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Decades of MS Drug Development
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Which is the true induction in MS?

AN EVOLVING CONCEPT…..

Ofatumumab

Ublituximab



EARLY INTENSIVE THERAPY

*There is currently no consensus for cladribine and fingolimod; some authors consider them HET and some do not.

CD20, B-lymphocyte antigen CD20; HET, high-efficacy therapy; HSCT, haematopoietic stem cell transplantation; IFN, interferon; IRT, immune 

reconstitution therapy.

1. Casanova B, et al. J Pers Med 2022;12:119; 

Early Intensive therapy (EIT):1

Induction treatment 

Mitoxantrone

Cyclophosphamide

Stem cell transplantation

Alemtuzumab

Cladribine*

Sustained HET

Natalizumab

Fingolimod*

Anti-CD20 treatment

MAbs are currently taking a leading role among HET for MS
Therefore, it is a timely topic to discuss how to optimize these treatments 
without decreasing drug efficacy by
- extended (when infusion intervals are prolonged to a set interval)
- personalized dosing (based on pharmacokinetic and/or pharmacodynamic

measurements).



Voge NV et al 2022

Monoclonal Abs in MS

- mAbs belong to the immunoglobulin G (IgG) isotype which bind specifically
with their fragment antigen-binding (Fab) region to the epitope of the 
target molecule.

- mAb are characterized by a relatively long pharmacologic half-life (IgG 
subclasses up to 30 days) and long  pharmacodynamic e ffects. 



Voge NV et al 2022

Monoclonal Abs in MS

Currently, four monoclonal antibodies (natalizumab, alemtuzumab, ocrelizumab, 
and ofatumumab) are approved for the treatment of MS. 

Rituximab is commonly used off-label and ublitixumab in under investigation. 

As natalizumab, rituximab, ocrelizumab, and ofatumumab are regularly
administered therapies, these agents are suitable for extended dosing.



Natalizumab

The median relative bioavailability
following administration is: 
• IV 100%
• SC 82.4%
The median half-life: 
• IV 27.1 days, 
• SC absorption half-life  around 2.6 days

NTZ

NTZ is a humanized mAb that binds to 4 integrin receptors on endothelial
cells lining blood vessels, disrupting the interaction of 4 1 integrin (VLA-4) 
expressed on lymphocytes and monocytes with its ligand vascular cell adhesion
molecule 1 (VCAM1) on endothelial cells. 

NTZ inhibits migration of leukocytes
through the BBB into the brain and spinal
cord. 
While preventing invasion of autoreactive
lymphocytes from peripheral blood into
the CNS, cells are not depleted from the 
circulation.



Natalizumab

• Phase I trial with single IV doses ranging from 0.03 to3.0 mg/kg. 
- 1.0 and 3.0 mg/ kg had detectable drug concentrations 3–8 weeks after 

infusion. 
• Phase II trial, with a single dose of 1.0 and 3.0 mg/kg IV NTZ,

• both dosages resulted in a comparable decrease of GD 
• Second Phase II trial randomized vs placebo, IV NTZ 3.0 or 6.0 mg/kg 

every 28 days for 6 months.
• Both doses showed comparable efficacy. 

A fixed 4 weeks IV dose of 300 mg was chosen for subsequent phase III 
trials, resulting in a 3.0–6.0 mg/kg dose for patients with weights ranging 
from 50 to 100 kg.

In 2011 and 2014 (DELIVER & DEFINE), two studies were completed
evaluating 300 mg dosing of NTZ SC and IV every 4 weeks, with comparable 
pharmacokinetics and efficacy.

Van Kempen ZLE et al MSJ 2022



Van Kempen ZLE et al MSJ 2022

Natalizumab
We can measure drug concentrations in 
serum and the bound α4β1 integrin on 
lymphocytes. 
• NTZ bound α4β1 receptors, falls

between 70%-100% after 4weeks.  
• After 3 months α4β1 integrin

saturation 20%–40%.
• A concentration of 2–2.5 μg/mL

(approximately 50% saturation) could
be a safe cutoff. 

• In Standard dose (300 mg I/4 weeks) 
concentrations vary 0.1 and 112 
μg/mL, 

• NTZ concentrations can increase with 
consecutive infusions.

As the median trough NTZ concentration is approximately 25–30 μg/mL after a 
4-week interval, and considering a therapeutic cutoff of 2 μg/mL, it is plausible
that the majority of patients could safely be treated with ED intervals with a 
set 6- or 7-week interval. 



Van Kempen ZLE et al MSJ 2022

Natalizumab

The NOVA study (ClinicalTrials.gov Identifier: NCT03689972) is an international study 
randomizing patients to either 4- or 6-week natalizumab dosing intervals during 72 weeks 
of follow-up. 
NEXT-MS study (ClinicalTrials.gov Identifier: NCT04225312) which is an investigator-
initiated study applying therapeutic drug monitoring of natalizumab with an aim of 10 
μg/mL trough concentrations (and in a subgroup an aim of 5 μg/ mL trough concentration) 
in an open label, nonrandomizedmulticenter study. 





Anti CD20 in MS

Graf J et al 2020



Overview of pivotal trials and studies researching dosing and infusion intervals (1) 

Van Kempen ZLE et al MSJ 2022

Rituximab



Overview of pivotal trials and studies researching dosing and infusion intervals

Van Kempen ZLE et al MSJ 2022



ED was >4 weeks delay 

No differences were observed and ED has been proposed as a potential
mitigation strategy in time of the COVID pandemic 



Van Kempen ZLE et al MSJ 2022

RTX/OCRE

Repopulation of B cells after the last RTX/OCRE 
dose takes far longer than 24 weeks at which
redosing is now mostly scheduled.

In a phase II study of OCRE, median time to B-cell
repopulation (defined as the lower limit of normal; 
⩾80 CD19 cells/μL) after the last 600 mg infusion
was 72 (range = 27–175) weeks.

In a phase II study studying different doses of 
OFAT (two doses given 2 weeks apart), only a few
patients reached B-cell repopulation (defined as
⩾100 CD19 cells/μL) during the 48-week follow-up.

In a recent study exposing earlier data of the 
phase II OCRE study, clinical and MRI disease
activity stayed low long after ocrelizumab
cessation.



For B-cell depleting therapies, monitoring of B cells is likely an easy 
biomarker for treatment effect. 
As anti-CD20 therapies interfere with the flow cytometry of CD20 cells, the 
CD19 B-cell marker is used as a surrogate measure to quantify B cells.

As anti- CD20 therapies deplete pre-B cells to late plasmablasts (including
memory B cells), using CD19 counts as a sole biomarker might be oversimplistic
as we are still uncertain which lineage of cells is mostly responsible for disease
activity and progression in MS.



The Wearing off effect with mAbs in MS 



CONCLUSIONS
• ED of mAbs could lead to potential

benefits: 
• Contain increase medication costs. 
• Reduction of side effects and 

complications (as natalizumab-
associated PML). 

• Decrease in Hospital eccess
• More insight in pathological

processes and specific
therapeutic targets.

• Need to define the right ED scheme
for each mAb

• Definition of markers able to 
personalize the right interval for 
every single patient.

• Wearing off effect in some pwMS
• pwMS could also be fearful
• Long term effects
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