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Objectives



Multiple Sclerosis Background

 ~ 1 million patients in US
 One of the leading causes of atraumatic

disability in young adults
 Age of onset 20-40
 Females > males
 Determinants of more severe long-term

disability – male sex, non-Caucasian
populations, older age at onset, spinal cord
syndrome at onset, high early relapse rate



Pathogenesis

 General population risk 0.1%
 Genetic susceptibility
 1st degree 2-5%; Monozygotic twins – 20-30%

risk
 HLA-DRB1*1501 – 3 fold increased odds

 Environmental Factors
 EBV
 UV exposure and Vitamin D
 Obesity
 Smoking – dose dependent



MS Diagnosis



Typical Presenting Syndromes

 Optic neuritis
 Unilateral, pain with eye movement,

central blurring
 Brainstem syndromes
 Trigeminal neuralgia
 INO

 Cerebellar syndromes
 Ataxia, nystagmus

 Transverse Myelitis
 Partial myelitis, Lhermitte’s sign,

sensory loss > motor loss



 Small vessel disease
 NMOSD
 MOGAD
 Acute Demyelinating Encephalomyelitis (ADEM)
 Neurosarcoidosis
 Idiopathic Intracranial Hypertension (IIH)
 Behcet’s
 Other CNS manifestations of Rheumatologic disease
 Cerebral Autosomal Dominant Arteriopathy with Subcortical

Infarcts and Leukoencephlaopathy (CADASIL)
 Neoplasm
 Migraines

Differential Diagnosis



 MRI brain, cervical and thoracic spine with and
without contrast
 +/- CSF for oligoclonal bands
 Mimic testing

 MOG and NMO testing
 +/- more systemic autoimmune work-up

 Vitamin D levels

Diagnostic Evaluation
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Diagnostic Criteria Over Time

1st Clinical description CSF and evoked
potentials
Diagnostic categories

MRI for DIS/DIT

Added OCBs for DIT

1st formal criteria



MS Diagnosis – 2017 Criteria

 Dissemination of a central demyelination
syndrome in TIME and SPACE
 ~85% sensitivity and specificity



MS Diagnosis – 2017 Criteria

Space (Dissemination in Space – DIS)
 Detection of lesions in at-least two of

these distinct anatomic locations
 Juxtacortical/Cortical
 Periventricular
 Infratentorial
 Spinal Cord



MS Diagnosis – 2024 Criteria

Space (DIS)
 Detection of lesions in at-least two of

these distinct anatomic locations
 Juxtacortical/Cortical
 Periventricular
 Infratentorial
 Spinal Cord
 Optic nerve
 MRI, OCT, VEP



MS Diagnosis – 2017 Criteria

 Time (Dissemination in Time - DIT)
 Discrete events separated in time
 Gd+ and Gd- lesions on MRI
 MRI changes over time
 Oligoclonal bands



MS Diagnosis – 2024 Criteria

 Time (Dissemination in Time - DIT)
 Discrete events separated in time
 Gd+ and Gd- lesions on MRI
 MRI changes over time
 Oligoclonal bands

Dissemination in time no longer
necessary



MS Diagnosis – 2024 Criteria – New
Supportive Evidence

 Central Vein Sign
 Paramagnetic Rim Lesions
 Kappa Free Light Chain



Central Vein Sign

 Highly sensitive and
specific for MS
 Best seen with iron

sequences – T2*

Sati, P., Oh, J., Constable, R. et al. The central vein sign and its clinical evaluation for the diagnosis of multiple sclerosis: a consensus statement from the North American Imaging in Multiple
Sclerosis Cooperative. Nat Rev Neurol 12, 714–722 (2016). https://doi.org/10.1038/nrneurol.2016.166



Paramagnetic Rim Lesions

 Susceptibility weighted sequences
 Iron accumulation in microglia

Hemond CC, Baek J, Ionete C, Reich DS. Paramagnetic rim lesions are associated with pathogenic CSF profiles and worse clinical status in multiple sclerosis: A retrospective cross-sectional
study. Mult Scler. 2022 Nov;28(13):2046-2056. doi: 10.1177/13524585221102921. Epub 2022 Jun 24. PMID: 35748669; PMCID: PMC9588517.



Kappa Free Light Chains

 Indicates intrathecal immunoglobulin production
 More accessible than oligoclonal bands
 More cost effective than oligoclonal bands



Moccia, M., Ciccarelli, O. & Thompson, A. Implementation of the 2024 revision of the McDonald criteria for multiple sclerosis. Nat Rev Neurol (2025). https://doi.org/10.1038/s41582-025-01141-3



And no better explanation!

Red Flags
 Severe optic neuritis
 Bilateral optic neuritis
 LETM
 Complete spinal cord lesions / LETM
 Encephalopathy
 Cranial nerve involvement
 CSF pleocytosis
 Systemic symptoms



Case
 A 35-year-old woman with a history of hypertension and prior diagnosis of

MS was seen to establish care in a specialty MS center
 History of frequent falls, fatigue, and visual difficulties described as pain

involving both eyes beginning 10 years ago



Small vessel ischemic disease



 Higher risk for misdiagnosis
 Age 50 years and older
 Comorbidity – HTN, smoking, diabetes, HLD

 MRI changes seen in migraine, small vessel
disease
 Additional tests or further evidence strongly

recommended
 Spinal cord lesions
 Positive CSF
 Central vein sign

Special Considerations Based on Age and Comorbidity



Case

 27 yo female presents with blurry vision, OS.
Symptoms preceded by pain with eye movement
 Diagnosed with optic neuritis and treated with

IVMP



Case

 Does she fulfill criteria?

Yes



Case

 26 year-old woman with persistent headaches and
neck pain after a car accident
 Otherwise healthy, no other past medical history
 Neurological exam normal
 PCP orders MRIs for further evaluation



Case



Radiologically Isolated Syndrome

 Presence of demyelinating changes on MRI
of brain or spinal cord done for evaluation of
a condition other than MS or typical
demyelinating symptoms

 Lesions should be T2 hyperintense, ovoid,
and well circumscribed located in typical
regions

 Risk high for RRMS if:
 Younger age
 Male sex
 Cord or infrantentorial lesion
 +Gd
 OCBs

Lebrun-Frénay C, Okuda DT, Siva A, et al. The radiologically isolated syndrome: revised diagnostic criteria. Brain. 2023 Aug 1;146(8):3431-3443. doi: 10.1093/brain/awad073. PMID: 36864688; PMCID: PMC11004931.
Lebrun-Frenay C, Kantarci O, Siva A, Azevedo CJ, Makhani N, Pelletier D, Okuda DT. Radiologically isolated syndrome. Lancet Neurol. 2023 Nov;22(11):1075-1086. doi: 10.1016/S1474-4422(23)00281-8. Epub 2023 Oct 12. PMID: 37839432.



Radiologically Isolated Syndrome

Lebrun-Frenay C, Kantarci O, Siva A, Sormani MP, Pelletier D, Okuda DT; 10-year RISC study group on behalf of SFSEP, OFSEP. Radiologically Isolated Syndrome: 10-Year Risk Estimate of a Clinical Event. Ann Neurol. 2020 Aug;88(2):407-417. doi:
10.1002/ana.25799. Epub 2020 Jun 29. PMID: 32500558.



2024 – RIS to RRMS

Montalban X, Lebrun-Frénay C, Oh J, Arrambide G, et al. Diagnosis of multiple sclerosis: 2024 revisions of the McDonald criteria. Lancet Neurol. 2025 Oct;24(10):850-865. doi: 10.1016/S1474-4422(25)00270-4. Erratum in: Lancet
Neurol. 2025 Sep 23:S1474-4422(25)00355-2. doi: 10.1016/S1474-4422(25)00355-2. PMID: 40975101.



Summary

 Optic nerve is new 5th anatomical location
 Central vein sign and paramagnetic rim lesions

added as supportive evidence on imaging
 Kappa free light chain in CSF added as supportive

evidence
 Easier for RIS to be called RRMS
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Treatment Updates



Bruton Tyrosine Kinase Inhibitors

 Tolebrutinib (Sanofi)
 HERCULES – non-relapsing SPMS

confirmed disability progression
reduced by 31%
 GEMINI – relapsing – no significant

change compared to comparator
 Fenebrutinib (Roche)
 Remibrutinib (Novartis)

Fox RJ, Bar-Or A, Traboulsee A, Oreja-Guevara C, Giovannoni G, Vermersch P, Syed S, Li Y, Vargas WS, Turner TJ, Wallstroem E, Reich DS; HERCULES Trial Group. Tolebrutinib in Nonrelapsing Secondary Progressive Multiple Sclerosis. N Engl J Med. 2025 May 15;392(19):1883-
1892. doi: 10.1056/NEJMoa2415988. Epub 2025 Apr 8. PMID: 40202696.
Oh J, Arnold DL, Cree BAC, Ionete C, Kim HJ, Sormani MP, Syed S, Chen Y, Maxwell CR, Benoit P, Turner TJ, Wallstroem E, Wiendl H; Tolebrutinib Phase 3 GEMINI 1 and 2 Trial Group. Tolebrutinib versus Teriflunomide in Relapsing Multiple Sclerosis. N Engl J Med. 2025 May
15;392(19):1893-1904. doi: 10.1056/NEJMoa2415985. Epub 2025 Apr 8. PMID: 40202623.
Bar-Or A, Dufek M, Budincevic H, Drulovic J, Habek M, Hua LH, Weber MS, Thomas P, Napieralski J, Mitzner MC, Ratchford JN, Clayton D, Harp CT, Kuruvilla D, Qi Q, Chen YF, Xu Y, Goodyear A, Oh J; FENopta Study Group. Safety and efficacy of fenebrutinib in relapsing
multiple sclerosis (FENopta): a multicentre, double-blind, randomised, placebo-controlled, phase 2 trial and open-label extension study. Lancet Neurol. 2025 Aug;24(8):656-666. doi: 10.1016/S1474-4422(25)00174-7. PMID: 40683275.
Nuesslein-Hildesheim B, Ferrero E, Schmid C, Huck C, Smith P, Tisserand S, Rubert J, Bornancin F, Eichlisberger D, Cenni B. Remibrutinib (LOU064) inhibits neuroinflammation driven by B cells and myeloid cells in preclinical models of multiple sclerosis. J Neuroinflammation.
2023 Aug 26;20(1):194. doi: 10.1186/s12974-023-02877-9. PMID: 37633912; PMCID: PMC10463946.



Other Emerging Treatments

 Frexalimab – Anti-CD40 Ligand
 Forulumab – Anti-CD3 monoclonal antibody

 SPMS
 Intranasal

 CNM-AU8 – Gold nanoparticles – remyelination
 Stem Cell Therapies

Vermersch P, Granziera C, Mao-Draayer Y, Cutter G, Kalbus O, Staikov I, Dufek M, Saubadu S, Bejuit R, Truffinet P, Djukic B, Wallstroem E, Giovannoni G; Frexalimab Phase 2 Trial Group. Inhibition of CD40L
with Frexalimab in Multiple Sclerosis. N Engl J Med. 2024 Feb 15;390(7):589-600. doi: 10.1056/NEJMoa2309439. PMID: 38354138.
Chitnis T, Singhal T, Zurawski J, Saraceno TJ, Gopalakrishnan N, Cain L, LaBarre B, King D, Bergmark RW, Maxfield AZ, Cicero S, Pan H, Dubey S, Vaquerano S, Hansel C, Healy B, Saxena S, Lokhande H,
Baharnoori M, Madill E, Sheth M, Rodin R, Ye J, Clementi N, Clementi WA, Weiner HL. Nasal foralumab treatment of PIRA induces regulatory immunity, dampens microglial activation and stabilizes clinical
progression in non-active secondary progressive MS. medRxiv [Preprint]. 2025 May 3:2025.04.30.25326602. doi: 10.1101/2025.04.30.25326602. PMID: 40657312; PMCID: PMC12248159.
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