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Introduction to 
Multiple Sclerosis (MS)

• Chronic autoimmune disease
• Progressive disease
• Involves Immune System & Neurological 

System 
• Multifocal areas of demyelination
• Disrupts ability of the nerve to conduct 

electrical impulses
• Leads to symptoms





Epidemiology of MS
• Age onset 20 – 50 years old
• Women are 2 times more likely to develop MS
• 500,000 cases in US
• Over 2.5 million people around the world
• More prevalent whites of northern European 

ancestry
• 110/100.000 occurrence
• Vitamin D3
• Genetic Influences









MRI patterns

























Symptoms of MS
• Vision problems
• Numbness
• Difficulty walking
• Fatigue
• Depression
• Emotional changes
• Vertigo & dizziness
• Sexual dysfunction

• Coordination 
problems

• Balance problems
• Pain
• Changes in cognitive 

function
• Bowel/bladder 

dysfunction
• Spasticity























































Types of MS
• Relapsing-remitting MS (RRMS)

– Affects 85% of newly diagnosed
– Attacks followed by partial or complete recovery
– Symptoms may be inactive for months or years

• Secondary-progressive MS (SPMS)
– Occasional relapses but symptoms remain 

constant, no remission
– Progressive disability late in disease course







Types of MS
• Primary-progressive MS (PPMS)

– Affects approximately 10% of MS 
population

– Slow onset but continuous worsening 
condition

• Progressive-relapsing MS (PRMS)
– Rarest form 
– Affects approx. 5%
– Steady worsening of condition 

at onset







Other Factors 
Influencing MS

• Vitamin D deficiency
– Vitamin D3 receptor important in immune function
– Present on T regulator cells

• Infectious Mono/EBV
– 99% of MS patients have EBV titers
– Usually higher than in HC
– Pseudo follicles in meninges containing B cells showing ENA antigen
– EBER RNA found in inflammatory lesions 
– Protein stimulates Toll 3 receptors which release proinflammatory interferons
– In inflammatory lesions T cells found surrounding B cells containing ENA antigen

• Genetics
– HLA DRB2 *1503 allele 2x risk factor
– IL 2 receptor
– IL 7 receptor
– 50 new candidates genes each with low risk factors



Vitamin D

• Vitamin D is a lipophilic vitamin 
synthesized by the conversion of 7 
dehydrocholesterol to Vitamin D in 
the skin by ultraviolet radiation from 

the sun usually.



Role of Vitamin D in MS
Background Information

1. US cohort study found that 3.5 times more women residing in northern states were diagnosed 
with MS than southern states

2. Incidence of MS highest in North Temporal Climate

3. MS more prominent in areas reporting less than 2000 hours of sunshine annually

4. MS displays seasonable variability with increased activity in the Spring and lowest in the Fall.

5. A Finnish study found in MS patients lower serum vitamin D levels in the Spring.

6. A line between dietary intake of vitamin D and the incidence of MS has been suggested in 
Norway along the coastal areas where fatty fish, dairy products, and cereals are all fish in 
vitamin D consumed in higher amounts. The incidence is lower then the rest of Norway.

7. Dietary information from the Nurse�s Health Study of 187,000 women showed those with a 
history of vitamin D supplementation as low as 400 units daily had a 40% less chance of 
developing MS.

8. Levels of 11 25 hyroxy D3 and 1



Diseases to rule out
• Viral infections
• Lyme disease
• B12 deficiency
• CVA
• Lupus
• Rheumatoid arthritis
• Other connective 

tissue disorders

• Vasculitis
• Syphilis
• Tuberculosis
• HIV
• Sarcoidosis



Medications and MS
Therapies Administration CLASS
Avonex IM 1x a week Interferon beta-1a

Betaseron SC, every other day Interferon beta-1b

Copaxone SC 1x a day Glatiramer acetate

Rebif SC 3x a week Interferon beta-1a

Gilenya Oral capsule 1x day Fingolimod

Tysabri IV Monthly at Center Natalizumab



Side effects of MS 
medication

• Local injection site irritation/reactions
• Flu like symptoms
• Rise in liver enzymes
• Decreased white cell count and platelets
• Opportunistic infections
• Depression
• Progressive multifocal 

leukoencephalopathy (PML)



Fatigue
• Medications

– Amantadine
– Ritalin drugs
– Focalin
– Adderall
– Provigil/Nuvigil



Depression
• Selective Serotonin Reuptake 

Inhibitors
– Paxil
– Prozac
– Zoloft
– Lexapro
– Celexa

• Tricyclic Antidepressants
– Elavil
– Pamelor
– Tofranil
– Norpramin

• Some other medications
– Desyrel
– Serzone
– Welbutrin
– Effexor

• Referral for counseling
• Psychologist
• Encourage expression of 

feelings will entire team and 
caregivers

• Work on solution together



Bladder problems
• Rule out UTI
• Bladder training

– Strengthen pelvic 
muscles

• Medication
• Anti-spasticity 

– Vesicare
– Detrol 
– Ditropan

• Referral to 
urologist for further 
evaluation and 
treatment



Sexual Dysfunction
• Medications
– Viagra
– Cialis
– Levitra



Constipation

• Increase oral intake
• Increase fiber intake
• Miralax 
• Metamucil
• Citrucel
• Colace





RIS (Radio logically Isolated Syndrome)

• White matter lesions suggestive of 
demyelinating disease on MRI

• Normal neuro exam
• No medical history compatible with MS
• Unclear whether RIS is subclinical MS or 

a separated entity
• About 33% of subjects with RIS develop a 

CIS especially with spinal cord lesions



Italian Group 
• Tested 29 patients
• 23 had CSF analysis & 70% showed bands and 

elevated immunoglobulin G index
• Compared to 26 RRMS & 21 HC
• NPS performance showed 8 of RIS gr failed 2 studies 

and 5 failed one tests
• Results similar to RRMS group
• MR analysis showed comparable levels of lesion 

loads and cortical atrophy in RIS & RRMS groups 
which correlated with worse cognitive performance



OKADA et al
• OKADA et al showed presence of 

cervical lesions by MRI were 
associated with higher conversion to 
MS

• If negative for cord lesion 
conversions was 15% in 5 years but 
if positive 85% in 5 years. 



Cortical Lesions
• Present on autopsy and biopsy studies
• Sometimes quite extensive
• Cause of cognitive dysfunction 
• Amount of brain volume loss has been shown to be 

associated with cognitive impairment
• Inflammation not seen in chronic MS lesions in the 

cortex
• Luchinetti has shown cortical perivenular inflammation 

in acute lesion using cortical biopsy but response last 
only days, however.



MRI – Double Inversion Recovery (DIR)

• WM & CSF signals suppressed 
• 3D DIR increases intracortical lesion detection by 500% 

compared to standard T2 spin echo and by more than 150% 
compared to FLAIR

• Post mortem brain slice lesion detection by using DIR & FLAIR 
& pathological exam

• DIR showed 35/198 total lesion i.e.: 18% detection (1.6 >FLAIR)
• Showed pathological specificity for 3D DIR was 90% & FLAIR 

81%
• 9 more intracortical lesion seen by DIR but most missed by both 

techniques especially subpial and intracortical ones. 



Treatment Options
• Non FDA approved

a) Cellcept
b) Cytoxan
c) Laquinomod
d) Cladribine
e) Fumarate (BG12)
f) Terflunomide
g) Monoclonal antibodies

1. Alemtuzimab (Campath)
2. Rituximab
3. Dacluzimab
4. Anti Lingo antibody

h) Vaccines
a) Tovaxin



Tysabri & PML
• Risk factors

– JC antibody status
– Length of treatment
– Prior immunosuppressant use

• Immuran (Azothrioprine)
• Cytoxan
• Novantrone
• Methotrexate
• Cellcept



Tysabri & PML
• Biogen Risk Ratios

– JC negative 1/10,000

• Rudick/Fox Risk Ratio

JC positive NO IS Prior IS

1-24 months .35/1000 1.2/1000
25-48 months 2.5/1000 7.8/1000

IS Overall Up to 24 
Months

> 24 
Months

JC neg No 1/17,000 1/50,000 1/9,629
JC neg Yes 1/6,239 1/18,000 1/3,396
JC pos No 1/442 1/1,288 1/241
JC pos Yes 1/177 1/454 1/85



Gilenya “Fingolimide”
Blocks S1 Phosphate receptor keeping T & B cells in lymphoid tissue

First oral pill released by FDA two years ago for treatment of MS

Reduces relapse rate by 55-58%

Shows benefit on MRI endpoints as T2 lesion load and Gad 
enhancing lesions

Side effects:
- Macular Edema
- Heart Block
- Liver Function Abnormalities
- Sudden Death



Dimethyl Fumarate (BG12)
• Pilot study IIB vs. placebo

– 240mg tid vs placebo
– Week 24 decreased GD+ lesion by 69% and new or 

enlarging T2 lesions
• DEFINE TRIAL (phase III) 1200 pts

– Results @ 2 years 240 mg BID or TID
– 49% reduction in pts that relapse
– Reduced ARR by 53%
– Decreased GD+ lesion by 90%
– Decreased new or enlarging T2  lesions by 85%



Dimethyl Fumarate (BG12)
– Reduced EDSS worsening by 38%
– Reduced number of T1 hypointense lesions by 

72% and 63% with BID and TID dosing
• CONFIRM TRIAL (phase III)1200 pts

– Randomized to 4 groups
• BG12 240mg BID, TID, Copaxone, Placebo

– Results: 
• 44% reduction ARR for BID & 51% reduction 

ARR for TID
• Copaxone 29%



Dimethyl Fumarate (BG12)
• Side effects

– Flushing 
– GI upset
– No serious infections
– ↑ QOL measurements @ 2 years



Laquinimod
• Induces cytokinin shift toward Th2 subset
• Allegro Trial (Phase III) 1106 pts

– Laquinimod 0.6mg vs placebo for 2yrs
– Results: ARR reduction by 23% confirmed EDSS 

worsening by 36%; GD+ lesions reduced by 37% 
and brain volume loss reduced by 33%

– Safety good
• Mostly back pain 
• GI upset
• Transient LFT abnormalities



Laquinimod
• BRAVO Trial (Phase III)

– Laquinimod or placebo added to Avonex
– Results: ARR reduction not significant

• Reduced EDSS progression by 33%
• Reduced loss of brain volume by 27%
• Results indicate may be neuroprotection & 

supported by animal models which showed 
better oligo survival & less axonal injury



Teriflunomide
• Inhibits pyridine synthesis with mild lymphopenia
• TEMSO Trial (Phase III) 1088 pts

– Follow for 2 years
– Randomized to 7 or 14mg tablets or placebo
– Results

• 31% reduction ARR
• Decreased EDSS worsening by 30% (14mg)
• Decreased new lesion by 39% in 7mg & 67% in 

14mg
– Safety: good 

• Mainly diarrhea and LFT abn.



Teriflunomide
• TENERE Trial (Phase III) 300pts

– Compare 7mg to 14mg to Rebif
• TOWER (Phase III) 1200 pts

– Compare 7mg & 14mg to placebo
• TOPIC (Phase III) 

– CIS trial



TENERE TRIAL
• Phase III Blocks proliferation of activated T&B cells
• Teriflunomide 7 mg & 14 mg vs. Rebif

– 324 patients
– Results ARR

• 7mg- .410
• 14mg- .259
• Rebif- .216

– S.E
• URI
• Diarrhea
• Hair loss
• Back pain
• Abnormal LFT

• Other Trials in Progress
– Tower  1200 pts  7 or 14 mg vs placebo
– TOPIC  CIS Trial
– TERACLES adjunct added to B interferons



Daclizumab
• Humanized monoclonal antibody vs CD25 alpha 

subunit of the IL 2 receptor
• ↑ CD56 natural killer cells by 6-8X
• SELECT phase II trial 600 patients 1YR

– 2 doses of drug 150 mg or 300mg SC monthly vs 
placebo

– MRI study 300 monthly MRI�s rest 4x for 1 year
– Naïve with RR of 1.3-1.4 in the previous year 52% of 

150mg group had 1 GEL, higher than other groups



Daclizumab
– Results:

• ARR - 21 for 150mg group

-23 for 300mg group
- 46 placebo group

• Free of relapse

81% & 80% of Daclizumab vs 64% for placebo
• Confirmed disability progression

5.9% for 150mg

7.8% for 300 mg 

13.3% for placebo



Daclizumab
– MRI data

• 69-78% ↓ in new or enlarging GD 
lesions by 8-24 weeks

• 79-86% by end of year
• 1 death – infection in treated group



Firategrast
• Phase II for RRMS
• 343 patients 1:2: 2:2 ratio

1) 150 mg drug BID (49)
2) 600 mg drug  BID (95)
3) 900 mg women or 1200 mg (men BID 9100)
4) Placebo (99)

• Oral gamma 4B integrin antagonist with very short half life of 2.5 to 4.5 
hours 

• Results:
• 49% reduction in Gd + lesions for larger dose�
• 22% in 600mg dose and 
• 79% increase for 150mg dose
• Safety good 
• Well tolerated slight increase in UTI in higher dose group



AUTOLOGOUS Stem Cell 
Treatment

• 10 SPMS patients
• CDMS patient with HX of ON, abn VEPS, or clinical O. A. or HX of Uhthoffs 

phenomenon
• MRI of ON had a T2 lesion followed for 20 mo before IV of stem cells for 10 mo 

afterwards
– Results

• Improved V.A. and low contrast V.A.
• But not in color vision or visual fields
• Reduction in V.E. latency & improved amplitudes but no change OCT
• Increased ON area
• No change in macular volume, RFL, or MT ration
• Reduction in general disability with improved in EDSS
• No change in MSFC, depression , cognition
• Dec. in T1 hypointense volume

– S.E.
• Infections 
• Rash
• Pruritus


