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Monoclonal Antibody Therapy
in Multiple Sclerosis
Finding the forest among the trees with an update on the safety, efficacy, and
mechanisms of monoclonal antibodies.
By Lawrence Steinman, MD and Aaron M. Carlson, MD
There has been a marked increase
in disease-modifying therapies for
patients with multiple sclerosis
(MS) over the last decade. Of
these, 3 are monoclonal antibodies of diverse origin (Table) that
target diverse pathways (Figure). This diversity reflects the
continued growth in understanding of the complex role of the
immune system in MS and our fledgling understanding of how
modulating these pathways can alleviate disease. Each therapy
has unique risks, many of which are not fully realized in clinical
trials, as recent events have shown with daclizumab, which has
been withdrawn from the market. In addition, treatment of
MS has recently shifted to a focus not only on disease modification, but also on remyelination and repair.
This article updates efficacy and safety data for monoclonal
antibody treatments, including an overview of current clinical trials and research that will define the next generation of
monoclonal antibodies for treating patients with MS.
Alemtuzumab
Alemtuzumab is a humanized monoclonal antibody targeting CD52, a cell surface marker widely expressed on mature
lymphocytes. Targeting CD52 leads to depletion of circulating
B and T cells with subsequent repopulation over months to
years. Alemtuzumab has a different dosage schedule versus
other immunotherapies; it is given in 2 short series of infusions 1 year apart, and then given again only if further disease
activity occurs. In 2 phase 3 clinical trials, alemtuzumab was
shown effective in preventing relapse for patients who had not
been treated previously, and those who had been treated with
interferon-β-1a or glatiramer acetate and still had disease progression.2 Although efficacy of alemtuzumab was well demonstrated, the high rate and severity of side effects are a barrier to
treatment for many patients and physicians. Infusion reactions
are common; infections, sometimes serious, have been noted;
and most importantly, high rates of secondary autoimmunity
are seen (eg, thyroid disease, immune thrombocytopenic pur-

pura [ITP], and antiglomerular basement membrane disease).
Follow-up after 5 years provides measures of longer-term
efficacy with excellent levels of patient retention.3,4 Clinical
and radiographic disease activity remains low in most patients,
and a substantial reduction in brain volume loss is seen in
extended follow-up. Roughly two-thirds of patients did not
require redosing of alemtuzumab beyond the first 2 years, and
year 3 infusions had lower infusion-related events than prior
years. That said, in data from 6 years of follow-up, only 50% of
patients did not need to receive additional immunotherapy
after the initial 2 treatments.5
Additional instances of autoimmune disease and serious
infections were seen in open-label follow-up and postmarketing experience. In open-label follow-up, secondary autoimmunity peaked in the third year of treatment, although cases were
seen throughout the extension period. Autoimmune thyroid
disease occurred in >40% of patients, and additional cases
of ITP were seen in both studies.3,4 A single additional case
of nephropathy occurred in open-label follow-up.3 Herpetic
infections occurred at a rate similar to the initial trials, but
complications were largely mitigated by the use of prophylactic acyclovir. In postmarketing data, more than 30 cases of
listeria meningitis have been documented, with the highest
preponderance in the month after infusion, which led to the
formal recommendation of listeria prophylaxis in the United
TABLE. SOURCE INFIXES OF MONOCLONAL ANTIBODIES
SOURCE INFIX

DEFINITION

-zu-

Humanized

-o-

Mouse

-u-

Fully human

-xi-

Chimeric

-xizu-

Mixed chimeric and human

Note: Source infixes for antibodies prior to 2010. Revised nomenclature can be found in the revised International Nonproprietary
Names for Pharmaceuticals.

28 PRACTICAL NEUROLOGY JULY/AUGUST 2018

PN0718_CF_MAbs.indd 28

7/18/18 9:31 AM

M U LT I P L E
SCLEROSIS

Figure. Proposed mechanisms of disease activity and sites of action for monoclonal antibody therapies. Alemtuzumab targets a broad
spectrum of lymphocytes that express CD52. Ofatumumab, ocrelizumab, rituximab, and ublituximab all target CD20-expressing B cells.
Daclizumab affects both T cells and natural killer (NK) cells. Natalizumab prevents lymphocyte migration across the blood brain barrier.
Opicinumab promotes differentiation of oligodendrocyte precursor cells to functional oligodendroglial cells to assist in remyelination.

Kingdom.6 In addition, rare side effects have been noted in
postmarketing data, including acalculous cholecystitis,7 hemophagocytic lymphohistiocytosis,8 and a report of an acute
coronary syndrome during infusion,9 among others. Clinicians
must remain vigilant because the full spectrum of secondary
effects from alemtuzumab is being uncovered.
B-Cell Therapies
B-cell therapies have been a growing area since the initial
trial of rituximab showed effectiveness for relapsing-remitting
multiple sclerosis (RRMS).10 Although a trial of rituximab in
primary progressive disease was ultimately unsuccessful, it
laid the groundwork for future trials of anti-CD20 antibodies,
including ocrelizumab, the first therapy to demonstrate efficacy in primary progressive MS (PPMS).11 Although an approved
biologic for other diseases, rituximab remains off-label for
patients with MS. Nevertheless, rituximab continues to be used
in many centers. A number of studies demonstrate long-term
efficacy and safety of rituximab in cohort of 822 patients,12 as
well as favorable efficacy both when switching from natalizumab compared to fingolimod13 and as initial therapy when
compared to on-label therapies.14 This medication remains a
viable option for treatment of persons with MS in areas where
off-label use is possible and where ocrelizumab is not available.
Ocrelizumab is approved for treatment of patients with MS;
it also is directed against CD20. Ocrelizumab was studied in 2

parallel trials for treatment of RRMS versus interferon-β-1a
and in a placebo-controlled trial in PPMS. For RRMS, there was
a 46% to 47% reduction in the primary endpoint of annualized relapse rate (ARR) in comparison to interferon-β-1a.15 In
a trial for treatment of patients with PPMS, a 24% relative risk
reduction of the 12-weeks confirmed disability progression was
seen compared to placebo.11 Overall, ocrelizumab has been
well-tolerated by patients. Serious infections were seen in trials in combination with other immunotherapies in persons
with lupus and rheumatoid arthritis, leading to the suspension
of those trials.16,17 These adverse results have not been mirrored in trials of ocrelizuimab for treatment of patients with
MS. An increased rate of breast cancer was seen in patients
treated with ocrelizumab in both trials, but follow-up safety
data suggest a return to expected incidence in this population.18 Progressive multifocal leukoencephalopathy (PML)
remains a concern, but the only incidences of PML thus far
have occurred in the setting of a transition from natalizumab
or fingolimod.
There are 2 additional antiCD20 therapies on the immediate horizon. Ofatumumab and ublituximab are both being
evaluated in phase 3 trials for RRMS. Ofatumumab is delivered
as a subcutaneous injection. In a phase 2 trial, ofatumumab
demonstrated efficacy in reducing enhancing lesions at
12 weeks with a variety of doses.19 This includes doses causing incomplete suppression of CD20 cells and partial B-cell
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repopulation between doses, highlighting the uncertain target
of B-cell suppression in these patients. Ublituximab was glycoengineered for enhanced affinity to FcγRIIIa receptors, with the
goal of increased antibody-dependent cellular cytotoxicity. It
is given intravenously, as are the available on-label therapies.
Because of increased potency, the infusion time required for
treatment with ublituximab is decreased to 1 to 2 hours for
most patients. Data from ongoing trials suggest a robust radiographic response.20
Inebilizumab, in early stages of evaluation, targets B cells and
CD19 which is expressed on a wider lineage of B cells, including
plasmablasts and some plasma cells that are otherwise spared
by CD20 agents.21 Although targeting these cells may be efficacious for MS, it also presents a greater theoretical risk for
immunoglobulin deficiencies, and it will be necessary to monitor for infectious complications.
Daclizumab
Used sparingly, daclizumab is an antibody directed at
IL2R-α, otherwise known as CD25. This monoclonal antibody
was one of the first ever used in human disease, initially for
prevention of renal allograft rejection. It was later repurposed
for use in patients with MS after reformulation as daclizumab
high-yield process. Daclizumab demonstrated efficacy in RRMS;
however, serious side effects, including fulminant autoimmune
hepatitis, were seen in trials.22,23 It was available under a monitoring program for patients who had not responded to 2 other
disease-modifying therapies, leading to little exposure to the
therapy. Postmarketing experience in Europe led to recognition of secondary autoimmune events, including 12 cases of
an inflammatory CNS condition that led to at least 3 deaths.24
Daclizumab was withdrawn from the market March 2, 2018.
The withdrawal of daclizumab presents a quandary for clinicians when transitioning patients to a new therapy. Risk of
rebound is unclear, appropriate length of washout is unknown,
and interactions with other disease-modifying therapies are
known only at the level of case reports. Liver function needs
to be monitored monthly for at least 6 months because
hepatic events were observed after treatment discontinuation. Although the optimal period of washout is unknown, the
opinion of the authors is to wait for 2 months or until all complications from daclizumab resolve, whichever is later.
Natalizumab
Natalizumab is a humanized monoclonal antibody against
α4-integrin that prevents lymphocyte migration across
the blood–brain barrier. It is the first monoclonal antibody
approved for use in patients with MS and demonstrated efficacy versus placebo25 and in combination with interferon-β-1a
versus interferon-β-1a alone.26 Although clearly effective and
fast-acting, it has the highest risk of PML of all available agents.
The development of the JC virus (JCV) index and a monitoring

program allows for stratification based on level of titer, length
of exposure, and prior immunosuppression.27 PML risk ranges
from 1:10,000 in patients with low JCV titers without prior
immunosuppression to as high as 1:70 in patients with high
JCV titers and prior exposure to immunosuppressive agents.28
Extended interval dosing (EID) has been used in studies in
an attempt to limit PML risk with natalizumab treatment, but
studies assessing efficacy and safety are limited by small numbers of treated patients and varying definitions of EID. Data
from the Touch Registry were used to compare safety data for
standard dosing versus EID. Using varying definitions of EID,
including recent use of EID, any exposure to EID, and EID since
treatment initiation, Ryerson et al29 demonstrated a considerable decrease in the risk of PML in all definitions of EID. Cases
of PML did still occur with the exception of those who underwent EID since treatment initiation. Although intriguing, this
study was limited by a lack of JCV titer capture, a low number
of patients who underwent EID from treatment initiation,
and most importantly, a lack of corresponding efficacy data. It
remains to be seen if EID of natalizumab could further reduce
PML risk and maintain the same level of effectiveness.
Remyelination Therapies
Although disease-modifying therapies continue to increase
in effectiveness in preventing new inflammatory lesions and
disease progression, none has demonstrated long-term disability improvement with consistency. The field of remyelination
provides an alternative avenue for treatment, focusing on the
recovery of damaged white matter in the hope that this will
lead to clinically significant improvement. The regulation of
remyelination in MS is complex,30 and recent work has focused
on oligodendrocyte precursor cells (OPCs) and methods of
promoting differentiation into functional oligodendrocytes in
areas of demyelination.
In early human studies of remyelinating agents, 2 monoclonal antibodies have had a significant role. Opicinumab is a
fully humanized antibody that targets leucine-rich repeat and
immunoglobulin domain-containing neurite outgrowth inhibitor receptor-interacting protein-1 (LINGO-1), which is a negative regulator of OPC differentiation into oligodendroglia.30 In
a phase 2 clinical trial, treatment with opicinumab in patients
with new-onset optic neuritis over 6 months with the primary
endpoint of recovery of latency in visual evoked potentials
using the contralateral eye as a baseline failed to reach significance compared to placebo in both intention-to-treat and
prespecified per protocol analysis, although the drug was welltolerated.31 In another phase 2 trial of opicinumab in patients
with RRMS who were being treated with interferon-β-1a intramuscular injections over the course of 84 weeks, the primary
endpoint was a multicomponent clinical endpoint that was
not significantly different versus placebo32; however, at higher
doses, more responders were seen. These trials have provided
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insight for future trial design and allow for post hoc analyses
that may assist in future patient selection.33
Another monoclonal antibody for remyelination, rHIgM22,
has completed phase 1 trials in humans. This recombinant
antibody was isolated from a patient with Waldenström’s
macroglobinemia and demonstrates the ability to induce
remyelination in a mouse model of demyelination.34 Although
the mechanism of action is unknown, the beneficial effects
on remyelination have been seen in multiple animal models.
In a phase 1 study, it was well-tolerated and able to cross the
blood–brain barrier in small amounts.35 Further clinical studies
are necessary to determine whether this antibody can reach
the CNS in sufficient amounts, and if the beneficial remyelinating effects in animal studies are mirrored in humans.
Conclusion
Monoclonal antibodies represent the most highly effective
therapies, and of these, ocrelizumab is the first approved for
patients with PPMS. Clinicians still must be vigilant for both
known side effects and for adverse events that were not captured during initial trials. It is this vigilance that led to the
recognition of an unacceptable risk of severe autoimmune
disease in daclizumab and to the continued discovery of
the long-term effects of alemtuzumab treatment. As more
monoclonal treatments become available, close monitoring
will be required as even antibodies with the same target can
have significantly different safety profiles. Monoclonal antibodies have featured prominently in early trials of remyelination, and despite recent setbacks,31,32 these therapies have
informed us about the potential for neurologic recovery and
for future trial design. n
1. Cohen JA, Coles AJ, Arnold DL, et al. Alemtuzumab versus interferon beta 1a as first-line treatment for patients with relapsingremitting multiple sclerosis: a randomised controlled phase 3 trial. Lancet. 2012;380(9856):1819-1828.
2. Coles AJ, Twyman CL, Arnold DL, et al. Alemtuzumab for patients with relapsing multiple sclerosis after disease-modifying
therapy: a randomised controlled phase 3 trial. Lancet. 2012;380(9856):1829-1839.
3. Havrdova E, Arnold DL, Cohen JA, et al. Alemtuzumab CARE-MS I 5-year follow-up: durable efficacy in the absence of continuous
MS therapy. Neurology. 2017;89(11):1107-1116.
4. Coles AJ, Cohen JA, Fox EJ, et al. Alemtuzumab CARE-MS II 5-year follow-up: efficacy and safety findings. Neurology.
2017;89(11):1117-1126.
5. Singer BA, Alroughani R, Boster A, et al. Efficacy of a Fourth Alemtuzumab Course in RRMS Patients With Disease Activity After
Three Prior Courses: Analysis of CARE-MS II. HAckensack, NJ: Consortium of Multiple Sclerosis Centers; 2018.
6. Coles A, The ABN MS Advisory Group. Guidance on the Prevention of Listeria Infection After Alemtuzumab Treatment of Multiple
Sclerosis. London: MS Advisory Group, ABN; 2017.
7. Croteau D, Flowers C, Kulick CG, Brinker A, Kortepeter CM. Acute acalculous cholecystitis: a new safety risk for patients with MS
treated with alemtuzumab. Neurology. 2018;90(18):e1548-e1552.
8. Saarela M, Senthil K, Jones J, et al. Hemophagocytic lymphohistiocytosis in 2 patients with multiple sclerosis treated with
alemtuzumab. Neurology. 2018;90(18):849-851.
9. Ferraro D, Camera V, Vitetta F, et al. Acute coronary syndrome associated with alemtuzumab infusion in multiple sclerosis.
Neurology. 2018;90(18):852-854.
10. Hauser SL, Waubant E, Arnold DL, et al. B-cell depletion with rituximab in relapsing-remitting multiple sclerosis. N Engl J Med.
2008;358(7):676-688.
11. Montalban X, Hauser SL, Kappos L, et al. Ocrelizumab versus placebo in primary progressive multiple sclerosis. N Engl J Med.
2017;376(3):209-220.
12. Salzer J, Svenningsson R, Alping P, et al. Rituximab in multiple sclerosis: a retrospective observational study on safety and
efficacy. Neurology. 2016;87(20):2074-2081.
13. Peter A, Thomas F, Lenka N, et al. Rituximab versus fingolimod after natalizumab in multiple sclerosis patients. Ann Neurol.
2016;79(6):950-958.
14. Granqvist M, Boremalm M, Poorghobad A, et al. Comparative effectiveness of rituximab and other initial treatment choices for
multiple sclerosis. JAMA Neurol. 2018;75(3):320-327.

15. Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab versus interferon beta-1a in relapsing multiple sclerosis. N Engl J Med.
2017;376(3):221-234.
16. Mysler EF, Spindler AJ, Guzman R, et al. Efficacy and safety of ocrelizumab in active proliferative lupus nephritis: results from a
randomized, double‐blind, phase III study. Arthritis Rheumatol. 2013;65(9):2368-2379.
17. Stohl W, Gomez-Reino J, Olech E, et al. Safety and efficacy of ocrelizumab in combination with methotrexate in MTX-naive
subjects with rheumatoid arthritis: the phase III FILM trial. Ann Rheum Dis. 2012;71(8):1289-1296.
18. Hauser S, Kappos L, Montalban X, et al. Safety of Ocrelizumab in Multiple Sclerosis: Updated Analysis in Patients With Relapsing
and Primary Progressive Multiple Sclerosis (S36. 001). Minneapolis: AAN Enterprises; 2018.
19. Bar-Or A, Grove RA, Austin DJ, et al. Subcutaneous ofatumumab in patients with relapsing-remitting multiple sclerosis: the
MIRROR study. Neurology. 2018;90(20):e1805-e1814.
20. Inglese M, Petracca M, Cocozza S, et al. Final MRI Results at 6 Months From a Phase 2 Multicenter Study of Ublituximab, a
Novel Glycoengineered Anti-CD20 Monoclonal Antibody (mAb), in Patients With Relapsing Forms of Multiple Sclerosis (RMS),
Demonstrates Complete Elimination of Gd-Enhancing Lesions (P3. 409). Minneapolis: AAN Enterprises; 2018.
21. Agius MA, Klodowska-Duda G, Maciejowski M, et al. Safety and tolerability of inebilizumab (MEDI-551), an anti-CD19
monoclonal antibody, in patients with relapsing forms of multiple sclerosis: results from a phase 1 randomised, placebo-controlled,
escalating intravenous and subcutaneous dose study [published online November 1, 2017]. Mult Scler.
22. Kappos L, Wiendl H, Selmaj K, et al. Daclizumab HYP versus interferon beta-1a in relapsing multiple sclerosis. N Engl J Med.
2015;373(15):1418-1428.
23. Giovannoni G, Gold R, Selmaj K, et al. Daclizumab high-yield process in relapsing-remitting multiple sclerosis (SELECTION): a
multicentre, randomised, double-blind extension trial. Lancet Neurol. 2014;13(5):472-481.
24. European Medicines Agency. EMA concludes review of Zinbryta and confirms further restrictions to reduce risk of liver damage.
London: European Medicines Agency; 2017.
25. Miller DH, Khan OA, Sheremata WA, et al. A controlled trial of natalizumab for relapsing multiple sclerosis. N Engl J Med.
2003;348(1):15-23.
26. Rudick RA, Stuart WH, Calabresi PA, et al. Natalizumab plus interferon beta-1a for relapsing multiple sclerosis. N Engl J Med.
2006;354(9):911-923.
27. McGuigan C, Craner M, Guadagno J, et al. Stratification and monitoring of natalizumab-associated progressive multifocal
leukoencephalopathy risk: recommendations from an expert group. J Neurol Neurosurg Psychiatry. 2016;87(2):117-125.
28. Major EO, Yousry TA, Clifford DB. Pathogenesis of progressive multifocal leukoencephalopathy and risks associated with
treatments for multiple sclerosis: a decade of lessons learned. Lancet Neurol. 2018;17(5):467-480.
29. Ryerson LZ, Foley J, Chang I, et al. Natalizumab extended interval dosing is associated with a reduction in progressive multifocal
leukoencephalopathy (PML) risk in the touch (R) registry. Mult Scler J. 2018;94(2):121-122.
30. Plemel JR, Liu W-Q,Yong VW. Remyelination therapies: a new direction and challenge in multiple sclerosis. Nat Rev Drug
Discov. 2017;16(9):617.
31. Cadavid D, Balcer L, Galetta S, et al. Safety and efficacy of opicinumab in acute optic neuritis (RENEW): a randomised, placebocontrolled, phase 2 trial. Lancet Neurol. 2017;16(3):189-199.
32. Mellion M, Edwards KR, Hupperts R, et al. Efficacy results from the phase 2b SYNERGYStudy: treatment of disabling multiple
cclerosis with the anti-LINGO-1 monoclonal antibody opicinumab (S33.004). Neurology. 2017;88:S33.004.
33. Sheikh S, Calabresi P, Giovannoni G, et al. Predictors of an opicinumab treatment effect and identification of an efficacy subpopulation: a post hoc analysis of the SYNERGYStudy [published online October 26, 2017]. ECTRIMS Online Lib.
34. Mitsunaga Y, Ciric B, Van Keulen V, et al. Direct evidence that a human antibody derived from patient serum can promote
myelin repair in a mouse model of chronic-progressive demyelinating disease. FASEB J. 2002;16(10):1325-1327.
35. Eisen A, Greenberg BM, Bowen JD, Arnold DL, Caggiano AO. A double-blind, placebo-controlled, single ascending-dose study of
remyelinating antibody rHIgM22 in people with multiple sclerosis. Mult Scler J. 2017;3(4):2055217317743097.

Aaron M. Carlson, MD
Clinical Assistant Professor of Neurology
Division of Neuroimmunology
Department of Neurology
University of Florida
Gainesville, FL
Lawrence Steinman, MD
Professor of Neurology and Neurological Sciences,
Pediatrics, and Immunology
Stanford University, Beckman Center
Stanford, CA
Disclosure
AMC reports the discussion of rituximab as an off-label
therapy for relapsing-remitting MS and has no relevant
financial disclosures. LS reports serving on advisory
committees for Celgene, TG Therapeutics, and Novartis,
who are developing treatments for various forms of MS.

JULY/AUGUST 2018 PRACTICAL NEUROLOGY 31

PN0718_CF_MAbs.indd 31

7/18/18 9:31 AM

