary lymphoid tissues .

S1P also holds an important function in the regulation of vascular integrity as a suppressor of angiogenesis . These

phospholipids reinforce the adherens junctions and stimulate the development of endothelial cells . S1P localization

and signaling are crucial for preserving vascular homeostasis, as it has been shown that mice that lack S1P and are fed a

diet high in lipids have increased formation of atherosclerotic lesions .

S1P is hydrophobic and requires a chaperone molecule without which it cannot freely circulate in the bloodstream.

Approximately 65% of S1P circulates bound to HDL-anchored ApoM, while the remaining S1P circulates bound to albumin

. S1P’s functions vary depending on whether it is bound to ApoM or albumin. Only S1P bound to ApoM was shown to

suppress inflammatory responses induced by cytokines . Of note, S1P concentration is reduced in coronary artery
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disease, acute myocardial infarction, type II diabetes, and chronic kidney disease . Via the modulation of

S1P1 and S1P5, Ozanimod prevents circulating autoreactive lymphocytes from entering the CNS from peripheral tissues,

in addition to reducing their concentration in the bloodstream.

4. Conclusions

Our understanding of multiple sclerosis pathophysiology and its clinical implications has grown tremendously over the

decades. Treating the disease has become a complex task as clinicians now have many pharmacologic treatment options

for this indication. Current therapeutic options include three broad categories: management of acute relapse, disease

modifying therapies (DMTs), and symptomatic management. Clinicians should also be aware of the off-label use of

medications to treat MS, such as Rituximab and neuromodulation techniques. Many of the aforementioned therapies were

not originally developed to target MS pathophysiology and as such prove insufficient alone, highlighting the need for

targeted MS treatments with reduced systemic side effect profiles.

Ozanimod is recently FDA approved for the treatment of clinically isolated syndrome, relapsing–remitting, and secondary

progressive forms of MS. It is an oral agent that selectively modulates S1P1 and S1P5 receptor activity, which prevents

autoreactive lymphocytes from entering the CNS where they can promote nerve damage and inflammation. This

selectivity allows for modification of the disease course and once-daily dosing, and contributes to lower systemic side

effects when compared to other drugs of its class. Furthermore, Ozanimod is currently the only US FDA approved S1PR

modulator that does not require first-dose observation or genetic testing. Numerous clinical studies have demonstrated

that ozanimod is both effective in the treatment of multiple sclerosis and well tolerated by patients. Further studies are

required to evaluate its efficacy when compared with other available therapies, and as our understanding of MS

pathophysiology and disease progression continues to evolve.
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