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Objectives

There is an unmet need for effective treatments for progressive MS

Understanding the distinct pathophysiology of progressive MS is critical

Future therapies for progressive MS must:

Be CNS penetrant

Target smoldering inflammation

Address EBV infection

Address remyelination and repair

Attention to symptom management and lifestyle is also fundamental to 

comprehensive MS care for the progressive MS patient.



Case 1

► 52 y/o woman referred to MS with gradual 

onset of gait disturbance in 2014
► MRI with only a few lesions typical of MS in the 

brain

► LP with 12 OCB unique to CSF

► mimics negative

► DX: Primary progressive MS 



Case 1

► 25 foot timed walk in November 2014: 8.2 
seconds without assist

► Started on Copaxone

► In October 2015, 25 foot timed walk was 15 

seconds

► DMT switched to Rituxan 





Case 2

► 52 y/o man diagnosed with RRMS by me in 

2009

► Had severe initial relapse affecting medulla but 
had significant improvement. 

► Started on Rebif and did well for 5 years. 

► Did not have any future relapses, but did start 

to progressively worsen in 2014

► in 2012, 25 ft timed walk was 3.5s

► in 2014, 25 ft timed walk was 6 seconds

► Secondary progressive MS





Case 3

► 50 y/o woman referred for evaluation for 

possible MS in September 2019

► In January 2019, developed blurry vision that 

progressed to double vision

► In May 2019, developed gait imbalance
► exam with bilateral INO, ataxia and 25ft timed 

walk 7.2 seconds

► LP with 2 OCB unique to CSF and elevated IgG 

index 

► VEPs slow bilaterally 

► MRI brain with demyelination t/o 

► Started on Ocrevus

► Either SPMS or PPMS 





Case 4

► 51 y/o man presented to our MS Center in 2017 to 

establish care. 

► Initially had optic neuritis 1989--confirmed by 

ophthalmologist; improved slightly.

► Then developed leg numbness in March 1991. No 

LP was done.  No DMT at first.  Improved again

► Describes a progressive course t/o the 1990s. 

► Secondary progressive MS 

► Finally started Betaseron 1999 (10 years after 

initial demyelinating event).

► Stopped betaseron in 2005 after cellulitis 

associated with injection–no DMT since 

► Started Rituxan in 2017





Phenotypes of Multiple Sclerosis
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Pathophysiology



FROHMAN EM ET AL. N ENGL J MED 
2006;354:942-955.

PROGRESSIVE MS PATHOLOGY

Compartmentalized inflammation 

behind an intact blood-brain barrier

Cortical demyelination 

Meningeal lymphoid follicles 

Microglial activation

Reactive oxygen species which are toxic to axons 

and neurons

Axonal mitochondria become injured by reactive 

O2 species and NO

Energy deficiency in the mitochondrial respiratory 
chain leads to axonal degeneration and cell death



Pathology of 

Progressive MS

► Compartmentalized inflammation with B cell 

follicles

► Closed BBB

► Axonal degeneration

► Activated microglia

► Mitochondrial injury, oxidation byproducts, 

glutamate excitotoxicity all which lead to further 

demyelination and cell death 



Serafini et al. Brain Pathology 2004 

Apr;14(2):164-74

► 2004, Serafini et al

► First report showing that meninges 

of MS (post-mortem brains) 

patients with progressive MS filled 

with inflammation

► Inflammation was largely observed 

to be B cells

► Often very organized with germinal 

centers

► These organized clusters of B cells 

are called “Ectopic B cell follicles”



PATHOLOGY—2007
SEREFINI B ET AL. DYSREGULATED EPSTEIN-BARR 
VIRUS INFECTION IN THE MULTIPLE SCLEROSIS 
BRAIN. J EXP MED. 2007. NOV 26; 204(12): 2899-
912





Diagnosis of Progressive MS





Amezcua, L. Continuum, 2022



Treatment of Progressive MS



Disease Modifying Therapies



2019-2021 

► 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

MS: Disease Modifying Therapies

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



Common features 

of DMT trials that 

showed efficacy in 

PMS

► Patients were younger in age

► Disease duration was shorter

► More evidence of MRI activity (gad + lesion or 

new or expanding T2 lesions) 

► Progressive phase more recent in onset 



Ideal 

characteristics 

of PMS 

treatments

► Targets smoldering inflammation

► CNS penetration

► Anti-EBV

► Remyelination

► Neuroprotection

► Prevention—EBV vaccine?



Symptom Management



Multiple Sclerosis can 
affect any area of 
brain or spinal cord



Symptoms of 

MS

► Fatigue

► Spasticity

► Gait Disturbance

► Depression

► Tremor

► Sexual Dysfunction

► Cognitive Issues

► Pain

► Swelling

► Pressure Sores

► Bone Health

► Bladder and 

Bowel

► Involuntary 

Emotion



Principals of 

MS Symptom 

management

4. Equipment / Devices as necessary

3. Medication as necessary

2. Wellness / pro-active approach to 
symptom

1. Avoidance of offending trigger of 
symptom



Lifestyle in Progressive MS



Vascular Risk 

Factors

► 2010 study showed that having a vascular risk 

factor was associated with a significantly 

greater risk of disability

► 9,000 patients with MS participated—answered 
survey in NARCOMS registry

► People with 2 or more vascular risk factors had 

200 times greater risk of disability from MS than 

did people with no vascular risk factors. 

► Several other studies have since shown similar 

relationship between vascular risk factors and 

increased disability in MS



Smoking



Exercise 

► Researches from French and German MS 
Centers performed functional MRI  looking at 

functional connectivity before and after an 

exercise program

► RESULTS: After 3 months of exercise program, 

patients had significant increase in connectivity 

on brain MRI

► presented ECTRIMS in October 2017



Diet

► Several diets studied including modified paleo 
and plant based.  Unclear which is better at this 

point.  

► I recommend a Mediterranean diet –high in 

fruits, vegetables and healthy fats.  Low in sugar 

and red meat.  No highly processed foods. 

► And vitamin D supplementation 



Research in Progressive MS



Ideal 

characteristics 

of PMS 

treatments

► Targets smoldering inflammation

► CNS penetration

► Anti-EBV

► Remyelination

► Neuroprotection

► Prevention—EBV vaccine?



PMS 

Phenotype

Intervention Phase / Design MOA

PPMS Intrathecal AUOC-01 1a, open label Cells from umbilical cord blood 

remyelination

PPMS Tolebrutinib 3, randomized, 

placebo 

BTKi 

PPMS, Long-acting glatiramer 

acetate IM -- monthly

2, two dosing 

arms

IM delivery of GA via microspheres

PPMS,SPMS ATA188 IV 2, placebo first 

year

Allogeneic, EBV-specific CD8+ T-cells  

PPMS Oral Fenebrutinib 3, double blind, 

double dummy 

(Ocrevus)

BTKi

PPMS, SPMS Metformin 500mg QID 1, placebo Neuroprotection



PMS Phenotype Intervention Phase / Design MOA

SPMS Simvastatin 80mg daily 3, placebo Neuroprotection

SPMS Masitinib oral 3, placebo Tyrosine kinase, targets mast cells and 

microglia

SPMS, PPMS, 

RRMS

Ixazomib oral 1, placebo Proteasome inhibitor, Targets plasma cells

SPMS OCH-NCNP1 3mg 2, placebo Suppress Th1 and induce Th2

PPMS, SPMS N-acetyl cysteine 2, placebo Neuroprotective



ATA-188 

• Atara Biotherapeutics

• Phase-1,2 study in progressive multiple sclerosis 

• First cellular therapy trial in MS

• Rationale based on new theory that a failure to 
manage Epstein-barr virus leads to MS

• Donor T-cells stimulated against EBV, expanded in 
vitro, and stored in a cellular, HLA-sorted “library” 

• HLA-matched, EBV-specific T-cells given to 
research participants with progressive MS

• We have enrolled 8 patients with PMS into this 
study



Lipoic Acid 

in SPMS

► Lipoic Acid is a potent antioxidant, available 

OTC

► Improves MS in mouse model

► Study: 2 years, 1200mg/day of Lipoic Acid 

compared to placebo

► 51 patients, secondary progressive MS

► Lipoic Acid group had reduction in brain 

atrophy

► Larger study being planned



Case 1

► 25 foot timed walk in November 2014: 8.2 

seconds without assist

► Started on Copaxone
► In October 2015, 25 foot timed walk was 15 

seconds

► DMT switched to Rituxan 

► At the next visit, 25 foot timed walk was 9 

seconds and she stabilized on Rituxan for 3 

years, but then has steadily progressed since. 

► Non-ambulatory for past 5 years 



Case 2

► 52 y/o man diagnosed with RRMS by me in 

2009

► Had severe initial relapse affecting medulla but 

had significant improvement. 
► Started on Rebif and did well for 5 years. 

► Did not have any future relapses, but did start 

to progressively worsen in 2014

► in 2012, 25 ft timed walk was 3.5s

► in 2014, 25 ft timed walk was 6 seconds

► in 2023, 25 ft timed walk was 18s with walker 

► Has been on multiple DMTs including Rituxan, 

Cladribine, Tecfidera 
► Filed for disability in 2014



Case 3

► 50 y/o woman referred for evaluation for 

possible MS in September 2019

► In January 2019, developed blurry vision that 

progressed to double vision

► In May 2019, developed gait imbalance
► exam with bilateral INO, ataxia and 25ft timed 

walk 7.2 seconds without assist

► LP with 2 OCB unique to CSF and elevated IgG 

index 

► VEPs slow bilaterally 

► MRI brain with demyelination t/o 

► Sarted on Ocrevus 

► In 2023, 25ft timed walk 8.3s with rollator
► Still working full time 



Case 4

► 51 y/o man with SPMS diagnosed in 1991

► Started Rituxan which he took for few years that 

made no difference

► Referred for IT baclofen pump-very helpful

► Now largely bedbound with stage 4 pressure ulcers, 

SP catheter.

► Virtual care has been invaluable 

► Focus on supportive and comprehensive care –

social workers, equipment, home health, palliative 

care, home provider visits, NMSS support. 

► Still working as a college professor 



Final thoughts

Unmet need to find effective treatments for progressive MS

Treatments that are highly effective for RRMS are only marginally effective for 

progressive forms of MS 

Treatment of various MS symptoms is critical in patients with progressive MS

Attention to lifestyle also very important 

Future therapies must: 

Be CNS penetrant

Target smoldering inflammation

Address EBV infection

Address remyelination and repair



Thanks!  


