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Rituximab for treating multiple sclerosis
Off-label but on target

Physicians commonly use drugs off-label. A medica-
tion approved by the Food and Drug Administration
and other regulatory agencies for one indication may
be useful for treating others. An example is rituximab,
which is a chimeric monoclonal antibody that targets
CD20 on B cells. Rituximab lyses the targeted cells, re-
sulting in prolonged depletion of circulating B cells. It
is approved to treat B-cell malignancies, rheumatoid
arthritis, Wegener granulomatosis, and microscopic
polyarteritis. However, neurologists have successfully
used rituximab off-label to treat neuroimmunologic
diseases, including neuromyelitis optica, myasthenia
gravis, autoimmune encephalitis, and autoimmune
neuropathies and myopathies.1

That rituximab is effective for neuroimmunologic
diseases in which autoantibodies are of pathogenic
importance is not surprising. The unexpected discov-
ery was that rituximab is effective in multiple sclerosis
(MS). T cells once were considered the key immune
cells in MS. This simple view was overturned when
a phase 2 trial revealed that rituximab had dramati-
cally positive effects on relapsing-remitting MS
(RRMS).2 Another study comparing rituximab and
fingolimod following cessation of natalizumab sup-
ported the efficacy of rituximab in treating RRMS.3

In addition, a trial of rituximab for primary progres-
sive MS (PPMS) came close to meeting its primary
outcome.4 It is now clear that B-cells contribute to the
pathogenesis of MS by serving as antigen presenting
cells to activate pathogenic T cells, differentiating into
plasma cells that produce autoreactive antibodies and
releasing proinflammatory cytokines.5

In this issue of Neurology®, Salzer et al.6 report on
the experience using rituximab to treat MS at 3 uni-
versity hospitals in Sweden. They retrospectively ana-
lyzed the outcomes of 822 patients with MS (557 with
RRMS, 198 with secondary progressive MS, and 67
with PPMS) treated with rituximab. The mean treat-
ment duration was 21.8 months and 313/822 patients
were treated for longer than 24 months. The aims of
the study were to report on the safety of rituximab in
this large cohort of patients with MS and provide
information on efficacy and dosing.

Regarding safety, infusion reactions occurred in
7.8% of over 3,000 infusions, happening most fre-
quently with the first 3 infusions. Infusion reactions
were generally mild and rarely serious. Other adverse
events tended to be mild infections. Severe adverse
events consisted mainly of infections, occurring in
1.7% of patients. There were 4 deaths but none
appeared related to rituximab. Regarding efficacy,
during treatment, the mean annualized relapse rate
was low (0.044 in RRMS), and only 4.6% of patients
had contrast-enhancing lesions on brain MRI, com-
pared with 26.2% before starting rituximab. At the
end of follow-up, median Expanded Disability Status
Scale score was unchanged in patients with RRMS,
and worsened slightly in patients with progressive
MS. Thus, in this large MS cohort, rituximab was
generally well-tolerated, had a low incidence of seri-
ous side effects, and appeared to be effective at con-
trolling relapses.

Salzer et al. made an important observation related
to rituximab dosing. Dosing for rituximab for autoim-
mune diseases often has been to administer an induction
dose of 2,000 mg divided between 2 infusions and then
a maintenance dose of 1,000 mg every 6 months. In the
Swedish cohort, only 1/3 received an induction dose of
2,000 mg. While the maintenance dose varied between
100 and 2,000 mg, most commonly, patients received
either 500 or 1,000 mg every 6 months for mainte-
nance. Giving a 2,000mg induction dose or administer-
ing 1,000 mg every 6 months for maintenance did not
improve clinical or MRI outcomes, suggesting that
500 mg given every 6 months might be as effective in
MS as higher doses. Given that the cost of rituximab
is related to the dose administered, being able to use half
the standard dose represents a substantial savings.

The study has limitations. This was a retrospective
analysis of medical records and there was no control
group or randomization, limiting conclusions about
efficacy. The dosing of rituximab and collection of
safety and outcome data were not standardized.
Despite these limitations, the study provides insights
into real-world experience using rituximab in a large
group of patients with MS.
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Despite the dramatic phase 2 results, phase 3 trials
of rituximab for RRMS were never done because the
patent on rituximab was set to expire. Instead, 2 new
anti-CD20 monoclonal antibodies, ocrelizumab and
ofatumumab, are being investigated as MS treat-
ments.7,8 While ofatumumab has yet to be studied in
a phase 3 trial, in 2 phase 3 trials in RRMS, ocrelizu-
mab substantially reduced relapses, new lesion forma-
tion on brain MRI, and disability progression in
comparison with subcutaneous interferon-b-1a.9

Importantly, in a placebo-controlled trial, ocrelizumab
slowed disability progression in PPMS, achieving
a new milestone in the treatment of progressive MS.9

It is likely that ocrelizumab will receive approval for the
treatment of RRMS and may be approved for PPMS.

What will happen when ocrelizumab is released?
Based on the pricing history of other MS disease-
modifying therapies (DMT),10 ocrelizumab probably
will be priced above currently approved MS therapies,
which in the United States now have annual wholesale
acquisition prices (WACs) of;$67,000–$87,000. The
price of rituximab is substantially lower than any of the
currently approved MS DMTs. Currently, the annual
WAC is ;$8,000 for 500 mg and ;$16,000 for
1,000mg when administered every 6months. Assuming
ocrelizumab enters the market with a premium price,
a strong argument could bemade that the off-label use of
rituximab would be cost-effective and efficacious.

Targeting CD20 on B cells with monoclonal anti-
bodies is likely to become widely used as a treatment
strategy for relapsing and progressive MS. If so, using
rituximab off-label may be sensible. It has the right
target and clinical studies support its efficacy. Ritux-
imab also hits another target as a reasonably priced
MS treatment.
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