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B-Cell Depletion — A Frontier in Monoclonal Antibodies  
for Multiple Sclerosis

Peter A. Calabresi, M.D.

Multiple sclerosis is a disabling autoimmune dis-
ease in which immune cells target central nervous 
system (CNS) antigens, leading to demyelination, 
glial activation, and subsequent loss of neurons 
and axons.1 There are three main subtypes of 
multiple sclerosis: relapsing–remitting, in which 
patients recover partly or fully from attacks but 
go on to have others; secondary progressive, in 
which patients with relapsing–remitting disease 
have progression of disability between attacks; 
and primary progressive, in which patients have 
continual progression from the time of onset of 
the disease.2 Over the past two decades, a remark-
able number of new therapies have been devel-
oped that reduce the rate of relapses, reduce 
accumulation of lesions seen on magnetic reso-
nance imaging (MRI), and modestly slow dis-
ability, but these are effective almost exclusively 
in relapsing multiple sclerosis.3

Most therapies for multiple sclerosis target 
T-cell activation, the trafficking of these cells into 
the CNS, and effector functions of the lymphocytes, 
but many have concomitant effects on B cells. Be-
cause B cells also migrate from the peripheral 
blood into the CNS in patients with multiple 
sclerosis and these cells produce immunoglobu-
lins, which are a characteristic finding in the 
cerebrospinal fluid, several phase 1b and 2 studies 
have tested the efficacy of the B-cell–depleting 
chimeric anti-CD20 monoclonal antibody ritux-
imab.4-7 This therapy has reduced relapses and 
MRI activity in patients with relapsing–remitting 
multiple sclerosis but has not slowed the progres-
sion of disability in patients with primary progres-
sive multiple sclerosis, except in a post hoc analy-
sis of patients younger than 51 years of age and 

with gadolinium-enhancing lesions on MRI. Haus-
er et al.8 and Montalban et al.9 now report in the 
Journal the results of phase 3 trials of a new and 
fully humanized monoclonal anti-CD20 antibody, 
ocrelizumab, in two clinical trials in relapsing 
multiple sclerosis and one trial in primary pro-
gressive multiple sclerosis.

In the identical trials involving patients with 
relapsing multiple sclerosis, called OPERA I and 
OPERA II, Hauser et al. compared ocrelizumab at 
a dose of 600 mg every 24 weeks versus interferon 
beta-1a at a dose of 44 μg three times a week for 
96 weeks. Both trials showed a significant effect 
of ocrelizumab on the primary outcome of an-
nualized relapse rate, with ocrelizumab resulting 
in a 46% or 47% lower rate than with interferon 
beta-1a. The percentage of patients with disabil-
ity progression and the number of lesions on MRI 
were also significantly lower in the ocrelizumab 
group. Remarkably, in the ORATORIO trial by 
Montalban et al. involving patients with primary 
progressive multiple sclerosis, a previously untreat-
able subtype of the disease, the relative risk of 
disability progression was approximately 25% low-
er among patients who received 600 mg of ocre-
lizumab every 24 weeks for at least 120 weeks than 
among those who received placebo. In addition, 
the total volume of brain lesions on T2-weighted 
MRI decreased with ocrelizumab and increased 
with placebo. This is the first drug to show a sig-
nificant effect in slowing disability progression in 
a phase 3 trial in primary progressive multiple 
sclerosis, and therefore the trial represents a land-
mark study in the field.

The mechanism by which B-cell depletion 
achieves these effects is not fully understood but 
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may be multifunctional, because B cells have im-
portant roles in antibody secretion, antigen pre-
sentation, and the release of effector cytokines. 
Although there are several other antigen-present-
ing cells, such as dendritic cells and monocytes, 
B cells by virtue of their number may be impor-
tant antigen-presenting cells in multiple sclerosis. 
Previous studies have shown that rituximab rap-
idly reduced secretion of the inflammatory cyto-
kines interferon-γ and interleukin-17 from T cells 
in patients with multiple sclerosis, findings that 
are consistent with the early reduction of active 
gadolinium-enhancing lesions observed with anti-
CD20 therapy.10 In addition, the B cell is a reser-
voir for Epstein–Barr virus, which has been im-
plicated in the pathogenesis of multiple sclerosis 
by virtue of its high sequence homology with my-
elin basic protein, and it is interesting to speculate 
that B-cell depletion may eliminate this reservoir, 
thereby decreasing autoreactivity, although this 
has not been proven.11,12

Primary progressive multiple sclerosis is char-
acterized by insidious progression of disability 
over years with no remission and low MRI activ-
ity, and it is generally considered less inflamma-
tory and more neurodegenerative than relapsing 
multiple sclerosis. These features are cited as 
explanations for the failure of other immuno-
suppressive drugs to decrease disease progression 
in primary progressive multiple sclerosis. One pos-
sible explanation for the positive effects of ocre-
lizumab in the ORATORIO trial is that the patient 
population included younger patients (mean age, 
approximately 45 years) and those with active MRI 
scans (>25% had gadolinium-enhancing lesions), 
allowing for a measurable antiinflammatory effect 
of ocrelizumab in patients who had some inflam-
mation at an early, reversible stage of the disease. 
Another possible explanation is that B cells may 
mediate pathologic processes by secretion of cy-
tokines or by deposition of immunoglobulins af-
ter they enter the CNS. B cells and plasma cells 
secrete antibodies that may target CNS antigens 
such as myelin, neurons, and glia, which could 
accelerate neurodegeneration or inhibit myelin 
repair.13 The continued separation of disability 
progression curves in the ORATORIO trial be-
yond 52 weeks, when antiinflammatory effects 
have been maximized, and success in the relatively 
noninflammatory disorder of primary progressive 
multiple sclerosis suggest that additional mecha-

nisms of action may be operational, and further 
study is warranted.

Although ocrelizumab offers promise for pa-
tients with primary progressive multiple sclero-
sis, who are desperately in need of a therapy, side 
effects must also be considered. Agents that target 
the immune system often result in some degree of 
immune suppression, potentially rendering the 
host susceptible to infections and impaired im-
mune surveillance of new cancer cells, which 
could increase the risk of neoplasms. Although 
the dreaded complication of other drugs for mul-
tiple sclerosis, infection with JC virus causing 
progressive multifocal leukoencephalopathy, has 
not been seen with B-cell depletion in multiple 
sclerosis to date, there does appear to be a higher-
than-normal risk of herpes reactivation and of 
neoplasms, especially breast cancer. These side 
effects will need to be studied in future trials 
and in phase 4 monitoring in the community to 
understand the extent of the risk. Clinicians are 
urged to carefully consider which patients might 
benefit the most from ocrelizumab and to stay 
vigilant with regard to monitoring for side ef-
fects that could be managed effectively if detected 
early.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.
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