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New and Emerging Multiple Sclerosis 
Disease Modifying Therapy

By Andrew Smith MD



Overview
• New Disease Modifying Therapy (DMT)

– Ocrelizumab
– Ofatumumab
– Cladribine 
– Sphingosine-1-Phosphate Receptor Modulators (S1P)
– Fumarates

• Emerging Therapy
– Bruton’s Tyrosine Kinase Inhibitor (BTKi)



Overview of the review
• Mechanism of Action (MOA)
• Pharmacodynamics (PD)
• Therapeutic monitoring recommendations (TMR)
• Black Box Warning (BBW)
• Efficacy (EF)
• Side Effect (SE)
• Active Research (AR)



Ocrelizumab (Ocrevus)



Ocrevus MOA 
Monoclonal antibody 
(MAB) binds to CD20 
that results in antibody-
dependent cellular 
cytolysis and 
complement-mediated 
lysis.

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus PD
Reduces CD19+ B-cell counts 
by 14 days after infusion.
Median time for B-cell counts to 
return to either baseline or LLN 
was 72 weeks (range 27-175 
weeks) after the last OCREVUS 
infusion.

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus TMR
• Baseline 

• CBC with diff, LFT’s, Immunoglobins, Hepatitis, T-spot
– Absolute Lymphocyte count (ABS LC) > or =Abs LC > or = 0.8

• Vaccines 4-6 weeks prior to infusion 

• Monitoring
• Every 6 months CBC with diff, LFTs and immunoglobulins 
• MRI Brain (6 months after starting and then annually)



Ocrevus EF

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus EF

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus EF

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus EF

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus SE

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus SE

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus SE

Source: https://www.ocrevus.com/hcp/rms/safety.html 

https://www.ocrevus.com/hcp/rms/safety.html


Ocrevus SE
• Infusion Reactions: Management recommendations for infusion reactions depend 

on the type and severity of the reaction. Permanently discontinue OCREVUS if a life-
threatening or disabling infusion reaction occurs 

• Infections: Delay OCREVUS administration in patients with an active infection until 
the infection is resolved. Vaccination with live-attenuated or live vaccines is not 
recommended during treatment with OCREVUS and after discontinuation, until B-cell 
repletion 

• Reduction in Immunoglobulins: Consider discontinuing OCREVUS in patients with 
serious opportunistic or recurrent serious infections, and if prolonged 
hypogammaglobulinemia requires treatment with intravenous immunoglobulins 

• Malignancies: An increased risk of malignancy, including breast cancer, may exist 
with OCREVUS

Source: https://www.gene.com/download/pdf/ocrevus_prescribing.pdf  

https://www.gene.com/download/pdf/ocrevus_prescribing.pdf


Ocrevus AR
Ongoing trial: A Study to Evaluate the Efficacy, Safety and 
Pharmacokinetics of a Higher Dose of Ocrelizumab in Adults With 
Primary Progressive Multiple Sclerosis (PPMS)
• This is a randomized, double blind, controlled, parallel group, multicenter 

study to evaluate efficacy, safety and pharmacokinetics of a higher dose of 
ocrelizumab per intravenous (IV) infusion every 24 weeks in participants 
with PPMS, in comparison to the approved 600 mg dose of ocrelizumab

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6469695/   

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6469695/


Ofatumumab (Kesimpta)



Kesimpta MOA 
• Selectively binding to sites on both 

the small and large extracellular 
loops of CD20. 

• Then causes a delayed B-cell lysis 
by mechanisms such as 
complement-dependent 
cytotoxicity (CDC) and antibody-
dependent cellular cytotoxicity 
(ADCC).

Source: https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf   

https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf


Kesimpta PD
• Reduction in B-cells to below 

the LLN 
– In 77.0% and 78.8% of patients in one 

week after treatment initiation, 
– In 95.0% and 95.8% of patients, 

respectively, two weeks after treatment 
initiation

• B-cell recoveries over the LLN 
in at least 50% of patients in 
24 to 36 weeks post treatment 
discontinuation. 

Source: https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf  

https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf


Kesimpta Dosing

Source: https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf  

https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf


Kesimpta TMR
• Baseline 

• CBC with diff, LFT’s, Immunoglobins, Hepatitis, T-spot
– Absolute Lymphocyte count (ABS LC) > or =Abs LC > or = 0.8

• Vaccines 4-6 weeks prior to infusion 

• Monitoring
• Every 6 months CBC with diff, LFTs and immunoglobulins 
• MRI Brain (6 months after starting and then annually)



Kesimpta EF 

Source: https://www.hcp.novartis.com/products/kesimpta/rms/efficacy/  

https://www.hcp.novartis.com/products/kesimpta/rms/efficacy/


Kesimpta EF 

Source: https://www.hcp.novartis.com/products/kesimpta/rms/efficacy/  

https://www.hcp.novartis.com/products/kesimpta/rms/efficacy/


Kesimpta EF 

Source: https://www.hcp.novartis.com/products/kesimpta/rms/efficacy/  

https://www.hcp.novartis.com/products/kesimpta/rms/efficacy/


Kesimpta AE

Source: https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf  

https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf


Kesimpta AE
• Infections: Delay KESIMPTA administration in patients with an active infection until the 

infection is resolved. Vaccination with live-attenuated or live vaccines is not recommended 
during treatment with KESIMPTA and after discontinuation, until B-cell repletion.  

• Injection-Related Reactions: Management for injection-related reactions depends on the 
type and severity of the reaction. 

• Reduction in Immunoglobulins: Monitor the level of immunoglobulins at the beginning, 
during, and after discontinuation of treatment with KESIMPTA until B-cell repletion. 
Consider discontinuing KESIMPTA if a patient develops a serious opportunistic infection or 
recurrent infections if immunoglobulin levels indicate immune compromise. 

• Fetal Risk: May cause fetal harm based on animal data. Advise females of reproductive 
potential of the potential risk to a fetus and to use an effective method of contraception 
during treatment and for 6 months after stopping KESIMPTA.

Source: https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf  

https://www.novartis.us/sites/www.novartis.us/files/kesimpta.pdf


Cladribine (Mavenclad)



Mavenclad MOA 
• Cytotoxic effects on B and T 

lymphocytes through impairment of 
DNA synthesis, resulting in depletion 
of lymphocytes
– Cladribine enters cell via nucleoside 

transporter
– Accumulates intracellularly due to ADA 

resistance
– Cladribine is activated by specific 

kinases
– Activated Cladribine induces 

selective lymphocyte reduction

Source: https://link.springer.com/article/10.1007/s40265-020-01422-9  

https://link.springer.com/article/10.1007/s40265-020-01422-9


Mavenclad PD 

Source: https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html



Mavenclad Dosing 

Source: https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html



Mavenclad TMR
• Initiation: 

- CBC with diff, LFT’s, T-spot, hepatitis panel, VZV IgG, HIV
- Vaccinate against varicella if not immune prior to starting
- Age Appropriate Cancer Screening:

- Women: Mammogram (age 40 unless high risk), Pap, Colonscopy (age 50 
and up), Screening skin exam

- Men: Colonoscopy, Screening skin exam 

• Monitoring:
- 2 months CBC with diff, & LFT’s, 6 months and periodically thereafter



Mavenclad BBW

Source: https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html



Mavenclad EF 

Source: https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html



Mavenclad EF 

Source: https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html



Mavenclad EF 

Source: https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html  

https://www.mavenclad.com/en/hcp/clinical-overview/efficacy.html


Mavenclad AE

Source: https://www.mavenclad.com/content/dam/web/healthcare/neurology/united-states/pdfs/Prescribing%20Information.pdf  

https://www.mavenclad.com/content/dam/web/healthcare/neurology/united-states/pdfs/Prescribing%20Information.pdf


Mavenclad AE
• Lymphopenia: Monitor lymphocyte counts before, during and after treatment. 
• Infections: Screen patients for latent infections; consider delaying treatment until 

infection is fully controlled. Vaccinate patients antibody negative to varicella zoster 
virus prior to treatment. Administer anti-herpes prophylaxis in patients with 
lymphocyte counts less than 200 cells per microliter. Monitor for infections. 

• Hematologic toxicity: Monitor complete blood count before, during and after 
treatment.

• Graft-versus-host-disease with blood transfusion: Irradiation of cellular blood 
components is recommended. 

• Liver injury: Obtain tests prior to treatment. Discontinue if clinically significant injury 
is suspected.

Source: https://www.mavenclad.com/content/dam/web/healthcare/neurology/united-states/pdfs/Prescribing%20Information.pdf  

https://www.mavenclad.com/content/dam/web/healthcare/neurology/united-states/pdfs/Prescribing%20Information.pdf


Mavenclad Cancer Risk

Source: https://www.mavenclad.com/content/dam/web/healthcare/neurology/united-states/pdfs/Prescribing%20Information.pdf  

https://www.mavenclad.com/content/dam/web/healthcare/neurology/united-states/pdfs/Prescribing%20Information.pdf


Sphingosine-1-Phosphate (S1P)



S1P Medications and Dosing

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F1/  

• Nonspecific S1P
– Fingolimod 0.5mg (Gilenya)

• Selective S1P
– Siponimod varies (Mayzent)
– Ozanimod 0.92mg  (Zeposia)
– Ponesimod 20mg (Ponvory)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F2/


S1P MOA

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F1/  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F2/


S1P MOA

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F2/  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F2/


S1P TMR
• Initiation:

– CYP2C9*3/*3 genotype testing (siponimod only) 
• CYP2C9*3/*3 genotype do not use
• CYP2C9*1/*3 or *2/*3 genotype dose 1 mg 
• Other genotype dose 2mg

– EKG
– Fundus photo/Macular exam by ophtho (not required for ozanimod)
– CBC with diff, LFT’s, VZV IgG
– Vaccinate against varicella if not immune prior to initiation 

• Monitoring:
– CBC with diff and LFT’s every 6 months
– Fundus photo at 3-4 months, 6, 9, 12 months (fingolimod, siponimod)



Mayzent EF

Source: https://www.mayzenthcp.com/clinical-data/efficacy 



Mayzent EF

Source: https://www.mayzenthcp.com/clinical-data/efficacy 



Mayzent AE

Source: https://www.mayzenthcp.com/clinical-data/efficacy 

• Infections: Obtain a CBC before initiating treatment. Monitor for infection during treatment. Do not start in 
patients with active infection.

• Macular Edema: An ophthalmic evaluation is recommended before starting treatment and if there is any 
change in vision while taking MAYZENT. Diabetes mellitus and uveitis increase the risk. 

• Bradyarrhythmia and Atrioventricular Conduction Delays: MAYZENT may result in a transient decrease 
in heart rate; titration is required for treatment initiation. Consider resting heart rate with concomitant beta 
blocker use; obtain cardiologist consultation before concomitant use with other drugs that decrease heart 
rate. 

• Respiratory Effects: May cause a decline in pulmonary function. Assess pulmonary function (e.g., 
spirometry) if clinically indicated. 

• Liver Injury: Obtain liver enzyme results before initiation. Closely monitor patients with severe hepatic 
impairment. Discontinue if significant liver injury occurs. 

• Cutaneous Malignancies: Periodic skin examination is recommended. 
• Increased Blood Pressure: Monitor blood pressure (BP) during treatment. 
• Fetal Risk: Women of childbearing potential should use effective contraception during and for 10 days after 

stopping MAYZENT



Mayzent AE

Source: https://www.mayzenthcp.com/clinical-data/efficacy  

https://www.mayzenthcp.com/clinical-data/efficacy


Zeposia EF

Source: https://www.zeposiahcp.com/efficacy-and-study-results/    

https://www.zeposiahcp.com/efficacy-and-study-results/


Zeposia EF

Source: https://www.zeposiahcp.com/efficacy-and-study-results/    

https://www.zeposiahcp.com/efficacy-and-study-results/


Zeposia SE
• Infections: ZEPOSIA may increase the risk of infections. Obtain a CBC before initiation of treatment. 

Monitor for infection during treatment and for 3 months after discontinuation. Do not start ZEPOSIA in 
patients with active infections.

• Bradyarrhythmia and Atrioventricular Conduction Delays: ZEPOSIA (ozanimod) may result in 
transient decrease in heart rate; titration is required for treatment initiation. Check an ECG to assess for 
preexisting cardiac conduction abnormalities before starting ZEPOSIA. Consider cardiology consultation 
for conduction abnormalities or concomitant use with other drugs that decrease heart rate. 

• Liver Injury: Discontinue if significant liver injury is confirmed. Obtain liver function tests before initiating. 
• Fetal Risk: Women of childbearing potential should use effective contraception during treatment and for 

3 months after stopping ZEPOSIA .
• Increased Blood Pressure (BP):  Monitor BP during treatment
• Respiratory Effects: May cause a decline in pulmonary function. Assess pulmonary function (e.g., 

spirometry) if clinically indicated.
• Macular Edema: A prompt ophthalmic evaluation is recommended if there is any change in vision while 

taking ZEPOSIA. Diabetes mellitus and uveitis increase the risk of macular edema; patients with a history 
of these conditions should have an ophthalmology evaluation before starting treatment.

Source: https://www.zeposiahcp.com/efficacy-and-study-results/    

https://www.zeposiahcp.com/efficacy-and-study-results/


Zeposia SE

Source: https://www.zeposiahcp.com/efficacy-and-study-results/    

https://www.zeposiahcp.com/efficacy-and-study-results/


Ponvory Clinical Trial Data EF
• OPTIMUM  (Phase 3 Trials)
• For ARR, the ponesimod group had a rate of 0.202 compared with 0.290 for 

the teriflunomide group (relative rate reduction, 30.5%; P = .0003)
• The respective ponesimod versus teriflunomide findings for the mean 

number of combined unique active lesions (CUALs) per year on MRI were 
1.405 for the ponesimod group versus 3.164 for the teriflunomide group 
(relative rate reduction, 56%; P <.0001). 

• Brain volume loss at week 108 for the ponesimod and teriflunomide groups 
respectively were −0.91% and −1.25% (reduced by 0.34 points; P <.0001), 
while NEDA-3 was achieved in 25.0% and 16.4% of patients, respectively 
(odds ratio [OR], 1.70; P = .0004).

Source: https://www.neurologylive.com/view/ponesimod-displays-superiority-in-relapsing-ms-treatment     

https://www.neurologylive.com/view/ponesimod-displays-superiority-in-relapsing-ms-treatment


Ponvory EF

Source: https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/PONVORY-pi.pdf  

https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/PONVORY-pi.pdf


Ponvory EF

Source: https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/PONVORY-pi.pdf  

https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/PONVORY-pi.pdf


Fumarates



Fumarate Medications

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F1/  

• Dimethyl Fumarate 240mg (Tecfidera)
• Monomethyl Fumarate 190mg (Bafiertam)
• Diroximel Fumarate 462mg (Vumerity)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F2/


Fumarate MOA



Fumarate TMR
• Initiation: CBC with diff, LFT’s at baseline
• Monitoring: CBC with diff and LFT’s every 3 months x 1 

year, then every 6 months
• Take off if Absolute LC < 0.8
• Transition off: immediately ok to switch if Abs LC > 0.8, 

if not consider waiting until it is > or = 0.8



Fumarate EF

Source: https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-prescribing-information.pdf   

https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-prescribing-information.pdf


Fumarate SE

Source: https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-prescribing-information.pdf   

https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-prescribing-information.pdf


Fumarate SE

Source: https://www.vumerityhcp.com/en_us/home/safety/gi-tolerability-results.html?tabKey=tab_21   

https://www.vumerityhcp.com/en_us/home/safety/gi-tolerability-results.html?tabKey=tab_21


Fumarate SE

Source: https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-prescribing-information.pdf   

• Anaphylaxis and Angioedema: Discontinue and do not restart 
Fumarate if these occur. 

• Progressive Multifocal Leukoencephalopathy (PML): Withhold 
Fumarate at the first sign or symptom suggestive of PML. 

• Herpes zoster and other serious opportunistic infections
• Lymphopenia: Obtain a CBC including lymphocyte count

https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-prescribing-information.pdf


Evolving Therapies



Bruton’s tyrosine kinase inhibitors (BTK)

Source: https://www.nature.com/articles/s41587-020-00790-7.pdf   

https://www.nature.com/articles/s41587-020-00790-7.pdf


BTK MOA
• Essential kinase for the maturation of B cells together 

with phosphatidylinositol 3-kinase isoform p110delta 
(PI3Kδ). 

• This pathway is important for autoimmune diseases and 
B-cell malignancies. 

• In MS, BTK inhibitors show potential for highly specific 
removal of B cells.

Source: https://www.neurologylive.com/view/targeting-bruton-tyrosine-kinase-for-multiple-sclerosis-treatment  / 

https://www.neurologylive.com/view/targeting-bruton-tyrosine-kinase-for-multiple-sclerosis-treatment
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F1/


BTK MOA

Source: https://www.neurologylive.com/view/targeting-bruton-tyrosine-kinase-for-multiple-sclerosis-treatment  / 

https://www.neurologylive.com/view/targeting-bruton-tyrosine-kinase-for-multiple-sclerosis-treatment
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554772/figure/F1/


Evobrutinib EF 

Source: https://pubmed.ncbi.nlm.nih.gov/31075187/   

https://pubmed.ncbi.nlm.nih.gov/31075187/


Evobrutinib EF 

Source: https://pubmed.ncbi.nlm.nih.gov/31075187/   

https://pubmed.ncbi.nlm.nih.gov/31075187/


Evobrutinib EF

Source: https://pubmed.ncbi.nlm.nih.gov/31075187/   

https://pubmed.ncbi.nlm.nih.gov/31075187/


Evobrutinib SE

Source: https://pubmed.ncbi.nlm.nih.gov/31075187/   

https://pubmed.ncbi.nlm.nih.gov/31075187/


Evobrutinib SE

Source: https://pubmed.ncbi.nlm.nih.gov/31075187/   

https://pubmed.ncbi.nlm.nih.gov/31075187/


Evobrutinib Clinical Trial
• A Phase III, Multicenter, Randomized, Parallel Group, 

Double Blind, Double Dummy, Active Controlled Study of 
Evobrutinib Compared With an Interferon Beta 1a 
(Avonex®), in Participants With Relapsing Multiple 
Sclerosis to Evaluate Efficacy and Safety
– Phase 3 trial

• Annualized Relapse Rate (ARR) over 96 weeks 



Fenebrutinib
• The Phase III RMS Trials

– FENhance 1 
– FENhance 2

• The Phase III PPMS Trial 
– FENtrepid

• All three trials are targeting clinical disability progression and have a 
primary endpoint of 12-week composite confirmed disability 
progression (cCDP-12)



Other Trials 



Questions?


