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Learning Objectives

At the conclusion of this activity, the participant will:

• A.  Know the therapeutic characteristics of FDA approved 

therapies:  Mitoxantrone, Natalizumab and Fingolimod for MS

• B.   Know the features of emerging oral therapies including 

Lacquinimod, BG00012 and Estriol for MS

• C.  Know emerging monoclonal antibody therapies  for MS
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Mitoxantrone
FDA Approved for Rx MS

Mechanism of Action:  Chemotherapeutic 

Immunosuppressive Agent

Side Effects:  Cardiotoxicity, Post Therapy 

Leukemia, Infection

Dosing Q3 Months:  5-12 mg/m2

Relative Cost:  Low to Moderate

Utilization: Treatment of Refractory or Aggressive 

MS, Induction Prior to Other Rx (IFN or GA)

Efficacy:  Effective Immunosuppressive Rx in 

Multiple Studies



Natalizumab

FDA Approved for Relapsing MS

Mechanism of Action:  Binds Integrin and Blocks 

Entrance of Inflammatory Cells into the CNS

Side Effects:  PML, Respiratory Tract and Bladder 

Infections

Cost:  High

Utilization:  Refractory or Aggressive RRMS

Efficacy:  Highly Effective Immunosuppressive 

Therapy; Improved Quality of Life

Importance of JC titer and Previous 

Immunosuppressive Rx



Fingolimod
FDA Approved

RRMS

Mechanism of Action:  S1PR Modulation; 

Effectively Traps Activated Lymphs in the Nodes 

Side Effects:  Macular Edema, Bradycardia and 

CNS Infection; Melanoma

Dosing:  QD

Cost:  High

Utilization:  Potential for First Line Rx & Rx 

Refractory or Aggressive MS

Efficacy:  Immunosuppressive Rx Superior to 

Current Immunomodulatory Treatments



Direct versus Indirect 

Neuroprotection in Multiple 

Sclerosis
Treatment Effect 

on Brain Atrophy
Direct

Indirect

IFN Beta

Copaxone

Steroids

Cytoxan

Mitoxantrone

Estriol?

Decreased inflammation

Less future atrophy

Estriol?

Courtesy of Rhonda Voskuhl 



Investigational Oral Rx

Lacquinimod

BG 00012

Estriol



Laquinimod

Submitted to FDA 2011

Dosing:  Oral Daily

Mechanism: Immunomodulation and 

Neuroprotection

Side Effects:  Chest Pain

Treatment Population: RRMS

Efficacy:  25% Reduction in Relapses 

and Evidence for Neuroprotective Effect



BG00012
Expected FDA Submission 2011/2012

Used In Other Conditions in Europe with 

Good Tolerance

Dosing:  Daily Oral

Mechanisms:  Immunomodulation

Side Effect Profile:

Target Population:  RRMS



Estriol Trial

NMSS/NIH

Mechanism of Action:  Shifts Th1 to Th2 

& Potentially Neuroprotective

Phase II

GA with Placebo vs GA with Estriol

Patients:  Female 18-50

Outcome Measures:  Relapses, Brain 

Atrophy



Primary Outcome Measure: 

Relapses in 2 years

Secondary Outcome Measures: 

Improved Cognition

Brain atrophy on MRI



Investigational Monoclonal 

Antibodies Treatment of 

Multiple Sclerosis

John W. Rose, M.D.

VASLCHCS/University

of Utah

Neurovirology 

Research 

Laboratory



MAb Rx EAE

MAb Specificity Effect

CD11 Augments EAE

ICAM-1 Augments EAE

α4 Inhibits EAE

IL-2R Inhibits EAE

CD4 Blocks EAE



Monoclonal Antibodies

ximab zumab umab



Monoclonal Antibody Rx for MS

Mab Specificity Target Efficacy

Natalizumab α4 integrin Adhesion +

Alemtuzumab CD52 T Cells +            

Rituximab CD20 B Cells +

Ocrelizumab CD20 B cells +

Ofatumumab CD20 B cells ?

Ustekinumab IL-12/IL-23p40 Cytokines -

Daclizumab IL-2Rα Activated +

T&B Cells



Alemtuzumab or Campath-1H

H. Waldmann developed the Campath-
1 (Cambridge Pathology) series of 
antibodies

IgG1κ with human variable and constant 
regions and murine CDR

“Humanised” by Winter that reduces the chances of 
mounting an immune response

Targets CD52 antigen:  Found on 
thymocytes, NK cells, B cells but not 
plasma cells, monocytes and 
granulocytes



Side Effects of Alemtuzumab

Hyperthyroidism (16%)

Immune Thrombocytopenic Purpura (3%)

Infections

Recapitulation of Previous Symptoms



Alemtuzumab vs IFN Beta 1a

Alemtuzumab decreases risk of relapse 

Alemtuzumab decreases risk of   

progression



Rituximab

Targets and selectively depletes CD20 

positive B cells

FDA approved for relapsed or 

refractory, low-grade or follicular, CD 20 

+, B cell non-Hodgkins lymphoma, 

diffuse large B-cell lymphoma in 

combination with CHOP, refractory 

rheumatoid arthritis 



Rituximab

Chimeric murine/human mAb

Contains a human IgG1 immunoglobulin 

region and a murine varaible region 

specific for CD20



CD 20

Integral transmembrane 

nonglycosylated hydrophobic 

phosphoprotein 

Present on surface of normal pre-B cells 

and mature B cells

Not on plasma cells

Precise function is unknown



Rituximab: mechanisms of 

action
Antibody dependent-cell mediated 

cytoxicity

Complement-dependent cytotoxicity

Induction of apoptosis

B-cell depletion from 6-9 months or 

longer (variable)



Side Effects of Rituximab
Infusion related reactions

Rigors, chills

Fevers, headache

Rash

bronchospasm

Infectious

URI

Herpes Zoster

PML

Hematologic

Neutropenia

Thrombocytopenia

Human anti-chimeric antibodies?



Rituximab In MS

Phase I Open Label in RRMS

Phase II Multi-Center Randomized Trial 

in RRMS

Open Label Treatment in NMO

Retrospective of Treatment for NMO



Anti-CD20 Mabs In Clinical 

Trials

Ofatuzumab Dose Study in RRMS

Ocrelizumab vs IFN in RRMS

Ocrelizumab in PPMS



DACLIZUMAB:  Anti IL-2Rα



IL-2 Receptor



Regulatory NK Cells In MS



CHOICE Trial Cumulative CELs



New and Enlarged Gd+ Lesions by Quartile of CD56bright NK cell 

Counts when Measured at the Last DAC Dose (week 20)

*Mean number of new/enlarged Gd+ lesions between weeks 8ï24 adjusted for 

number of Gd+lesions on baseline MRI. ÀTest for linear trend by quartile, 

p=0Ā006. ÿNumber of subjects (n) for quartiles ranking by CD56bright NK cell 

count and the number of subjects in the DAC low/IFNɓ verses DAC high/IFNɓ 

treatment (x:y).



Daclizumab Trials 

SELECT Trial:  Completed Multicenter 

Phase II trial demonstrated 55% 

reduction in relapses with SC 

administration. 

DECIDE Trial:  Ongoing International 

Multicenter Phase III Trial of DAC HYP 

(SC) versus IFNB-1a (2013 completion)



Monoclonal Antibody Rx for MS:  

Limitations

Side Effects:  Allergy, Fever, Rash, 

Infection, Autoimmune Disease, 

Recurrence of Sx, lymphadenopathy

Uknown Long Term Effects

Cost Effectiveness

Routes of Administration

Duration of Therapy & Proper Follow-up



Future Directions MS RX

Antibodies to New Determinants:  CDs, 
Cytokine and Chemokine Receptors, 
Adhesion Molecules

Combination Therapies:  Anti-
inflammatory, neuroprotective & 
regenerative agents

Sequential Therapies



Judging Efficacy of Treatment

Number of Relapses/Year

Severity of Relapses and Degree of 

Recovery

Progression

MRI Activity



MS Rx:  Complex Decision

Stratification Of Rx:  Efficacy; Safety & Cost

Individualized Rx Choice:  Clinical Course, 

Coexisting Medical Conditions, Previous Rx, 

Evidence of Ineffective Rx

Disease Severity

Expected Duration of Rx

Neuroprotective Rx and Immunologic Rx  


