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Multiple Sclerosis
  
Commonest, disabling disease of young adults

Affects 1,000,000 people in the US 





MS  
Epidemiology

 Prevalence 
 Highly variable worldwide

 3:1 Female : Male ratio

 Age of Onset: Usually starts in 30s but onset can 
range from age 5 to 65



MS Risk 
Factors

 Geographic latitude
 Vitamin D deficiency
 EBV / History of mononucleosis
 Tobacco use
 Adolescent obesity
 Family History





Inflammation in the Brain in MS
 Cells: T cells , B cells , Microglia
 Antibodies
 Compartmentalized 
 Smoldering inflammation

.

Frohman EM et al. N Engl J Med 2006;354:942-955
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Primary Progressive MS
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Approach to DMT 
Decisions
 There are many DMT options available in past 7 years 
 Patients and providers may have different goals 
 Shared-decision making is essential
 Dedicated treatment visit is useful
 Considerations include:  

 Effectiveness
 Safety
 Tolerability
 Individual Risk Tolerance
 Convenience 
 Cost 



1993-2018

 interferon beta-1b (Betaseron)-1993
 interferon beta-1a (Avonex) --1996
 glatiramer acetate (Copaxone)—1996
 mitoxantrone (Novantrone)--2000
 interferon beta-1a (Rebif)—2002
 natalizumab (Tysabri)–2006
 fingolimod (Gilenya)–2010
 teriflunomide (Aubagio)–2012
 dimethyl fumarate (Tecfidera)--2013
 peginterferon beta-1a (Plegridy)–2014
 alemtuzumab (Lemtrada)—2014
 ocrelizumab (Ocrevus)—2017

2019-2024 

 siponimod (Mayzent) 2019
 cladribine (Mavenclad) 2019
 diroximel fumarate (Vumerity)--2019
 monomethyl fumarate (Bafiertam)–2020
 ozanimod (Zeposia)—2020
 ofatumumab (Kesimpta)—2020
 ponesimod (Ponvory)—2021
 ublituximab (Briumvi) – 2022
 natalizumab-sztn (Tyruko) --2023

MS: Disease Modifying Therapies (DMT)



siponimod (Mayzent) - 2019

MOA S1P 1&5 selective modulator, blocks lymphocytes egress from LN
ARR 55% reduction in ARR v placebo

Disability 21% RR reduction in time to 3mCDP v placebo

MRI 81% RR in number of new or enlarging T2 lesions

Route, Frequency Daily, po, starter pack for most 

Safety Infections, Crypto, VZV, PML, macular edema, bradyarrhythmia, PRES, 
cutaneous malignancies

Side effects HA, HTN

Other Discontinuation syndrome
Eye exam if hx of DM or uveitis
Skin checks



cladribine (Mavenclad) - 2019

MOA Selective depletion of T and B lymphocytes;  

ARR 58% RR reduction in ARR v placebo

Disability 33% reduction in 3mCDP v placebo

MRI 73% reduction in new T2 lesions v placebo

Route, Frequency 8-10 days of oral medication per year for 2 years; weight 
based

Safety Malignancy in clinical trial (no malig in placebo group; 
lymphopenia, VZV, teratogenic

Side effects Headache, lymphopenia



diroximel fumarate (Vumerity) - 2019

MOA NRF2 activator, anti-oxidant effect
Prodrug of monomethyl fumarate

ARR Based on bioavailability studies with dimethyl fumarate

Disability Based on bioavailability studies with dimethyl fumarate

MRI Based on bioavailability studies with dimethyl fumarate

Route, Frequency po, BID

Safety PML, VZV, angioedema, lymphopenia

Side effects Flushing, GI effects, indigestion



monomethyl fumarate (Bafiertam) -2020

MOA NRF2 activator, anti-oxidant effect
ARR, disability, MRI Based on bioequivalence studies with dimethyl fumarate

Route, Frequency po, BID

Safety PML, VZV, angioedema, lymphopenia

Side effects Flushing, GI effects, indigestion



ozanimod (Zeposia) - 2020

MOA S1P 1&5 modulator, blocks lymphocytes egress from LN
ARR 48% reduction in ARR v Avonex

Disability No sig difference in 3m CDP between groups

MRI 63% reduction in mean t1Gd+ lesions v Avonex

Route, Frequency Daily, po, 7-day titration 

Safety Infection, HSV, VZV, crypto, PML, HTN, cutaneous malignancy, 
macular edema, fetal risk

Side effects HTN

Other Discontinuation syndrome



ofatumumab (Kesimpta) - 2020

MOA Anti-CD20, B-cell depletion
ARR 58% ARR reduction v. Aubagio

Disability 34% reduction in 3mCDP v Aubagio

MRI 98% reduction of mean # new gd+ T1 lesions

Route, Frequency Monthly, sq

Safety Rare serious infections (2%) 

Side effects ISR (10%), 

Other Weekly titration x 3 weeks;  check Hep B



ponesimod (Ponvory) - 2021

MOA S1P1 receptor 1 & 5 modulator; blocks lymphocytes egress from LN
ARR 30% reduction in ARR v Aubagio

Disability no difference v Aubagio in time to 3mCDP

MRI 59% reduction in new T1Gd+ lesions v Aubagio

Route, Frequency Daily, po

Safety Infection, HSV, VZV, crypto, PML, HTN, cutaneous malignancy, macular 
edema, fetal risk

Side effects HTN, increased LFT

Other Contraindicated in patients 2nd or 3rd degree AV block; or hx MI, angina , 
stroke or TIA
Discontinuation syndromes



ublituximab (Briumvi) - 2022

MOA anti-CD20, glycoengineered, B-cell depleting
ARR 59% reduction in ARR v Aubagio

Disability Lower CDP at 12 weeks but no sig

MRI 97% reduction in T1Gd+ lesions v Aubagio

Route, Frequency IV, q 6 mo, 1 hour infusion

Safety Infusion reactions -48%, 
3 dealths – post measles encephalitis, pneumonia and 
salpingitis after ectopic

Side effects Infusion reactions

Other First dose of 150mg, then 450mg IV dose 2 weeks later; 



natalizumab –sztn (Tyruko) - 2023

MOA Binds a4-integrin, inhibiting migration of immune 
cells across BBB

ARR , Disability, ARR Extrapolated approval based on bio similarity with 
Tysabri

Route, Frequency IV, monthly

Safety PML

Side effects 

other First biosimilar in RRMS



DMT by Mechanism of Action
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DMT by Route of Administration 

Injectable Oral Intravenous Infusion
Avonex
Betaseron
Copaxone
Extavia
Glatopa
Kesimpta
Plegridy
Rebif

Aubagio
Bafiertam
Gilenya
Mavenclad
Mayzent
Ponvory
Tecfidera
Vumerity
Zeposia

Briumvi
Lemtrada
Novantrone
Ocrevus
Tysabri
Tyruko
Rituxan



DMT by Efficacy

Platform Therapies Moderate Efficacy High-efficacy
Avonex
Betaseron
Copaxone
Extavia
Glatopa
Plegridy
Rebif

Aubagio
Bafiertam
Gilenya
Mayzent
Ponvory
Tecfidera
Vumerity
Zeposia

Mavenclad
Briumvi
Lemtrada
Ocrevus
Tysabri
Tyruko
Rituxan
Kesimpta
Lemtrada



DMT by Risk  

Lowest risk Highest-Risk

Copaxone
Glatopa
Avonex
Betaseron
Plegridy
Rebif
Extavia

Aubagio Mavenclad
Briumvi
Ocrevus
Tysabri
Tyruko
Rituxan
Kesimpta
Bafiertam
Gilenya
Mayzent
Ponvory
Tecfidera
Vumerity
Zeposia

Lemtrada
Novantrone



 Principals of DMT Decisions 
 Treat early 
 High-efficacy DMT early more likely to 

prevent disability later on average
 Individualize treatment decisions 

 Considerations include:  

 Effectiveness
 Safety / Risk 
 Individual Risk Tolerance of patient
 Tolerability
 Convenience 
 Cost 



1993-2018

 interferon beta-1b (Betaseron)-1993
 interferon beta-1a (Avonex) --1996
 glatiramer acetate (Copaxone)—1996
 mitoxantrone (Novantrone)--2000
 interferon beta-1a (Rebif)—2002
 natalizumab (Tysabri)–2006
 fingolimod (Gilenya)–2010
 teriflunomide (Aubagio)–2012
 dimethyl fumarate (Tecfidera)--2013
 peginterferon beta-1a (Plegridy)–2014
 alemtuzumab (Lemtrada)—2014
 ocrelizumab (Ocrevus)—2017

2019-2024 

 siponimod (Mayzent) 2019
 cladribine (Mavenclad) 2019
 diroximel fumarate (Vumerity)--2019
 monomethyl fumarate (Bafiertam)–2020
 ozanimod (Zeposia)—2020
 ofatumumab (Kesimpta)—2020
 ponesimod (Ponvory)—2021
 ublituximab (Briumvi) – 2022
 natalizumab-sztn (Tyruko) --2023

MS: Disease Modifying Therapies (DMT)



New DMTs in 2024? 

 Tolebrutinib 
 BTKi – Bruton’s Tyrosine Kinase inhibitor 

 Oral, CNS penetrant 
 Inhibits BTK expressed in microglia and B cells 
 Microglia drive CNS inflammation in MS

 Phase-2 study in RMS 
 Novel design using MRI data as primary outcome
 At 12 weeks, there was a significant dose-dependent reduction in number of new Gd+T1 

lesions; well tolerated and safe

 Now in phase 3 trials for RRMS, SPMS, PPMS
 Data from phase 3 trials expected this summer;



MS Research 
Landscape

 Immunotherapy

 Repair / Remyelination

 Cure 



Immunotherapy: BTKi
 Multiple BTKi in phase 3 trials for 

ALL forms of MS
 Tolebrutinib
 Fenobrutinib
 Remibrutinib
 Masitinib

 Evobrutinib trials in RRMS failed – 
December 2023



Immunotherapy: Frexalimab

 Phase 2 study 
 89% reduction in new enhancing MRI lesions at 12 weeks 

 Relapsing-remitting MS

 Monthly infusions

 Well tolerated

 New mechanism of action – blocks CD40/CD40L pathway which impairs 
immune cell function without depleting them  

 Studies in relapsing and progressive MS underway 



Immunotherapy: 
ANK700
 In phase 1 trials – MoveS-it
 Concept of “inverse vaccine” 
 Reintroduce the “friendly self 

protein” to encourage immune 
system to ignore it instead of 
attack

 A myelin protein is part of ANK700



Repair / Remyelination

 Clemastine – ReBuild Trial
 May 2023 paper in PNAS
 Stimulates the differentiation 
     of myelin producing cells
 Sedating, anti-histamine



Repair / Remyelination

OCTOPUS Trial (UK) and PLATYPUS Trial (Australia)
Progressive MS – primary and secondary   
Multi-arm, multi-state (MAMS) trial design 
 Testing multiple drugs at once
Patient randomized to one of three groups: 
  Metformin or Lipoic Acid or Placebo
Metformin has been shown to have remyelinating 
potential in MS
Lipoic Acid has been shown to be neuroprotective 
in MS in phase 2





Epstein-barr virus

 Human herpes virus 4
 Ancient virus that has co-evolved with hosts over the 

past 100 million years
 Infects 97% of all humans
 Causes mononucleosis
 Establishes lifelong latency and intermittent 

reactivation after primary infection

 EBV virus infects B-cells and clones them
 In healthy EBV carriers, infected B cells and 

controlled by the immune system
 In EBV carriers with MS, infected B-cells escape 

control



Prospective study in the 
department of defense using 
stored blood samples

810 MS patients who 
developed MS after they 
enrolled in DOD and 1577 
matched controls

EBV seroconversion (going 
from EBV negative to EBV 
positive) associated with a 32 
fold higher risk of developing 
MS



Key Take 
Aways

 EBV infects B cells
 B cells are fundamental to MS pathophysiology
 MS develops in those who cannot manage the 

common infection
 New clinical trials for MS that target EBV include:

 Anti-viral medication

 EBV vaccines



CAR-T cell



 CAR-T CELL THERAPY
 In 2022, CAR T cell trial in 

severe, treatment refractory 
lupus.   ALL treated patients 
went into remission 

 Multiple efforts ongoing to 
develop anti-CD19 CAR-T cell 
therapy in MS
 Last week, Kyverna granted 

fast track status by FDA to 
pursue CAR T in MS (KYV-101).  



Stem Cell 

2023 publication looking at 231 patients with 
RRMS who underwent aHSCT in Sweden. 

5.5 years median follow up duration

73% achieved NEDA (no evidence of disease 
activity) 

No deaths.  Grade 3 Adverse Events 1.7% of 
patients. 

This treatment is ONLY proven in relapsing MS 

 BEAT-MS trial underway in US
 Compares aHSCT to high efficacy therapies 



Final 
Thoughts

 We MUST find more effective treatments for 
progressive MS

 MS cure also means to restore function that has 
been lost

 Future therapies must: 
•  Penetrate the brain
•  Target smoldering inflammation
•  Address EBV infection
•    Address remyelination and repair
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