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EXECUTIVE SUMMARY
 

This review evaluates whether a risk evaluation and mitigation strategy (REMS) for the new molecular 

entity Ponvory (ponesimod) is necessary to ensure the benefits outweigh its risks.  Janssen 

Pharmaceuticals Inc submitted a New Drug Application NDA 213498 on March 18, 2020 for ponesimod 

with the proposed indication for the treatment of relapsing forms of multiple sclerosis (MS), to include 

clinically isolated syndrome, relapsing-remitting disease, and active secondary progressive disease, in 

adults. The clinical reviewer concluded that ponesimod was effective in treating patients with relapsing 

forms of multiple sclerosis.  There were no treatment related deaths in the clinical trials; however 

similar to other products in this class of drugs, ponesimod carries the following risks: lymphopenia and 

infections, bradyarrhythmias, liver injury and respiratory effects. The applicant did not submit a 

proposed REMS or risk management plan with this application but proposed a medication guide as part 

of the labeling to align with the other sphingosine-1-phosphate (S1P) receptor modulators. 

The safety profile of ponesimod is consistent with other approved sphingosine-1-phosphate (S1P) 

receptor modulators and does not carry additional risks. The Division of Risk Management (DRM) and 

the Division of Neurology 2 (DN2) agree that a REMS is not necessary to ensure the benefits of 

ponesimod outweigh its risks for the proposed indication for treatment of relapsing forms of multiple 

sclerosis (MS), to include clinically isolated syndrome, relapsing-remitting disease, and active secondary 

progressive disease, in adults. 

1 Introduction 

This review by the Division of Risk Management (DRM) evaluates whether a risk evaluation and 

mitigation strategy (REMS) for the new molecular entity (NME) Ponvory (ponesimod) is necessary to 

ensure the benefits outweigh its risks. Janssen Pharmaceuticals Inc (Janssen) submitted a New Drug 

Application (NDA) 213498 on March 18, 2020 for ponesimod with the proposed indication for the 

treatment of relapsing forms of multiple sclerosis (MS), to include clinically isolated syndrome, 

relapsing-remitting disease, and active secondary progressive disease, in adults. This application is under 

review in the Division of Neurology 2. The applicant did not submit a proposed REMS but proposed a 

medication guide as part of labeling. 

2 Background 

2.1 PRODUCT INFORMATION 

Ponvory (ponesimod), a new molecular entity (NME)a, is a sphingosine-1-phosphate (S1P) receptor 

modulator proposed for the treatment of relapsing forms of multiple sclerosis (RMS), to include clinically 

isolated syndrome, relapsing-remitting disease, and active secondary progressive disease, in adults. The 

a Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity. 
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exact mechanism of act ion for therapeutic effects in MS is unknown. Ponesimod binds with high affinity 

to the SlPl receptor on lymphocytes and blocks the abilit y of lymphocytes to egress from lymph nodes. 

This resu lts in reduced lymphocytes circulating in peripheral blood. 

Ponesimod is proposed to be available as fi lm coated tablets ava ilable in 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 

mg, 8 mg, 9 mg, 10 mg, and 20 mg strengths. The proposed dosage regimen includes an initia l 14-day 

titration to the maintenance dose of 20 mg orally daily. The proposed t itration is summarized in Table 1. 

It is proposed to be supplied as a starter pack fo r the initia l t it ration and maintenance dose bottles. 

Ponesimod may be administered in both the outpatient and inpatient settings for chronic therapy fo r 

MS.b Ponesimod is not currently approved in any jurisdiction. 

Table 1. Ponesimod Initial Treatment Titration Schedule1 

Titration Day 

Day 1 and 2 

Day 3 and 4 

Day 5 and 6 

Day 7 

Day8 

Day9 

Day 10 

Day 11 

Day 12, 13, and 14 

Dally Dose 

2 mg 

3 mg 

4 mg 

Smg 

6mg 

7mg 

8mg 

9mg 

10mg 
Source: Adapted from proposed DRAFT prescribing information for ponesimod, NOA 213498 

There a re three other SlP receptor modulators approved for the treatment of relapsing forms of 

multiple sclerosis (MS), to include clinically isolated syndrome, relapsing-remitting disease, and active 

secondary progressive disease, in adults. These are Gilenya (fingo li mod), a non-selective SlP receptor 

modulator; Mayzent (siponimod), which is selective for SlPl and SlPS; and Zeposia (ozanimod), a lso 

selective for SlPl and SlPS. Known safety issues with this drug class include infections and 

lymphopenias, bradyarrhythmias, liver injury, and respiratory risks. The serious risks are similar to those 

associated with ponesimod and are communicated via labeling for the approved agents in this class. 

Fingolimod was originally approved with a Communication Plan (CP) REMS with a goal to inform 

healthcare professionals about the serious risks including bradyarrhythmia and atrioventricular block at 

treatment initiation, infections, macular edema, posterior reve rsible encephalopathy syndrome, 

respiratory effects, and liver injury. The REMS was re leased on November 2016 as the Agency 

determined the CP was completed, the goa l of educating providers was satisfied, and a REMS was no 

longer necessary to ensure the benefits outwe ighed the risks. 2 

b Section 505-1 (a) of t he FD&C Act: FDAAA factor (D): The expected or actual dura tion of treatment with the drug. 
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2.2 REGULATORY HISTORY 

The following is a summary of the regulatory history for NDA 213498 relevant to this review: 

•	 03/18/2020: NDA 213498 submission for the treatment of relapsing forms of multiple sclerosis 

(MS), to include clinically isolated syndrome, relapsing-remitting disease, and active secondary 

progressive disease, in adults received. 

•	 09/01/2020: A Mid-cycle meeting was held between the Agency and the Applicant via 

teleconference. The Agency informed the Applicant that review of the safety database was 

ongoing; however, at this time, there were no safety issues that require a REMS for ponesimod. 

3	 Therapeutic Context and Treatment Options 

3.1 DESCRIPTION OF THE MEDICAL CONDITION 

Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system characterized by 

chronic inflammation, demyelination, plaque formation, and neuroaxonal damage.3 MS is the most 

common cause of neurological disability in young adults.4 Common clinical manifestations of multiple 

sclerosis include fatigue, sensory disturbances, motor weakness, visual disturbances, gait disturbance, 

balance problems, and other symptoms. The estimated prevalence of MS in the United States was 309 

cases per 100,000 in 2010 and 363 cases per 100,000 in 2017; based on this estimate, nearly 1 million 

adults are living with MS in the US.5,6,c 

The clinical course of MS is divided into clinical subtypes characterized by disease activity and 

progression. “!ctive” disease refers to relapses or new MRI activity and the term “progression” refers 

to the increased neurologic deficits and disability that occur over time.7 Approximately 85% of patients 

present with relapsing-remitting multiple sclerosis (RRMS), which is characterized by periods of 

inflammatory activity known as relapses. Most patients will gradually develop secondary progressive 

multiple sclerosis (SPMS). SPMS is characterized by disease progression, a worsening of neurologic 

function and disability independent of acute relapses. Patients with SPMS may or may not have 

continued disease activity.8 MS has a significant impact on quality of life and productivity. Over time, 

patients with untreated MS may develop severe ambulatory limitations (including need for assistive 

devices such as wheelchairs). Life expectancy may also be reduced in patients with MS.9,d 

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS 

There are several disease modifying agents that are FDA-approved to treat relapsing MS (RMS), 

including clinically isolated syndrome (CIS), relapsing-remitting MS (RRMS), and active secondary 

c Section 505-1 (a) of the FD&C Act: FDAAA factor (A): The estimated size of the population likely to use the drug 

involved. 

d Section 505-1 (a) of the FD&C Act: FDAAA factor (B): The seriousness of the disease or condition that is to be 

treated with the drug. 
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progressive multiple sclerosis (SPMS). See table in Section 10.2 of the Appendix for a summary of these 

products. 

Currently available disease modifying therapies may reduce the relapse rate but achieve inconsistent 

results on disability progression. According to the American Academy of Neurology guidelines for 

starting disease-modifying therapy, since each agent has its own benefit/risk profile, treatment 

selection should be individualized and incorporate patient preferences to ensure a balance of safety 

and efficacy.10 

4 Benefit Assessment 

The efficacy and safety of ponesimod for the treatment of relapsing forms of MS, is supported by one 

phase 3 pivotal trial, AC-058B301 (National Controlled Trial [NCT] 02425644). Additional supportive 

evidence came from a phase 2, dose-finding trial, AC-058B201 (NCT 01006265). 

Study AC-058B301 was a multicenter, randomized, double-blind, parallel-group, active-controlled 

superiority study to compare the efficacy and safety of ponesimod versus teriflunomide for 108 weeks in 

adults with RMS.   Patients were randomized in a 1:1 ratio to receive ponesimod 20 mg daily or 

teriflunomide 14 mg daily. The study included a 14-day titration phase followed by a maintenance 

phase. The primary endpoint of the study was annualized relapse rate (ARR)e. Secondary endpoints 

included change from baseline to week 108 in fatigue-related symptoms as measured by the symptoms 

domain of the Fatigue Symptoms and Impact Questionnaire-RMS (FSIQ-RMS), cumulative number of 

combined unique active lesions (CUAL) from baseline to week 108, and time to 12-week and 24-week 

confirmed disability accumulation from baseline to end of the study. 

Subjects that completed the 108-week treatment period were eligible to enroll into the extension study, 

Study B303 an ongoing, multicenter, open-label study to evaluate long-term safety, tolerability, and 

disease control with ponesimod. 

Results: 

In pivotal study AC-058B301, 1,133 subjects were randomized to receive ponesimod (N=567) and 

teriflunomide (N=566). Treatment with ponesimod showed a statistically significant reduction in ARR of 

30.5% through the end of the study compared to teriflunomide (ARR ratio: 0.695; 99% confidence limit: 

0.536, 0.902, p=0.0003).  

e Annualized relapse rate was defined as the number of confirmed relapses according to the 

treating neurologist/principal investigator per subject-year from randomization to end of the study.  A relapse was 

defined as new, worsening or recurrent neurological symptoms that occurred at least 30 days after the onset of a 

preceding relapse, and that lasted at least 24 hours, in the absence of fever or infection. 
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6 

http:efficacy.10


 

 

 

 

    

   

   

   

  

  

 

    

 

 

 

    

 

   

  

 

   

 

                                                            
    

  

   

  

  

 

 

 

Table 2. Primary Efficacy Endpoint: ARR 

Ponesimod (N=565)* Teriflunomide (N=566) 

Relapses 242 344 

Exposure (Patient Years) 1045.2 1057.1 

ARR 0.23 0.33 

*Two subjects randomized for the Ponesimod group did not receive treatment. 

The clinical reviewer concluded that ponesimod is approvable for relapsing form of MS in adults  at a 

dose of 20 mg daily.f,11 

5 Risk Assessment & Safe-Use Conditions 

The safety database for ponesimod is comprised of data from the phase 2 placebo-controlled, dose 

finding study with 464 participants and the phase 3 active-controlled study with 1131 participants. The 

majority of the patients (82%) in the safety database were exposed to at least 2 years of ponesimod 

treatment. The most commonly reported adverse eventsg (!Es) ≥ 10% of participants receiving 

ponesimod in the safety database were alanine aminotransferase increased at 19% (teriflunomide 9%), 

nasopharyngitis at 19% (teriflunomide 17%), and upper respiratory tract infection at 11% (teriflunomide 

10%).  The serious adverse events (SAEs)h identified by the clinical reviewer to be adverse events of 

special interest (AESIs) in ponesimod will be discussed in Section 5.1. 

Deaths 

Five deaths occurred in clinical study program, however, two of these deaths occurred in participants 

randomized to teriflunomide 14mg.  Per the investigators, the deaths were not related to the study 

drug. Of the three deaths in the ponesimod study group, one death occurred due to a cardiovascular 

event as deemed by major adverse cardiovascular event adjudication board (an autopsy was not 

performed), one occurred due to staphylococcus aureus sepsis hepatic encephalopathy (in a woman 

f Section 505-1 (a) of the FD&C Act: FDAAA factor (C): The expected benefit of the drug with respect to such disease 

or condition. 

g Section 505-1 (a) of the FD&C Act: FDAAA factor (E): The seriousness of any known or potential adverse events 

that may be related to the drug and the background incidence of such events in the population likely to use the 

drug. 

h Any adverse drug experience occurring at any dose that results in any of the following outcomes: Death, a life-

threatening adverse drug experience, inpatient hospitalization or prolongation of existing hospitalization, a 

persistent or significant disability/incapacity, or a congenital anomaly/birth defect. Important medical events that 

may not result in death, be life-threatening, or require hospitalization may be considered a serious adverse drug 

experience when, based upon appropriate medical judgment, they may jeopardize the patient or subject and may 

require medical or surgical intervention to prevent one of the outcomes listed in this definition. 

Reference ID: 4755518 
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with hepatic encephalopathy, cirrhosis, severe anemia, and high hyperbilirubinemia), and one death was 

attributed to acute cardiac and pulmonary insufficiency. The clinical reviewer agrees with the study 

investigator that it is difficult to attribute the deaths to ponesimod.11 

5.1 ADVERSE EVENTS OF SPECIAL INTEREST 

5.1.1 Lymphopenia and Infection 
Lymphopenia is an AESI due to the mechanism of S1P receptor modulators.  The drug binds to S1P1 

receptors in lymph nodes and prevents certain lymphoid immune cells from being excreted into the 

blood and reaching the central nervous system (CNS), leading to lymphopenia. In the clinical trials, 

eighty-nine patients (7.8%) experienced lymphopenia (< 0.2 x 109/L). Upon discontinuation of 

treatment, the lymphocyte count returned to normal range or baseline in 99% of participants within 15 

days.  Mean lymphocyte counts essentially recovered to baseline within 15-30 days of stopping 

ponesimod, showing that lymphopenia with ponesimod is reversible. Lymphopenia can increase the risk 

of infections. 

The clinical reviewer agrees that a warning for infections should be included in Section 5 of the labeling 

for ponesimod.11 

5.1.2 Bradyarrhythmia 
S1P receptors are expressed on atrial myocytes cells of the cardiac conduction system, with fingolimod 

and siponimod demonstrating transient effects on heart rate and atrioventricular conduction at 

initiation of therapy.  Both of these approved S1P modulators have labeled warnings for bradycardia and 

AV block.  The risk of bradycardia and AV block is present with ponesimod and does not exceed the risk 

seen with other agents in this drug class.  In the controlled RMS studies, ponesimod was initiated with a 

14 day up titration schedule, which appeared to reduce the rate of bradycardia and cardiac AEs upon 

starting the drug. Bradycardia occurred in 5.8% of ponesimod participants compared to 1.6% 

teriflunomide participants. Participants with a myocardial infarction, unstable angina, stroke, TIA, or 

decompensated heart failure requiring hospitalization within the last 6 months, New York Heart 

Association Class III / IV heart failure, cardiac conduction or rhythm disorders, risk factors for QT 

prolongation, severe untreated sleep apnea, or a resting heart rate less than 55 bpm at baseline, were 

excluded from participation in the controlled RMS studies. With these exclusions and the dose 

escalation, there were no reported cases with a heart rate less than 40 bpm or Type 2 (or higher) AV 

block. 

The clinical reviewer recommends that all patient should have an ECG prior to initiation of ponesimod 

and ponesimod should only be initiated with the labeled dose escalation.  The risk of bradyarrhythmia 

and AV block, four hour observation period after the first dose, and the exclusionary cardiac conditions 

for the controlled RMS studies, should be included in the Warnings and Precautions section for 

ponesimod, similar to the approved labeling of the other S1P receptor modulators.11 

Reference ID: 4755518 
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5.1.3 Liver injury 
S1P receptor modulators are known to cause transaminase elevations; elevated transaminases and 

hepatic injury are in the warnings and precautions sections of the labeling for siponomid, fingolimod, 

and ozanimod, therefore, they are of interest in ponesimod.  Ponesimod can cause elevations in alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), but these elevations appeared reversible 

with discontinuation of the drug in the controlled RMS studies. Specifically, elevations in alanine 

aminotransferase (ALT) or aspartate aminotransferase (AST) occurred in 19% and 6% of the patients 

treated with ponesimod compared to 9% and 4% of patients receiving teriflunomide, respectively.12 

Most of the transaminase elevations were asymptomatic and there were no clear Hy’s law cases of DILI 

in the trials of ponesimod in subjects with RMS.11 

The clinical reviewer recommends that Section 5 of any potential labeling for ponesimod include a 

warning for liver injury and hepatic transaminase elevations similar to that of the other approved S1P 

receptor modulators.11 

5.1.4 Respiratory Effects 
S1P receptors, including S1P3, occur on the smooth muscle and the epithelium of the respiratory tract, 

so modulation of these receptors may lead to adverse events attributable to the respiratory system. 

Approved S1P receptor modulators, fingolimod, siponimod, and ozanimod, have these respiratory 

effects included in Section 5 of their labeling. In the pivotal study, a reduction from baseline in percent 

predicted forced expiratory volume over 1 second (FEV1) was noted at 8.3% for patients treated with 

ponesimod compared to 4.4% in patients treated with teriflunomide.  The clinical reviewer notes that 

the magnitude of ponesimod’s respiratory effect appears small, which suggests that this risk can be 

mitigated through appropriate labeling and patient education. 11 

6 Expected Postmarket Use 

The primary prescribers for ponesimod are likely to be neurologists who specialize in the treatment of 

MS. If approved, ponesimod will be the fourth S1P receptor modulator available in the United States.  

Ponesimod may be prescribed and dispensed in both the outpatient and inpatient settings. Similar to 

other S1P modulators, patients with certain pre-existing cardiac conditions are recommended to have 

first dose monitoring in a setting that can manage symptomatic bradycardia. Prescribers are likely 

familiar with the risks of S1P modulators and ponesimod does not pose any new risks. 

7 Risk Management Activities Proposed by the Applicant 

The Applicant did not propose any risk management activities for ponesimod but proposed a Medication 

Guide as part of the labeling to align with the other S1P receptor modulators. 

Reference ID: 4755518 
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8 Discussion of Need for a REMS 

Ponesimod is a S1P receptor modulator proposed for the treatment of relapsing forms of multiple 

sclerosis. Use of ponesimod will provide an option for patients who have failed available therapies or 

experience serious toxicities with other therapies. 

The pivotal trial, AC-058B301, supports the efficacy of ponesimod as evidenced by a statistically 

significant reduction in annualized relapse rate (p=0.0003) with an acceptable safety profile. 

The most important risks associated with ponesimod include lymphopenia and infections, 

bradyarrhythmias, liver injury and respiratory effects. The safety of ponesimod is similar to the other 

S1P receptor modulators, including fingolimod. The first approved agent in this class, fingolimod, was 

approved with a Communication Plan (CP) REMS.  The REMS was released in 2016 after the Agency 

determined that the CP was complete and the goal of educating prescribers had been satisfied.2 As the 

risks associated with ponesimod are inherent to the entire class of S1P receptor modulators, do not 

appear to exceed those of other approved products, nor pose any serious safety risks unique to 

ponesimod, this reviewer has concluded that a REMS is not necessary to ensure the benefits outweigh 

the risks. The class of products continues to require a Medication Guide in their labeling addressing this 

risk. Similar to the other agents in this class, the risks associated with ponesimod will be addressed in 

labeling through a Medication Guide, and in the Contraindications and Warnings and Precautions 

section of the label. The label will also communicate the appropriate titration schedule for treatment 

initiation and first dose monitoring recommendations to mitigate the risk of bradyarrhythmias. 

9 Conclusion & Recommendations 

The Clinical Reviewer recommends approval of ponesimod on the basis of the efficacy and safety 

information currently available. 

Based on the available data, the benefit-risk profile is favorable and a REMS is not necessary for 

ponesimod to ensure the benefits outweigh the risks. At the time of this review, labeling discussions 

were ongoing.  Please notify DRM if new safety information becomes available that changes the 

benefit-risk profile; this recommendation can be reevaluated.  

10Appendices 
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10.2 TREATMENT O PTIONS FOR MULTIPLE SCLEROSIS13 

Drug 
Approval Date 

Indication Dosing and 

Administrat ion 

Important Safety and Tolerabi lity 

Issues 
Risk Management 
Approaches 

Sphingosine 1-phosphate receptor modulat ors 

Gi lenya 

(fingolimod), 2010 

Relapsing forms 
of m ult iple 
sclerosis (RMS) 
in patients 10 
years of age and 

older 

0.25 to 0.5 mg orally 
daily depending on 

weight 

Infections, Progressive mult ifocal 

leukoencephalopat hy (PML), macular 
edema, posterior reversible 
encephalopathy syndrome (PRES), 
respiratory effects, liver inj ury, fetal 
ri sk, severe increase in disability after 

stopping fingolimod, increased blood 
pressure, tumefact ive MS, 
malignancies 

Assessments m ust be performed 
prior to initiat ion (CBC, ECG, liver 
function tests, review medicat ions 

and vaccinat ions) 

Fi rst-dose monitoring required (risk 
of bradyarrhythmia, at rioventri cular 
(AV) blocks) 

REMS w ith 
communication plan 

(released 2016) 

Labeling - Warnings 
and Precaut ions 

Labeling - Dosage 
and Administ rat ion 
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Mayzent 
(siponimod), 2019 

Zeposia 

(ozanimod), 2020 

Interferons 

Avon ex 
(interferon-beta

la), 1996 

Rebif (interferon

beta-la), 2002 

Plegridy (pegylated 
interferon-beta

la), 2014 

Betaseron, 1993; 
Extavia, 2009 
(interferon-beta
lb) 

Other MS Agents 

Copaxone, 1996; 
(glatiramer 

acetate) 

RMS 

RMS 

RMS 

RMS 

RMS 

RMS 

2 mg orally daily 
maintenance dose 
after an init ial t itration 

*Dose depends on 
CYP2C9 Genotype 

0.92 mg orally daily, 
after an init ial t itration 

30mcg 
intramuscularly 

weekly 

22 or44 mcg 
subcutaneously 3 
t imes per week 

125 mcg 
subcutaneously every 
14 days 

0.25 mg 
subcutaneously every 

other day 

20 mg subcutaneously 
once daily or 40 mg 3 
t imes per week at 
least 48 hours apart 

Infections, macular edema, 
bradyarrhythmia and AV conduct ion 

delays, respiratory effects, liver 
injury, increased blood pressure fetal 

ri sk, PRES, addit ive 
immunosuppressive effects from 
prior treatment with 

immunosuppressive agents, severe 
increase in disability after stopping, 
immune effects after stopping 

Assessments required prior to 
init iation (testing for CYP2C9 

genotype, CBC, ophthalmic 
evaluation, ECG, review medications 
and vaccinat ions, liver function 
tests), first dose monitoring required 
for patients w ith certa in pre-existing 
cardiac condit ions 

Same risks as above for Mayzent 

Assessments must be performed 
prior to initiation (CBC, ECG, liver 

function tests, ophthalmic 
evaluation, review medications and 
vaccinations 

Depression, suicide, hepatic injury, 
anaphylaxis and other allergic 
reactions, decreased peripheral 

blood counts, seizures, congestive 
heart fai lure (Avonex, Plegridy), 
thrombotic microangiopathy (Rebif, 
Plegridy), new autoimmune disorders 

- hyper/hypothyroidism, 
autoimmune hepatit is (Avonex, 
Plegridy) 

Hepatic injury, anaphylaxis and other 

allergic reactions, depression and 
suicide, congestive heart fa ilure, 
injection site skin necrosis and 
reactions, leukopenia, thrombotic 
microangiopathy, flu-like symptoms, 
drug-induced lupus erythematosus 

Immediate post-injection reaction, 
chest pain, lipoatrophy and skin 

necrosis at inj ection site, modify 
immune response 

Labeling - Warnings 
and Precautions 

Labeling 

Contraindications, 
Dosage and 
Administration 

Labeling - Warnings 
and Precautions 

Labeling - Dosage 
and Administration 

Labeling - Warnings 
and Precautions 

Labeling - Warnings 
and Precautions 

Labeling - Warnings 
and Precautions 
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Novantrone 
(mitoxantrone), 
2000 

Reducing 
neurologic 
disability and/or 
the frequency 
of clinical 
relapses in 
patients with 
secondary 
progressive, 
progressive 
relapsing or 
worsening 
relapsing-
remitting MS 

12 mg/m2 intravenous 
infusion every 3 
months 

Boxed Warning for cardiotoxicity, 
secondary acute 
myeloid leukemia 

Fetal harm 

Labeling - Boxed 
Warning 

Labeling – Warnings 
and Precautions 

Tysabri 
(natalizumab), 
2004 

RMS 300 mg IV infusion 
every 4 weeks 

Boxed Warning for PML 

Herpes infections, hepatotoxicity, 
hypersensitivity reactions (e.g. 
anaphylaxis), antibody formation, 
immunosuppression, infections 

REMS with 
medication guide 
and, elements to 
assure safe use; 
Labeling – Boxed 
Warning 

Labeling – Warnings 
and Precautions 

Aubagio 
(teriflunomide), 
2012 

RMS 7 mg or 14 mg orally 
once daily 

Boxed Warning for Hepatotoxicity, 
Embryofetal toxicity 

Accelerated elimination if co-
administered with cholestyramine or 
activated charcoal for 11 days, may 
decrease WBC, infections, peripheral 
neuropathy, acute renal failure, 
hyperkalemia, severe skin reactions 
including Stevens-Johnson syndrome, 
increased blood pressure 

Labeling – Boxed 
Warning 

Labeling – Warnings 
and Precautions 

Tecfidera RMS 120 mg orally twice Anaphylaxis and angioedema, PML, Labeling – Warnings 
(dimethyl daily for 7 days, then lymphopenia, liver injury and Precautions 
fumarate), 2013 240 mg orally twice 

daily 

Lemtrada 
(alemtuzumab), 
2014 

RMS, reserve 
for patients 
with inadequate 
response to two 
or more MS 
drugs, not 
indicated for 
clinically 
isolated 
syndrome 

Initial treatment of 
two courses 
administered by 
intravenous infusion 
over 4 hours: 
First course: 12 
mg/day for 5 days 

Second course (12 
months later): 12 
mg/day for 3 days 

Subsequent 
treatments (12 month 
intervals): 
12 mg/day for 3 days 

Boxed warning: serious and 
sometimes fatal autoimmune 
conditions, serious and life-
threatening infusion reactions 
(administration must occur in 
appropriate setting for monitoring), 
stroke, increased risk of malignancies 

Immune thrombocytopenia, 
glomerular nephropathies, thyroid 
disorders, other autoimmune 
cytopenias, autoimmune hepatitis, 
infections, PML 

REMS with 
communication plan 
and elements for safe 
use; Labeling – Boxed 
Warning 

Labeling – Warnings 
and Precautions 
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Ocrevus RMS and Start dose: 300 mg Infusion reactions, infections, Labeling – Warnings 
(ocrelizumab), primary intravenous infusion, malignancies and Precautions 
2017 progressive MS followed two weeks 

later by a 300 mg 
intravenous infusion 

Subsequent doses: 
600 mg every 6 
months 

Screening for viral hepatitis required 
prior to initiation, premedication 
with corticosteroid and antihistamine 
recommended 

Labeling – Dosage 
and Administration 

Mavenclad RMS 3.5 mg/kg Boxed Warning for malignancies and Labeling – Boxed 
(cladribine), 2019 administered orally 

and divided into 2 
treatment courses 

teratogenicity 

Malignancies, lymphopenia, 
infections, hematologic toxicity, graft 
vs host disease with blood 
transfusion, liver injury, 
hypersensitivity, cardiac failure 

Warning 

Labeling – Warnings 
and Precautions 

Labeling – Dosage 
and Administration 

Assessments required prior to each 
course 

Vumerity RMS 231 mg orally twice Anaphylaxis and angioedema, PML, Labeling – Warnings 

(diroximel daily for 7 days then lymphopenia, liver injury and Precautions 

fumarate), 2019 462 mg orally twice 
daily Blood tests required prior to 

initiation (CBC, liver tests) 
Labeling – Dosage 
and Administration 
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