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Abstract
Multiple sclerosis is a chronic inflammatory demyelinating disease of the central nervous system mediated 
by aberrant activation of the immune system. This leads to inflammatory and degenerative processes 
that cause both discrete relapses and chronic progression and are mediated by T and B lymphocytes and 
microglial cells. B lymhocytes have emerged as critical regulators of both relapsing and progressive forms 
of MS and their targeting has proven to be highly effective for active disease (relapsing MS and primary 
active MS). Therapies that target B lymphocytes include compounds directed against the B cell surface 
protein cluster of differentiation 20 (CD20), which have been approved for the treatment of MS, and 
compounds directed against the intracellular signaling effector Bruton’s tyrosine kinase (BTK) that are 
currently under evaluation in randomized-controlled clinical trials. These agents are deemed to target 
both relapse-associated and progression-associated inflammatory pathways, albeit their efficacy in halting 
disease progression needs to be further evaluated. The current narrative review provides a brief outline of 
the roles that B cells exert in MS and highlights the safety and efficacy of B cell-targeting therapies in MS. 
We also provide practical recommendations regarding the use of B cell-targeting therapies in different MS 
subtypes. 
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Περίληψη
Η Πολλαπλή Σκλήρυνση (ΠΣ) είναι μία χρόνια φλεγμονώδης απομυελινωτική νόσος του κεντρικού νευρικού 
συστήματος με έκτοπη ενεργοποίηση του ανοσοποιητικού συστήματος. Αυτό οδηγεί σε φλεγμονώδεις και 
εκφυλιστικές διεργασίες που προκαλούν υποτροπές της νόσου και προοδευτικότητα και διαμεσολαβούνται 
από τα Τ και τα Β λεμφοκύτταρα και τα μικρογλοιακά κύτταρα. Τα Β λεμφοκύτταρα έχουν αναδειχθεί ως κε-
ντρικοί ρυθμιστές τόσο των υποτροπιαζόντων όσο και των προοδευτικών μορφών της νόσου και η στόχευσή 
τους έχει αποδειχθεί εξαιρετικά αποτελεσματική για την πολλαπλή σκλήρυνση με ενεργότητα (υποτροπιά-
ζουσα ΠΣ & πρωτοπαθώς προϊούσα ΠΣ με ενεργότητα). Οι θεραπείες που στοχεύουν τα Β λεμφοκύτταρα 
περιλαμβάνουν τους παράγοντες που στρέφονται έναντι του κυτταρικού αντιγόνου επιφανείας των Β λεμφο-
κυττάρων CD20, οι οποίοι έχουν εγκριθεί για τη θεραπεία της πολλαπλής σκλήρυνσης, και παράγοντες που 
στρέφονται εναντίον της τυροσινικής κινάσης του Bruton που βρίσκονται στο στάδιο αξιολόγησης σε κλινικές 
μελέτες. Οι παράγοντες αυτοί φαίνεται ότι στοχεύουν τόσο τις φλεγμονώδεις διεργασίες που σχετίζονται με τις 
υποτροπές όσο και τις φλεγμονώδεις διεργασίες που σχετίζονται με την προοδευτικότητα της νόσου, αν και η 
αποτελεσματικότητά τους στις προοδευτικές μορφές πολλαπλής σκλήρυνσης χρειάζεται να εκτιμηθεί περαιτέ-
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ρω. Η παρούσα ανασκόπηση παρέχει μία σύντομη αναφορά στο ρόλο που παίζουν τα Β λεμφοκύτταρα στην 
Πολλαπλή Σκλήρυνση καθώς και στην ασφάλεια και αποτελεσματικότητα των θεραπειών που στοχεύουν 
τα Β λεμφοκύτταρα στην Πολλαπλή Σκλήρυνση. Επίσης αναφέρονται πρακτικές συστάσεις για τη χρήση των 
παραγόντων που στοχεύουν τα Β λεμφοκύτταρα σε διάφορες μορφές πολλαπλής σκλήρυνσης.

Λέξεις Ευρετηρίου: Πολλαπλή σκλήρυνση, λεμφοκύτταρα, Β  κύτταρα, μονοκλωνικά αντισώματα, αναστολείς της τυροσι-
νικής κινάσης του Bruton

Introduction

Multiple sclerosis (MS) is a chronic inflammatory 
disease of the central nervous system (CNS) char-
acterized by demyelination and neuronal degenera-
tion. It can follow various patterns of CNS inflam-
mation in space and in time affecting multiple brain 
and spinal cord regions. MS may present with a 
relapsing-remitting course (RRMS) or present either 
at the beginning or later in its course with clini-
cal and/or imaging signs of constant progression, 
adopting a primary progressive phenotype (PPMS), 
a secondary progressive phenotype (SPMS) or a pro-
gressive relapsing phenotype (PRMS). Inflammation 
in MS, originally thought of to be driven primarily 
by T cells, has been shown to be mediated also 
by B lymphocytes (also known as B cells) and cells 
of the innate immunity including microglia, which 
are the CNS-resident macrophages. In particular, B 
lymphocytes have emerged as central regulators of 
the immune processes that lead to the emergence 
and perpetuation of inflammation in MS and medi-
ate a large part of inflammatory injury in the CNS 
of MS-affected individuals1. Of note, B cells is the 
hallmark cellular constituent of ectopic lymphoid 
follicles seen mostly in progressive MS2. MS-asso-
ciated immune activation causes the acute focal 
inflammatory lesions that underlie disease relapses 
resulting in relapse-associated worsening (RAW), 
and constant chronic inflammation that leads to 

a slowly progressive course with subsequent signs 
of neurodegeneration causing loss of neural tissue, 
disability accumulation and progression independent 
of relapse activity (PIRA)3. The latter is reflected in 
the significant brain volume decrease observed in 
MS patients suffering from the disease for several 
years4, attributed to axonal damage and neuron 
death5. Whether inflammatory and degenerative 
mechanisms intersect and the mechanisms by which 
they do so remain for the most part unknown. 

The course of MS reflects the entire disease com-
plexity that includes relapses resulting from focal in-
flammatory lesions, chronic inflammation in distinct 
CNS compartments, inflammation-mediated neural 
degeneration, primary degenerative processes as well 
as processes of neuronal repair and remyelination6–8 
(Table 1). In this narrative review, we highlight the 
roles of B lymphocytes in both inflammatory and de-
generative pathways activated in MS and discuss the 
current B cell-targeting therapies in MS including the 
approved anti-CD20 monoclonal antibodies, directed 
against the cluster of differentiation 20 (CD20), and 
the currently evaluated in randomized-controlled clini-
cal trials (RCTs) Bruton’s tyrosine kinase (BTK) inhibi-
tors. We also provide a summary of the effects of 
these compounds on MS-associated neuroinflamma-
tion and neurodegeneration. Finally, we also provide 
practical recommendations regarding the use of B 
cell-targeting therapies in different MS subtypes.   

Table 1. Cellular processes in the course of Multiple Sclerosis. The course of multiple sclerosis is characterized of dis-
crete relapses due to focal inflammatory lesions visualized with magnetic resonance imaging, long-standing slowly 
progressive inflammation that leads to degeneration in the absence of detectable focal lesions, inflammation-indepen-
dent degeneration and sparse remyelination consisting of thin incomplete myelin sheaths surrounding degenerating 
axons. These processes are differentially activated in time and in space in the course of MS. 

Cellular processes in the course of Multiple Sclerosis and their anatomical correlates

Relapses (inflammation-mediated) Acute focal inflammatory lesions

Inflammation-mediated progression Compartmentalized CNS inflammation
Slowly expanding lesions

Neurodegeneration-mediated progression Loss of CNS volume
(brain and spinal cord atrophy)

Remyelination Oligodendrocyte clusters around lesions
Thin/incomplete myelin sheaths
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Functions and areas of residency of B cells in 
multiple sclerosis

B lymphocytes, the mediators of humoral adap-
tive immunity, and their differentiated counter-
parts plasma cells that produce antibodies directed 
against select antigens, constitute a significant 
part of anatomical MS lesions and pursue a lot of 
immune responses aberrantly activated in MS. B 
lymphocytes have been postulated to drive inflam-
mation in MS, possibly in antibody-dependent and 
antibody-independent mechanisms9. The latter 
comprise antigen presentation to and activation 
of T cells as well as release of inflammatory media-
tors including cytokines, chemokines and cytotoxic 
factors that lead to inflammation-dependent and 
inflammation-independent injury that may be cul-
minated in cell death of neuronal and non-neuronal 
cells10,11. There is apparently a reciprocal interaction 
between B cells and T cells in MS in that T cells en-
hance the clustering and function of B cells at niches 
of inflammation within the CNS12. Of note, B cells 
that reside in the CNS of MS-affected individuals 
have altered molecular identity compared to B cells 
in non-diseased individuals. In particular, they may 
carry hypermutations and synthesize antibodies with 
their constituent domains rearranged13. The main 
roles of B lymphocytes in immune diseases, which 
may also apply in the CNS of MS-affected individu-
als, are summarized in Table 2. 

B cell localization in the CNS of patients suffer-
ing from MS is important for understanding the 
exact roles that these cells play in the pathogenesis 
of the disease. B cells infiltrate the meninges and 
form aggregates arranged in a follicular pattern. 
These B cell aggregates are known as B cell follicles 
and localize in the vicinity of active inflammatory 
lesions. They are thought to play important roles 
in the induction and maintenance of inflammation 
within the adjacent cortical tissue, specifically in 
cases with SPMS but not in PPMS14, in accordance 
with the role of such ectopic lymphoid clusters 
in other chronic inflammatory diseases15. CD20+ 
B cells have also been detected in white matter 
perivascular spaces, suggesting that these regions 
serve as areas of active ongoing inflammation. 
Moreover, cerebrospinal fluid contains B cells and 
plasma cells which contribute to the intrathecal 
synthesis of antibodies12. Therefore, it has been 
hypothesized that B cells exert both local effects 
by acting in clusters at juxtacortical compartments 
and systemic effects by secreting circulating anti-
bodies and/or by being disseminated throughout 
the CNS by means of CSF9. These observations have 
expanded our view of the role of B lymphocytes in 
CNS inflammatory disorders and have revived the 
interest for targeting B cell-dependent pathways 
in MS.    

Table 2. Known roles of B-cells in autoimmune diseases that may apply in Multiple Sclerosis (MS) pathogenesis. The 
various roles of B lymphocytes, presented at the top part of the table, reflect their complex contribution in MS patho-
physiology. The localization areas of B cells, presented at the bottom part of the table, point to their role in regulating 
disease activity.  

B cell functions that may apply in Multiple Sclerosis

Antigen presentation

Activation of T lymphocytes

Antibody production

Secretion of inflammatory mediators

Secretion of cytotoxic factors and induction of cell death

Host cells for demyelination-inducing viruses

B cell localization in Multiple Sclerosis

Meningeal lymphoid follicles 

Perivascular spaces (mostly periventricular)

Active lesions

Slowly expanding lesions

Cerebrospinal fluid
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Therapies directed against B lymphocytes in 
multiple sclerosis 

Therapies that target and deplete B lymphocytes 
in multiple sclerosis include anti-CD20 monoclo-
nal antibodies and Bruton’s tyrosine kinase (BTK) 
inhibitors.

Anti-CD20 monoclonal antibodies

CD20 is a transmembrane protein expressed in 
a selective pattern on the cell surface of B lym-
phocytes. Monoclonal antibodies directed against 
CD20 have been developed as potent and selective 
inhibitors of CD20-expressing B lymphocytes and 
are thereafter referred to as anti-CD20 monoclonal 
antibodies. Four anti-CD20 monoclonal antibodies, 
Rituximab, Ocrelizumab, Ofatumumab and Ublitux-
imab are currently in use in MS, and are directed 
against adjacent or partially overlapping epitopes on 
CD20 extracellular domains16,17 (Table 3). 

General considerations:

The administration of anti-CD20 monoclonal an-
tibodies has been associated with infusion-related 
reactions (short-term effects) and with long-term 

effects that include infections, malignant disease ac-
tivation and potential teratogenic effects in pregnant 
women [rituximab: US Food and Drug Administration 
(FDA) pregnancy category: C; ocrelizumab: US FDA 
pregnancy category: Not assigned; ofatumumab: 
US FDA pregnancy category: Not assigned; Ublitux-
imab: US FDA pregnancy category: Not assigned]. 
Therefore, prior to the initiation of treatment with 
an anti-CD20 monoclonal antibody, screening for 
active infections, screening for active malignant dis-
ease, sufficient vaccination for select pathogens and 
pregnancy programming in women of child-bearing 
age is recommended. Infectious diseases routinely 
screened include hepatitis B, hepatitis C, human 
immunodeficiency virus infection and tuberculosis. 
Contraindications for the administration of this class 
of drugs include life-threatening infusion-related 
reaction and active HBV infection. 

Vaccination against common pathogens is strong-
ly recommended and completed prior to treatment. 
All immunizations should be performed according 
to the immunization guidelines, at least 4 weeks 
for live and live-attenuated vaccines and at least 
2 weeks for non-live vaccines, before the initiation 
of treatment. Screening for malignant diseases is 
guided by patient’s history and age and may include 

Table 3. Anti-CD20 monoclonal antibodies in different forms of multiple sclerosis. Anti-CD20 monoclonal antibodies 
(Anti-CD20 mAb) with efficacy against different forms of MS are presented with respect to their composition, route of 
administration, administration scheme and forms of MS for which they have a formal approval based on randomized-
controlled clinical trials (Ocrelizumab, Ofatumumab, Ublituximab) or they have proven efficacy without approval (Ritux-
imab, off-label use). Abbreviations: RMS, relapsing multiple scleroris; PPMS, primary progressive multiple sclerosis; 
SPMS, secondary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis.

Anti-CD20 
mAb

mAb composi-
tion

Administration 
route

Administration 
scheme

Use in Multiple 
Sclerosis types

Rituximab Chimeric Intravenous infu-
sion

4 weekly infusions; 
subsequently every 
6 months

PPMS with activ-
ity
SPMS

Ocrelizumab Humanized Intravenous infu-
sion

2 initial doses, 300 
mg each, with a 
2-week interval; 
subsequently, 600 
mg every 6 months

RMS 
PPMS with activ-
ity

Ofatumumab Human (100%) Subcutaneously 3 initial doses, 20 
mg each, at weeks 
0, 1, 2; subsequent-
ly monthly (starting 
at week 4)

RMS with active 
disease

Ublituximab Chimeric, glycoen-
gineered

Intravenous infu-
sion

2 initial doses: 1st, 
150 mg; 2nd, 450 
mg; subsequently 
450 mg every 6 
months 

RMS: RRMS, ac-
tive SPMS
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routine or more rigorous diagnostic approaches. 
Active infections and active malignant diseases are 
contraindications for initiating treatment with anti-
CD20 monoclonal antibodies. Nevertheless, if suc-
cessfully treated, such conditions do not prevent 
the patient from receiving anti-CD20 therapy at 
a later time point. To minimize the risk of short-
term reactions related to the infusion of rituximab, 
ocrelizumab and ublituximab special precautions are 
taken with administration of preparative medica-
tions including corticosteroids, antihistamines and 
paracetamol. However, this premedication scheme 
does not rule out the possibility of allergy and the 
need for a close follow-up of the patient during and 
shortly after infusion. Anti-CD20 antibodies should 
be administered under the supervision of an expe-
rienced physician or nurse, and at a health center 
where resuscitation facilities are readily available.

Of particular importance is the alertness for pro-
gressive multifocal leukoencephalopathy (PML) in 
patients who present with a rapid and severe dete-
rioration, given that PML associated with anti-CD20 
antibodies has been reported in isolated cases18. 

The four available anti-CD20 monoclonal antibod-
ies are briefly presented below: 

Rituximab: 

It is a mouse/human chimeric IgG1 antibody di-
rected against the CD20 transmembrane protein 
expressed on B cell surface. Rituximab has been ap-
proved for autoimmune disorders including rheuma-
toid arthritis. Rituximab has shown efficacy in the 
treatment of RRMS in phase II RCTs19,20, and it has 
been used for years as an off-label therapy for MS 
in particular for cases refractory to other MS treat-
ments or in MS patients with concomitant systemic 
autoimmune disorders21. 

Administration: It is administered in 4 weekly in-
travenous infusions at a dose of 375 mg/m2 of body 
surface area each, and thereafter every 6 months. 

Side-effects: The most common are infusion-relat-
ed reactions and infections.

Contraindications: Life-threatening hypersensitiv-
ity, active infection, severely immunocompromised 
state.

Ocrelizumab

It is a humanized IgG1 monoclonal antibody di-
rected against CD20+ B cells. It has been approved 
by FDA and EMA for adult patients with RMS and 
active PPMS according to the results of OPERA I/II 
and ORATORIO trials, respectively22,23. 

Administration: It is administered by intravenous 
infusion. The initial dose is 600 mg administered 
as two separate infusions, 300 mg each, with a 

2-week interval. Subsequent doses, 600 mg each, 
are administered every 6 months, with the first one 
of these being administered 6 months after the first 
initial dose.   

Side-effects: The most common are infusion-relat-
ed reactions and infections.  

Contraindications: Life-threatening hypersensitiv-
ity, active infection, severe immunocompromise, 
active malignancy.

Ofatumumab

It is a 100% human IgG1 antibody directed against 
CD20 and subsequently against CD20-expressing B 
lymphocytes. It has been approved by FDA and EMA 
for use in adult patients with relapsing forms of MS, 
including RRMS or a secondary progressive course 
with disease activity, based on the results of the 
ASCLEPIOS I and II trials24. 

Administration: It is administered by subcutaneous 
injection containing 20 mg of ofatumumab at weeks 
0, 1 and 2, and thereafter monthly starting at week 
4. The first dose should be administered under the 
care of a physician or specialized nurse. Subsequent 
doses can be self-administered at home. 

Side-effects: The most common are local and sys-
temic reactions associated with the infusion and 
infections.

Contraindications: Life-threatening hypersensitiv-
ity, active hepatitis B infection.

Ublituximab

It is a glycoengineered chimeric monoclonal an-
tibody directed against the CD20 transmembrane 
protein expressed on B lymphocytes. It has been ap-
proved by the Food and Drug Administration (FDA, 
USA) and the European Medicines Agency (EMA, 
EU) for use in adult patients with relapsing forms of 
MS, including RRMS and SPMS with activity, based 
on the results of ULTIMATE I/II trials25,26. 

Administration: It is administered by intravenous 
infusion. The administration scheme of ublituximab 
includes two initial doses and subsequently, one 
dose every six months (two infusions per year), as 
follows: first infusion, 150 mg IV over 4 hours; sec-
ond infusion, 2 weeks after the first infusion, 450 
mg IV over 1 hour; subsequent infusions (starting 
6 months after the first infusion), 450 mg IV every 
24 weeks (6 months) over 1 hour. 

Side-effects: The most common are infusion-asso-
ciated reactions and infections.

Contraindications: Active hepatitis B infection, 
life-threatening infusion reaction.

Bruton’s tyrosine kinase inhibitors

Bruton’s tyrosine kinase (BTK) is expressed in B 
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lymphocytes and constitutes an integral component 
of B cell receptor signaling playing important roles 
in regulating the survival, proliferation, maturation 
and function of B lymphocytes. It is also required 
for the proper function of microglia27. BTK inhibition 
disrupts B cell receptor signaling pathways critical to 
B lymphocyte survival and function and leads to B 
cell dysfunction and ultimately apoptosis28. Owing 
to their ability to target B lymphocytes, BTK inhibi-
tors are being tested for their efficacy in a variety of 
B cell disorders including MS. In MS, BTK inhibitors 
are being tested both with respect to their ability to 
prevent relapses and with respect to their effective-
ness in halting disease progression independent of 
relapses. BTK inhibitors have a low molecular weight 
that allows them to pass the blood-brain barrier and 
enter the CNS. As such, their therapeutic potential 
may extend beyond reducing relapses to halting 
disease progression seen particularly in progressive 
MS29,30. There are currently five BTK inhibitors, Evo-
brutinib, Tolebrutinib, Remibrutinib, Orelabrutinib 
and Fenebrutinib, which are being evaluated for their 
efficacy in relapsing MS (RMS) including relapsing 
remitting and progressive MS with activity.

 Different members of the BTK inhibitor family 
differ in their affinity to bind and inhibit BTK, their 
pharmacokinetics, their ability to cross the blood-
brain barrier and their risk to provoke side-effects 
related to their on- and/or off-target effects (Table 

4). However, it seems that all BTK inhibitors may 
cause derangements in liver function tests, which 
although asymptomatic and reversible, have raised 
serious concerns about their safety and are the cause 
of placing a partial or complete hold in some of 
the ongoing randomized-controlled clinical trials 
preventing them from recruiting more patients. 
Whether there are predisposing factors for the de-
velopment of this side effect is currently under study.

When to target B lymphocytes in multiple 
sclerosis 

MS displays multi-level heterogeneity that results 
from the variability of affected areas of the CNS, 
the pathophysiology of lesions among different pa-
tients and in the same patient, the temporal course 
(rate of progression, sequence of relapses) and the 
response to treatment7. There are apparently differ-
ential contributions of immune system components 
in different subsets of patients, as proven by the 
higher or lower efficacy of the same MS medications 
in patients with seemingly the same MS course. 
The landscape of MS therapeutics is further com-
plicated by comorbidities and the side effects of the 
medications that affect the selection of the most 
appropriate drug. These factors make evident the 
need for personalized therapeutic approaches, which 
may now become at least to some extent feasible 

Table 4. Bruton’s tyrosine kinase inhibitors currently under evaluation in multiple sclerosis. Five Bruton’s tyrosine 
kinase inhibitors are being evaluated in phase III randomized-controlled clinical trials for their efficacy and safety 
in relapsing MS. Please note that results from the EVOLUTION clinical trials showed evobrutinib did not meet its 
primary endpoint of annualized relapse rate for up to 156 weeks compared to oral teriflunomide in both studies.  
https://www.merckgroup.com/en/news/evobrutinib-phase-lll.html

BTK inhibitor Binding MS subtypes in clini-
cal trials TRIAL NAME

Phase Administra-
tion route

Company

Evobrutinib Covalent, 
irreversible

Relapsing MS
EVOLUTION III

Oral Merck 

Tolebrutinib Covalent, 
irreversible

RRMS GEMINI I, II
Relapsing SPMS HER-
CULES
PPMS PERSEUS

III

III
III

Oral Sanofi-Gen-
zyme

Orelabrutinib Covalent, 
irreversible

RRMS II Oral InnoCare 
Pharma

Remibrutinib Covalent, 
irreversible

Relapsing MS (RRMS, 
active SPMS)
REMODEL I, II

III

Oral Novartis

Fenebrutinib Non-cova-
lent, revers-
ible

Relapsing MS FEN-
hance, FENhance 2
PPMS FENtrepid

III

III

Oral Genentech
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thanks to the growing list of available MS drugs. At 
present, MS medications for individual patients may 
be selected by certain experienced MS physicians 
based on the clinical course and the lesions visual-
ized in MRI of the CNS, as well as on the therapeutic 
criterion as evident by the response of the patient to 
previous immune treatments (e.g. plasmapheresis, 
corticosteroids). Given this complexity and our inabil-
ity to dissect the exact roles that B lymphocytes play 
in individual MS patients, the clinical course of MS 
is probably the most important criterion in making 
a decision as to which medication is the most ap-
propriate for individual patients. Based on available 
evidence16, we suggest some clinical scenarios in MS 
where B cell-depleting therapies may be considered:

•	 Progressive MS, including primary progressive 
MS, secondary progressive MS, and progres-
sive relapsing MS.

•	 RRMS with high disease activity that does 
not respond to other potent agents (e.g. 
Natalizumab).

•	 Refractory or recurrent optic neuritis, in par-
ticular if it has sufficiently responded to plas-
mapheresis.

•	 Overlapping syndromes characterized by the 
co-occurrence of multiple sclerosis with a sys-
temic autoimmune disorder, such as Sjögren 
syndrome, rheumatoid arthritis or systemic 
lupus erythematosus (off-label use).

•	 CNS demyelination as a result of a systemic 
autoimmune disease (off-label use).

Effects of B cell-targeting therapies on mul-
tiple sclerosis-associated neuroinflammatory 
and neurodegenerative pathways 

MS leads to progressive disability by distinct re-
lapses resulting from new focal CNS lesions and by 
slow progressive worsening resulting from chronic 
inflammation in distinct CNS compartments that is 
complicated by concurrent degenerative processes3,6. 
The slowly progressive pathways that lead to insidi-
ous cumulative disability in MS have been thus far 
difficult to hamper because of lack of effectiveness 
of the available therapeutic compounds on the mo-
lecular and cellular substrates of these processes31. 
This section focuses on the cellular and molecular 
evidence for the effects of B cell-depleting thera-
pies in MS signaling pathways and/or on MS-related 
pathology.

Anti-CD20 monoclonal antibodies may disrupt 
B cell clusters localized at the meninges in SPMS32. 
Further, BTK inhibitors, as potent B cell modulators, 
may have the potential to halt disease progression 
through their robust effects on multiple stages of 
B cell cycle and function29. Indeed, BTK inhibition 
has been shown to downregulate B cell-dependent 

immune responses33 and recent evidence demon-
strates high efficacy of investigational BTK inhibi-
tors in halting MS progression in a mouse model of 
SPMS34, suggesting an effect of these compounds 
in disease-associated inflammation and progressive 
degeneration. However, the mechanisms by which 
they exert such effects are not completely under-
stood given that B cell-depleting therapies may not 
affect the formation of ectopic lymphoid follicles, 
which are thought to be critical for inflammation 
maintenance and additive disability in progressive 
MS35. In consistency with preclinical data, RCTs have 
provided preliminary evidence regarding the efficacy 
of BTK inhibitors in relapsing MS.36,37 However, it 
should be noted that results from the EVOLUTION 
clinical trials showed evobrutinib did not meet its 
primary endpoint of annualized relapse rate for up 
to 156 weeks compared to oral teriflunomide in 
both studies38.

Conclusions

B cells, the cellular substrate of humoral adaptive 
immunity, reside in multiple areas of the MS-affected 
CNS including the CSF and various areas of the pa-
renchyma. Their broad localization pattern reflects 
their multifaceted roles in inducing and maintaining 
MS-related pathology by the exertion of local and 
systemic effects resulting in activation of a multitude 
of immune signaling mediators and effectors. In par-
ticular, their detection in areas of rapidly progressive 
and slowly progressive inflammatory lesions points 
toward a role of these cells in both relapsing and 
progressive forms of MS. 

In support of the central regulatory role of B 
cells in MS, B cell-targeting or depleting drugs have 
emerged as powerful tools for various forms of MS 
including refractory RRMS, progressive MS or over-
lapping syndromes of MS with a systemic autoim-
mune disorder. After the advent and establishment 
of efficacy of the first anti-CD20 monoclonal anti-
bodies, there is an ever-growing list of compounds 
that deplete B cells and/or abrogate their function 
and are highly effective in RCTs or have already been 
approved for active MS. This has demonstrated that 
even if B cells are not the only players in MS signaling 
cascades, they apparently constitute the cornerstone 
of inflammation-mediated injury that occurs in MS.  

B cell-targeting therapies are currently being ex-
panded by the advent of the new anti-CD20 mono-
clonal antibodies Ofatumumab and Ublituximab and 
the currently tested in clinical trials BTK inhibitors. 
Halting the relentlessly progressive course of MS 
reflected in brain and spinal cord atrophy observed in 
chronic MS-affected individuals remains a challenge 
and is a parameter for success for the new drugs 
being added in the armamentarium of MS thera-
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peutics. Of note, BTK inhibitors have broader effects 
on the immune system by affecting both adaptive 
and innate immunity, which raises promise for pro-
gressive MS types that have been difficult to treat. 
The efficacy of the new B cell-targeting therapies 
in slowing down MS-associated neurodegeneration 
requires a long-term follow-up after treatment ini-
tiation, with more sophisticated biochemical and/or 
imaging approaches of the CNS (volume loss quanti-
fication of the entire brain, spinal cord or select CNS 
structures, markers of neurodegeneration) that will 
allow the in vivo study of the effects of these drugs 
on MS-related degenerative processes. 
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